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Summary

Detailed knowledge of the past climate and environmental variability is vital in order to predict 
future scenarios with more confidence. High resolution and highly-resolved natural archives are therefore 
in growing demand (PAGES report, 2009).  

This thesis is part of a coordinated effort, STALCLIM project, where a series of state-of-the-
art methods in speleothems proxies were used in order to develop the full potential of speleothemsas 
paleoclimate and paleoenvironmental archive. The thesis investigates climate variations as recorded by 
speleothems from Schafsloch and Milandre caves, spanning time intervals of high scientific interest: 0 
to 14 550 years BP and 130 000 to 230 000 years BP. The locations of the caves, Jura Mountains and the 
Alpstein Mountains (Swiss Alps) are regions highly sensitive to climate-induced changes in temperature, 
atmospheric pathways and/or environment evolution. In order to establish new climate records and 
resolve the paleoclimate questions, continuous geochemical analyses were applied, with high resolution 
stable isotopic and trace elements analysis and 230Th age measurements, and these were combined with 
thin section analysis of the calcite petrology. Where possible, we conducted continuous and temporal 
measurements in the caves where the samples were collected, to provide a better understanding of the 
cave environment. 

Chapters 2 and 3 highlight the sensitivity of high altitude speleothem proxies to small changes 
in temperature and water availability, both induced by internal and external climate drivers. The MF3 
stalagmite, from Schafsloch Cave, provides a unique opportunity to investigate a regional expression 
of millennial-scale climate variability in Central Europe during MIS 6 and Late MIS 7. The sample 
records in high detail the structure of the penultimate deglaciation in the Alps, and brings new evidence 
regarding the nature of this important climatic transition.

Chapters 4 and 5 show the high resolution composite δ18O record and elemental composition of 
speleothems from Milandre Cave, covering the Lateglacial- Holocene interval. A detailed comparison 
with Greenland ice cores and Gerzensee lake sediments (Central Switzerland) indicates similarities in the 
long timescale changes of atmospheric circulation patterns in the whole North Atlantic region after the 
last deglaciation. In contrast, during the Holocene, the signature pattern in the isotopic calcite δ18O data 
differs to that seen in Central Europe. This provides important insights into the regional teleconnections 
and local environmental reaction to changes in the temperature, seasonality of precipitation and 
atmospheric processes. The use of a robust δ18O/temperature transfer function has enabled a high 
resolution temperature reconstruction of the autumn to spring temperatures at the Milandre site for the 
last 14 550 y BP.

In summary, this thesis provides new results on environmental and climatic variability in 
Switzerland during specific intervals over the last 230 000 years. It suports large teleconnections over the 
northern hemisphere and emphasizes the role of insolation and obliquity as important climate triggers in 
the region. These new high-resolution and precisely dated records of δ18O and cold season temperature 
reconstruction for the Jura Mountains over the last 14 550 y BP, are proposed as being representative 
for Central Europe.
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Zusammenfassung

Das Wissen um das Klima der Vergangenheit und der Umweltariabilität ist eminent wichtig, um 
zukünftige Szenarien besser vorauszusagen. Dementsprechend sind hochauflösende natürliche Archive 
immer mehr gefragt (PAGES report, 2009).  

Diese Dissertation ist ein Teil eines koordinierten Projektes (STALCLIM), in welchem 
moderne Methoden an Speläothem-Proxies benutzt wurden, um das volle Potential der Tropfsteine als 
paläoklimatisches Archiv zu entwickeln. Die Arbeit untersucht Klimavariationen, die in Tropfsteinen 
vom Schafsloch und der Milandre-Höhle gespeichert wurden und die zeitlich hochinteressant sind:    
0-14 550 Jahre sowie 130 000 -250 000 Jahre vor heute. Der Jura und der Alpstein, wo die Höhlen 
liegen, sind Regionen, die sensibel auf klimabedingte Änderungen  in Temperatur, atmosphärische 
Zirkulationen und/oder Entwicklungen der Umwelt reagieren. Um neue Klimadaten zu erhalten, wurden 
kontinuierliche geochemische Analysen, hochauflösende Stabilisotopen- und Spurenelement-Analysen 
sowie 230Th-Altersbestimmungen durchgeführt. Diese wurden mit Dünnschliffanalysen der Petrologie 
kombiniert. Wo möglich, führten wir kontinuierliche und diskrete Messungen an den Probenahmestellen 
durch, um ein besseres Verständnis für das Höhlenklima zu erhalten. 

