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Award winners

The Hominin Sites and Paleolakes Drilling Project (HSPDP): How
lakebeds are reshaping our understanding of the environmental
context of human origins

Andrew Cohen (1)

(1) Department of Geosciences, University of Arizona,Tucson AZ, USA

cohen@email.arizona.edu

The role that environmental, and particularly climatic change and variability may have played in
regulating human evolution has been a subject of significant debate among paleoanthropologists
for many years. Whereas a significant part of the uncertainty surrounding this debate is related to
the general paucity of hominin fossils, the lack of continuous and high resolution
paleoenvironmental records through critical intervals of hominin evolutionary history has also
been problematic. HSPDP was conceived as a means to address the hominin
evolution/paleoclimate debate in East Africa, through the collection of drill cores from lake
deposits in close proximity to key fossil hominin and archaeological sites. Six locations were
drilled between 20122014, resulting in ~2 km of core, spanning important evolutionary events in
human prehistory over the last ~3.5 Ma. A large, international team (~150 scientists from 11
countries) has been investigating these drill cores to extract physical property, sedimentological,
geochemical,and paleoecological records constrained by state-of-the-art geochronology, to
understand what was happening to both the landscapes and lakescapes of Kenya and Ethiopia
during that time. Significant findings are emerging from the project, particularly related to the
Plio-Pleistocene transition (associated with the origin of both Homo and the robust
australopithecine lineages, the earliest stone tools, and the extinction of Australopithecus
afarensis), the middle Early Pleistocene (origin of H. erectus and the Acheulean hand axe
technology) and the last ~600ka (transition from the Acheulean to Middle Stone Age and then
Late Stone Age, origin of modern H. sapiens). Those core studies are bolstered by teams of Earth
System, geomorphic and demographic modelers to better interpret the environmental and
evolutionary dynamics underpinning the combined lake drill core/fossil outcrop records from this
key region for human origins research.



Climate and human influences on global sediment transfers
during the past 10,000 years

J-P. Jenny (1,2), N. Carvalhais (1,3), P. Francus (4,5), S. Koirala (1), I. Gregoy-Eaves (6), C. Niemann
(1), B. Ahrens (1), A Baud (6), Antti E. K. Ojalai (7), A. Normandeau (8), Bernd Zolitschka (9)

(1) Max Planck Institute for Biogeochemistry, Jena, Germany

(2) INRA — UMR CARRTEL, Centre Alpin de Recherche sur les Réseaux Trophiques et Ecosystémes
Limniques, Université Savoie Mont Blanc, Chambéry, France

(3) Departamento de Ciéncias e Engenharia do Ambiente, DCEA, Faculdade de Ciéncias e
Tecnologia, FCT, Universidade Nova de Lisboa, Caparica, Portugal.

(4) Centre - Eau Terre Environnement, INRS, Québec (Qc), Canada

(5) GEOTOP Research Center, Montréal (Qc), Canada

(6) Department of Biology, McGill University, Montréal (Qc), Canada

(7) Geological Survey of Finland, 02151 Espoo, Finland

(8) Geological Survey of Canada, Bedford Institute of Oceanography, Dartmouth, NS, Canada
(9) Arbeitsgruppe Geomorphologie und Polarforschung (GEOPOLAR), Institute of Geography,
University of Bremen, Bremen, Germany

jlenny@bgc-jena.mpg.de

Accelerated soil erosion has substantial implications for land productivity, downstream lake
ecosystems and biogeochemical cycles'?. However, the lack of long-term instrumental data and
the scarcity of large-scale paleolimnological synthesis are limiting our understanding on the
timing, the amplitude and the extent of soil erosion for the last millennia®. As such, the responses
of soil erosion to long-term climate and land cover changes, the effects on lakes C accumulation
and the feedbacks on the climate system are still unclear today4. Here, we reconstruct
sedimentation rates based on '*C chronologies for 651 lakes to assess the relative changes in lake-
watersheds erosion over the period 12,000 B.C. to A.D. 2000. Estimated soil erosion dynamics
are then complemented with land cover reconstructions inferred from pollen records and with
JSBACH-model climate reconstructions. We find a constant trend in our global signal of inferred-
erosion during the Holocene until trends started to increase at the continental scale beginning
around 3,000 years ago, with large spatial heterogeneity between local trends. In particular,
increased inferred soil erosion is recorded in 35.1% watersheds, and most of these sites show a
decrease in arboreal pollen that is congruent with the erosion rate changes. Further analysis
reveals that land cover change is the main driver of soil erosion in 70% of all studied watersheds.
Most of erosion variations in the last 50 years are related to agricultural intensification rather than
land clearance or predominance of agricultural lands’. In contrast our synthesis strongly suggests
that - at least in the Northern Hemisphere - human land cover change has been the primary driver
of accelerated erosion during the Holocene.

1. Montgomery, D. R. Soil erosion and agricultural sustainability. Proc. Natl. Acad. Sci. 104, 13268-13272 (2007).

2. Borrelli, P. et al. An assessment of the global impact of 21st century land use change on soil erosion. Nat. Commun. §, 2013
(2017).

3. Walling, D. E. The Impact of Global Change on Erosion and Sediment Transport by Rivers: Current Progress and Future
Challenges. (The United Nations World Water Development Report 3 Water in a Changing World, International Sediment
Initiative of UNESCO-IHP, 2009).

4. Wang, Z. et al. Human-induced erosion has offset one-third of carbon emissions from land cover change. Nat. Clim. Change
7,345-349 (2017).

5. Govers, G., Van Oost, K. & Wang, Z. Scratching the Critical Zone: The Global Footprint of Agricultural Soil Erosion.
Procedia Earth Planet. Sci. 10, 313-318 (2014).



Building a Long-Term Perspective into Ecotoxicological
Research

Jennifer B. Korosi (1), Cynthia Cheney (2), John P. Smol (3), Joshua R. Thienpont (2), and Jules M.
Blais (2)

(1) Department of Geography, York University; (2) Department of Biology, University of Ottawa; (3)
Paleoecological Environmental Assessment and Research Laboratory, Department of Biology,
Queen’s University

jkorosi@yorku.ca

The development of water and sediment quality guidelines for aquatic pollutants requires an
understanding of the toxic impacts on biota, communities, and ecosystem function. Classical
toxicological studies conducted in a lab or mesocosm setting are effective for characterizing
pollutant impacts on biota in a controlled, simplified environment. Nonetheless, it is well-
acknowledged that predictions based on the results of these studies must be tested in a natural
ecosystem setting, and over long timescales, to account for increased complexity and multiple
stressors. Lake sediments cores are routinely used to document deposition histories for many
pollutants of concern (“dose”), and also preserve the subfossil remains of several important
ecological groups (“response”), including many commonly used ecotoxicological indicator
organisms. Consequently, paleolimnological approaches are highly complementary to more
traditional methods of inquiry in ecotoxicology, and can be used to address key knowledge gaps
regarding the long-term consequences of pollutant exposure in an environmentally realistic,
multi-stressor context. Using historic gold mining activities in Yellowknife (Northwest
Territories, Canada) as a case study, we have been exploring techniques to merge standard
paleolimnological approaches with new “paleoecotoxicological” tools in order to generate novel
insights into the legacy impacts of exposure to arsenic. Giant Mine, operational between 1948 and
1999, released an estimated 20 million kilograms of toxic arsenic trioxide dust during its lifetime.
Most emissions occurred during the first 10 years of operations, and yet arsenic concentrations in
Yellowknife lakes remain well above water quality guidelines. Limited water quality monitoring
occurred in the region while the mine was operational, and lake sediment cores provide a historic
archive that is invaluable for understanding the magnitude of ecological impact resulting from
chronic arsenic exposure, and the potential for ecosystem recovery.



Plenary Talks

Monotheism and the future of palaeolimnology

N. J. Anderson (1,2)

(1) Department of Geography, Loughborough University, U.K.
(2) Department of Ecology and Environmental Science, Umea University, Sweden

n.j.anderson@Iboro.ac.uk

In the ~40 years since the second international meeting in Koli (Finland), palacolimnology has
advanced considerably. This progress has been driven in part by the demands of contributing to
environmental debates (e.g. notably acidification) which drove the incorporation of new statistical
techniques, i.e. weighted averaging based transfer functions, and the rapid increase in the use of
219pb-dating. More recently, there have been rapid methodological advances in stable isotopes,
biomarkers and most recently aDNA techniques.

The contingencies of funding framework goals which, in part, reflect shifts in environmental foci
(e.g. nutrients [eutrophication] in the 1970s to acid deposition [acidification] in the 1980s) as
much as drive them, have meant that palaeolimnologists have tended to focus on single drivers
when interpreting sediment records. Most recently, the emphasis has shifted to climate change as
the key driver of the changes observed in lakes. Clearly, this is an over-simplification, both in
terms of the possible forcing mechanisms and the ecological response: there is considerable co-
variation in space and time of anthropogenic disruption of global biogeochemical cycles. This
focus on a single driver, notably climate, is ecologically naive and ultimately constrains the
relevance of palaeolimnology to wider debate and its role in environmental management.

In this presentation, I will attempt to explain recent trends in palacolimnology in the context of its

historical development and highlight some of the limitations of focussing on single drivers, using
examples from the literature as well as my own work.

*monotheism, */n. /the doctrine that there is only one God.



The Critical Role of Chronology in Understanding Past Climate
Change

Susan R. H. Zimmerman (1)

(1) Center for Accelerator Mass Spectrometry at Lawrence Livermore National Laboratory, USA

zimmermani17 @lInl.gov

For comparison to climate patterns in modern observations and climate model simulations, which
operate on timescales of hours, months, and years, paleoclimate reconstructions have driven to
higher and higher resolution, in some cases approaching the decadal and annual scale. However,
in order to accurately and precisely correlate these records between sites, the accompanying
chronology must be of similar resolution, with explicitly quantified uncertainties. Although an
increasing number of proxy records have decadal-scale resolution, many have chronologies with
multi-centennial precision at best, casting uncertainty on any interpretations at the finer scale.
This is a particular challenge for lake records, which are generally radiocarbon dated. Although
the imprecision introduced by the radiocarbon calibration curve is an underlying difficulty, the
limiting factor for chronologies is often the availability of dateable material; that is, well-
preserved terrestrial organic matter. One possible solution to this problem is pollen, which is quite
robust and present in most lake sediments, and whose carbon isotope composition is tied directly
to the atmosphere. We present early results of radiocarbon dating of pollen which has been
concentrated chemically and purified by flow cytometry. These results suggest that pollen can be
reliably separated and dated, but like everything in lakes must be interpreted within the specific
geologic system where it was produced, deposited, and preserved. If pollen dating proves robust
in many lake systems, it may provide the high-precision chronologies required for spatial
mapping of past terrestrial climate changes.



Application of DNA-based methods in paleolimnology: new
opportunities for investigating long-term changes in lacustrine
biodiversity

Isabelle Domaizon (1)

(1) French National Institute for Agricultural Research, France

isabelle.domaizon @inra.fr

The emergence of molecular analyses based on the sequencing of sedimentary DNA has opened
up many new areas of inquiry in paleolimnology.

Sedimentary ancient DNA offers the possibility to consider taxa that were traditionally not
accessible because they do not leave distinct morphological fossils. Recent applications that
considered a diversity of biological groups (including bacteria, protists, zooplankton, fish)
illustrate how efficiently DNA-based methods complement classical paleolimnology proxies. The
knowledge gained from this approach is very diverse in scope, ranging from quantifying natural
variability in population and community dynamics to understanding how biological variables
respond to anthropogenic disturbances locally (at the watershed scale) or more globally (e.g.
climatic change).

Here, we discuss (i) the potential and challenges associated with the study of DNA in
paleolimnology to address critical research questions in lacustrine ecology (ii) the main
methodological precautions to be taken into account for implementing these types of DNA
analyses, and (iii) the emerging topics that could be addressed using sedimentary DNA, in
particular to reconstruct the temporal dynamics of lacustrine biodiversity.



Building a Long-Term Perspective into Ecotoxicological
Research

Jennifer B. Korosi (1), Cynthia Cheney (2), John P. Smol (3), Joshua R. Thienpont (2), and Jules M.
Blais (2)

(1) Department of Geography, York University; (2) Department of Biology, University of Ottawa; (3)
Paleoecological Environmental Assessment and Research Laboratory, Department of Biology,
Queen’s University

jkorosi@yorku.ca

The development of water and sediment quality guidelines for aquatic pollutants requires an
understanding of the toxic impacts on biota, communities, and ecosystem function. Classical
toxicological studies conducted in a lab or mesocosm setting are effective for characterizing
pollutant impacts on biota in a controlled, simplified environment. Nonetheless, it is well-
acknowledged that predictions based on the results of these studies must be tested in a natural
ecosystem setting, and over long timescales, to account for increased complexity and multiple
stressors. Lake sediments cores are routinely used to document deposition histories for many
pollutants of concern (“dose”), and also preserve the subfossil remains of several important
ecological groups (“response”), including many commonly used ecotoxicological indicator
organisms. Consequently, paleolimnological approaches are highly complementary to more
traditional methods of inquiry in ecotoxicology, and can be used to address key knowledge gaps
regarding the long-term consequences of pollutant exposure in an environmentally realistic,
multi-stressor context. Using historic gold mining activities in Yellowknife (Northwest
Territories, Canada) as a case study, we have been exploring techniques to merge standard
paleolimnological approaches with new “paleoecotoxicological” tools in order to generate novel
insights into the legacy impacts of exposure to arsenic. Giant Mine, operational between 1948 and
1999, released an estimated 20 million kilograms of toxic arsenic trioxide dust during its lifetime.
Most emissions occurred during the first 10 years of operations, and yet arsenic concentrations in
Yellowknife lakes remain well above water quality guidelines. Limited water quality monitoring
occurred in the region while the mine was operational, and lake sediment cores provide a historic
archive that is invaluable for understanding the magnitude of ecological impact resulting from
chronic arsenic exposure, and the potential for ecosystem recovery.



An integrated approach to recognizing lake cycles and their
controls: using trace fossils and stratigraphy in lake basins from
Kenya and North America

Jennifer Jane Scott (1)

(1) Earth and Environmental Sciences, Mount Royal University, Calgary, Alberta, Canada

jescott@mtroyal.ca

The use of trace fossils with sedimentology to intepret the stratigraphic packaging of lake-basin
successions helps to provide the physical framework needed to integrate multi-proxy datasets
from lacustrine systems. The packages can represent relatively short-term cyclical orbitally-
forced successions of lake level rise-and-fall, and sets of stacked packages can represent longer-
term changes in basin configuration, drainage capture, or lower-frequency orbital cycles.
Examples from the Eocene Green River Formation, Pliocene to Recent Kenya Rift Valley lakes,
and the Cretaceous early foreland basin of Canada each demonstrate how trace fossils in shallow-
lake to terrestrial settings can be used to help package lacustrine successions in order to answer
questions about tectonics and climate in lake basins. In examples with high-resolution
geochronology, we can recognize climate-control on transgressive-regressive packages, and begin
to differentiate climate from basin-scale tectonic influences on lake-type. The distribution and
composition of trace fossil assemblages can also help to determine the lake-type basin and its
deposits by providing clues to hydrochemical conditions (e.g., oxygenation, salinity). Terrestrial
trace fossils, of termites and beetles for example, can also rework sediments metres below
exposure surfaces and disrupt paleoecological and geochemical information, even from profundal
sediments. The delineation of lake-cycle packaging using a sequence stratigraphic approach that
includes trace fossils can thus provide the framework from which we can recognize cyclicity as
well as departures from predictable cycles at different scales.
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Advances and
applications of novel
analytical techniques

Stephen J. Roberts, Sarah J. Davies



Oral Presentations

S01-001 - Characterizing the Anthropocene with High-
Resolution Analysis of Chemical Contamination in Lake
Sediment

Aurea C. Chiaia-Hernandez (1,2), Barbara F. Guenthardt (1,3), Martin P. Frey(4), and Juliane
Hollender (1,3)

(1) Eawag, Swiss Federal Institute of Aquatic Science and Technology (Eawag), Switzerland

(2) University of Bern and Institute of Geography & Oeschger Centre for Climate Change Research
(3) Institute of Biogeochemistry and Pollutant Dynamics, ETH Zurich, Switzerland

(4) Institute of Data Analysis and Process Design, ZHAW, Winterthur, Switzerland

aurea.hernandez@giub.unibe.ch

The overwhelming increase in human interference with the environment has left traces that
provide evidence for the beginning of a new geological era, informally named the Anthropocene.
The rate and variability of these human modifications at the local and global scale remain largely
unknown, but new analytical methods such as high-resolution mass spectrometry (HRMS) can
help to characterize chemical contamination over time. Although many studies have analyzed
natural records of anthropogenic pollution, no attempts have been made to gain a comprehensive
picture of the occurrences of thousands of pollutants simultaneously in different paleorecords.
This work uses state-of-the-art, novel analytical techniques such as HRMS and multivariate
statistics to explore thousands of time series of unknown anthropogenic organic substances
deposited in natural archives to investigate the contamination history of two lakes in Central
Europe over the past 100 years.

Our results revealed 13,000 anthropogenic features in Greifensee and 29,000 in Lake Lugano
sediments and gives a holistic picture of contamination. In addition, this non-target screening
method allows for the identification of groups of compounds that may otherwise be overlooked.
For example, increases in the prevalence of 5,000 (out of the 13,000) anthropogenic features until
today were observed in Greifensee, and of 20,000 (out of 29,000) of these features in Lake
Lugano. Moreover, environmental changes recorded in both lakes give evidence of past and
present water quality, management and mitigation measures and clearly define the beginning of a
large-scale human impact around the 1950s. The obtained results are also in agreement with other
geological deposits (e.g. nutrient pollution and radioisotope fallout signals) and clearly ratify a
long-lived phenomenon as was shown for thousands of time series with steady increasing trends
until today and not yet successfully targeted by environmental regulation and pollution reduction
Initiative.
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S01-002 - Lake sediments show the magnitude and frequency of
recent extreme catchment-scale flooding in the northwest UK

R.C. Chiverrell (1), D.A. Sear (2), J. Warburton (3), N. Macdonald (1), D.N. Schillereff (4), J.A. Dearing
(2), I. W. Croudace (5), J. Brown (1), J. Bradley (1)

(1) Department of Geography & Planning, Liverpool University, UK

(2) Department of Geography & Environment, University of Southampton, UK

(3) Department of Geography, Durham University, UK

(5) Department of Geography, King’s College London, UK

(6) Ocean and Earth Science/ National Oceanography Centre, University of Southampton, UK

R.C.Chiverrell@liverpool.ac.uk

We present the first quantified lake sediment reconstruction of flood frequency and magnitude,
which allows a more accurate estimation of the recurrence probability of rare floods and the
magnitude of extreme flooding. We show that the 2000 to present cluster of devastating floods in
the 350 km? river Derwent catchment (NW England) is without precedent in the 520-year
sediment record. Novel application of the flood magnitude frequency analyses routinely used by
hydrologists have been applied to the palacoflood record., and show that the 2009 event was the
largest flood in >520 years and it had a recurrence interval far larger (1:16000 year) than revealed
using short term gauged records (1:1500 year). Similar records have been developed from 4
additional large catchment lakes in the northwest of the British Isles, Buttermere, Ullswater,
Brotherswater, Bala and Loch of the Lowes showing a regional palacoflood signature. The
extended record from Bassenthwaite Lake shows that the association of floods with climate
indices has varied over time, with the recent cluster associated with warmer Northern Hemisphere
Temperatures and positive Atlantic Multidecadal Oscillation. Extreme flooding is the world’s
most damaging natural hazard, with river flooding affecting >100 million people each year and
this is projected in many regions to increase in frequency with climate warming. Flood hazard
managers and insurers require precise estimates of the magnitude and frequency of extreme
floods to inform estimates of future risk, but are challenged by the lack of data often resulting
from short instrumental records that fail to capture the rare high magnitude events.
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S01-003 - Pushing research boundaries: New technologies to
determine respectively 3'3C, 33‘S and to reveal the isotopic
anatomy of molecules.

Soren Dalby (1), Danijela Smajgl (1), Oliver Kracht (1) and Ulrike Wacker (1)

(1) Thermo Fisher Scientific, Bremen, Germany

soren.dalby @thermofisher.com

This presentation will focus on three newly developed instruments that have been developed by
Thermo Fisher Scientific as tools to precise and accurate determine the isotope ratio and
composition of molecules of different origin.

First presented is data and the technology behind the instrumentations that enables scientists to
determine accurate 8'°C in the field using the Thermo Scientific Delta Ray Isotope Ratio Infrared
Spectrometer (IRIS). Data will be presented from measurements of carbonate 3"°C values in
samples containing 200-300 pg NBS 18. Calcite was measured with accuracy better than 0.03%o
VPDB on three instruments. The precision over 20 vials was better than 0.08%o for all
instruments.

Second will be discussed the advantages of using temperature ramped gas chromatography to
separate gases in EA-IRMS. The Thermo Scientific EAisolink elemental analyzer isotope ratio
mass spectrometer (EA-IRMS) employs a temperature ramped GC column that improves peak
separation, peak fidelity, analysis of very small sample amounts and precision of replicate
measurements. Data and the technology behind the Thermo Fisher Scientific EAisolink will be
discussed.

Finally the new Thermo Scientific 253 Ultra high resolution isotope ratio mass spectrometer will
be presented. The 253 Ultra HR-IRMS runs at 10 kV. The 253 Ultra combines an electron impact
ionization source, a high-mass-resolution double-focusing magnetic-sector mass analyzer and a
variable collector array. The 253 Ultra HR-IRMS delivers a guaranteed mass resolving power of
>30.000. Data measurement of isotopologues (clumped isotopes) in trace compounds will be
presented.
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S01-004 - A multi-lake approach towards the first calibrated
lacustrine paleo-earthquake record in the Eastern Alps, Austria

Christoph Daxer (1), Jyh-Jaan Huang (1), Nicole Dorr (1), Ariana Molenaar (1), Maddalena Sammartini
(1), Marcel Ortler (1), Christa Hammerl (2), Michael Strasser (1) and Jasper Moernaut (1)

(1) Institute of Geology, University of Innsbruck, Austria
(2) ZAMG - Central Institute for Meteorology and Geodynamics, Vienna, Austria

christoph.daxer@uibk.ac.at

Several studies have proven the applicability of lacustrine sedimentary archives to overcome the
shortness of instrumental and historical earthquake records in formerly-glaciated intraplate
regions. These investigations, however, focused either on single lakes, lakes with similar types of
earthquake-induced deposits, or lacked high-quality historical and instrumental calibration of the
paleoseismic record.

Here, we explored six well-distributed Carinthian lakes differing in size (1.1 km? to 19.4 km?),
morphology, sediment composition/dynamics, hydrology and catchment area/lithology, using a
combined approach of reflection seismics and short sediment cores. This region, located in the
southern part of Austria, has experienced several well-documented historical earthquakes in a
wide intensity range (V-I1X; EMS-98) in 1201, 1348, 1690, 1857 and 1976, with the 1348 event
considered to be the strongest historical earthquake (moment magnitude of ~7) in the Alps.
Understanding the relationships between seismic intensity and the type of mass transport
deposits, turbidites and sediment deformation associated with these earthquakes enables us to use
lake sediments as calibrated paleoseismographs.

We investigated the well-dated cores via visual description, high-resolution XRF scanning,
medical X-ray CT scanning and multi-sensor core logging. In this way, we were able to
distinguish flood vs. earthquake-related turbidites and assess sediment dynamics and multi-source
signatures of turbidite deposition. Seismic-to-core-correlation shows that the 1348 and 1690
events led to slope failures in some of the lakes. In others, however, these events are not
represented as turbidites. We interpret this to be caused by insufficient seismic intensity and/or
lower sensitivity to seismic shaking. In these shallow organic-rich lakes, seiche deposits can serve
as a proxy for seismic activity.

The calibrated paleoseismic record for Carinthia will soon be extended into the Late Glacial using
long (~15 m) sediment cores. Moreover, identifying the geotechnical properties of the sediments
will improve our general understanding of lacustrine sediment response to different seismic
intensities.
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S01-005 - Reconstructing past bottom-water redox conditions in
lacustrine and marine basins using sedimentary trace metals
measured with an X-ray Fluorescence core scanner

Rick Hennekam (1), Tim Sweere (2,3), Rik Tjallingii (4), Gert J. de Lange (3), and Gert-Jan Reichart
(1,3)

(1) NIOZ Royal Netherlands Institute for Sea Research, Department of Ocean Systems, and Utrecht
University, Texel, The Netherlands

(2) Department of Earth Sciences, University of Oxford, Oxford, United Kingdom

(3) Department of Earth Sciences, Faculty of Geosciences, Utrecht University, Utrecht, The
Netherlands (4) GFZ German Research Centre for Geosciences, Section 5.2 — Climate Dynamics and
Landscape Evolution, Potsdam, Germany.

rick.hennekam @nioz.nl

Trace metals form powerful tools for paleoenvironmental reconstructions, including sediment
provenance, phytoplanton production, and organic-matter preservation in lacustrine and marine
basins. However, the analyses of sedimentary trace metal concentrations using conventional
methods, such as Inductively Coupled Plasma-Mass Spectrometry, are rather costly and time
consuming. X-Ray Fluorescence (XRF) core-scanning is currently established as a routine tool
for fast and cheap analyses of major and minor elements, but generally not trace elements, as the
spectral resolution of XRF detectors is often too low. Here, results are shown for an Avaatech
XRF core scanner, equipped with a novel state-of-the-art detector, which now allows fast
determination of a suite of trace metals (e.g., redox-sensitive elements V, Mo, and U). We present
the most advantageous approach, i.e., optimum analytical accuracy with highest time efficiency,
by extensive testing on sediments containing the imprint of past events of bottom-water anoxia in
the Mediterranean Basin. Synthetic mixtures using common sedimentary matrices are used to
show that matrix effects, inherent to XRF analyses, are primarily of importance for V. However,
we developed an efficient way to correct for such effects using Compton scattering.
Measurements through XRF core scanning on synthetic, laminated sediments show that trace
elements can now be determined at high sub-mm resolution, being suitable for varved sediments.
Lastly, we show that XRF-core-scan intensities can be quantitatively transformed into
concentrations using a multivariate log-ratio calibration approach. As such, new valuable
paleoenvironmental information from lacustrine and marine sediments can be unlocked using the
Avaatech XRF core scanner.
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S01-006 - Use of a binary mixture model to reconstruct 300
years of Athabasca River sediment metal concentration from
floodplain lake cores

Mitchell Kay (1), Casey Remmer (1), Brent Wolfe (2), Roland Hall (1)

(1) Department of Biology, University of Waterloo, Waterloo, Ontario, Canada
(2) Department of Geography and Environmental Studies, Wilfrid Laurier University, Waterloo,
Ontario, Canada

mitchell.kay@uwaterloo.ca

The Peace-Athabasca Delta (PAD) in northern Alberta is the world’s largest boreal freshwater
delta. For the past 50 years, there have been many unresolved concerns over the potential effects
of the Alberta oil sands development on the downstream flood-prone perched-basin lakes of the
PAD. Sediment archived in these lakes provide access to baseline metal concentrations otherwise
unavailable due to inadequate monitoring prior to industrial development. Stratigraphic
interpretation of raw metal concentrations in floodplain lakes is complex because sediment is
derived from two distinct sources. Allochthonous (river-sourced) and autochthonous (lake
produced) pathways both contribute to delta lake sediment accumulation and the proportions of
each varies based on hydrological conditions. Understanding past hydrological conditions is
critical for interpreting past metal deposition because organic matter can serve as a weak to strong
dilutant of metal concentrations. Here, we developed a binary mixing model using a conservative
element (Al) and organic content to calculate the proportion of sediment that originated from
allochthonous and autochthonous sources to reconstruct the historical bulk concentrations of
metals of concern (Be, Cr, Cu, Ni, Pb, V, Zn) in Athabasca River sediment deposited in lakes of
the Athabasca Delta. Results from eight lakes along a ~45 km transect in the Athabasca Delta
floodplain show that Athabasca River sediment metal concentrations in recent decades are not yet
elevated above pre-industrial concentrations. This novel approach can be applied readily in other
river-floodplain settings to quantify past changes in river-sediment metal concentrations from
stratigraphic analysis of flood-prone lake cores.
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S01-007 - Measuring sediment composition by multiple
regression of end member IR spectra, applied to the Loch
Grannoch Holocene record

Fiona Russell (1), John Boyle (1) and Richard Chiverrell (1)

(1) Department of Geography and Planning, University of Liverpool

frussell@liverpool.ac.uk

Here we develop a novel method for quantifying sediment components from NIR spectra based
on fitting by multiple regression of measured spectra for end-member materials. We show that
with suitable end-members, multiple regression gives excellent simultaneous quantification of the
major components of sediment, as judged against independent methods. We find comparable
results to widely-sued partial least squares (PLS) regression, but with the advantages of greater
simplicity, theoretical robustness, and negating the need for the large training data sets used by
PLS. Furthermore, the method is truly simultaneous and offers the potential for quantification of
specific components.

We demonstrate that component NIR spectra are additive, a prerequisite for use of multiple
regression to un-mix the compound spectra, and show that a number of environmental materials
make suitable end-members for this analysis. We show that spectral mixing is not conservative
with respect to mass proportion, but rather to the relative chromatic intensity of contributing
components. Mass proportions can be calculated, however, from measured spectra by correction
using a measurable chromatic intensity factor (CIF). We have applied our approach to the
postglacial sediment sequence from Loch Grannoch (SW Scotland) revealing varying dominance
of biogenic silica, organic and mineral content from the late glacial to present. With isolation and
measurement of appropriate end-members the multivariate regression approach to interrogating
NIR spectra has utility across a wide range of sedimentary environments.
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The oxygen isotopic composition (8'*0) of lacustrine sediments is a highly demanded
paleoclimate/-hydrologic proxy. In most cases it reflects lake water and can thus be interpreted
either in terms of reflecting 3'30 of paleoprecipitation or in terms of reflecting
precipitation/evaporation (P/E) due to lake water evaporative '*0 enrichment. From an analytical
point of view, §'*0 is usually obtained by analysing biogenic carbonates, silica of diatoms or
aquatic cellulose. All those techniques have their advantages but at the same time also their
analytical challenges and shortcomings.

Here we propose a recently developed novel analytical technique (Zech and Glaser, 2009, RCM
23, 3522-3532) that allows the hydrolytic extraction of (hemi-) cellulose/polysaccharide-derived
sugar biomarkers such as arabinose, fucose and xylose from lacustrine sediments. The extracted
and purified sugars are subsequently derivatized in order to make them gas chromatography-(GC-
yamenable. Finally, compound-specific 5'30 values are obtained for each individual sugar
biomarker by using the instrumental coupling of a GC via an online '*O pyrolysis reactor to an
isotope ratio mass spectrometer (GC- '*O pyr-IRMS).

In one of the first applications, this technique was applied to the well-dated high-resolution Late
Glacial-Holocene lacustrine archive of Lake Panch Pokhari that is situated at 4050 m a.s.l. in a
small carbonate-free catchment in Helambu Himal, Nepal (Zech et al., 2014, Journal of
Paleolimnology 51, 241-251). The relatively high abundance of fucose provides evidence for a
primarily aquatic origin of the sugar biomarkers (Hepp et al., 2016, Organic Geochemistry 98,
98-104). We will demonstrate how the coupling of the Panch Pokhari §'*O sugar record with the
8%H record obtained for n-alkane lipid biomarkers from the same archive can be used to
disentangle the isotopic precipitation signal from the evaporative enrichment signal (Hepp et al.,
2015, Journal of Hydrology 529(2), 622—631).
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In paleolimnological studies ostracod shells are often used as source material for the analysis of
stable isotopes as well as Mg/Ca and Sr/Ca ratios, which provide insight into past hydrological
changes. In order to reconstruct the monsoon dynamics on the Tibetan Plateau we (1) tested the
suitability of trace elements in ostracod shells as tracers of environmental change in Lake
NamCo, where a detailed climate history since the LGM is already established, and (II) compared
the records from NamCo and Tangra Yumco in order to assess the interaction of Indian summer
monsoon and Westerlies. Both lakes feature an alkaline environment but differ in conductivity
(1.8 mS/em, NamCo; 12 mS/cm, Tangra Yumco). In two sediment cores, covering the past 18 ka
cal. BP, trace elements in shells of Leucocytherella sinensis were analyzed using laser ablation
ICP-MS.

Mg/Ca, Sr/Ca and Ba/Ca ratios reflect salinity and hence changes in moisture. In addition, the
interrelations of these element/Ca ratios inform about the type of carbonate precipitation and
allow identification of phases of calcite, aragonite or monohydrocalcite precipitation. Fe/Ca,
Mn/Ca and U/Ca ratios reflect oxygen saturation and microbial activity, indicating changes in
primary productivity. Rare earth elements (REEs) provide information on weathering intensity,
transport medium and also source area, if the distribution of REEs in the catchment is known. The
lake records from NamCo and Tangra Yumco show similarity in climate evolution during the late
Quaternary. We identified two dry periods (18—16 ka and 13—11.5 ka BP), each followed by an
increase in summer monsoon precipitation. Moist conditions were prevalent during the Holocene.
A shift to drier conditions, due to weakened monsoon intensity, occurred at 2600 BP at Tangra
Yumco and 2000 BP at NamCo, resulting in rapidly decreasing lake levels. In conclusion, trace
elements in ostracod shells provide a detailed hydrological history.
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Organic Matter (OM) measurements have been used since the 1970s to determine carbonate and
organic matter in sedimentary rocks. This information can shed a light on the accretion processes
as well as the environmental changes that may have occurred in the past. Organic matter
measurements have been widely used since its emergence and are still used as a routine technique
for the determination of organic matter in sediment cores and soil samples. Most common method
of obtaining approximate organic matter percentages is by igniting the samples at 550°C,
commonly known as loss-on-ignition (LOI). This method requires samples to be sub-sampled at
0.5 cm to 1.0 cm intervals and ignited in a furnace at 550°C for 4 hours. Although relatively
cheap, this method is destructive, labour intensive and time consuming. For over a decade since
the emergence of Itrax core scanner, the use of the ratio of Molybdenum incoherent and
Molybdenum coherent (Mo Ratio), which are the Compton and Rayleigh scattering respectively
from the tube have been used to infer organic matter in the sediments. Itrax core scanners can
achieve a resolution of 100 um for the newer systems and 200 um for some of the older systems
in use. In this study, we investigated sediment cores from New Zealand where conventional LOI
measurements were carried out at 0.5 cm to 1.0 cm intervals and compared them with Mo Ratio
at 1 mm interval from the core scanner results. The aim was to see if the Mo Ratio values
obtained from the scanner can be used to predict the OM content of the sediment. Furthermore,
can high resolution OM be calculated by using only a few samples to calibrate sediments? Here
we will extend the research further to see if OM can be quantified using Mo Ratio.
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X-ray fluorescence (XRF) core-scanning is a fast and nondestructive technique to assess
elemental variations of unprocessed sediments and have revolutionized paleoenvironmental
research over the last decade. However, down core variabilities in organic contents can
effectively dilute the elemental intensities obtained by XRF- scanners (the closed-sum effect) and
therefore limit the usage of scanning results for robust paleoenvironmental reconstructions.
Although there are several calibration methods, such as elemental ratios, standardized method and
centered log-ratio (CLR) transformation, have been proposed by previous studies. A systematic
investigation is still needed for exploring the practicalities and limitations of such calibration
procedures. To address this issue, incremental spiking of reference basaltic standard (working
standard of Austrian Core Facility at the University of Innsbruck) with glucose (as the organic
surrogate, ranging from 0 to 100%) was scanned by the Itrax-XRF core scanner to allow a
comparison of different calibration methods in the ideal condition. The result shows that the
centered log-ratio transformation can provide the best calibration for most scanned elements with
organic contents below 40 wt. %. Furthermore, as the real-case comparison, lacustrine core FIS-
16 (high alpine lake Fischer see, Saldur area, South Tyrol, northern Italy) with ~1-cm resolution
data available from conventional-XRF (by energy dispersive XRF analyser) and organic carbon
analyses, has also been scanned by the Itrax-XRF core scanner and further calibrated. The result
shows that the organic dilution effects can be filtered by the centered log-ratio transformation and
thus provided the robust XRF-scanning results for further paleoenvironmental interpretations.
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The aim of this presentation is to overview some applications of hyperspectral imaging for core
sediment analysis in paleoenvironmental studies. Sampling methods (millimetre or centimetre)
and routine analyses are destructive and non-spatially resolved methods that consume time and
material. Hyperspectral Imaging is a way to have the advantages of spectroscopy (non-
destructive, fast analysis) and of imaging (high resolution, information is spatially referenced).
coupling hyperspectral imaging with data mining methods makes possible to study several
proxies at micrometric scale in each area of the core.

Two hyperspectral cameras are used, a Visible-Near InfraRed VNIR (spectral range:
400-1000nm, spatial resolution: 60pm) and a Short Wave InfraRed SWIR (spectral range:
1000-2500nm, spatial resolution: 189um). The two datasets produced can be fused in a unique
one used to model environmental proxies. This methodology was achieved on a core from the
lake Le Bourget (Western Alps, 53cm long and 9cm width).

Quantitative prediction models can be made with partial least squares regression PLSR. This
method links spectra with a reference analysis by the creation of a regression model. Assuming a
scale homogeneity, it can be spread to all the spectra of the hyperspectral image to predict high
spatially resolved proxies. Total Organic Carbon and Grain Size class models have been
developed with a validation determination coefficient of 0.86 for TOC and 0.85 for clay.
Concentration maps are used to study variation inside each stratigraphic unit event at the scale of
laminae.

These datasets can be used for classification. Based on pattern recognition and artificial neural
network, it is possible to classify the type of lithology defined by the user, for example: summer
or winter lamina, floods with labelled areas of less than 1% of the image. For varved sediments,
this method can be used to count the varve and apply statistics on them.
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Anthropogenically altered biogeochemical cycles, combined with climate change have resulted in
adverse ecosystem impacts, increased productivity and anoxia in freshwater systems (Hecky,
2010). However, little is known about lake eutrophication and episodes of hypoxia and
meromixis in the past, because this is difficult to measure analytically. Our aim is to investigate
the following research questions: How did meromixis/hypoxia develop in small eutrophic lakes
over Holocene/Late Glacial time scales? Which were the forcing factors (climate, land use,
vegetation cover) and what was the influence of human impact? A sound scientific assessment of
such changes must rely on a long-term perspective and high-resolution data. Hyperspectral
Imaging (HSI) is a novel method to detect diagnostic sedimentary pigments at ultra-high spectral
(3 nm) and spatial (40 pm pixel size) resolution. These provide quantitative information about
paleoproductivity, past mixing regimes and anoxia in lakes over long time scales (Butz et al,
2015, 2017). We are currently focusing on a small eutrophic lake on the Swiss Plateau, Lake
Moossee with biogenic varves. We use hyperpectral imaging proxies, quantitative Chl a and
chlorins for aquatic productivity and quantitative Bphe a for meromixis (Butz et al, 2016). Bphe a
is a diagenetic product of Bacteriochlorophyll a, produced by anoxygenic phototrophic bacteria.
Pigment compositions are inferred from sets of spectral indices, such as the Relative Absorption
Band Depths (RABD). Indices are calibrated with absolute pigment concentrations of selected
samples, measured by HPLC. Lake Moossee contains a complete paleoproductivity and
meromixis record at annual resolution (varve years) for the Holocene and Late-Glacial times (past
15,500 years). Hyperspectral data provide evidence for repeated meromixis events in the mid-
Holocene. Pollen data suggest that changes in meromixis were related to Neolithic and Early
Bronze Age land use (deforestation and reforestation after land abondonment) thus presenting
evidence for early anthropogenic disturbance and land-lake coupling.

References

Butz C, Grosjean M, Fischer D, Wudnerle S, Tylmann W, Rein B (2015), Hyperspectral imaging spectroscopy: a promising
method for the biogeochemical analysis of lake sediments. ] Appl Remote Sens 9:09603 1

Butz C, Grosjean M, Poraj-Gorska A, Enters D, Tylmann W. (2016), Sedimentary Bacteriopheophytin a as an indicator of
meromixis in varved lake sediments of Lake Jaczno, north-east Poland, AD 1891-2010, Glob. Planet. Change 144: 109-118.

Butz C, Grosjean M, Goslar T, Tylmann W, (2017). Hyperspectral imaging of sedimentary bacterial pigments: a 1700-year
history of meromixis from varved Lake Jaczno, northeast Poland, J Paleolimnol 58:57-72

Hecky, R. E, Mugidde R, Ramlal P. S, Talbot M. R, and Kling G. W (2010), Multiple stressors cause rapid ecosystem change
in Lake Victoria, Freshw. Biol. 55, 1942

24



S01-P06* - A novel 4D-view on sediments: insights to
sedimentation processes and post-sedimentary mineral
formation

Marina A. Morlock (1), Hendrik Vogel (1), Jebril Hadi (2), Anneleen Foubert (3), Daniel Ariztegui (4),
Martin Melles (5), James M. Russell (6), Satria Bijaksana (7) and the TDP science team

(1) Institute of Geological Sciences and Oeschger Centre for Climate Change Research, University of
Bern, Bern, Switzerland

(2) Institute of Geological Sciences, University of Bern, Bern, Switzerland

(3) Department of Geosciences, University of Fribourg, Fribourg, Switzerland

(4) Department of Earth Sciences, University of Geneva, Geneva, Switzerland

(5) Institute of Geology and Mineralogy, University of Cologne, Cologne, Germany

(6) Department of Earth, Environmental, and Planetary Sciences, Brown University, Providence, Rl
(7) Faculty of Mining and Petroleum Engineering, Institut Teknologi Bandung, Bandung, Indonesia

marina.morlock@geo.unibe.ch

Until recently, analyses of lake sediments were either limited to a 2D study of the sediment core
surface, or volumetric analysis, for which the sedimentological structure needed to be destroyed.
To overcome these limitations, we combined high-resolution 3D-microCT-scanning (um-scale)
of fresh lake sediment with XRF-scanning, micro-XRF mapping, and traditional thin section
analysis. MicroCT-scanning facilitates the observation of sedimentary structures at the mm-scale
in 3D prior to analysis, while high-resolution mapping in 2D aids characterisation of the observed
structures once the fragile sample is conserved in resin.

We present a study of sediments from Lake Towuti (2.75°S, 121.5°E), one of the oldest and
deepest lakes in Indonesia. Cores of the entire sediment infill have been recovered in the ICDP
Towuti Drilling Project in 2015, including lacustrine sediments covering several glacial-
interglacial cycles. In the cores, high density contrasts between the clay-rich sediment matrix and
postdepositional alteration products such as siderite (FeCO3) and Millerite (NiS) provide an ideal
setting for microCT analysis on characteristic sediment core sections. Geochemical information
from the embedded sections is provided by high-resolution XRF-scanning and micro-XRF
mapping of the samples.

MicroCT scans reveal pm-thick vertical voids filled with high density mineral precipitates related
to post-depositional fluid circulation, as well as coatings of high-density material (mainly
siderite), around low-density centres. We observe beds of siderite, which appear continuous in
2D, but prove to be separated structures in 3D space. A crack showing vertical displacement in
the sediment is, in 3D space, visualised as a plane, which points towards a rupture, perhaps
seismically induced, that promoted precipitation of siderite on the newly-formed surface. The
combination of high-resolution imaging with XRF element scans allows a novel, very detailed
4D-view of sedimentary structures that identifies processes involved in authigenic mineral
formation and their relation to palacoenvironmental changes in the lake and its catchment.
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Temperature calibration models based on the relative abundances of sedimentary temperature
sensitive glycerol dialkyl glycerol tetracther (GDGT) membrane lipids of Archaea/Bacteria have
enabled past temperature reconstructions in both marine and terrestrial environments.
Nevertheless, to date these methods have not been widely applied in high latitude terrestrial
environments due to poor performance of global GDGT-temperature calibrations at lower
temperatures.

To address this we examined environmental controls on GDGT composition in 38 lakes from
Antarctica, the sub-Antarctic Islands and Southern Chile. The composition of brGDGTs is
strongly correlated with mean summer air temperature (MSAT). This enabled the development of
a regional brGDGT-temperature calibration for use in Antarctic and sub-Antarctic lakes.

Here we present the first quantitative reconstructions of past temperature change from Antarctic
and sub-Antarctic lake sediments using GDGTs, and examine Holocene palacoclimate change
and the deglaciation of ice-free areas on the Antarctic Peninsula and South Georgia.
Reconstructed summer temperatures from strategically-located palaeolimnological records reveal
that deglaciation near to present limits was likely completed by or during a late Holocene
temperature maxima, centred on c. 4-3 ka, with a significant cooling trend into, and minor glacial
readvances during, the C16-19" Southern Hemisphere Little Ice Age. Holocene temperature
shifts and regional lags suggest variations in the strength of Westerly winds and Southern
Hemisphere insolation.
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Late Quaternary paleoenvironmental and volcanic hazard studies, especially in volcanically-
active Northern New Zealand, rely on tephrochronology for reliable age control. The robust
application of tephrochronology requires the tephra layers to be reliably identified. However, so-
called ‘fingerprinting’ of tephra layers involves time-consuming and destructive analytical steps
that make the application of modern micro-XRF core scanners advantageous for this task.