Kapitel 2 und 3 beleuchten die Sensitivität von hochgelegenen Tropfsteinen auf Temperatur und 
Verfügbarkeit von Wasser, die beide durch interne und externe Klimavariationen beeinflusst werden. 
Der Tropfstein MF3 aus dem Schafsloch erlaubt einzigartige Einblicke in die regionale Auswirkung von 
Klimavariabilität in Zentraleuropa im MIS 6 und MIS 7. Die Probe bildet die Struktur der vorletzten 
Vergletscherung der Alpen hochauflösend ab und bringt neue Erkentnisse über die Art dieses wichtigen 
klimatischen Übergangs.

Kapitel 4 und 5 beschreiben die hochauflösenden δ18O-Werte und elementare Zusammensetzung 
von Tropfsteinen aus der Milandre-Höhle, die das Spätglazial-Holozän abdecken. Ein detaillierter 
Vergleich mit Eisbohrkernen von Grönland und Sediment aus dem Gerzensee (Zentralschweiz) zeigt 
Ähnlichkeiten in Langzeit-Änderungen von atmosphärischen Zirkulationsmustern in der gesamten 
Region des Nordatlantiks nach der letzten Eiszeit. Im Gegensatz dazu ist die Signatur des  δ18O im 
Holozän unterschiedlich zu derjenigen Zentraleuropas. Dies ergibt wichtige Erkenntnisse zu regionalen 
Verbindungen und lokalen Reaktionen auf Temperaturänderungen, Niederschlagsvariabilität in 
Funktion der Jahreszeit und atmosphärischen Prozessen. Die Nutzung einer robusten  δ18O/Temperatur-
Transferfunktion erlaubte die Erstellung einer hochaufgelösten Temperaturrekonstruktion der Herbst-
Winter-Frühlingstemperaturen bei der Milandre.-Höhle innerhalb der letzten 14 550 Jahre.

Zusammenfassend zeigt die vorliegende Arbeit neue Resultate zur klimatischen Variabilität in 
der Schweiz in zwei Intervallen der letzten 230 000 Jahre. Sie postuliert grosse Fernverbindungen 
in der nördlichen Hemisphäre und betont die Rolle der Besonnung und Obliquität als wichtige 
klimabeeinflussende Faktoren. Die neuen hochauflösenden, genau datierten δ18O-Zeitreihen und 
Wintertemperaturrekonstruktionen aus dem Jura in den letzten 14 550 a werden als repräsentativ für 
Zentraleuropa angesehen. 
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“If we knew what it was we were doing, 
it would not be called research, would it?” 

				    Albert Einstein
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Chapter 1. 
Introduction
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1.1. Objectives and structure of the thesis

1.1.1. Tasks and importance within the STALCLIM project

This PhD thesis is part of the Sinergia STALCLIM project “STALCLIM - Multi-proxy climatic 
and environmental reconstructions from stalagmites from Switzerland, Turkey, Arabia and India”. The 
STALCLIM project includes disciplines of Physical, Chemical and Geological Sciences, involving six 
groups based at Bern University and ETH Zürich (Fig.1.1). 

The goal of this sub-group (STALCLIM A) was to construct highly resolved and precisely dated 
paleoclimate records from stalagmites sampled in Swiss caves and provide new information regarding 
the paleoclimatic and paleoenvironmental variability in the region. This was achieved by using a broad 
array of analytical techniques (determine growth intervals, stable isotopes analysis, calcite petrology 
observation) and combining the information with a suite of temperature sensitive speleothem proxies 
(fluid inclusion stable isotopes, gas inclusions and trace elements) as well as paleo-precipitation proxies 
(trace elements, water content). This PhD thesis is an integral part of STALCLIM having sampled and 
tested the quality of newly collected stalagmites. Through this work, the group has obtained established 
chronologies, initial geochemical data sets (δ18O and δ13C) and first environmental interpretations, used 
to decide and coordinate the analysis strategy for the other sub-groups. With the exception of laboratory 
and coordination tasks, STALCLIM A was responsible for the organization of field trips, not only for 
sampling campaigns but equally to monitor present-day conditions in the selected caves, which is a key-
aspect for the calibration of multiple speleothem proxies. 

1.1.2. Structure of this thesis

This thesis, Late Quaternary and Holocene paleoclimate and paleoenvironmental reconstruction 
– a multi-proxy approach on Swiss speleothems, comprises six chapters, with each chapter comprising 
its own reference list. Chapter 1 provides a general introduction to the thesis topic, the study area and 
the applied methodologies. Chapters 2 to 5 represent four individual manuscripts, either submitted or in 
preparation, for publication in peer-reviewed scientific journals. Chapter 6 presents an overall conclusion 
of the thesis and provides an outlook for future research in this field. 