Here we outline and discuss the potential of the Itrax micro-XRF core scanner to differentiate
between rhyolitic tephra layers sourced from different northern New Zealand volcanic centres and
eruptions. These tephra were deposited and preserved in maar lakes of the Auckland Volcanic
Field (Auckland City, New Zealand). In particular, high Si, K, Ca and very low Br and Ti
elemental counts characterise all rhyolitic tephra layers. However, different rhyolite tephra layers
vary in their relative abundance of other major, minor and trace elements as is apparent from
prior electron microprobe and LA-ICP-MS analyses of their glass shards. Even though micro-
XRF core scanning cannot detect Na, Mg and detection of light elements (Ca, Al) is of lower
quality, we demonstrate that the micro-XRF derived elemental count signal and multivariate
statistics can be used to distinguish and differentiate between tephra layers previously identified
using traditional destructive approaches. These tephra layers were sourced from different volcanic
centres and eruptions. Refinement of our approach requires expansion of the u-XRF dataset to a
wider range of rhyolitic tephra layers so as to produce a reference database with standard
elemental micro-XRF data for each tephra layer that will serve as a point of comparison for
unidentified tephra layers.
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The large number of nutrient-impaired lakes within the state of Florida USA pose considerable
challenges to lake management. Many lakes lack historical information about anthropogenic
impacts. Routine monitoring of water quality began in earnest only in the 1980s, decades after
many sites first experienced eutrophication. Cyanobacterial blooms are a key management
concern, and our paleolimnological research has focused on describing linkages between changes
in water quality, cyanobacterial proliferation, and diatom community composition. We are
exploring the feasibility of using NIRS to provide data about historical cyanobacterial
productivity that can supplement traditional chemical analyses used in paleolimnology. NIRS is
rapid, non-destructive, and has the potential to address a wide diversity of paleolimnological and
paleoecological questions during single scanning procedures.

Surface sediment samples from ~74 Florida lakes representing a wide-range of chlorophyll a,
Total Phosphorus, and Total Nitrogen ranges were used in developing calibration models for
cyanobacterial pigments. Freeze-dried sediment samples were sieved and homogenized and NIRS
spectral data (400-2500 nm) were obtained using a Metrohm NIRS XDS Rapid Content Analyzer.
Sediment pigment concentrations were measured using UV-Vis spectroscopy or High
Performance Liquid Chromatography and algal pigment standards were used in pigment
identification and quantification. NIRS pigment models developed from the calibration lakes
were applied to sediment cores from several eutrophic Florida lakes that had been the subject of
previous paleolimnological research. Pigment inferences based on NIRS models were compared
with values obtained from other lines of evidence. We present preliminary results of our pilot
calibration study, and discuss the potential for using NIRS to track historical cyanobacterial
productivity.
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Changes in penguin populations on the Antarctic Peninsula (AP) have been linked to several
environmental factors, but the potentially devastating impact of volcanic activity has not been
considered. Genetic, biogeochemical and modern count studies all suggest gentoo populations
increase during ‘warmer’ periods. Using detailed biogeochemical analysis, we tracked penguin
colony change over c. 8,500 years on Ardley Island, currently home to one of the AP’s largest
populations of gentoo penguins. By comparing our data with sub-fossil evidence of penguin
occupation and records of past climate, sea-ice extent and volcanic activity from across the AP,
we found that the first sustained penguin colony was established on Ardley Island c. 6,700 years
ago. The colony experienced five population peaks during the Holocene, reaching its maximum,
c. 4,000-3,000 years ago during a phase of regional warming, but there are no consistent
relationships with local-regional atmospheric and ocean temperatures or sea-ice conditions.
Instead, three of the five phases of colony expansion were ended abruptly by the deposition of
volcanic ash from large eruptions of the nearby Deception Island. Sustained post-eruption colony
recovery took, on average, 400-800 years, and was slowest following the most disruptive event,
c. 5,500-5,000 years ago. We are undertaking biomarker and DNA analysis of lake sediments and
sub-fossils from the AP to better understand drivers of long-term penguin population change.
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The release of heavy metals into the aquatic environment has drastically increased over the last
century, posing health risks for all biota. Heavy metals of anthropogenic origin can be found in
waters, soils and even the atmosphere, where they often precipitate with rain and are deposited in
sedimentary basins, such as lakes. Industrial activities on the shore of Lake X (Switzerland)
caused widespread heavy metal pollution at a site adjacent to the shore, which was previously
investigated by a governmental agency. Due to the lack of high-resolution sediment profiles and
sediment dating, the source of the contaminations was unclear. This study seeks to find the age
and source of the contaminations by using high resolution XRF core scans, ICP-OES and Hg-
AFS for quantitative measurements of heavy metals and MC-ICP-MS for the isotope analysis of
mercury. Radiometric dating (**’Cs, 2'°Pb and Pu dating) for two cores and varve chronology for
one core suggest that the contaminations stem from around 1960 (Zn, Cd) and 1880 (Cr, Cu, Hg,
Pb, Sn). The XRF data suggest two different sources of contamination: One by landfill of
contaminated soil and another one by industrial wastewater effluents. Maximum concentrations
found within all samples are in the range of percent (m/m dry weight) for Cr, Cu, Hg, Pb, Sn and
Zn and lie within the topmost 10 cm of the sediment cores. The analysis of mercury isotopic
ratios (8 ***Hg and 8'*’Hg) shows a significantly different ratio for one of the cores, which
indicates a second source of mercury. Due to the wide range of mercury isotopic ratios
encountered in earlier studies, no conclusions can be drawn regarding the exact source or process
leading to the isotopic fractionation found in the mercury of the landfill.
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S03-001 - How does climate-driven weather variability impact a
lake ecosystem? Tracking changes in microbial communities in
a 40-year varved record from an ice-covered boreal lake using
sedimentary DNA
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Climate change is a key driver of changes in lakes, especially in northern ecosystems. The
structure, composition and metabolism of aquatic communities may be highly sensitive to
climate-driven weather variability with possible negative effects on lake functioning and
ecosystem services. Ice-covered lakes are particularly interesting because of the substantial
modifications in snow/ice phenology related to climate-driven processes exposing lake biological
communities to several forcing factors including modifications in terrestrial inputs of
organic/mineral matter into lakes.

In this study we coupled long-term monitoring data (e.g. temperature, spring snow loss, and lake
ice-off timing) with paleo-proxies from an annually laminated sediment record assessed by
cutting-edge methods in paleolimnology (pyrolysis GC-MS, high-throughput sequencing of
sedimentary DNA). Together with data on sediment composition (geochemistry, varve
properties), we investigated the consequences of annual weather variability on terrestrial inputs to
the lake and the subsequent responses of aquatic biological communities (here phytoplankton and
heterotrophic protists).

Our data indicate temporal relationships between temperature and snow/ice phenology, with
lower temperatures leading to higher spring snow loss. Then, temporal changes in spring snow
loss were related to modifications in terrestrial inputs to the lake, with higher spring snow loss
inducing higher terrestrial inputs. Biological communities appeared to be highly correlated to
modifications in spring snow loss and terrestrial inputs more particularly during two periods (late-
80s/early-90s and mid-2000s) marked by changes in richness and structure of the protistan
community and cyanobacteria’s relative abundance. Phototroph groups (i.e. Chlorophytes,
Dinophyceae, Cyanobacteria) appeared to be particularly impacted by climate- driven
environmental changes.

The outcome of this study are in line with the hypothesis that climate-driven modifications of

terrestrial inputs into lakes may be a major forcing factor for biological communities from ice-
covered lakes.
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S03-002 - Arctic shrub colonization lagged postglacial climatic
optimum: Molecular evidence in lake sediment from Baffin
Island, Arctic Canada
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The shrubification of a warming Arctic is altering ecosystems and impacting global climate
through multiple feedback mechanisms. The rates and mechanisms involved in northward shrub
encroachment, however, remain poorly understood. Paleo records from past warm periods can
provide useful insight into the ecological response to climate change. Here, we present a
Holocene paleoenvironmental reconstruction from southern Baffin Island based on a multi-proxy
lake sediment record that sheds light on the postglacial colonization of dwarf birch (Betula). We
combine a sedimentary ancient DNA (sedaDNA) record of vegetation with paleotemperature
estimates based on the distribution of bacterial cell membrane lipids, branched glycerol dialkyl
glycerol tetraethers (brGDGTs), to place ecological change within a climatic context over the last
7.4 ka. The sedaDNA results unambiguously indicate that Betula colonized the lake catchment at
~6 ka, in contrast to nearby pollen records in which Betula pollen appears significantly earlier.
Paleotemperatures are highest in the earliest part of the record, with significant cooling prior to 6
ka. Together, these molecular proxies highlight that a thermophilous woody shrub colonized this
Arctic island after peak warmth of the early Holocene, suggesting that dispersal vectors may have
been more of a limitation than climate in this case.
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High latitudes are currently experiencing profound changes in both terrestrial and aquatic
environments and have done so in the past, and ancient DNA from lake sediment cores presents a
highly efficient tool to reconstruct such changes. Analyses of plant sedimentary DNA, in
particular, has become an established tool, revealing a highly local signal of terrestrial vegetation
changes. At the same time, the vascular plant DNA from lake sediments also record aquatic taxa,
which potentially offer valuable information, but the use of this DNA as paleolimnological proxy
has, until now, not received much attention. In contrast to terrestrial vegetation, which is
traditionally studied using pollen, the record of aquatic macrophytes, as well as of shoreline
vegetation, is often poor in microscopic investigations. We have explored the signals of aquatic
plants in a number of vascular plant DNA datasets from lake sediment cores as well as from a
transect of modern surface sediments. Our focus is on areas of Northern Siberia that have
undergone severe changes in terrestrial vegetation, in particular related to past fluctuations of the
arctic-boreal treeline. In the surface sediment transect, the DNA of aquatic plants faithfully
records modern conditions within the lakes, such as water depth and temperature. In the cores it
reveals distinct historical successions that capture both the development of the lakes and
ecological conditions. Plant DNA in lake sediments thus not only presents a powerful proxy for
terrestrial vegetation history, but can provide inferences on environmental conditions that are
independent of the terrestrial vegetation development.
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During the last decade, an increasing number of studies have used lake sediment DNA targeting
plants to trace past landscape changes and agricultural activities. This technique is often used in
combination with pollen and/or plant macroremains analyses, especially to assess the differences
and complementarity of the different approaches. Here, we propose to cross this emerging and
promising tool with pollen and coprophilous fungi analyses in order to obtain a more detailed
reconstruction of past vegetation dynamic and land use history in the large watershed of Lake
Aiguebelette (373 m a.s.l., 5.45 km? area, 70 km* catchment area, 70 m max depth). This
watershed has a long history of human occupation with the presence, in particular, of lakeside
settlements since the Neolithic (UNESCO World Heritage Sites).

The sediment core analysed and presented in this paper covers the last 2000 years. The high-
resolution reconstruction suggests a decline of agricultural activities at the end of the Roman
Empire. From 500 AD, the different analyses evidence the development of the cultivation of
diverse fruit trees (such as the vines, chestnuts, walnuts, plums or cherries) and of pastoral
activities. Then between 800 and 1000 AD, a transition phase with the reorganisation of activities
is recorded. From 1000 to 1850 AD agricultural activities intensify. Peasants developed the crops
of fruit trees, hemp, hop, buckwheat, beans and peas as well as pastoral activities. The last
century is characterised by the decline of most of agricultural activities but the development of
vegetable gardens, similar to the ones that we can see today, with for instance celery, green beans,
beetroots or cardoons. The main added value of DNA analyses concerns the reconstruction of
agricultural activities. Indeed, this technique provides more cultivated taxa and thus a more
detailed picture of activities.
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Long-term agricultural inputs of nutrients and sediment can drive significant change in lake
ecosystem state, most often manifest as eutrophication. In New Zealand 37% of monitored lakes
have eutrophic to supertrophic productivity status largely due to intensive agricultural land-use.
While environmental information is available for some lakes, long-term monitoring data are
generally lacking, limiting knowledge on lake natural state and evidence for the causes of decline.
Sedimentary diatom community composition is a commonly used proxy for reconstructing
paleolimnological environments. Whilst this technique is well-established and effective, it is time
consuming restricting the temporal and spatial resolution and scope of paleo-reconstructions.
New DNA barcoding methods show potential for more efficient reconstruction of paleo-
communities. However, development of these methods for diatoms remains limited, and there are
few examples where they have been aligned with traditional identification techniques. We
compared the use of DNA metabarcoding with microscopic identification and analysis of diatom-
specific pigment diatoxanthin, for reconstructing sediment diatom community profiles. DNA was
extracted from two New Zealand lake sediment cores dating back 1,000 years. Both lakes have
histories of agricultural impact, and are currently classified as eutrophic and supertrophic. The
DNA was analysed using metabarcoding of the V4 (diatom) and V9 (general eukaryote) regions
of the 18S rRNA gene. By overcoming some of the intrinsic limitations of traditional
paleolimnological techniques, molecular methods have potential to complement traditional paleo-
reconstructions, and may provide novel insights into how lake ecosystems respond to long-term
agricultural impacts.
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Beneath Holocene lake sediments in northern Fennoscandia you often find plant DNA fragments
in the underlying glacial material. Can this aDNA be used to reconstruct pre-deglaciation
environments or are these fragments the result of post-depositional processes? In this
presentation, I will argue for the most likely origin of plant aDNA in glacial deposits underlying
Holocene sediments in northern Sweden. Our findings suggesting that aDNA records of glacial
debris can identify vegetation communities growing under the MIS-3 interstadial (approximately
45 cal. kyr BP) as well as younger plant community that seems to have established prior to
deglaciation of the region. We base our interpretations upon findings from terrigenous sediments
largely resemble ‘plant-trash’ deposits in North America, known to form as vegetation
established on stagnant ice became buried along with glacial debris during the deglaciation. Here,
macrofossil findings in combination with aDNA analyses seems to suggest that exposure of
englacial material during the Bolling-Allered interstadial created patches of supraglacial debris
capable of supporting vascular plants about three millennia before deglaciation. The composition
and life-length of this early plant community remain uncertain. Yet the younger group of
macrofossils, in combination with pollen analyses of inclusions, suggest that shrubs (Salix sp.,
Betula sp. and Ericaceae sp.) and even tree species (Larix) was present in the debris during the
final deglaciation stage.
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The basin of Mexico (BM) is located in the central part of the Trans-Mexican Volcanic Belt. The
Chalco sub-basin is located in the southern portion of the basin at 2,200 m a.s.l. Through the
extensive study of several proxies in the sedimentary records from Lake Chalco, the historical
reconstruction of its last 150,000 yr BP is known. To introduce a novel approach to complement
and support this findings, the study of DNA was considered. In the present study, we aim to
describe the biodiversity in large-scale data during the Holocene by exploring the use of the DNA
metagenomics method in a sedimentary sequence from this lake. Results obtained show DNA
from 12 samples dating up to 12,000 years B.P. Sequencing of these samples generated
1,421,823,631 total reads. The taxonomic annotation was compared to the LSU database and the
abundance results suggested 81% of Bacteria, 15% of Archaea, 3% of Eukaryota and 1% of
unclassified sequences. We observed differences in diversity between the superficial (up to 5,000
yrs B.P) and the rest of the samples. In the case of the functional metagenomics annotation, we
used the subsystem database. In addition, we observed that the superficial samples were separated
from the rest of the samples. With this information, we can conclude that the superficial samples
have different composition of taxa and genes biodiversity when compared with the deeper
samples. We could identify a transition sample corresponding to 5,700 yrs B.P., that was isolated
from the rest of the sample groups. We can conclude, DNA sediments evaluated through
metagenomic approaches can help to better understand highly biodiverse environments, such as
those of the Neotropics. To the best of our knowledge, our study is the first to evaluate
biodiversity from the sediments of Lake Chalco, thus resulting in a considerable contribution to
the area.
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Arctic landmasses and lakes release significant amounts of methane (CH4), a greenhouse gas with
an atmospheric warming potential 25 times higher than CO, that contributes heavily to global
climate change. Yet the effect of rapid warming in the Arctic on the fate of natural CH4 emissions
from lakes is poorly understood. We use a metagenomic approach on ancient environmental DNA
to determine the impact of long-term climate change on microbial CH4 cycling in Arctic lakes.

We present preliminary results from the Godthaabsfjord region, Southwest Greenland. We used a
shotgun sequencing approach to acquire the microbial community profiles. This method yielded
information on the diversity and function of both CH4 producers (Archaea) and consumers
(Bacteria), as well as other groups of microbes and higher organisms that may also be involved in
lake CH4 dynamics.

This baseline study will be expanded to a Holocene sediment collection from Greenland and
Svalbard (14 lakes) encompassing major environmental gradients and lake ontogenies. To test the
influence of long-term climate change on CHs-related microbial dynamics, our paleogenomic
approach will be supported by targeted analysis of other long-term biological and biogeochemical
changes affecting the elemental carbon reservoirs in the watershed and its aquatic network. For
the first time, ancient microbial metagenomics will be applied on multiple sites across the Arctic
and over extended timescales to determine the effects of long-term climate change on this
important yet understudied greenhouse-related biogeochemical process.
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Wetland sites, including settlements on lake shores and artificial islands, often provide a wealth
of well-preserved archaeological material, but are generally difficult and expensive to excavate
conventionally. An alternative, or complimentary approach, can be the retrieval archaeological
data from lake sediments, which can under certain conditions contain a continuous record of the
archaeological site, the lake and its surrounding catchment.

Here we present early data from a study of three crannogs (artificial island settlement) and an Iron
Age lakeshore village in Scotland where sedaDNA data was analysed from proximal sediment
cores. The sedaDNA provides detailed information about the plants and mammals that lived,

died, or were kept on the sites in different periods of site use. This information is compared with a
range of traditional palacolimnological proxies that allow us to differentiate between (i) changes
that happened regionally in the lake catchment (based on pollen, x-ray fluorescence scanning,
stable carbon and nitrogen isotopes, n-alkanes), (ii) changes that happened in the lake ecosystem
(based on loss-on-ignition, diatoms, biogenic silica, invertebrates, C:N ratios), and (iii) changes
that occurred very locally at the sites (based on pollen and spores, invertebrates, sterols, PAHs,
and sedaDNA).

Our sedaDNA results complement data from both archaeological excavation and traditional
palaeoenvironmental proxies to provide a more detailed and robust image of the environment in
which our ancestors were operating. We also show that different proxies in the same sediment
core provide insights in past environments at different spatial scales.
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During the Last Glacial Maximum, continental ice sheets isolated Beringia (northeast Siberia and
northwest North America) from unglaciated North America. By around 15 to 14 thousand
calibrated radiocarbon years before present (cal. kyr bp), glacial retreat opened up an
approximately 1,500-km long corridor between the ice sheets. However, it remained unclear
when plants and animals colonized this corridor and when it became biologically viable for
human migration. We used a combination of radiocarbon dates, pollen, macro fossils and shotgun
sequencing of ancient environmental DNA from lake sediment cores to reconstruct the timing and
succession of plants and animals within the interior of the corridor. We found evidence of steppe
vegetation, bison and mammoth by approximately 12.6 cal. kyr bp, followed by open forest, with
evidence of moose and elk at about 11.5 cal. kyr bp, and boreal forest approximately 10 cal. kyr
bp. Our findings reveal that the first humans in America, whether Clovis or earlier groups in
unglaciated North America prior to 12.6 cal. kyr bp, are unlikely to have been able to travel this
route into America. However, later groups may have used this north-south passageway.
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Alpine Ecosystems are the result of a long history of human-environment interactions. Natural
archives, such as lake sediments, provide a unique opportunity to reconstruct long-term socio-

ecosystem trajectories. Indeed, lake sediments integrate the history of human activities such as
agro-pastoral activities.

In the Northern French Alps, several studies have already been carried out on different lakes
mostly located in the subalpine belt (e.g. Lake Anterne, 2063 m a.s.l.). In this paper, we will
present an environmental reconstruction spanning the last 4600 years, based on the analysis of
environmental DNA and pollen from the lake Gers (1540 m a.s.l.) sediment core (5.8 m long).
Whereas, this site is located only at 6 km far from Lake Anterne, it provides a different agro-
ecosystem trajectory partly due to its location in the Mountainous belt.

The first results reveal a long phase dominated by Picea, Ulmus and Alnus ending with the first
significant herbaceous expansion at the Roman Period. This event is concomitant with the first
identification of cow herds by DNA. Then, about 1000 AD, the tree covers drastically declined
probably due to an intensification and a diversification of pastoralism (Ovis sp., Bos sp. and
Capra sp.). The chronology of the pastoral history is almost similar to the one recorded around
Lake Anterne, while the livestock composition was roughly different. On both sites, the mammal
DNA record shows a specialisation in cow herding in the Northern French Alps from the 13™ to
15" centuries.

Here, we demonstrate the interest of combining these biomarkers in order to reconstruct more

precisely plant community changes over the time, both in terms of spatial distribution and
taxonomic resolution.
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Following world war two, lake Konstanz once an oligotrophic lake, was soon exposed to
industrial input. This resulted in the eutrophication of the lake between the 1960s—1990s, during
which, measures have been taken by the community, resulting in the water quality returning to its
past levels. In order to track the effect of this anthropogenic change on the lake’s local flora,
researchers have since been compiling an encompassing database of the local ecosystem using
traditional classification techniques. Hence, the idea of using sedaDNA to track environmental
change in terms of micro/macro -invertebrates.

The current project studies the effect of environmental factors on the local lacustrine
community’s biodiversity using metabarcoding techniques. It is hypothesized that a species
succession pattern in relation to time will be visible throughout the different depths of the
sediment stratas covering the past century, as have previously been outlined by past studies e.g.
Eric Capo’s study of lake Bourget in 2016. This can then be correlated to existing database as a
method comparison and for future environmental monitoring programmes in the area.

For hypothesis confirmation and method establishment, replicates of DNA extracts from sixty
centimetre cores representing 100 years were taken and processed using deep amplicon
sequencing of mitochondrial DNA and cytochrome c oxidase 1 (COI) for higher taxonomic
resolution. Throughout all downstream processing of the samples, all eDNA conformed measures
were followed to ensure the reproducibility of the results and problems overcome.

Preliminary results obtained using generic 18S rRNA gene sequences show that there is a pattern
in the community composition along the temporal gradient. This pattern is most noticeable within
the planktonic community i.e. ciliaphora, rotifera, dinoflagellates and copepod in relation to the
reads per sample count. This will additionally be confirmed with COI from the same data set in
the hopes for obtaining similar significant pattern.
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Complex lake systems are suitable archives to investigate intra-lake variability in terms of
physical, chemical and biotic differences. The large sub-arctic Lake Bolshoe Toko (South Eastern
Yakutia, Russia) is characterised by a complex catchment system leading to strong intra-lake
differences in ice cover thickness, water depth (>70 m) and nutrient input providing diverse
habitats for diatoms. Diatom diversity and turnover was investigated by a metabarcoding
approach combined with next generation sequencing on sedimentary DNA and microscopic
analysis of seventeen surface sediment samples within the Bolshoe Toko. The metabarcoding
approach identified 212 diatom sequences types (identified to family level or lower) and
microscopy revealed 109 diatom species. We tested the similarity of NMDS analyses of both data
sets using procrustes rotation analyses and PROTEST and identified a significant correlation
between the two data sets. Further both data sets indicated similar localities within the lake,
which show the highest rates of turnover in diatom composition (LCBD value) and a significant
correlation of diatom diversity with measured lake water depth. In addition, we conducted a
phylogenetic network of lineages of a dominant genus Staurosira, which supports that more
distantly related lineages occur mostly in the marginal area and partly separated localities within
the lake. In conclusion, we exemplified significant similarities of DNA and microscopic data,
although total richness, Shannon diversity and taxonomic resolution differ between the two data
sets and identifies evolutionary patterns that might relate to habitat allocation in the Staurosira
genus. Thus, our investigations support that compositional and evolutionary patterns of diatoms
help to understand intra-lake variations in a complex lake setting.
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Paleolimnologic multi proxy studies at different lakes in the lowland regions of northern
Germany were carried out. In the past, most of the temporal changes in diatom communities were
related to changes in settlement activities in lake catchment areas. The projects were focussed on
the reconstruction of the total phosphorous, the main driver of lake productivity, based on
sedimentary diatoms (DI-TP). Based on a recent temperature reconstruction from the temperate
lowland region of Poland (Balanzategui et al. 2017) and motivated by studies from Juggins
(2013) and Juggins et al. (2013) we tried to characterize the influence of temperature as an
additional variable on diatom associations found in the sediment cores. Using Generalized
Additive Mixed Models we identified a significant influence of temperature on the reconstructed
DI-TP. But when analyzing the data for each individual lake separately, the influence of
temperature on the species composition varied strongly. For a few lakes no temperature effects
were detectable and reconstruction of DI-TP was reasonable. But for several lakes a significant
relation of the species scores within a multivariate analysis to temperature were found. If the
correlations between species scores and temperature on one hand and DI-TP on the other hand
were related to different axis in the multivariate space, the DI-TP reconstruction might still be
acceptable. But for at least one lake we found a high correlation between species scores and
temperature as DI-TP related to the same axis which indicates that the species dependent DI-TP
reconstruction is strongly affected by temperature. One important difference between the
sediment samples derived from different lakes was how they reflected temperature changes
through time. In conclusion it can be stated that the availability of independent proxies, e.g.
temperature, can help to scrutinize our traditional way to analyze sediment cores and how we
should subsample the cores in the future.
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X-ray fluorescence (XRF) core scanning is a fast and non-destructive method to determine the
geochemical composition of sediments. These advantages have facilitated the generation of high-
resolution (sub-cm) geochemical records of long sediment sequences (>100 m), creating large
data sets, which require new statistical tools to identify and visualise different processes
interacting through time. We combine high-resolution XRF core scanning, a thorough empirical
calibration of the XRF measurements, and statistical end-member analysis to get an objective and
quantitative description of the lithologies in our long sediment sequences.

We present a study of sediments from Lake Towuti (2.75°S, 121.5°E), one of the oldest and
deepest lakes in Indonesia. Cores of the entire sediment infill have been recovered in the ICDP
Towuti Drilling Project in 2015, including lacustrine sediments covering several glacial-
interglacial cycles. We obtained XRF core scans of the Lake Towuti lacustrine sediments (~100
m) at 0.5 cm resolution. After correcting for systematic biases and matrix effects in the record, we
find high correlations between corrected XRF measurements of the wet core surface and discrete
volumetric ICP-MS measurements. Based on these correlations, we converted XRF counts to
quantitative element abundances (wt-%).

On this quantitative geochemical dataset we performed an end-member analysis, which allows
unmixing the data into characteristic clusters of - in this case - similar elemental composition. The
analysis reveals seven distinct end-members, which are interpreted to represent climatic,
diagenetic, and tectonic influences. For each XRF measurement point, the calculated end-
members provide information about the relative importance of the different processes for the
formation of the respective sediment. Amongst others, this enables to generate a high-resolution
stratigraphic column of the sediment sequence based on the end-member scores. End-member
analysis thus allows a detailed and objective description of sediment sequences and their
respective sedimentological units beyond more subjective visual description.

48



S04-S03 - A training set for diatom — phosphorous quantitative
reconstructions for montane to alpine lakes of the northern Alps

Ossyssek, Stefan (1), Raeder, Uta (1)

(1) Limnological Research Station Iffeldorf, Technical University of Munich (TUM), Munich, Germany

stefan.ossyssek@tum.de

The background for the presented study is a major project running at the Limnological Research
Station of the Technical University Munich, which investigates the impacts of climate change on
mountain lakes in the northern Alps. Prognosis models predict rising temperatures and stronger
rainfall due to global warming. We hypothesize that this fact leads to further rise of the tree line
and to an intensifying of weathering and will result in an increase of the load of organic matter
into the lakes. To test this we developed a training set for establishing a diatom — phosphorous
transfer function, which will be presented here.

There has been increasing debate concerning the reliability and applicability of quantitative
methods in paleolimnology. It has been shown that the fundamental assumptions for the
application of transfer functions are rarely met. Yet there exists a row of successful examples of
quantitative reconstructions, especially concerning lake pH value and phosphorous content. These
issues will be discussed by means of the presented training set.

Our lake data set comprises 45 lakes situated between 700 and 2500 m a.s.l.. These lakes can be
grouped (1) into shallow and deep lakes and (2) into waters with and without macrophyte cover.
The lakes represent a phosphorous gradient from oligotrophic to mesotrophic conditions. All
studied lakes are situated -at least partly- on calcareous bedrock. Therefore, they are well buffered
and show stable pH values between 8 and 9.5. Additionally to diatom and hydrochemical
analysis, summer water temperatures were measured and lake morphometry was surveyed.

The study was funded by the German Federal Environmental Foundation.

49



S04-S04 - Estimating rates and magnitudes of temporal change
in stratigraphic records using generalized additive models

Gavin Simpson (1)

(1) Institute of Environmental Change and Society, University of Regina

gavin.simpson@uregina.ca

Despite palacolimnology having developed into a quantitative subject in some respects, the basic
description of temporal trends in community composition or geochemical proxies often remains
descriptive, limited to zonation or summary via ordination axes. Formal estimation and testing of
trends via statistical methods is rarely practised, and on those occasions that it is, inference
generally follows inappropriate methods that fail to account for the temporal dependence between
samples.

In large part, this lack of formal statistical trend analysis has developed because classical time
series models assume that samples are evenly spaced in time; most stratigraphic data sets within
palaeolimnology do not meet this most basic of assumptions. Consequently, many researchers do
not attempt to formally estimate trends, or naively use linear correlation or regression analysis,
despite the often gross violations of assumptions of those techniques. Whilst modern statistical
developments have lead to formal time series models that handle irregular data, these are often
inappropriate for many stratigraphic records owing to their short length or the complex statistical
or computational background required to make good use of them.

Generalized additive models (GAMs) on the other hand are relatively easy to apply to
stratigraphic data. GAMs are formal regression models, that estimate trends in data as smooth
functions, which are learned from the data. Modern developments in GAM theory allow for
automatic selection of the smooth functions, yet, in practical terms, fitting a GAM requires little
additional knowledge beyond that of linear regression. GAMs provide a formal statistical
framework for trend estimation and hypothesis testing for stratigraphic data.

Here I present a summary of GAMs, illustrating their use for trend estimation whilst accounting
for temporal autocorrelation, and discussing recent developments that extend their applicability to
pressing ecological questions pertaining to resilience and how it has changed over palaeo
timescales.
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Palaeoecologists are understandably attracted to high-resolution archives, and despite the amount
of labour involved, several sub-decadal — or even annual — resolution microfossil stratigraphies
have been generated. Reconstructions of palacoenvironmental conditions derived from these
stratigraphies using transfer functions apparently compare well to instrumental data.

High-resolution reconstructions face challenges from several ecological, taphonomic, and
chronological factors that are small or negligible for lower-resolution reconstructions. The extent
of these problems varies with microfossil group and the properties of the environmental variable
being reconstructed.

For example, long-lived organisms are likely to be less sensitive to the climate of a particular
month than short lived organisms; taphonomic problems will be smallest for planktic organisms
and greatest for benthic organisms that live in shallow water; and reconstructions of
environmental variables with pronounced high-frequency variability will suffer more from
chronological errors.

The excellent performance of some sub-decadal resolution reconstructions despite the severe
challenges they face is surprising. The reproducibility of these papers needs to be verified.

Several research fields have recently been shown to have lower reproducibility than desirable, but

little work has been done to ascertain the reproducibility of palacoecological papers. I will
conclude by suggesting how palaeoecology can be made a more reproducible science.
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Although not widely applied, multivariate data analysis can be a useful statistical tool in
paleoclimatology. Here, we present a Principal Component Analysis (PCA) on a geochemical
dataset from Lake Stymphalia, the last remaining natural lake of the Peloponnese, Southern
Greece.

To obtain a semi-quantitative geochemical dataset, lacustrine sediment cores were scanned with
an Avaatech X-ray fluorescence (XRF) core scanner and combined with Bayesian age-depth-
modeling of '*C dates to obtain subdecadal paleoclimate information. Relative changes in
chemical composition can be traced back to changes in paleoenvironmental conditions. As
paleoenvironmental reconstructions with high temporal resolution are still relatively sparse for
Southern Greece, our dataset represents a valuable record for the region.

By applying PCA to the geochemical dataset, we aimed for obtaining a condensed dataset
containing only the most important information indicating changes in the hydrological dynamics.
The first Principal Component (PC1) nicely depicts temperature fluctuations, showing the
intensively studied Little Ice Age as well as the Medieval Warm Period. Furthermore, we
determine a cold anomaly for the period 550—760 AD at Lake Stymphalia. Recently, Biintgen et
al. (2016) used the term Late Antique Little Ice Age (LALIA) to describe this climatically cold
interval in the 6™—7" century AD for the Alps and the Altai mountains. This period is previously
unknown or undescribed for Southern Greece. Additionally, PC1 is in almost ideal accordance
with the Rb/Sr ratio, a proxy usually describing chemical weathering intensity. We show on one
hand that PCA 1is a useful approach to answer relevant paleoclimatological research questions and
on the other hand PCA validates the results obtained via a more common approach based on
elemental ratios. This study is the starting point for a more detailed environmental reconstruction
including several (paleo) lakes on the Northern Peloponnese (cf. contribution by Unkel et al.
(2018) in Session 08).
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Biodiversity changes in response to eutrophication, climate variability and species invasions.
These pressures have been shown to reduce community heterogeneity at various scales; however,
how productivity drives homogenization patterns in a community of primary producers, such as
diatoms, has not been studied. Using a dataset with good temporal resolution, obtained from cores
collected from seven tropical reservoirs, we evaluated patterns of spatial and temporal
homogenization, i.e. the trends in temporal alpha-diversity and spatial beta-diversity (change in
community composition), of diatom assemblages over the past 60—100 years. The
paleolimnological records allowed us to study biodiversity trends since the initial community
(reservoir construction) in those systems with low anthropogenic impact and also those
undergoing eutrophication. No clear trend of spatial beta-diversity change over time was found
when all reservoirs were analyzed together. However, when only eutrophic reservoirs were
considered, a marked decrease in the spatial beta-diversity occurred, suggesting that
eutrophication leads to homogenization of the diatom assemblage. These findings were reinforced
by the lack of change in beta-diversity when the age of the reservoirs was standardized, indicating
that the reservoirs’ ontogeny did not influence the spatial beta-diversity trend and beta-diversity
did not increase even in the reservoirs with low anthropogenic impact. In addition, the results
showed a decrease of a-diversity over time for almost all the eutrophic reservoirs, as well as a
decrease in the total species pool for the reservoirs, although periphytic diatoms may be favored
by the appearance and sometimes mass development of floating macrophytes in warm, shallow
eutrophic reservoirs. This study supports the role of eutrophication as one of the main drivers of
diatom assemblage homogenization in tropical reservoirs, with a significant loss of species over
time.
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Deforestation and field cultivation have followed the rise and fall of civilizations for thousands of
years, impacting the environment to a great extent. Although agriculturally induced soil erosion
has a great influence on the global carbon cycle, large uncertainties remain concerning its
historical evolution and its extent and rate. This study seeks to address this issue by investigating
the sedimentary record of Lake Murten (Switzerland), which witnessed several phases of
intensive human land-use over the past 3000 years.

Sediment mass accumulation rates, magnetic susceptibility and detrital element distribution (XRF
Ti) reveal that soil erosion increased drastically towards the end of the Iron Age and the rise of
the Roman City of Aventicum (0 CE). Substantial deforestation and intensified agriculture is
marked with decreasing tree pollen percentages and an increase in charcoal flux, Cerealia,
Plantago lanceolata and Poaceae pollen. Leaf wax n-alkane distribution also reveals a rough
vegetation change from a tree to a more grass dominated landscape. At the same time radiocarbon
ages of bulk sediment and plant derived C,7, Cx, C31, C33, Css alkanes increasingly deviate from
the modeled deposition age, indicating rapid flushing of old soil OC from the surrounding
catchment driven by intensive land-use. Enhanced nutrient delivery resulted in cultural
eutrophication, as shown by the deposition of varved sediments. Human activity decreased after
the end of the Roman period, resulting in land abandonment and renaturation. Soil erosion
indicators suggest that steady state conditions in the surrounding landscape were not attained for
200 years after anthropogenic perturbation. These findings suggest that ecosystem recovery might
take several centuries following release from human perturbation.
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We present a dataset that assesses the relationship between §'*C values of fossilizing resting
stages of planktivorous filter feeders (planktonic cladocerans, bryozoans) in surface sediments
and late summer methane concentrations in small European lakes. The aim is to explore whether
5"3C measurements on these resting stages (ephippia, statoblasts) can be used to constrain past
methane concentrations in lakes. It has been shown that at least some of these organisms,
particularly planktonic cladocerans, can feed on carbon originating from methane oxidizing
bacteria. Since biogenic methane is characterized by exceptionally negative §"°C values, §"°C
values of these invertebrates may also become distinctly negative in lakes where methane forms a
relevant carbon source for planktonic foodwebs. We show that §*C values of the resting stages
of some cladoceran groups (e.g. Daphnia, Ceriodaphnia) are strongly and negatively related with
in-lake methane concentrations. §"*C values as low as -44 to -52%o are observed for some sites,
well below the values typically reported for plant biomass in lake ecosystems (ca. -25 to -36%o),
indicating substantial contributions of methane-derived carbon. In contrast §"*C values of other
groups, such as the bryozoan Plumatella, appear much less influenced by the uptake of methane-
derived carbon. Our results suggest that strongly negative 5'°C values of Daphnia or
Ceriodaphnia below ca. -38%o can be considered indicative for lakes with high methane
concentrations in the open water column. Furthermore, they indicate that such systems are
characterized by large offsets between §'°C values of remains of methane-sensitive (e.g.
Daphnia, Ceriodaphnia) and methane-insensitive invertebrate groups (e.g. Plumatella). We show
for some of these groups that regression models (e.g. log-linear regression, logit regression) can
successfully capture the relationship between 5'°C values of their remains and in-lake methane
availability.

56



S05-003 - Carbon accumulation and fluxes in a north boreal lake
chain: Catchment influence on carbon source and processing

Sari Juutinen (1), Tuuli Lehtosalo (1), Jan Weckstrém (1), Carsten Meyer-Jacob (2), Mika Aurela (3),
Christina Biasi (4), Lauri Heiskanen (3), Atte Korhola (1), Aleksi Résénen (1), Narasinha Shurpali (4),
John Smol (2), Tarmo Virtanen (1) and Maija Heikkila (1)

(1) Environmental Change Research Unit (ECRU), Ecosystems and Environment Research
Programme, Faculty of Biological and Environmental Sciences, University of Helsinki, Helsinki,
Finland

(2) Paleoecological Environmental Assessment and Research Laboratory (PEARL), Queen’s
University, Kingston, Canada

(3) Finnish Meteorological Institute, Helsinki, Finland

(4) Biogeochemistry Research Group, Department of Environmental and Biological Sciences,
University of Eastern Finland, Finland

sari.juutinen @helsinki.fi

Northern lakes play an important role in the global carbon (C) cycle by sequestering C in
sediments and emitting carbon dioxide (CO;) and methane (CHa) to the atmosphere. To advance
understanding on the sources and quality of aquatic C and its processing, we are studying past
and present C dynamics in a catchment located in the boreal-subarctic ecotone in Finland where
climatic and vegetation transitions have occurred over the Holocene. The four study lakes have
had similar climatic forcing, but different positions along the catchment, and thus different
surface and groundwater inputs, and catchment land cover. The sediment cores spanning the past
~9 000 years were analyzed for C and nitrogen (N) elemental and isotopic (§"*C and 5'°N)
compositions. High-resolution sediment chronologies were based on radiocarbon ('*C) and lead
(*'°Pb) dating. Past variations in lake water total organic carbon and chlorophyll a concentrations
were reconstructed using visible-near-infrared spectroscopy. Lake-atmosphere fluxes of CO; and
CH4 were measured using floating chambers, and lateral C fluxes were determined on the basis of
concentration and discharge measurements for the period May to August, 2017. We will address
1) How the lake’s position in the catchment and corresponding variation in water inputs and
catchment land cover impact the rate and source of sediment C accumulation and the C fluxes
between the lakes and the atmosphere? 2) How the sediment geochemical records correspond
with the existing climatic reconstructions for the area and how coherent the lake climatic
responses are along the catchment? 3) How the ratio of C efflux to sequestration varies along the
lake chain? We expect that the Holocene climatic shifts shape the sedimentary records through
shifts in vegetation cover and hydrology, and that the strength of the signal varies between the
lakes depending on the magnitude of peatland development in each sub-catchment.
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Sensitive northern lake ecosystems are challenged by the on-going climate change, especially in
the forms of altered temperature and precipitation regimes and associated shifts in allochthonous
carbon input. These environmental changes may alter biotic carbon processing, cause
modifications in functional structures and test ecosystem resilience. To identify responses to such
environmental gradients, we investigated chironomid fossil assemblages for their functional
composition and carbon utilization in a spatio-temporal setting. Our data set from subarctic
Finnish Lapland (ca. 70°N) covered surface sediments from 25 lakes located on a 120 km long
transect across the tree line, and a down core series from a small tundra lake covering ca. past
2000 years. We utilized functional feeding group (FFG) classification (indicating means of food
acquiring) and stable isotope (SI) signatures of carbon and nitrogen (indicative of nutrition
consumed) from fossil chironomids, reflected against sediment geochemical, climatological and
limnological data. Bayesian three-source (pelagic, benthic, terrestrial) SI modelling on fossil
chironomids was performed to define the relative importance of these nutritional sources. Based
on the spatial surface sediment data set, we found that the FFG structure, SI fingerprints and
resource utilization were linked with sediment organic matter (OM) quantity and quality, nutrient
load and underwater light climate. For key environmental variables (OM quantity, dissolved
organic carbon, nutrients), divergent responses were observed between the dominant collector
FFGs suggesting different habitat preferences. From the down core record we found non-
simultaneous shifts in the FFG assemblage and sediment geochemistry, which indicate differing
responses to stressors and may give insight to long term resilience. Major changes in FFG
structure were not reflected to the modelled benthic dominated resource utilization, rather the
long-term trends followed sediment geochemistry. The results suggest that despite a varying level
of discrimination against OM components, extrinsic factors exert a strong control over carbon
utilization by Chironomidae.
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Arctic organic carbon (OC) stores are substantial and have accumulated over millennia as a
function of changes in climate and terrestrial vegetation. Arctic lakes are also important
components of the regional C-cycle as they are sites of OC production and CO; emissions but
also store large amounts of OC in their sediments. This sediment OC pool is a mixture derived
from terrestrial and aquatic sources, and sediment cores can therefore provide a long-term record
of the changing interactions between lakes and their catchments in terms of nutrient and C
transfer. Sediment carbon isotope composition (§'°C), C/N ratio and organic C accumulation rates
(C AR) of "“C-dated cores covering the last ~10,000 years from six lakes close to Sisimiut (SW
Greenland) are used to determine the extent to which OC dynamics reflect climate relative to lake
or catchment characteristics. Sediment 8"°C and C/N ratios indicate a high proportion of the
organic matter is from autochthonous production but with a variable terrestrial component.
Temporal trends in §'°C are variable among lakes, with neighbouring lakes showing contrasting
profiles, indicative of site-specific OC processing. The response of an individual lake reflects its
morphometry (which influences benthic primary production), the catchment:lake ratio, and
catchment relief, lakes with steeper catchments sequester more carbon. The multi-site landscape
approach used here highlights the complex response of individual lakes to climate and catchment
disturbance, but broad generalisations are possible. Regional Neoglacial cooling (from ~5000 cal
yr BP) influenced the lateral transfer of terrestrial OC to lakes, with three lakes showing clear
increases in OC accumulation rate. The lakes likely switched from being autotrophic (i.e. net
ecosystem production>ecosystem respiration) in the early Holocene to being heterotrophic after
5000 cal yr BP as terrestrial OC transfer increased.
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The forest - steppe ecotone in southern Siberia is highly sensitive to climate change; global
warming is expected to push the ecotone northwards, at the same time resulting in degradation of
the underlying permafrost. To gain a deeper understanding of long-term forest - steppe carbon
dynamics, we use a highly-resolved, multiproxy, palacolimnological approach, based on sediment
records from Lake Baikal. We reconstruct proxies that are relevant to understanding carbon
dynamics including carbon mass accumulation rates (CMAR; g C m™? yr') and isotope
composition of organic matter (8'*CTOC). Forest - steppe dynamics were reconstructed using
pollen, and diatom records provided measures of primary production from near- and off-shore
communities. We used a Generalized Additive Model (GAM) to identify significant change
points in temporal series, and by applying generalised linear least-squares regression modelling to
components of the multiproxy data, we address: (1) what factors influence carbon dynamics
during early Holocene warming and late Holocene cooling?; (2) how did carbon dynamics
respond to abrupt sub-Milankovitch scale events?; and (3) what is the Holocene carbon storage
budget for Lake Baikal.