These four manuscripts represent the major tasks that contribute to this PhD thesis, and can be 
summarized as follows:

Figure 1.1. Organization and tasks within the 
STALCLIM project. This study is the contribution of 
the STALCLIM_A group



PhD Thesis A.D. Häuselmann										                 5

- Chapter 2: Alpine climate variability during MIS 7 and MIS 6 as recorded in growth intervals of a 
stalagmite from Alpstein Mts. (Swiss Alps) investigates the MF3 speleothem growth in Schafsloch Cave 
(Alpstein Mts., Appenzell), based on precise dating, petrography, stable isotopes, organic matter and trace 
elements content. Intervals of calcite formation are described with regard to regional geomorphological 
and environmental (at the surface and in cave) settings. Furthermore, information regarding internal 
and external climate factors that induced interstadial and interglacial conditions in this high alpine area 
is presented, together with a novel indication of glacier dynamics in the region during the penultimate 
glaciation. 

- Chapter 3: Timing and nature of the penultimate deglaciation in a high alpine stalagmite from 
Switzerland”; detailed study of the structure and triggers of penultimate deglaciation as recorded in 
speleothem MF3 (Alpstein Mts., Appenzell).  This chapter provides the first highly- resolved isotopic-
age profile for the penultimate deglaciation from the northern fringe of the Alps. Petrography, ultra-high 
stable isotopes and trace element analysis highlight the importance of internal and external climate 
triggers responsible for deglaciations in high alpine areas, and display a regional and hemispheric 
teleconnection over this interval.

- Chapter 4: Lateglacial environmental and temperature reconstruction in Central Europe: a multi-
proxy and multi-techniques approach on speleothems from Milandre Cave (Swiss Jura Mountains), 
presents Lateglacial high-resolution quantitative and qualitative paleoclimate reconstructions in Central 
Europe based on stable isotopes and trace elements from three coeval speleothems from Milandre Cave 
(Swiss Jura Mountains). A new temperature transfer function was developed based on three independent 
lines of evidence.

- Chapter 5: Preliminary results on Holocene cold temperature reconstructions, as recorded in 
speleothem M6 (Milandre Cave, Swiss Jura Mountains), presents highly-resolved and precise Holocene 
δ18O and δ13C records from sample M6 (Milandre Cave, Swiss Jura Mts.) and the first results of cold-
season temperature reconstructions at the site. An extensive analysing and dating campaign aimed to 
establish precise chronologies and high resolution long-term climate variability at the cave site, with 
results which are representative for the Central European region.

1.2. General setting and previous speleothem studies in Switzerland

Climatologically, the northern side of the Swiss Alps and Jura Mountains shows a temperate climate 
with a considerable Atlantic influence. The Alpine chain and Jura Mountains are located on the southern 
fringe of the extra-tropical westerlies and form an orographic border between the Mediterranean and the 
North Atlantic climatic zones (Sodemann and Zubler, 2010). The climate is strongly tied to processes 
over the North Atlantic Ocean and its sea-ice system, making this region very suitable for the study 
of climatic and atmospheric processes over the North Atlantic region (Wanner et al., 1997). Cave 
speleothems offer an advantage, when compared to other natural archives, in recording regional to 
hemispheric scale climate processes due to their i) high resolution stratigraphy (up to seasonal scale), ii) 
high preservation potential over long time intervals, iii) high resistance to post depositional processes 
that may alter their proxy quality (Turgon and Lundberg, 2007). 

Almost 20 % of the surface of Switzerland is represented by karst areas which host more than 9000 
caves, including two of the most extensive cave systems in the world (Hölloch and Siebenhengste cave 
system). Distribution of the caves, both in areas that were glaciated or ice-free  during the Quaternary 
history of Switzerland (Fig. 1.2), allows the unique potential to improve our knowledge with regard to 
the presence and/or dynamics of glaciers over long time intervals (e.g. Spötl et al., 2007). 
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Figure 1.2. Swiss caves distri-
bution (dots, data from SISKA 
and Atlas der Schweiz 2.0) and 
spatial extension of glaciers 
during the Last Glacial Maxi-
mum interval in Switzerland 
(blue color, data from map.geo.
admin.ch).

Figure 1.3. Karst areas in Switzerland (blue, data from SISKA and Atlas der Schweiz 2.0) and previous studies of 
�V�S�H�O�H�R�W�K�H�P�V���I�U�R�P���6�Z�L�V�V���F�D�Y�H�V�����P�R�G�L�¿�H�G���I�U�R�P���+�l�X�V�H�O�P�D�Q�Q���H�W���D�O������������������

Until now, speleothems from the Swiss caves were primarily used to reconstruct growing intervals, 
cave evolution, geomorphologic surface evolution (e.g. valley incision) and seismic and neotectonic 
events (please refer to Fig. 1.3). More recently however, new high resolution analyses of the calcite 
isotopic composition of samples has been published for Swiss speleothems (Luetscher et al., 2011, 2015; 
Boch et al., 2011).


























































































































































































































































































































