CMAR values range between 2.8 - 12.5 ¢ C m™ yr™'. Peak burial rates (and greatest variability)
occurred during the early Holocene, associated with melting permafrost and retreating glaciers,
while lowest burial rates occurred during the Neoglacial. Significant shifts in carbon dynamics at
10.3, 4.1 and 2.8 kyr BP, provide compelling evidence for the sensitivity of the region to sub-
Milankovitch drivers of climate change. We estimate that 1.03 Pg C were buried in Lake Baikal
sediments during the Holocene, almost one quarter of which was buried during the early
Holocene alone. Combined, our results highlight the importance of understanding the close
linkages between carbon cycling and hydrological processes, not just temperatures, in southern
Siberian environments.
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Over the past decades, organic carbon (OC) levels have increased in many lakes (i.e., “lake
browning”) across Europe and NE North America. Identified drivers for this increase include
reduced acid deposition, land-use/cover changes, and climate change, yet the specific
contributions of these drivers are still debated. Recent paleolimnological studies have shown that
it is possible to reconstruct past lake-water OC levels from sediment records using visible-near
infrared (VNIR) spectroscopy models, thus providing missing key data about pre-human impact
levels and natural long-term OC variability.

Here, we present centennial-scale OC reconstructions for lakes across central to SE Canada, from
low to high acid deposition regions. OC reconstructions are based on a PLSR model between
VNIR spectra of surface sediments and corresponding lake-water OC measurements from 345
Arctic, boreal and northern temperate lakes (0-41 mg OC L, Rev? = 0.57, RMSEcy = 4.4 mg OC
L™"). Inferred lake-water OC trends show a strong response to changes in atmospheric deposition
across the landscape. For example, in lakes near Sudbury, northeastern Ontario — an area that has
been heavily affected by acid deposition during the 20" century — OC concentrations declined by
~50% compared to pre-industrial levels. After dramatic SO, emission reductions occurred in the
1970s, OC concentrations started to slowly recover, but still remained ~30% below pre-industrial
values by the 2000s. In contrast, in lakes of the low deposition Experimental Lakes Area of
northwestern Ontario, OC values declined by only ~10% during the early 20" century and
exceeded pre-industrial values by the 1970s (~10% relative increase by the 2000s), likely in
response to climate change. Our results demonstrate the widespread “re-browning” of lakes in
former low to high acid deposition regions, and suggest that OC levels will exceed pre-industrial
values with complete recovery from acidification in response to ongoing climate change.
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Detection of source diagnostic molecular fossils (biomarkers) within sediments can provide
valuable insights into the vegetation and climates of past environments. However, hot and arid
regions offer particularly challenging interpretive frameworks for reconstructions because
baseline data are scarce, organic matter is generally very low and in the inland tropics in
particular, sediments are also often subject to flooding and drought. We investigated whether
biomarkers and compound-specific §'°C values could be extracted from a late Holocene sediment
record from the Fortescue Marsh (Pilbara, northwest Australia) to reconstruct past catchment
vegetation and hydroclimate. The low total carbon (TC) content (<1.4%) was a major challenge
for the molecular analyses over the ~2000 years old sequence. Nevertheless, they revealed that
the dominant hydrocarbon features (e.g., long chain n-alkanes) indicative of terrestrial plants
(e.g., C4 grasses; riparian and other Cs plants) encompassed the last ~1300 yrs and that low
abundance of products from aquatic sources (e.g., n-Ci7) were detected in the uppermost
sediments only when permanently inundated conditions prevailed (recent decades). Similarly, the
lower 8'°C values (i.e., a difference of -2.3%o) of long chain n-alkanes in upper sediments
reflected a vegetation response to the emergence of wetter conditions through the late Holocene
in the region. Based on the diverging dominant source contributions obtained from the molecular
distributions and arid-based Bayesian mixing model (5"*C of n-C»7.33 alkanes) results, less arid
conditions may have favoured the input of *C depleted n-alkanes from the Eucalyptus (C3)
dominant riparian vegetation. The deepest sediments (<700 CE) however, had a TC content of
<0.4%, and no organic compounds were detected, consistent with local and regional records of
hyperarid conditions. These results demonstrate that n-alkanes can provide a molecular and stable
isotopic fingerprint of important - and perhaps underappreciated - ecological processes in modern
tropical arid environments for future paleoclimate investigations.
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Increases in concentrations of DOM have been observed in surface waters of northern and central
Europe, known often as ‘Brownification’. Due to the negative impacts of this there is a need to
better understand the drivers and trajectory of this trend. Using both recent and longer-term
(Holocene) sediment records it may be possible to further improve the understanding of carbon
cycling within lakes and their catchments.

The UK Upland Waters Monitoring Network (UK UWMN) sites have been monitored quarterly
for dissolved organic carbon since 1988. Here four of these sites (Llyn Cwm Mynach, Scoat Tarn,
Loch Grannoch and Loch Chon) are visited, with sampling focused on the very recent sediment
(approx. 200 years). At Llyn Cwm Mynach and Loch Grannoch longer records (11.5k years) have
been obtained to assess equivalent patterns through the Holocene.

Analysis of the gravity cores has focused on measuring and characterising the organic content for
comparison with recorded surface water DOC measurements (UK UWMN)).
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This study focuses on the carbon cycle between the terrestrial and aquatic system in response to
land-use changes in a long-term perspective based on lake sediments. Catchment-scale vegetation
changes are reconstructed quantitatively using pollen analysis and the Landscape Reconstruction
Algorithm (LRA). Bulk geochemical analyses in combination with organic geochemistry
including lignin phenols and lipid biomarkers are used to identify the sources of organic matter
derived from the catchment. By comparing the reconstructed vegetation with the geochemical
results, we will analyze potential relations between land-use changes (forestry, agriculture) and
changes in the delivery of organic and mineral matter from the catchment to the lake. Variations
in TOC, TN, C/N ratios of organic matter, XRF data and pollen composition since AD 1000 in a
sediment core from Lake Skottenesjon, downstream of the Skogaryd Research Catchment station,
South Sweden, show that deforestation and agricultural activities in the lake catchment modified
the organic and inorganic matter export associated with soil erosion to the lake. This is indicated
by high values in lithogenic elements K, Ti, Rb, as well as a very rapid increase in C/N ratio and
a drop in both TOC and TN from ca. AD 1750 to ca. AD 1900. During this time, cultivated crops
(Secale and Hordeum) and grazing indicating shrubs (Juniperus) expanded, which corresponds
well with an accelerating increase in the population in the research area between ca. AD 1700 and
ca. AD 1850. A less intensive human impact can be observed between the mid-12" century and
14" century with high values of C/N ratio and the lithogenic elements K, Ti, Rb and Zr, which is
attributed to soil erosion associated with expanding human activities in early medieval time
interrupted by the Black Death. Further analysis, including pollen analysis and biomarkers, of the
sequences are in progress.

64



Nutrient cyecling ancl
Mues in lakes anc thelr
catchments: linking
Process and palecrecoral

John Boyle and Richard Chiverrell




Oral Presentations

S06-001 - Modelling Holocene sediment records of landscape
phosphorus flux along a climate gradient in Sweden

John Boyle (1)

(1) Department of Geography and Planning, University of Liverpool, Liverpool, UK
jfb@liv.ac.uk

A generalised model of P leakage from soils successfully captures variance between a number of
temperate sites, despite using a universal parent material and climate-independent parameters.
However, in the cool and dry sites of northern Sweden such a model greatly overestimates the
fluxes. Here the P leakage model is modified to explicitly treat climate (temperature and
precipitation), using simple and physically realistic mechanisms. It is tested at 5 lake sites
spanning from Lilla Oresjon (Near Gothenburg) in the south to Sotaure (Near Jokkmokk) in the
north. This presentation reports findings and wider implications.
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The conservation of ecologically vulnerable seabird species is difficult because of a lack of long-
term population surveys, therefore it is challenging to determine population dynamics prior to
direct observational changes. One vulnerable seabird species is the Leach’s Storm-petrel
(Oceanodroma leucorhoa), which has been declining globally in recent years. The world’s largest
colony is on Baccalieu Island, Newfoundland, a seabird reserve currently supporting ~2 million
nesting pairs. Because of their small stature and nocturnal behaviour, Storm-petrels are difficult
to survey accurately, and thus fluctuations in colony size and the processes driving colonial trends
remain unclear. Petrels build their nests underground in peat habitat throughout Baccalieu Island,
particularly in the catchment of freshwater ponds. Prior to fledging, Storm-petrel chicks are fed
by their parents and act as nutrient biovectors, fertilizing the nearby water bodies with their
nutrient-rich guano, moulted feathers, and bird carcasses. This fertilization causes changes in the
ponds’ water chemistry and aquatic biota, leaving distinct geochemical and biological signatures
in the sediments. Here we present preliminary analyses of changes in the water chemistry, diatom
assemblage, sedimentary chlorophyll-a and stable nitrogen isotopes (5'°N) from five sediment
cores on Baccalieu ponds with varying degrees of petrel impact. Initial analyses indicate that
these biological and chemical proxies track fluctuations in Leach’s Storm-petrel population. To
begin to understand the cause of the population changes, pollen assemblages are reconstructed to
determine whether fluctuations in colony size are driven by changes in habitat. This study will
directly influence the conservation and management of this ecologically vulnerable bird species
by helping to reconstruct population trajectories and will help determine the mechanism of this
species’ decline. Additionally, the techniques employed in this study have not yet been utilized
in the context of conservation biology, and therefore have broader implications in the protection
of other avian and non-avian species.
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Many UK lakes are found to be failing to meet targets for total phosphorus (P) concentration
despite mitigation practices often being in place. This highlights the need to understand the
context of a lake’s present day nutrient status in order to assess the achievability of such targets
under current management strategies. Palaeolimnological records offer the opportunity for
reconstructing past lake conditions, providing a reference for water quality targets. Here a lake
sediment geochemical record from Crose Mere, a UK lowland eutrophic lake, will be used to
determine long-term P fluxes at the site. Viewed in the context of long-term large-scale
catchment P dynamics, changes in anthropogenic influence on nutrient input will be examined.
Together with a record of fossil pigments and plant macrofossils this will be used to investigate
the in-lake ecological response to long-term changes in nutrient flux. Finally the present-day lake
status and associated nutrient targets will be examined in light of the findings from the
palaeorecord.
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Methods for quantitative reconstructions of past land cover changes from pollen data have
improved significantly over the last decades, and with the increased number of studies and
estimates of the relative pollen productivity of different plants, have also become much more
widely applied. The different submodels within the Landscape Reconstruction Algorithm (Sugita,
2007) allows us to reconstruct vegetation changes at different spatial scales, depending on the
selection of study sites. This can provide quantitative information on past human land use at
different spatial and temporal scales. By analysis of the relationships between land use changes
and geochemical, geophysical and biological proxies of past conditions in the aquatic
environment in lakes and even coastal waters, we can improve our understanding of the
interactions between humans, the terrestrial and the aquatic environment at timescales that far
exceed those of observational data. This in term can perhaps give us an increased understanding
of the long term processes involved, although many challenges remain, not least disentangling the
role of land use and climatic changes. We will present examples of such analyses in southern
Scandinavia range from small, very local to large regional catchments in terms of spatial scales,
and from centuries to millennia in terms of temporal scale.
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Land-water connections are influenced by climate, environmental and human alterations to
landscapes. One common terrestrial management tool that has been applied on a broad
spatiotemporal scale is prescribed burning. The burning of understory can recycle nutrients,
prevent intense forest fires, and promote ecosystem health. The ash that remains following a
prescribed burn erodes into aquatic environments potentially altering terrestrial-aquatic
connectivity and water quality, but most research has been conducted on acute burn events with
little focus on landscapes that have been repeatedly burned for decades. In this study we
collected a sediment core from Ocean Pond, FL, USA, a shallow, sinkhole lake that had received
fire ash from decades of prescribed burning events. Paleolimnological measurements of charcoal,
nutrients (C, N, P), other elements (Al, K, Fe), stable isotopes, and photosynthetic pigments were
used to reconstruct natural and prescribed fire regimes, inputs of materials, and lake primary
producer responses for periods of prescribed burns and natural wildfires (~4,000 YBP). Results
show that the modern prescribed fires decreased C and N inputs to the lake while increasing P
inputs causing alterations to total nutrient deposition and nutrient stoichiometry. However,
despite the alterations in nutrient dynamics, photosynthetic pigment data showed low primary
producer abundance during the prescribed burning period inferred as light limitation. The
dramatic changes in nutrient dynamics during the prescribed burning period could provide new
insights into biogeochemical pathways in land-water connected systems as well as support
changes in other aquatic ecosystems receiving burned material where burning has not been
considered as a driver of biogeochemistry.
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Large river floodplains play an important role in providing societal, economic and biological
benefits. However, the complex ways that rivers and their floodplains operate and interact make it
difficult to understand and effectively steward these important zones. The middle and lower
reaches of the Yangtze Basin which are inhabited by more than 300 million people are within an
important economic and societal zone in China. Over the last several decades, with the
intensification of industrial and agricultural activities and rapid population expansion, lakes in
this area have suffered from problems such as eutrophication and declines in biodiversity. In
addition, more than 50 thousand dams (e.g., Three Gorges Dam) have been established in this
area for the benefits of hydropower, irrigation, flood control and water supply, which has
modified the natural hydrological condition of floodplain lakes. In an attempt to understand how
shallow freshwater ecosystems in the middle Yangtze floodplain respond to multiple drivers,
paleolimnological proxies including chlorophyll and carotenoid pigments, C/N ratios and stable
carbon isotopes were analysed in 2'°Pb dated sediment cores from two floodplain lakes, Wanghu
Lake and Luhu Lake (>30 km?). C/N ratios and an index of UV penetration (water clarity),
derived from pigment biomarkers, increased after dam construction in both lakes, implying that
aquatic plant growth increased and light conditions improved as turbidity from suspended
particles declined under more stable hydrological conditions. Since the 1990s, total algal
production, indicated by chlorophyll a and B-carotene, and pigments from filamentous
cyanobacteria (aphanizophyll) increased and lower UV index suggested a decline in water clarity.
The proliferation of algae, including bloom-forming taxa, was correlated with increased nutrients
transport into the lakes due to the intensification of agriculture and urban expansion. Our work
demonstrates that in floodplain areas such as the middle Yangtze, freshwater ecosystem
wellbeing is dependent on both hydrological and nutrient condition.
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Sedimentary algal and bacterial pigments have been used for decades to infer productivity
changes and alga community in lakes. In particular, the ratios between the chlorophylls and
chlorins may give an indication about the degree of diagenesis and food web intensity.
Nowadays, conventional instruments such as HPLC and spectrophotometer (SPM) are mostly
used to quantify these compounds. On one hand SPM measurements are rapid and inexpensive,
on the other hand they are much less compound specific than HPLC. In order to rend SPM
measurements more compound specific, an iterative non-least squares method is used to
deconvolute the bulk green pigment absorption peak in two components: sum of chlorophyll-a
(Chl-a) and chlorins-a (Chls-a), and the sum of Chl-b and Chls-b. Afterwards on the first
component, mono or dichroic equations are applied to quantify total chlorins-a (TC-a), Chls-a and
Chl-a [1]. The advantage of this method is that the samples does not need chemical treatments
and does not overestimates the actual concentrations. The validation of spectrophotometer
measurements and subsequent peak deconvolution with pigment-specific HPLC measurements
(true target values) are carried out applying linear fitting correlation. The quality of the
calibration is assessed with the ratio percentage error (RPE) as a function of the pigment
concentration ratio between the predicted (deconvolution) and measured value (HPLC). We
tested this approach with spiked and no spiked natural sediment samples from varved lake Ponte
Tresa, a eutrophic lake in southern Switzerland. Comparison between HPLC measurements and
SPM measurements followed by deconvolution reveals adjusted-R* of 0.988 for TC-a, 0.979 for
Chls-a and 0.974 for Chl-a with a RMSE of 0.323, 0.263 and 0.185 ug/g, respectively. The
average RPE for TC-a is 105.02%, 101.93% for Chls-a and 113.50% for Chl-a. To our
knowledge, this is the first time that this approach is used to quantify TC-a, Chls-a, Chl-a in lake
sediments with rapid and inexpensive SPM measurements.

References

[1] O’Haver, T. (2018). Toolkit of functions, scripts and spreadsheet templates.
https://terpconnect.umd.edu/~toh/spectrum/functions.html, 2018-02-27.
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Phosphorus (P) is often driving the primary productivity in freshwater lakes. Previous studies
showed that total P in sediments is strongly related to the lake trophic status, but little is known
about the different P species in the sediments and the fractions that are permanently embedded or
readily available for recycling. We aimed to determine which P species preferentially accumulate
in lake sediments during periods of high eutrophication, and how lake restoration measures in the
past decades are recorded in sedimentary P species.

We analyzed varved lake sediments from the Ponte Tresa basin of Lake Lugano (Switzerland).
This lake has been eutrophic and mostly anoxic since the 1950s. We performed a sequential P-
extraction with four fractions on the sediments (period 1940s to 2017). Each of the fractions was
analyzed separately for inorganic and organic P. Subsequently, P species detected at different
depths were compared with chloropigment concentrations (Chl a and chlorin) as inferred from
high-resolution hyperspectral imaging.

We observed that the concentrations of different P forms in the sediments followed the order:
Fe(II) bound P > Fe- and Al-oxide bound P > Ca bound P > loosely adsorbed P. Fe(Il)-P and
Fe, Al-oxide-P fractions decreased from 1950s onwards, while lake primary productivity
continuously increased. We observed, however, a maximum of Fe(Il)-P and Fe, Al-oxide-P
between 1995 to 1999, which coincides with a period of very high primary productivity. The
other P forms did not show a clear temporal trend.

The results indicated that Fe(Il)-P, Fe, Al-oxide-P and loosely adsorbed P in the sediments can be
potentially available P fractions in Lake Ponte Tresa. The Ca-P is the relatively stable form in the

sediments.

Work is under way to characterize the organic P fraction by using substrate specific enzymes.
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Assemblages of microscopic remains in sediment records provide a wealth of information about
past environments. A further step can be taken by analysing stable carbon and nitrogen isotopes
(8"*C and 8"°N) of plant and invertebrate remains. Offsets in '°N (trophic position) and §'*C
(energy source) between organisms gives insights in food web structure and energy flow. Here
we present a pilot study from Loch nam Fear in the Flow Country, Scotland. The assemblage
composition of macrophytes and invertebrates indicated a distinct change in aquatic community
around 1990 reflecting the 19869 establishment of a conifer plantation 500m from the lake. A 1-
3%o decrease in 8"°N of plant and zooplankton remains suggest that the conifer plantation had a
strong impact on nitrogen cycling and possibly led to reduced aquatic food chain length.
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The Northern hemisphere is strongly affected by on-going global warming since the late 19™
Century. Recent climate warming and permafrost degradation is threatening the residential areas
of the local people and natural northern ecosystems. Lake systems represent the major freshwater
resource and act as extremely sensitive sentinels of environmental changes. Lake Bolshoe Toko
(56°15N, 130°30E, 903 m.a.s.1., length: 14 km, width: 7 km, maximum water depth: >70 m) is
located at the marginal permafrost zone in southeastern Yakutia, Russia. The lake occupies a
basin at the foot of the northern slope of the eastern Stanovoi mountain range, composed of
Precambrian igneous rocks. At its north-eastern margins the lake is bordered by moraines of three
different glacial sub-periods. These geological boundary conditions give way to different
depositional environments within the lake and hence cause spatial variability in habitat conditions
for species assemblages.

In our study, we analyse the sediment-geochemical properties (organic carbon, nitrogen,
mineralogy and grain-size) from a set of 37 surface samples and two long cores. We compare the
abiotic system to the taxonomical diatom and chironomid species distribution and the oxygen
isotope signal measured from the diatom opal (5'*Odiat). Our results show significant within-lake
variability of the species distribution, influenced by limnological parameters (water depth, habitat
conditions, distance-to-shore) and differential catchment properties (i.e. nutrient supply).
Sediment cores were radiocarbon dated back to 40.000 cal. years BP and XRF scanned for
elemental composition. The composite record provides a better understanding of the
spatiotemporal within-lake variability of palaeolimnological proxies as well as insights into the
Late Quaternary glaciation history and the coupling between lake system ontogeny and climate
forcing on millennial timescales.
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Diatom in lakes represent a major sink of Si influencing the global Si cycle and fluxes of this
nutrient from continent to oceans. However, processes triggering diatom deposition in lake
sediments are not well known as they might involve different mechanisms. One entry to
investigate factors controlling diatom deposition is to compare for same physical settings,
changing environmental variables over time. Here, we use a large dataset of multiproxy analyses
carried out in three Lateglacial to Holocene lake sediment archives (Lake Petit, Lake Allos, and
Lake Vens) located in the same range of altitude (2200 to 2300 metres a.s.l.), situated in
comparable geological bedrock (crystalline dominated), and where no volcanic sources exist.
Thus, in this context Si inputs are restricted to transfer from watershed to lake. BSi has consisted
exclusively of diatoms in these records encompassing, all the sites together, concentrations of 0 to
91 wt percent of the total bulk sediment. Our results allow to distinguish three main periods of
BSi concentration: minimum from 12,000 to 7000 cal. BP, maximum from 7000 to 2000 cal. BP,
and intermediate content from 2000 cal. BP to Present. Comparison to multiproxy analyses
carried out on the same records indicates that these periods have been linked to major changes in
the lake catchment, that includes change in detrital erosion, soil chemical weathering and
vegetation cover. By incorporating all these results in a multivariate component analysis, we
propose to discuss the relative influence of these environmental variables to diatom deposition in
alpine lakes.

77



S07-003 - Palaeohydrological changes at Yellowstone Lake
(Wyoming, USA) during the Holocene inferred from oxygen
isotopes in diatoms: preliminary results

Rosine Cartier (1), Daniel J. Conley (1), Sherilyn C. Fritz (2), Melanie Leng (3), Jack H. Lacey (3) and
Petra Zahajska (1)

(1) Lund University, Department of Geology, Lund, Sweden
(2) University of Nebraska-Lincoln, Lincoln, NE, USA
(3) British Geological Survey, Nottingham, UK

rosine.cartier@geol.lu.se

Continental hydrothermal systems have a major influence on the Earth’s thermal (heat) budget
and on geochemical cycles, and they represent a significant geological hazard through thermal
explosions. Yellowstone Lake’s hydrothermal system, located in one of the most active volcanic
plateaus (Wyoming, 2357 m a.s.l, USA), is characterized by extensive seismicity and comprises
thermal features and hydrothermal explosion craters. Processes triggering hydrothermal activity
operate over short timescales, such as earthquakes or daily to annual cycles (climate seasonality),
as well as millennial timescales (changes in magmatic activity, regional climate influences).

To better understand the processes driving hydrothermal activities on varied timescales and their
implications for environmental change, sediment cores were taken in 2016 in the framework of
the “HD YLake research program”. As Yellowstone Lake sediments are rich in diatom fossils,
past hydrological changes related to climate change are inferred using the oxygen isotope
composition (5'"*0) of biogenic silica that comprises the cell wall of the diatoms. One dominant
species, S. yellowstonensis was extracted from the sediments for isotopic analysis. 8'*O variations
in palaeoclimatic records usually represent changes in lake water balance related to local
properties and regional climatic influences. At Yellowstone Lake, 5'*0 variations in lake waters
are mainly triggered by evaporation processes (depending on the water residence time and the
surface area of the lake) and the seasonal activity of the Yellowstone River. A preliminary §'*0
record covering the Holocene will be presented and the major factors triggering §'*O variations in
the past will be discussed as well as initial inferences of past hydrological changes.
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Major volcanic eruptions may have severe societal impacts as shown by ash dispersal and sulphur
emissions from recent Icelandic eruptions. However, ice-core sulphur records demonstrate that
these events were minor as compared to historical events of much larger magnitude. We still lack
a sufficient understanding of the environmental impacts of such colossal eruptions, which take
place on average once per century and can be expected to recur at any time in the future. As part
of a newly initiated project, we aim at estimating the extent of such sulphate deposition events in
northern and central Europe, their typical duration and effects on aquatic biota, catchment
vegetation and soils, including the potential release of highly toxic methyl mercury to lake waters.
By freeze-core sampling of varved lake sediments at well-documented sites, we will target some
selected volcanic events of known origin during the last millennium, such as Askja 1875,
Tambora 1815, Laki 1783, Veidivétn 1477 and Samalas 1257. Their physical, chemical and
biological impacts on the local ecosystems will be analysed at annual resolution, if possible aided
by the identification of tephra particles from the respective eruptions. Established geochemical
and palaeolimnological methods will be applied, including diatom analysis of biogenic varve
sequences, and comparisons will be made with historical accounts when available. As part of
ongoing efforts to establish instrumentation for synchrotron-based analysis of chemically
unaltered, frozen sediment records at the MAX IV facility at Lund University, we will also
perform high-resolution S, Fe and Hg speciation analyses of the varve records, using X-ray
absorption spectroscopy. Apart from deeper insights into ecosystem responses to massive
volcanic sulphur deposition and associated ashfall events, the project will pave the way for future
applications of synchrotron-based techniques within palacolimnology.
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Between 30 and 13 ka, pluvial Lake Bonneville (western US) rivaled Lake Michigan in terms of
surface area, depth, and volume, and Its marls represent an important archive of climate and
paleolimnological processes. We report the first diatom record anywhere in the basin for the
complete Bonneville cycle from core taken in the Pilot Valley sub-basin, Utah. Combined with
geochemical and mineralogical records, the proxies represent closed-basin transgression, the
catastrophic Bonneville flood, open-lake conditions, and closed-basin regression and desiccation
cycles.

Diatoms record pH and salinity, and vary from alkalibiontic/brackish (early transgression),
alkaliphilous/fresh-brackish (deep lake) and back to alkalibiontic/brackish (late regression)
conditions, and mesotraphentic to eutraphentic nutrient loads. The Bonneville flood produced
freshening recorded in marls by a decrease in the ratio of carbonate minerals to quartz, a decrease
in Sr, and minima in carbon and oxygen isotopes after the flood.

Pennate diatoms reveal passage through and back into the euphotic zone during transgression and
regression by sufficient light penetration through the water column to support an active benthos.
As such, the base of the euphotic zone (~35m depth) can be established through time. However,
establishing time-depth relations in the core required an unusual model-based approach because
reservoir effects and detrital carbonate influence '“C activities in marl and detrital Th makes U-
series ages impractical.

Restriction and evaporation within the Pilot Valley arm of Lake Bonneville during times of
shallow water produced high endogenic carbonate production, an order of magnitude higher than
during deep-water phases. This is revealed in the age-depth model, carbon and oxygen isotopes,
and relative diatom abundances, requiring a major re-evaluation of the position of the previously
published Bonneville flood horizon within the sediments of Pilot Valley. In summary, lacustrine
sediments from restricted arms of large pluvial lakes may vary significantly from complementary
records from an open basin.
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Limnological reconstructions of primary productivity have demonstrated its response over
Quaternary timescales to drivers such as climate change, landscape evolution and lake ontogeny.
In particular, sediments from Lake Baikal, Siberia, provide a valuable uninterrupted and
continuous sequence of biogenic silica (BSi) records, which document orbital and sub-orbital
frequencies of regional climate change. We here extend these records via the application of stable
isotope analysis of silica in diatom opal (8**Sigiaom) from sediments covering the Last Interglacial
cycle (Marine Isotope Stage [MIS] 5e; c. 130 to 115 ka BP) as a means to test the hypothesis that
it was more productive than the Holocene. *°Sigiaom data for the Last Interglacial range between
+1.29 to +1.78%o, with highest values between c. 127 to 124 ka BP (+1.57 to +1.78%o). Results
show that diatom dissolved silicon (DSi) utilisation, was significantly higher (p=0.001) during
MIS 5e than the current interglacial, which reflects increased diatom productivity over this time
(concomitant with high diatom biovolume accumulation rates [BVAR] and warmer pollen-
inferred vegetation reconstructions). Diatom BVAR are used, in tandem with 8*Sigiom data, to
model DSi supply to Lake Baikal surface waters, which shows that highest delivery was between
c. 123 to 120 ka BP (reaching peak supply at c. 120 ka BP). When constrained by sedimentary
mineralogical archives of catchment weathering indices (e.g. the Hydrolysis Index), data
highlight the small degree of weathering intensity and therefore representation that catchment-
weathering DSi sources had, over the duration of MIS 5e. Changes to DSi supply are therefore
attributed to variations in within-lake conditions (e.g. turbulent mixing) over the period, where
periods of both high productivity and modelled-DSi supply (e.g. strong convective mixing)
account for the decreasing trend in 5*Sigiom compositions (after c. 124 ka BP).
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The objective of this work is to analyze the sediment between 100 to 122.5m from lake Chalco,
central Mexico, using diatoms and X-Ray Fluorescence. We identify two different diatom
assemblages indicative of contrasting limnological and climatic conditions. The first is a
freshwater assemblage, dominated by Stephanodiscus niagarae, and S. oregonicus, species that
are scarce in modern environments in central Mexico but are common in temperate lakes in USA
and Canada, we consider this assemblage indicative of temperate, freshwater conditions. The
second is an halophilous assemblage, dominated by Anomoeones costata, Cyclotella
meneghiniana and Campylodiscus clypeus, which are common in modern alkaline, subsaline to
hyposaline lakes in central Mexico. Extrapolating the chronological model based on "*C and U/Th
dates on the top 63.5 m of the sequence, we consider that the studied section covers the MIS 6 to
MIS 5 transition (ca. 130 ka). This transition is recorded by a change from laminated (MIS6) to
massive sediments (MISS5) at 106 m. The laminated MIS6 sediments alternate between light
diatom ooze lamina, dominated by the freshwater assemblage (S. niagarae and S. oregonicus)
with peaks in Si/Ti and dark laminae dominated by clastic sediments with peaks in Ti. These
cyclical laminations show that in central Mexico there was a stronger seasonality in the climate,
with cold and dry winters and warm and wet summers. The massive (MIS5) sediments on the
other hand are characterized by an increase in Ca/Ti and the halophilous assemblage, which
indicate an abrupt change in the hydrology of the basin, with a change towards warmer climates
and subsaline to hyposaline conditions in the lake. The presence of 13 layers of micritic mud that
are intercalated along the laminated (MIS6) sediments, suggest that the transition between the
cooler MIS6 climates to the warmer MIS5 was punctuated by a series of short term warmings
events.
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High-resolution, multi-core, multi-proxy study was carried out on three sedimentary records
obtained from the Lake Ighiel, the largest karst lake of Romania. Lake Ighiel was formed ca.
6000 years ago, and during the evolution of lake-catchment system the siliceous algae were able
to preserve in the sediment from ca. 4800 cal yr BP. After dominance by small fragilariales, the
Middle Holocene (ca 4.8—4.2 cal kyr BP) is marked clearly by a relative increase in benthic
Navicula and Gyrosigma taxa, indicating habitat diversification. An episodic return to small
Fragilariales from 2.6 to 2.5 cal kyr BP periphitic taxa are abundant with benthic diatoms. In the
last 1000 yrs A. formosa increases in relative abundance, but in the last 200 yrs it became
dominant, which had been sporadic from the lake’s sediment record in earlier intervals.
Asterionella formosa is known as common and often dominant planktonic diatom in mesotrophic
and eutrophic lakes worldwide. Recently it’s abundance increases in oligotraphenic lakes as well.
We can assume a strong positive correlation between the soil prolification and impact of global
warning to the abundance of 4. formosa. Contrary the period of II. Word War imprinted as
decreasing of A. formosa in the lake sediment. Global warming related changes, like longer open
water periods, changes in lake mixing regimes, and lake thermal properties might have
contributed to the increase in the relative abundance of 4. formosa. In the last couple of years, the
’star” of Asterionella dramatically and abruptly fall, the small celled Centrales taxa practically
extruded it from the lake sediment. To disentangle the influence the nutrient supply and climate
related driving factors to diatoms is an unsolved problem. The authors acknowledge support from
NKFIH 119208, CRYPTIC project.
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Mountain lakes ecosystems are highly sensitive to global warming. Direct effects such as
increasing lake temperature, intensified thermal stratification, and shorter ice cover periods
strongly influence the structure of algal communities. Additionally altered catchment processes
and precipitation patterns resulting in changing light climate and water level variability especially
affect benthic algal assemblages. Diatoms are widely used in paleoclimate studies, as they are
particularly sensitive indicators for climate-driven changes in lake processes and dynamics. We
used sediment records of a small subalpine lake taken in different depths to identify diatom
assemblage dynamics focusing on diatom life form, substrate specify, nutrient preference and
tolerance towards physical disturbance. A high-resolution study of current diatom depth-
distribution patterns supports interpretation of subfossil community changes. We found that
subfossil diatom assemblages of the sediment core taken in the aphotic zone are highly
appropriate to reconstruct a variety of environmental changes. In sediments of well-illuminated
littoral zone, however, periphytic diatoms outnumber planktonic diatoms by far. Cores taken in
these depths are unsuitable for conclusions derived from planktonic species or from shifts in the
ratio of planktonic to benthic diatoms. Small centric diatoms dominate the upper part of the
aphotic zone core signifying high lake levels and extended thermal stratification. Assemblages of
predominant epipsammic and epipelic species in deeper parts of the core indicate lower lake
levels or higher transparency. Increasing diatom diversity in younger sediments suggests
increasing substrate availability and habitat stability.

The study is funded by the Bavarian State Ministry of the Environment and Consumer Protection
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The quantitative use of silicon isotope ratios (5°°Si) as a diatom paleoproductivity proxy in
lacustrine systems requires a greater understanding of factors affecting their 5*°Si values. We
determined 5*°Si in modern dissolved Si (DSi) and in modern and sedimentary biogenic silica in
Manzanita (ML), Widow (WL), and Butte (BL) lakes in Lassen Volcanic National Park,
California (USA). Combined with diatom community data and physicochemical parameters, we
aim to characterize patterns of productivity, diatom composition, and BSi retention relative to Si
isotope values to better interpret 3°°Si observations from small, montane lake systems.

Modern planktonic diatom §*°SiBSi values (-1.1 to -1.3%o) in ML appear to be quite different
from periphyton diatom *°SiBSi values (-0.4 to -0.8%o). The fractionation associated with diatom
silica production is larger than previously assumed and is different for each lake. Down-core §°°Si
values do not correlate with %Opal-A for all cores over the last century. However, down-core
changes in diatom community composition do coincide with changes in 5*°Si values and %Opal-
A throughout the core record for each lake. Non-metric multidimensional scaling, hierarchical
cluster analysis, and indicator species analyses on modern and core samples from the three lakes
indicate that sediment BSi 5°°Si is linked to diatom growth habitat. In line with our modern
observations, samples dominated by euplankton diatom taxa have low §°°Si (< -1.0%o), while
samples dominated by littoral, benthic periphyton taxa have higher §*’Si (> -0.3%o). Intermediate
sediment &*°Si (-1.0 to -0.3%o) are dominated by mixed tychoplankton and epilithic periphyton
taxa. Different §*°SiBSi values by growth habitat likely reflect a combination of different DSi
pools coupled with species-specific fractionations. These data suggest that §*°Si records from
small lakes are a better proxy for the source of the BSi production rather than paleoproductivity
itself.
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We present a high-resolution 1000-year pollen record of vegetation change from Sanjiaolongwan
Maar Lake (SJML) in northeast China. An age model was established using analyses of 2'°Pb,
7Cs and AMS "C. Our intention was to use the results to examine possible relationships
between vegetation change and climate in the study area and variations in solar activity. The
pollen assemblages show that during the study interval the vegetation was temperate coniferous
and deciduous broadleaved mixed forest. Although Pinus is the most abundant pollen type,
various line of evidence suggest that it is not temperature-sensitive. However, from an analysis of
changes in pollen assemblages over the past 1000 years and a comparison with pollen records
from other lakes in the region, we conclude that Quercus frequencies can be used as a sensitive
temperature index for the study area. Several notable cold periods, with lower Quercus
frequencies, occurred at approximately 1200 AD, 1440 AD, 1640 AD and 1820 AD. These
century-scale cold periods correspond to major minima in solar activity, leading us to conclude
that variations in solar activity may have been an important driver of centennial-scale climate and
vegetation change in the study area during the last millennium.
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Climate warming since the end of Little Ice Age (LIA), especially after the 20™ century, has
apparently an influence on lake environments of the southeastern Tibetan Plateau (TP). However,
a minimal standard deviation (SD=0.47) calculated using diatom data from Lake Basomtso
implied insignificant ecological change over the past two centuries. Similar situation has been
reported in other lakes of this region, which suggested that regional warming since the LIA is not
high enough to exceed the lake ecological threshold. A modest diatom composition change during
ca. 1770-1866 AD was identified. It can be speculated, from physical and geochemical aspects,
that high-energy water flow in Lake Basomtso was produced by the synthetic effect of glacial
melting and short distance between glacier forelands and the lake during the onset of climate
warming. It changed water transportation capacity which made contribution to the modest diatom
composition change. Increase in abundance of benthic or epiphytic species (e.g. Achnanthes
minutissima, A. biasolettiana, Fragilaria capucina, F. construence, F. pinnata) in the lake
sediments deposited during ca. 1770—-1866 AD primarily attributed to the enhanced transportation
by strong water flow from rivers, swales or littoral zone to profundal zone of the lake.
Transportation capacity of meltwater decreased gradually along with glacial recession and
increased in transportation distance. Under this context, less benthic or epiphytic diatoms could
be transported to the profundal zone after the late 19" century. In summary, ecological change in
deep lakes of southeastern TP since the LIA is not significant on the whole, but glaciohydrologic
process have some impacts on diatom composition changes in lakes fed by glacial meltwater.
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Understanding the response of aquatic primary producers to climatic and environmental stressors
is important in light of ongoing climate change. This is particularly because trophic states and
with it biodiversity are thought to experience significant perturbations due to anthropogenically
induced changes in land use and climate. Here, we analyze the diatom response to limnological,
environmental and climate change between MIS 17 and 15 (718-557 ka) in a long sediment
record (584 m; ca. 1.9 Ma) from Lake Ohrid (Macedonia/Albania). The diatom assemblage
throughout MIS 17 is dominated by the hypolimnetic species, Cyclotella cavitata, indicative of a
high productivity in the lake and warm climate. Increased relative abundance of facultative
planktonic and benthic taxa at ca. 703 ka and ca. 693 ka reflects climatic instability, most
probably related to higher precipitation. Increase in the relative abundance of the epilimnetic taxa,
Cyclotella sp. 1 aff. minuscula and Cyclotella sp. 2 aff. ocellata, at the expense of Cyclotella
cavitata marks the beginning of MIS 16. Towards the end of MIS 16 (ca. 640 ka) epilimnetic taxa
establish the highest dominance in the assemblage. This is indicative of restricted stratification in
the lake due to cold winter and summer periods, combined with sufficient nutrient input from the
catchment. The transition to MIS 15 is noticeable by the presence of Aulacoseira subarctica, a
mesotrophic species indicative of increased mixing in the lake. During MIS 15 the co-dominant
hypolimnetic taxa Cyclotella cavitata and Cyclotella fottii are representative of high temperatures
during this period, especially at ca. 610 ka and ca. 578 ka, when these are present at almost 100%
relative abundance. A significant increase in the abundances of Cribrionella ohridana, a fossil
species close to epilimnetic Cyclotella minuscula, indicates the beginning of a gradual cooling
towards the end of MIS 15 (ca. 573 ka). The response of the diatom community from Lake Ohrid
during the period investigated is thus in tune with global scale climate change and its regional
expression thus highlighting the sensitivity of aquatic primary producers to climate-induced
changes in limnological parameters.

88



S07-P08* - Lake Kinneret (Israel): Diatom-based
palaeoecological reconstruction for the Holocene

Hannah Vossel (1), Patricia Roeser (2), Thomas Litt (1) and Jane M. Reed (3)

(1) Rheinische Friedrich-Wilhelms-University of Bonn, Steinmann Institute of Geology, Mineralogy &
Paleontology, Bonn, Germany

(2) CEREGE UM34, Aix-Marseille Université, CNRS, IRD, Aix en Provence, France

(3) University of Hull, School of Environmental Sciences, Hull, United Kingdom

hvossel@uni-bonn.de

Although the Eastern Mediterranean and especially the southern Levant are key regions for
paleoclimatological and paleoenvironmental research, our understanding of Holocene
environmental variability and its possible drivers is still limited. As diatoms remain one of the
least-exploited proxies in paleoclimate research in the Mediterranean region, we would like to
present a high-resolution multi-proxy record (special emphasis is given to diatom analysis) from
Lake Kinneret (the Sea of Galilee), Israel.

During the Holocene, well-correlated shifts in the diatom, minero-geochemical and palynological
data indicate marked lake-level variation over time as well as changes in the trophic state of Lake
Kinneret. Our results are particularly important in improving the reconstruction of Holocene lake-
level variation, and thus past moisture availability. Diatom-inferred lake-level oscillations
correlate well with the output from climatic models from the Levantine region and clarify
previous uncertainty concerning regional variation in moisture availability. The Early Holocene
(from ca. 9,000 cal yrs BP to 7,400 cal yrs BP) was characterized by lake-level shifts due to
fluctuating dry-wet climate conditions. During the mid-Holocene (from 7,400 to 2,200 cal yrs
BP), a stable, deep lake-level phase persisted due to high humidity. The lake level of modern
Lake Kinneret fluctuates seasonally with available moisture, but has also been influenced for ca.
2,000 years by the impacts of water abstraction for human consumption and agriculture.

Over the last 9,000 cal yrs BP, the trophic state of Lake Kinneret has changed from an
oligotrophic to a meso- to eutrophic environment, mainly triggered by increased human impact
from around 2,200 cal yrs BP onwards. The lake’s ecosystem status was not strongly affected by
the documented major changes in human occupation patterns during the mid-Holocene, when a
relatively stable environment persisted.
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Geologists, sedimentologists, engineers, and palaeontologists use the term "diatomite" for various
types of siliceous sediment that contains diatom fossils. The definition in the literature varies
greatly; and, in many cases, authors state no definition at all. In most literature from the first half
of the 20" century, diatomite is considered to be sedimentary rock with a high percentage of SiO
in the form of diatoms. Definitions regarding diatomite as a rock are found primarily in the
mining literature and in USGS reports, and the required percentage of SiO; varies. In the more
recent literature, mostly in palacoenvironmental reconstructions and palaeolimnology, one can
find diatomite defined as siliceous sediment layers or silica-rich sediment, with some variable
content of diatoms and clay. The required percentage of diatomaceous content in sediment varies
widely throughout this literature, but it is not well defined.

The question arises: What is diatomite really? Is it sediment or sedimentary rock? If it is
sediment, what is the threshold of diatomaceous content that justifies calling the sediment
"diatomite"? Is the percentage of diatomaceous/silica content the right variable to define
diatomite? Could it instead be density, porosity, or stage of diagenesis? This poster aims to
summarise the different definitions of diatomite in the literature and stimulate a discussion
regarding its definition. Our goal is to standardize the terminology for the use of diatomite and
related terminology in different settings.
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East Africa is a region of extreme climate variability in the past. These climate changes are one of
the key factors for human dispersal and migration and therefore highly discussed. To contribute
to this discussion, we investigate the sediment archive of Garba Guracha in the Bale Mountains,
Ethiopia. Garba Guracha is a cirque lake situated at 3950 m altitude at the lower limit of the Afro-
alpine biome. It was investigated previously by Umer et al. (2007, QSR 26) and Tiercelin et al.
(2008, QSR 27), focusing on pollen and geochemical analyses respectively.

Our work aims at (i) establishing a robust chronology based on radiocarbon dating of bulk
sedimentary organic matter, bulk n-alkanes and charcoal, as well as on tephrochronology; (ii)
paleoclimate reconstruction based on biomarker and stable isotope analyses.

All four dating techniques yield ages that are in good agreement. We find no evidence for pre-
aging of lipids. These results indicate that we can establish a robust Late Glacial and Holocene
chronology for the sediments of Garba Guracha.

Compound-specific §'*0O analyses of plant-derived sugars (c.f. Zech et al., 2014, JOPL 51) yield
more negative values for early Holocene core sections than for the rest of the sedimentary
archive. We tentatively interpret this finding in terms of higher rainfall amount associated with
the African Humid Period. Ongoing work focuses on compound-specific §*H analyses of plant-
derived n-alkane biomarkers. We present the first results for Garba Guracha from a coupled §°H-
8'80 biomarker approach (c.f. Hepp et al., 2015, HYDROL 529). The coupled approach enables
us (i) to reconstruct the lake evaporation history and/or relative humidity and (ii) reconstruct more
robustly the isotopic composition of precipitation than hitherto possible based on §*H or §'*0
results alone.

This study is part of the Research Group DFG FOR 2358.
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Water isotopes provide tracers of changing hydroclimate in space and time and, with their
increasing incorporation into climate models, a potential check on climate model skill. We
investigate the usefulness of lakes, where isotopes preserved in sedimentary sequences are
controlled by multiple parameters, climatic, limnological and geomorphological, as a record of
past change in hydroclimate and as a tool for data-model comparisons. We use the new PAGES
Iso2k database, a global compilation of §'*0 and 8D records collected to investigate
spatiotemporal variability and secular trends in global hydroclimate during the past 2000 years.
Of 159 lake records identified from the literature as fitting the Iso2k selection criteria, for
chronological control and resolution, the database currently holds 117 isotope time series from 83
lakes, a unique resource for paleolimnology. Of these, 78 are time series from sensors of lake
water 8'%0: including bulk carbonate (37), ostracods (22), and diatom silica (4). 39 records are
from sensors of precipitation/soil water 8D (terrestrial biomarkers) or lake water 8D (aquatic
biomarkers). We evaluate the spatio-temporal patterns in these records over the past 2 ka, and
compare these patterns with isotope-enabled model simulations using Proxy System Models
(PSMs). For example, we find latitudinally-dependent patterns in lake carbonate 5'*O that are
consistent with measured and modelled global patterns in precipitation 8'*0 and P-E. The global
distribution of sites in the Iso2k database allows us to mitigate for challenges posed when
comparing individual lakes with grid squares in climate models, whilst the range of lake
hydrological settings and isotopic sensors, both included as meta-data in the database, allows
investigation of the usefulness of different isotopic proxies in data-model comparisons. Working
iteratively with this approach will help improve climate model and PSM skill, and interpretations
of down-core isotopic records.
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The present study aims to reconstruct the late Holocene environmental and hydrological changes
in the Gialova lagoon, a shallow and coastal Mediterranean ecosystem in the SW Peloponnese,
Greece and also to contribute with new paleoclimate data for the Eastern Mediterranean region.
We use a combined analysis of n-alkane distributions and their carbon and hydrogen isotope
compositions (5"°C and D) on a 2.6 m long sediment core retrieved from the central part of the
lagoon. The age-depth model based on 7 radiocarbon dates suggests that the sequence covers the
last 3600 years. Our geochemical multiproxy approach shows that the organic matter in this
lagoon is mainly derived from the local aquatic vegetation largely affected by climate changes.
Macrophyte-dominated periods correspond to wet episodes, when lower salinity and higher
water-level created favorable conditions for aquatic plant growth. Our climate reconstruction
(mainly based on the leaf wax 6D3;) shows major shifts from dry and/or warm periods at ca
3600-3000 cal BP and ca 2000—1300 cal BP to wet and/or cold episodes at ca 3000-2700 cal BP
and ca 1300-900 cal BP, the latter coinciding with the early MCA. The late MCA at 800—900 cal
BP is characterized by relatively drier and/or warmer conditions. The period ca 700-200 cal BP
is the wettest and/or coldest in our record and coeval with the Little Ice Age. The climatic
fluctuation reported in our study can be explained by the relative dominance of high-latitude
atmospheric modes (e.g. North Atlantic Oscillation) and low-latitude atmospheric patterns
(Intertropical Convergence Zone shifts and the associated Subtropical High), which suggests an
Atlantic-Mediterranean-Monsoon climate link in this area for the late Holocene.
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The South Pacific Convergence Zone (SPCZ) is one of Earth’s major precipitation features, with
mean annual rainfall ranging from 10 mm/day in its northwest portion to 4 mm/day in its
southeastern reach. Coral records suggest the mean annual position and precipitation intensity
associated with the SPCZ have expanded and contracted on decadal to centennial timescales.
Existing data is limited, making these changes difficult to characterize.

The Pacific archipelago of Vanuatu occupies an intermediate position in the modern SPCZ. It
should therefore be sensitive to major contractions and expansions of the SPCZ, becoming wetter
when it expands southeast, and drier when it contracts. In order to reconstruct changes in
precipitation over the past millennium in Vanuatu, we collected sediment cores from White and
Red Lakes, two adjacent freshwater lakes on Thion Island (15.03°S, 167.09°E), and measured
hydrogen isotope ratios (*H/'H) of lipid biomarkers from terrestrial plants (long-chain n-alkanes
and n-alkanoic acids), aquatic plants (mid-chain n-alkanoic acids), and microalgae (dinosterol).
For all measured biomarkers in White Lake, *H/'H ratios were 20-40%o higher during the Little
Ice Age (LIA, ~1450-1850 CE) relative to the preceding Medieval Climate Anomaly and to the
20" century, suggesting drier conditions during the LIA. Although algal lipid *H/'H followed a
similar pattern in both lakes, leaf wax *H/'H ratios from Red Lake diverged sharply from those in
White Lake. The leaf wax Carbon Preference Index and Average Chain Length values from Red
Lake were consistently lower than in White Lake, suggesting a significant contribution from
degraded soil carbon to Red Lake, which is proximal to steep terrain.

This study demonstrates the potential for H isotopes of single lipids from single sites to be

dominated by non-hydrologic signals, and highlights the necessity of measuring multiple lipids
from multiple sites in order to produce robust paleohydrologic records.

95



S08-005 - Reconstruction of isotopic composition of
palaeoprecipitation from a Middle Pleistocene lake at Marks Tey,
Essex, UK

Anna March (1), David J. Horne (1) and Jonathan Holmes (2)

(1) School of Geography, Queen Mary University of London, UK
(2) Department of Geography, University College London, UK

a.c.march@gmul.ac.uk

Oxygen isotope values of past precipitation are important tracers of past climate. Outside polar
regions, where ice cores may be recovered, estimates of past isotopic composition of precipitation
are uncommon. Lacustrine carbonate §'*0 values offer the potential to reconstruct the past §'*O
of lakewater, providing independent estimates of temperature are available. In short-residence
time lakes with minimal evaporative enrichment, §'*0 of lakewater may approximate that of
precipitation. Provisional results are presented of a multi-proxy quantitative ostracod analysis,
combining the Mutual Ostracod Temperature Range (“MOTR”) method with stable isotope data
from the former lake basin at Marks Tey in Essex. The basin contains an archive of the Hoxnian
interglacial (correlated with MIS 11c¢) and the transition to the next cold period. A sediment
thickness of more than 24m overlying the interglacial sediments has been logged and sampled,
from which air temperature ranges produced using the MOTR method suggest a cold-warm
oscillation overlying the interglacial. These temperature estimates are combined with oxygen
isotope values from Cytherissa lacustris valves to derive the isotopic composition of the
palaeolakewater and potentially palaeoprecipitation. Limitations of the approach include the
effects of evaporative enrichment, the impact of quite wide reconstructed temperature ranges on
the calculation of water isotope values, and uncertainties about the relationship between air and
water temperatures.
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Deep convection in the Indo-Pacific Warm Pool (IPWP) is a major source of latent heat for the
higher latitudes, and therefore plays a key role for climate dynamics. The IPWP is also a main
moisture source for the East Asian and Australasian Monsoons. Lastly, it forms a key node in the
dynamics of the El Nino Southern Oscillation (ENSO). Despite its importance, relatively little is
known about the spatiotemporal evolution of IPWP (hydro)climate over longer timescales; only
few high-resolution records exist. Here we present a new 18,000-year long hydroclimate record
from Southern Thailand, based on the hydrogen isotopic composition of leaf waxes (8Dyax),
combined with a biomarker-based proxy record of past temperature. The dataset clearly shows
that changes in orbital forcing exert a primary control on mean temperature and thereby on
atmospheric convection in the region over decadal to millennial timescales. However, clear
excursions from this general behavior can be observed during the last glacial termination (18—11
ka BP). The temperature proxy record indicates that our site was several degrees colder during
most of this period, rising only significantly between 11.5-10.5 ka BP, when also the Sunda shelf
became completely inundated. Maximum temperatures and greatest convective activity were
reached in the mid-Holocene (6—4 ka BP) with a subsequent decrease. Our results add an
important piece of the puzzle of the spatiotemporal evolution of the IPWP hydroclimate,
providing a good testbed for ongoing climate modeling efforts.
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A long-term perspective of past hydroclimate variability for Central America provides important
context for evaluating the potential impacts of Northern Hemisphere temperature changes and
shifting influences of ocean-atmospheric processes. The isotopic composition of fine-grained
endogenic carbonate samples from Lake Kail vary between ~-8.5 to -4.5%0 (VPBD) over the last
~6000 years. Based on empirical observations, we interpret the 5'%0 variations as a record of
meteoric inputs; principally reflecting variations in the amount of precipitation and secondary
influences from evaporation. The §'*O record indicates a trend of wetter conditions through the
middle-late Holocene that tracks decreasing Northern Hemisphere insolation. Multi-decadal-to-
centennial wetting events generally correspond to decreases in solar irradiance, colder Northern
Hemisphere temperatures, and lower North Atlantic and Tropical Pacific sea-surface
temperatures (SSTs). There are also centennial-scale wetting events centered on ~6000, 4300,
2800, 1500, and cal yr BP that are coincident with ice-berg discharge (AKA Bond events) in the
North Atlantic. The period spanning the Little Ice Age (LIA) is marked by lowest 'O values of
the record.
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Uncertainty surrounds the prospects for future changes in the hydroclimate across Central Asia in
response to a warmer climate state. Lake Baikal, south-east Siberia, provides a unique
opportunity to develop new insights into this issue by providing an uninterrupted sediment record
that captures previous interglacials that may represent analogues for future hydrological change.
Here, using a calibrated relationship between diatom oxygen isotopes and historical observations
of precipitation; rates of regional Central Asian precipitation are reconstructed for Marine Isotope
Stages 1, 5e and 11c. Through these interglacials, annual precipitation is closely related to the
prevailing Milankovitch orbital parameters and summer solar insolation. On the basis of this
relationship, mean rates of precipitation are reconstructed for other interglacials over the last 600
ka with MIS 1 (mean = 570 mm/yr) and MIS 11 (mean = 550 mm/yr) displaying the lowest rates
of annual precipitation since the Mid Pleistocene Transition compared to values >600 mm/yr for
other interglacials. In contrast, typical rates of regional precipitation have been considerably
lower at <500 mm/yr through the 20™ and 21%' century to date.
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It is well known that the Younger Dryas — named after the alpine-tundra wildflower Dryas
octopetala — was a cold spell occurring in the Northern Hemisphere during the Late Glacial. By
contrast, there is much less clear evidence concerning moisture supply/availability and relative
humidity changes during the Younger Dryas. Some studies suggest a two-phasing with humid
conditions being succeeded by relatively dry conditions for northwestern and central Europe.
More recent studies suggest that the Younger Dryas was overall drier than the preceding Allered
and the succeeding Early Holocene.

For this study, we investigated a Late Glacial sediment core that was retrieved from the
Gemiindener Maar in the Western Eifel, Germany. We analysed the hydrogen (§°H) and oxygen
(8'*0) isotopic composition of leaf wax-derived lipid biomarkers (n-alkanes) and hemicellulose-
derived sugar biomarkers, respectively. Both §°H and 8'*0 are suggested to reflect mainly leaf
water of vegetation growing in the catchment of the Gemiindener Maar. Taking advantage of the
finding that the isotopic enrichment of leaf water due to evapotranspiration depends primarily on
relative humidity, we use (i) the coupled 5°H - 'O biomarker approach to reconstruct the
deuterium-excess of leaf water and (ii) calculate relative humidity (RH) values (corresponding to
vegetation period and day-time RH) (c.f. Tuthorn et al., 2015; Hepp et al. 2017; Zech et al.,
2013).

The results of our coupled §*H - §'*0 biomarker paleohygrometer approach (i) support the above-
mentioned two-phasing of the Younger Dryas (ii) do not corroborate overall drier climatic
conditions characterising the Younger Dryas and (iii) suggest that the amplitude of RH changes
during the Early Holocene, including a pronounced Preboreal humid phase, was much higher
compared to the Younger Dryas.
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Climate dynamics in the Arctic are complex due to feedback mechanisms between atmosphere,
cryosphere and the oceans. Precipitation is particularly difficult to reconstruct due to lack of good
proxies and because of high spatial and temporal variability. Addressing this problem is the
starting point of this new project, aiming to use leaf wax hydrogen isotopes in lake sediment

cores from Svalbard and North Norway to generate Holocene Arctic precipitation records.
Improved understanding of Arctic precipitation is important since it is one of the main controls on
glacier mass balance. Furthermore, Arctic precipitation is closely linked to changes in sea ice, a
key indicator of Arctic climate change. Loss in sea ice results in larger areas of open water,
facilitating moisture transport to the Arctic. Fluctuations in sea ice extent is expected to have
influenced precipitation in Svalbard, but not mainland Norway since the sea ice has not reached
that far south in the Holocene. By analyzing lake sediments from both Svalbard and North
Norway we hope to be able to identify differences in precipitation, possibly connected to changes
in sea ice extent in the past. In addition, analyses of leaf wax hydrogen isotope composition in
modern sediment from sediment traps and hydrogen isotopes from lake water and precipitation
will provide information about the seasonal signal. This will in turn improve our understanding of
Arctic precipitation variability, and allow us to place recent and current climate and
environmental change into a long-term context.
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Very strong and persistent zonal atmospheric flow in the mid-latitudes of the Southern
Hemisphere forms the westerly wind belt. This wind belt advects moist air masses from the
Pacific Ocean towards the Andes and leads to precipitation on its upstream side due to orographic
lifting but aridity on the downwind side due to a foehn effect. Knowledge is scarce about the
exact regions of moisture uptakes and their respective movement patterns. Moisture origins have
been evaluated by backward trajectories and compared with hydrogen and oxygen stable isotope
composition of precipitation of stations from the Global Network for Isotopes in Precipitation.
Stations downstream of the Andes show isotopic depletion caused by Rayleigh-type isotope
fractionation compared to upstream stations, despite of similar moisture sources. Moisture
recycling above the continent plays a major role for a station further east at the Atlantic leading to
heavy-isotope-enriched rainfall there.

This information is of high significance for the interpretation of oxygen isotope records from
Patagonian lake sediments, peats or tree-rings used to reconstruct past atmospheric and
hydrological dynamics. Beside a few GNIP stations, the modern database needed for the
calibration of isotope proxies from remote Patagonia areas is extremely poor. To overcome this
lack of data, lentic and lotic waters from Chile and Argentina were sampled between 2013 and
2018.

We show that the water balance has a strong influence on the isotopic composition of lentic
waters. Bathymetry, exposition to wind, inflows, outflows, and climatic settings influence their
water balances, and in turn have a strong influence on the isotopic composition of lakes. Thus, the
choice of sites and of reliable proxies for the oxygen isotopic composition of the lake water is
especially important. Methodologically refined proxies, such as oxygen isotope ratios of aquatic
cellulose and chironomid head capsules, provided promising results in our calibration studies.
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Anthropogenic SO, emissions have been increasing since the industrial revolution and peaked in
Europe about 1975. These emissions can be related to increasing sulphate concentrations,
supposedly originating mainly from acid rain, in lakes of the study area of North-Eastern
Germany during the last century. Besides acidification, there is a general trend of eutrophication
in this area. Our study investigates whether a link between S-emissions and eutrophication can be
established and whether the isotopic signature of the source of sulphur in sediments can be
tracked.

Rising S/Fe ratios in recent lake sediments were observed in many lakes in the area. In Lake
Stechlin eutrophication began roughly in 1990, but S/Fe ratio suggests a much earlier start. The
question arises whether the signal has been caused by S-emissions or by eutrophication. If
downward diffusing HS™ caused the post-sedimentary signal formation, vertical isotope
fractionation is possible. Because Fe-sulphide formation in lacustrine environments is usually
limited by the concentration of sulphur, an isotope fractionation effect is assumed to be small and
8**S of Fe-sulphides (acid volatile and chromium-reducible sulphur fractions) is assumed to
reflect the isotopic signature of the sulphur source most precisely. Furthermore, due to
transformation of Fe-oxide/hydroxides to Fe-sulphides, long-lasting P-retention capability of the
sediment could be reduced and eutrophication could be stimulated.

Previous studies about the correlation between anthropogenic S-emissions and eutrophication
lack a multi-proxy approach which would account for changes in the depositional environment
and which would clarify whether organic matter, Fe, or sulphur was the limiting factor for Fe-
sulphide formation. We are going to explain the meaning of S/Fe ratios in lakes of the southern
Baltic Sea lowlands by various depositional and redox proxies at a high vertical spatial sampling
resolution. Finally, isotopic composition of different S-fractions will be used to describe the
timing and source of S-emissions.
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Environmental and cultural changes and their mutual relationship or influence have long been a
subject of research in the Eastern Mediterranean region with its long historical and prehistorical
record. However, environmental records with a comparatively high temporal resolution near
archaeological sites are still very rare in Southern Greece. We here present a newly started project
which aims to reconstruct environmental changes and their influence on the cultural development
in the region around the Gulf of Corinth with a temporal focus on the Bronze Age/Iron Age
transition (12" to 8™ century BC) based on a complementary study of limnological and
archaeological archives. We use inorganic geochemical and sedimentological proxies from
selected (palaeo)lakes on the northern Peloponnese (Stymphalia, Pheneos and Kaesari) and from
Aectolia-Akarnania (Trichonida). The aims of our project are (a) to reconstruct the changes in
hydrological dynamics; (b) to describe reactions of regional hydrology to climate variations
reported for the higher latitudes and potentially find coupling mechanisms; (c) to differentiate
natural environmental conditions in the region from effects of human influence on the local
hydrology, erosion, and sedimentation; (d) to interpret this data in the context of the societal
development derived from the archaeological record. The individual aims cumulate into a better
understanding of socio-environmental interactions with a focus on water availability and water
demand in the past. Combining our geochemical analyses from lake archives with
sedimentological and pedological analyses from the catchment(s) promises detailed palaeco-
environmental information at a resolution that goes beyond the capabilities of each individual
method. The connection with knowledge of social developments derived from archaeological data
and the reconstruction of scenarios of transformation will enable us to disentangle and evaluate
the role of natural and human-induced environmental changes within societies of changing
complexity.
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Lago Castor (45°S, 72°W) contains a continuous sediment record of the last 20 kyr, which was
recently interpreted in terms of past changes in westerly wind strength, based on sediment
physical properties and seismic data (Van Daele et al., QSR 2016). Here, we use the bulk
elemental and isotopic composition of the organic matter preserved in Lago Castor sediments to
reconstruct changes in the supply of organic matter of terrestrial and aquatic origin to the lake
through time. Results show that the lake sedimentary organic matter is composed of variable
proportions of aquatic plankton, Cs terrestrial plants, and aquatic macrophytes. Before 17.8 cal
kyr BP, aquatic macrophytes were abundant, likely due to the postglacial lake level rise. After
17.8 cal kyr BP, accumulation rates of organic matter of terrestrial origin increased, while those
of aquatic macrophytes became negligible, which is interpreted as the densification of the
regional terrestrial vegetation due to the evolution of the regional climate towards temperate
conditions. From 9.3 cal kyr BP onwards, accumulation rates of both aquatic macrophytes and Cs
plants increased and peaked between 7.5 and 2.7 cal kyr BP. The latter is interpreted as a period
of increased precipitation, and is in excellent agreement with the grain-size results previously
obtained on the same sediment core. These results, which are broadly compatible with regional
pollen records, highlight the potential of bulk organic geochemistry to independently reconstruct
hydroclimate variations from lake sediments.
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The climatic history of the northern Ontario boreal forest region is poorly understood compared
to the rest of North America. Specifically, the onset, duration, and character of the Holocene
Thermal Maximum (HTM) has not been investigated in this region until recently.
Paleolimnological studies examining various biological proxies show that the HTM of northwest
Ontario was characterized by high temperatures and functionally low moisture which resulted in
regionally low lake-levels, higher lake production, and a shift of the prairie-forest ecotone to the
east. The nature of the HTM in northeastern Ontario is almost totally unknown with one
palynological study that suggests a delayed and protracted HTM compared to the northwest. In
our study, we collected two piston cores from Hogsback Lake; a small, headwater, high elevation,
remote lake from northeast Ontario. One core was taken from the deep basin (38 m); the other
from the mid-depth slope (21 m) as analysis of surface-sediment diatoms identified this depth as
the benthic-planktonic boundary. Preliminary diatom analysis show very different regimes
compared to those from the west of the province. Holocene diatom assemblages from Hogsback
Lake suggest slightly warm conditions early in the Holocene which dissipated within two
thousand years. In northeast Ontario, there is no evidence of a decrease in lake level, however,
suggesting that the evaporative conditions of northwest Ontario did not occur in the northeast.
This agrees with pollen studies from southern Ontario and the northeast United States which
show wet and warm conditions during the HTM. The milder inferred temperature, compared to
northwest Ontario, may be due to downwind cooling effects from the remnants of the Laurentide
Ice Sheet. The disparity between the HTM climates of northwest and northeast Ontario suggest a
climatic dipole which is consistent with results from ocean-atmosphere-vegetation climate models
of the Holocene of North America.

108



S09-003 - The Garden Basin cattail fen, central Utah, USA,
reveals a 12.5 ka record change from pond to fen and the
attendant magnitude of precipitation change

Stephen T. Nelson (1), Samuel Hudson (1), Joel Barker (1), and Ryan Shurtliff (1)

(1) Dept. of Geological Sciences, Brigham Young University, Provo, Utah, USA

oxygen.isotope @gmail.com

Small pond-wetland systems make excellent archives of climate variability because they oscillate
between wet ground (dry climate) and perennial standing water (wet climate) states. Thus, large
responses are found diatoms, pollen, biogenic silica (BSi), and organic matter pyrolysis proxies.
Such systems may have small catchments, simplifying the quantification of precipitation changes
required to convert a wetland into a pond. We report a multi-proxy record from the Garden Basin
cattail (GBC) fen (2250 m elevation, 38.516°N, 111.419°W) in central Utah, USA. This wetland,
and others nearby, formed in the swales of a large paleo-landslide and have basal sediment ages
between 12.9 and 10.5 ka.

The GBC fen pollen, diatoms, and pyrolysis (RockEval) reveal three major climate states: a) a
wet but variable episode from 12.5-10 ka, b) a dry period from 106 ka and, c) a return to wet
conditions after 2.5 ka. Sage/amaranth and sage/ragweed ratios indicate elevated annual and
summer precipitation during periods a) and ¢). The diatom record confirm oscillations between
pond and fen as recorded by aerophilic and aerophobic diatoms. Pyrolysis, measuring the balance
between sedimentary algal and terrestrial plant organic matter, shows higher algal content during
wet (pond) episodes. The BSi record (like pollen, diatoms, and pyrolysis) shows large variations
during period a), suggesting that beside variable precipitation, green or blue-green algae may
periodically out compete diatoms.

Proxy records, as detailed as they are, can only show relative rather than absolute changes in
precipitation. Relative to its size, the GBC fen has a large catchment, suggesting that small
changes in precipitation may change the fen to a pond. A simple water budget suggests that a 5-
10 cm annual increase in precipitation will change the fen from a state of no standing water to a
pond that spills surface water the entire year.
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The high-resolution sedimentological and geochemical analysis of a 21m sediment sequence from
Lake Iseo (Southern Alps, Italy) led to reconstruct the long term hydroclimate variability by the
identification of event layers over the last 12 kyr BP. In a previous study undertaken on another
core, these layers were attributed to extreme surface runoff events. However, large mass-wasting
deposits inducing important hiatus did not permit to establish a continuous record of such events.
Our new sediment sequence does not present such disturbances and thus allows us to establish a
high resolution continuous Holocene record. Based on the flood chronicle and XRF geochemical
analyses, we evidence a major palaeohydrological transition at approximately 4 kyr BP, as
previously described in the western Mediterranean region. The first part of the record presents
very low frequency of flood events, while since 4 kyr BP the flood frequency increases. This
pattern appears to be in phase with Southern Alpine palacoflood records. This transition is
interpreted as a nonlinear climate response to the orbital-driven gradual decrease in summer
insolation at 60°N, with the influence of Mediterranean mesoscale precipitation events, typical of
the Mediterranean climate. We propose to compare the flood record, with archaeological and
historical data coming from the watershed. The human activity attested in the vicinity of the main
tributary from the Roman period seems to be one of the key to understand the flood chronicle.
This evidences that even in a large Alpine lake, sedimentation process and hydroclimate record
can be impacted by the anthropization of the catchment area.
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In Central Asia the various paleo-climatic archives analyzed so far have provided contrasting
results and suggest high regional variability and a complex interplay between the westerlies and
Siberian High. Here we present the diatom analysis of the sedimentary records from two
neighboring lakes located in the Pamir Mountains (western China) that records climatic changes
during the late Holocene.

Diatom assemblages in the two lakes have similar composition. To help interpreting the
sequences, the diatom composition in surface sediment samples collected across a water depth
gradient was investigated. Three assemblages were identified: (i) a near-shore assemblage
composed of epiphythic species (mainly of the genera Cymbella, Encyonopsis and Gomphonema)
in association with the planktonic Pantocsekiella comensis; (ii) a mid-depth (7-11 m) assemblage
dominated by benthic species that include the epipsammic Amphora indistincta and small
Fragilariaceae; and (iii) a deep-water assemblage almost exclusively composed of the planktonic
Pantocsekiella comensis.

The sequence from the larger lake varies little and is completely dominated by Pantocsekiella
comensis. By contrast, the smaller lake is marked by the alternation of assemblages dominated by
Pantocsekiella comensis in association with epiphytic species, and assemblages dominated by
Amphora indistincta and benthic Fragilariaceae. Dominance by the “mid-depth assemblage” is
indicative of high water transparency and corresponds with dry intervals. By contrast, low
proportions of the “mid-depth assemblages” correspond with lower water transparency during
wetter intervals. These wet intervals are also characterized in the grain size analyses by high silt
content. Our record shows 7 wet episodes (4950-3950; 3500-3250, 2750-2600; 1700-1580;
1190-1150; 620-570; 300—100 cal. years B.P.) and 7 dry episodes (3950-3500; 3250-2750;
2600-1700; 1580-1190; 1150-620; 570-300; and 100 cal years B.P. to the present).

111



S09-006 - Holocene hydroclimate variability in the eastern Baltic
region inferred from open and closed-basin lake sediment stable
isotope records

Nathan Stansell (1), Eric Klein (2), Mariliis Eensalu (3), Matthew Finkenbinder (4), Jaanus Terasmaa
(5), Daniel Nelson (6), Justin Dodd (1), Anneli Poska (3), Siim Veski (3)

(1) Department of Geology and Environmental Geosciences, Northern lllinois University, DeKalb, IL,
USA

(2) Biological Sciences, University of Alaska Anchorage, Anchorage, AK, USA

(3) Department of Geology, Tallinn University of Technology, Tallinn, Estonia

(4) Environmental Engineering and Earth Science, Wilkes University, Wilkes-Barre, PA, USA

(5) Institute of Ecology, Tallinn University, Tallinn, Estonia

(6) Department of Surface Waters — Research and Management, Eawag, Swiss Federal Institute of
Aquatic Science and Technology, Diibendorf, Switzerland

nstansell@niu.edu

Radiocarbon dated, finely laminated carbonate lake sediments from southern Estonia record late
Holocene precipitation and evaporation (P/E) changes. Lake Nuudsaku is an open-basin lake with
a seasonally active overflow that is fed by active springs and groundwater. Lake Pangodi is a
closed-basin lake making it sensitive to summer evaporation. Lake Nuudsaku water isotope
values display pronounced seasonal variability: lower values for winter precipitation and higher
values for summer. In contrast, water isotope values from Lake Pangodi are enriched relative to
meteoric water, indicating that P/E balance is a strong influence on lake hydrology. Local modern
winter and summer precipitation samples have §'30 values ranging from ~ -18 to -13%o and ~ -8
to -5%0 VSMOW, respectively. We interpret the 'O record from Lake Nuudsaku as principally
reflecting variations in the source and seasonality of precipitation rather than overall moisture-
balance. The Lake Pangodi record has §'*0 values that are consistently ~3 to 9%o enriched
relative to modern meteoric water samples, indicating that the lake was sensitive to evaporative
enrichment throughout the Holocene. The combined records suggest that the early Holocene was
overall drier and the middle Holocene was wetter. The middle-late Holocene transition at ~4200
cal yr BP was a shift from higher to lower P/E for much of the late Holocene. Conditions became
increasingly drier through the Medieval Climate Anomaly (MCA) until ~700 cal yr BP. The Lake
Pangodi record also suggests that the last ~600 years had the highest P/E (wettest) conditions of
the late Holocene. The Lake Nuudsaku record of precipitation seasonality suggests that periods
with greater winter precipitation occurred at times of shifting North Atlantic temperature and
circulation dynamics. Additionally, the Pangodi and Nuudsaku records suggests that summer P/E
changes were affected by both changing North Atlantic conditions and shifts in regional summer
temperatures.
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The interaction of the Indian Ocean Summer Monsoon (IOSM) and the Westerlies is a crucial
scientific issue to understand how they impact the climate on the Tibetan Plateau (TP), especially
in the geological times. Here we present a lake sediment record retrieved from Taro Co covering
the last 27 ka to elucidate how the IOSM and the Westerlies interact.

Taro Co (486 km?, Dmax: 132m, 4565 m a.s.1., currently closed), located on the central TP, is a
fresh lake with the major supply from glaciers. Two parallel piston cores as well as several
gravity cores were retrieved from the deepest parts. These cores were correlated based on high
resolution XRF scanning and a continuous 1069 cm-long core was finally integrated. Chronology
was determined by ?'°Pb, "*’Cs and AMS '*C measurements. Multidiscipline analyses including
grain size, total organic carbon (TOC), total nitrogen, diatom, pollen and n-alkanes were
accomplished to reconstruct paleoenvironmental changes.

The lake level of Taro Co was low since 27 cal ka BP indicated by very coarse materials and
diatom assemblages. The terrestrial water input decreased continuously reflected by such
elements as Si, Ti, Fe, K. It is likely that there was a sedimentation gap between 961-954cm,
corresponding to 23.4 to 18.6 cal ka BP probably demonstrated Taro Co was very shallow at that
period. The first prominent abrupt change of most proxies was observed at 14.7 cal ka BP
showing a great lake deepening which likely indicated an enhancement of IOSM. There were
several spells with abrupt changes of cold/warm stages before the Holocene and the Younger
Dryas event occurred at 11.8 cal ka BP. During the Holocene, carbonate dissolution was
identified at 9.76 to 3.44 cal ka BP which indicated a high moisture availability hence high lake
level even the lake became an open system.

113



Poster Presentations

S09-P01 - Australian subtropical hydroclimate variability 80—-40
kyr

Cameron Barr (1), John Tibby (1), Melanie Leng (2,3), Haidee Cadd (4), Jon Tyler (4), Andrew
Henderson (5), Lee Arnold (4), Richard Lewis (4), Jon Marshall (6) and Glenn McGregor (6)

(1) Department of Geography, Environment and Population. University of Adelaide, North
Terrace, South Australia

(2) School of Biosciences, University of Nottingham, Leicestershire, UK

(3) Stable Isotope Facility, Centre for Environmental Geochemistry, British Geological Survey,
Nottingham, UK

(4) Department of Earth Sciences. University of Adelaide, North Terrace, South Australia

(5) School of Geography, Politics and Sociology. Newcastle University, Newcastle-upon-Tyne, UK
(6) Queensland Department of Environment and Science. Ecosciences Precinct, Dutton Park,
Queensland, Australia

cameron.barr@adelaide.edu.au

In Australia, very few continuous sediment records extend beyond 40,000 years before present
(40 kyr). As such, understanding of Australian climate during MIS 4 (71-58 kyr) and MIS3 (57—
29 kyr) — periods known for climatic instability — is incomplete, and questions remain regarding
the presence and impacts (if any) of rapid climate changes observed in this period in ice cores.
Yet understanding Australian climates of this period is important as it encapsulates the timing of
human arrival on the continent and the demise of its megafauna. Without knowledge of
palaeoclimate variability, it is neither possible to fully assess the causes of megafauna extinction,
nor the impacts of human arrival.

Here we present a new palaeoclimate record for the 8040 kyr period derived from the oxygen
isotope (8'*0) composition of aquatic cellulose in sediments from Welsby Lagoon — a freshwater
wetland in subtropical eastern Australia. In conjunction with other proxy data, the record
indicates a (relatively) stable MIS4, followed by substantial variability in subtropical climates
during MIS3. These results contrast with modelled climate data — which suggest some
temperature variability in MIS4, though little precipitation change between 80 and 40 kyr — that
have been used to support the argument for human agency in megafauna extinctions (Saltre et al.,
2016; Nature Comms., 7:10511). Patterns of variability in the Welsby Lagoon data also suggest
linkages to remote climate forcing during MIS3, though further refinement of the chronology is
required to fully test this. Given the paucity of similar aged records in Australia, these results
highlight that significant uncertainties remain with respect to Australian climate variability, with
relevance to understanding the mechanisms of SH climate change and their impacts on ecology
and human behaviour.
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‘Anti-phase’ or ‘out-of-phase’ relationships in precipitation/moisture changes between inland arid
Asia and eastern monsoonal Asia occurred on different timescales during the Holocene.
Moreover, we can propose the existence of a ‘Westerlies-dominated climate regime’ (WDCR) in
mid-latitude Asia in the present interglacial period. In this study, we first review the development
of a theoretical framework for the WDCR, and define the boundary of its core area: from the
Caspian Sea in the west to the western region of the Hexi Corridor in the east, while the northern
and southern limits coincide with those of arid central Asia. This spatial extent approximates to
Central Asia and Xinjiang Province in China (36—-54°N, 50-90°E). Second, we review all the
evidence for the existence of the WDCR on sub-orbital (‘multi-millennial’ herein) to decadal
timescales during the Holocene. Finally, using climate simulation and reanalysis data, we
consider the drivers of the WDCR and conclude that external factors (insolation changes induced
by orbital factors) dominate the WDCR on a sub-orbital timescale, while a circum-global
teleconnection was the most significant factor on centennial and decadal timescales. This study
represents a comprehensive summary of the development of our knowledge about the WDCR
over the past several decades, which we hope provides an initial theoretical framework for
understanding climatic and environmental changes in this arid region, as well as a scientific basis
for its environmental management and ecological restoration in the context of global warming.
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Finely laminated lake sediments from Lake Nuudsaku, South-West Estonia, provide a high-
resolution sedimentological evidence of the last 7.8 ka. The varves represent interannual and
cyclical changes over longer time periods and provide an important link to past precipitation
changes. Palacomagnetic and physical-chemical properties of Lake Nuudsaku are used to help
interpret the correlation between organic varve thickness and precipitation.
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An ICDP deep drilling in the Dead Sea Basin recovered a continuous 450 m record covering
~220,000 years. The Dead Sea watershed stretches between the Mediterranean climate zone and
the Saharan-Arabian desert belt and its sediments reflect the interplay of the climate in these
regions. The sediments comprise of mainly aragonite, gypsum, halite and detritus layers
reflecting changes in the fresh water runoff into the lake. The wettest intervals are represented by
alternating aragonite and detritus and occur during glacials when lake level was high. The driest
intervals are represented by thick halite-rich layers that were deposited during interglacials when
lake level was low. We generated a high resolution lake level based on the halite layers (that
precipitate in a rate of ~15 cm per 1-meter lake level drop) and the abundance of aragonite
interpreted from XRF scanning. Since the lake is enriched in Ca and depleted in HCO®", aragonite
precipitates when fresh water containing HCO™ enters into the lake. In addition to the average
changes in runoff, ***U/?*U ratios in the lake, reflected by the ratio in the authigenic minerals
(aragonite, gypsum and halite), show significant changes in the water sources around the lake
during its driest periods. These are indicated by Pb and Sr isotopes as well. Z*U/*®U activity ratio
decreases from its typical value of ~1.5 (the ratio in its main water source — the Jordan River) to
values down to ~1-1.2 at the driest interval at the end of MIS 5e, 116 ky ago and for a short while
at the beginning of the Holocene. These changes are associated with Peak summer insolation in
the Northern Hemisphere and reflect significant shifts in the lake’s hydroclimate where the
Jordan River becomes insignificant and eastern and southern water sources from the usually dry
regions of the watershed become wetter.
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Lake Ladoga, the largest in Europe, was investigated as part of the German-Russian project
‘Paleolimnological Transect’ (PLOT) aiming at investigating the Late Quaternary climate and
environment history along a transect crossing Northern Eurasia. Samples of sediment core
(Co1309) which covers the past 10.5 cal ka BP contained sufficient diatoms to be analysed for
oxygen isotope analysis. Our inferences are based on a comprehensive survey of both the modern
hydrological system and diatom taxonomy.

The present-day lake water isotope composition (mean 8'*Otace -9.8%o), corresponds with the most
recent 8'*Ogiatom 0f +30.7%o, indicating a water—silica isotope fractionation (o= 1.0414) in the
right order of magnitude for local lake temperatures. However, the diatom isotopic variability is
related to changes in 8180y rather than to lake temperature. Changes in §'*Oye are mainly
driven by evaporation effects, and influenced as well by air temperature, hydrological and air-
mass changes.

The data indicate that the lake existed as a freshwater reservoir at least since 10.5 ka cal. BP.
Variations in §'"*Ogiatom range from +30.7 to +35.1%o, and clearly reflect the Holocene Thermal
Maximum as an interval of maximum &'*Ogiaom around +35%o between 8 and 6.5 cal. ka BP. At
0.8-0.2 cal. ka BP, a prominent minimum around +31%o is visible corresponding to the Little Ice
Age. A continuous depletion in 8"*Ogiaom Since 6.6 cal. ka BP is in good agreement with late to
mid-Holocene cooling. Lake level rise results in lower 8'*Ogiatom, Whereas the lowering of the lake
level causes higher 8"*Ogiaom due to respective changes in the P/E ratio. Generally, overall high
"8 Odiatom around +33.9%o characterise a persistent evaporative lake system throughout the
Holocene. As the Lake Ladoga diatom isotope record is roughly in line with the 60°N summer
insolation, a linkage to broader-scale climate change is likely.
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Despite the societal importance of extreme hydroclimate events, few paleoenvironmental studies
of Scandinavian lake sediments have investigated flood occurrences. Here we present a flood
history based on lithological, geochemical and mineral magnetic records of a Holocene sediment
sequence collected from contourite drift deposits in Lake Storsjon (63.12° N, 14.37° E). After the
last deglaciation, the lake began to form around 9800 cal yr BP, but glacial activity persisted in
the catchment for about 250 years. Element concentrations and mineral magnetic properties of the
sediments indicate relatively stable sedimentation conditions during the Holocene. However,
human impact in the form of expanding agriculture is evident from about 1100 cal yr BP, and
intensified in the 20™ century. Black layers containing iron sulfide appear irregularly throughout
the sequence. The increased influx of organic matter during flood events led to decomposition
and oxygen consumption, and eventually to anoxic conditions in the interstitial water preserving
these layers. Elevated frequencies of black layer occurrence between 3600 and 1800 cal yr BP
reflect vegetation changes in the catchment as well as large-scale climatic change. Soil erosion
during snowmelt flood events increased with a tree line descent since the onset of the neoglacial
period (around 4000 cal yr BP). The peak in black layer occurrence coincides with a prominent
solar minimum around 2600 cal yr BP, which may have accentuated the observed pattern due to
the prevalence of a negative NAQO, a longer snow accumulation period and consequently stronger
snowmelt floods.
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Stable oxygen isotope records have been used for palacoclimate reconstructions since the mid-
20™ century, including several studies in central and northern Sweden, and here the method has
been applied to bulk carbonates from the sediments of Lake Blektjarnen, Jamtland. The study
followed up on previous work in the lake and used bulk carbonates to improve the resolution of
the record to c. 15 years per sample, reaching back some 2,350 years. Results were mostly
compliant with previous studies in the region and indicated a wetting trend around 2,300-1,300
cal. yrs. BP, a wet Medieval Warm Period, and a dry Little Ice Age. The study demonstrates
possible advantages of bulk carbonate sampling for the analysis of stable oxygen isotopes and
provides high-resolution data on Late Holocene humidity changes in central Sweden.
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Xingkai Lake is the largest freshwater lake in Northeast Asia. In addition to the lakeshore, there
are four sand hills on the north side of the lake that accumulated during a period of sustainable
and stable lacustrine transgression and were preserved after depression. Analysis of well-dated
stratigraphic sequences based on 18 OSL datings combined with multiple index analysis of six
sites in the sand hills revealed that the north shoreline of Xingkai Lake retreated in a stepwise
fashion since the middle Pleistocene, and that at least four transgressions (during 193—183 ka,
136130 ka, 24—15 ka and since 3ka) and three depressions occurred during this process. The
results of this study confirmed that transgressive stages were concurrent with epochs of climate
cooling, whereas the period of regression corresponded to the climatic optima. Transgressions
and regressions were primarily caused by variations in the intensity of alluvial accumulation in
the Ussuri River Valley and fluctuations in regional temperature and humidity that were
controlled by climatic change. Moreover, one obvious transgressive process that occurred in
MIS3 may have been related to enhanced precipitation that was reportedly widespread in the west
of China, while short-term fluctuations in the lake level might well be a direct response to
regional precipitation variations on the millennial scale.
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Climate change is an important driver of aquatic ecosystem response in temperature regions of
the world. However, their response to different climate systems and changes in climate variability
need more attention with predicted increases in climate extremes. Using sites from the southwest
Pacific we examine how aquatic ecosystems respond to changing climate and climate systems
through time. Tasmania is the chosen research area due to an apparent shift in climate systems
during the Holocene from south westerly wind (SWW) dominance to El Nifio Southern
Oscillation (ENSO) driving hydroclimate. Using a palaeolimnology approach from several
multiproxy datasets (charcoal, pollen, elemental and isotopic Carbon Nitrogen, XRF
geochemistry, pollen, diatoms, and cladocerans) we examine aquatic ecosystem response to long-
term climate change and transitions in dominant climate systems. Our results demonstrate that
these aquatic ecosystems are indirectly driven by climate via the terrestrial environment during
phases dominated by SWW climate. With the onset of ENSO, the relationship between the
terrestrial environment and aquatic ecosystems is altered. The increase in climate variability
caused by ENSO results in increased fire disturbance and more abundant sclerophyll vegetation
causing nutrient depleted terrestrial environments and a change in the aquatic ecosystem and the
response to climate.
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The relationship between typhoon amplitude, frequency, and long-term climate change in late
Holocene has drawn attention and previous studies in coastal areas of Northwest Pacific
suggested that the number of typhoons increased during La Nifia-like periods, including the Little
Ice Age. However, there is a lack of modern sedimentological observations comparing typhoon
and non- typhoon seasons, limiting our understanding of how typhoons are recorded in the
sedimentary record. Cueifong Lake, a small lake with river input during raining season and no
outflow is located at altitude of 1,840 meters in northeaster Taiwan in the subtropical western
Pacific Ocean. The lake receives 4275 mm of precipitation per year, with 59% of the precipitation
delivered by typhoons. In this study, we use the organic and inorganic composition from monthly
collected sediment traps to observe the sediment features of dry season, wet season, and modern
typhoon events. The observations of modern sediment are used to assess typhoon signals in a 1.85
m long core record which was drilled in the lake center. The typhoon events are identified by
comparison to a baseline from the modern trap observations, and sedimentation rate in the core
record is determined by *'°Pb dating. The aim of this study is establish how frequency and
amplitude of typhoon events have changed during the late Holocene.

124



$10-003 - Cyclic burial of palaeo-oxidation fronts in sediments
of Lago Fagnano, Tierra del Fuego, potentially triggered by
oscillations of the Southern Westerlies

Ina Neugebauer (1), Camille Thomas (1), Nicolas D. Waldmann (2) and Daniel Ariztegui (1)

(1) Department of Earth Sciences, University of Geneva, Geneva, Switzerland
(2) Department of Marine Geosciences, University of Haifa, Haifa, Israel

ina.neugebauer @gmail.com

Lago Fagnano (54°S Tierra del Fuego, Argentina/Chile) is the southernmost ice-free lake outside
Antarctica and, as such, a gateway to understand past and present relations between Antarctic,
South Pacific and South Atlantic climate changes. The Holocene sediments exhibit a cyclic
alternation of light grey clay and dark green to black laminae suggesting a well-stratified lake
under certain environmental or climate conditions. However, currently extreme westerly winds
impact Lago Fagnano the whole year promoting lake mixing especially during austral summer.
Here we aimed at clarifying the mechanism and climatic forcing of laminae formation in Lago
Fagnano under well-mixed and oligotrophic conditions. Using high-resolution XRF scanning and
mapping, thin section, XRD and SEM analyses of sediment cores, we identified Fe- and Mn-
oxides as triggering the lamination on (sub-) decadal timescales. We interpret black and greenish
laminae as buried palaco-oxidation fronts that underwent early diagenetic processes. The burial of
redox fronts in Lago Fagnano is most likely promoted by cyclic rapid increases of sedimentation
due to higher runoff or mass-wasting events. Increased runoff is related to the strength of the
Southern Hemisp