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4 Ulrike Niemeier: The Anthropocene: May we cure the symptoms of a changing climate



5

Pl
en

ar
y 

Se
ss

io
n

Platform Geosciences, Swiss Academy of Science, SCNATSwiss Geoscience Meeting 2016

1
A Time-Line for the Formation of Terrestrial Planets
Klaus Mezger

Institut für Geologie, Universität Bern, Baltzerstrasse 1+3, CH-3012 Bern (klaus.mezger@geo.unibe.ch)

The discovery of numerous exoplanets in the last two decades created renewed interest in a detailed understanding of the 
process that can lead to the formation of planetary systems consisting of rocky and gas-dominated planets.  Exoplanet can 
only be observed via telescopes and their formation and evolution can only be understood through modelling since in-situ 
analyses by space crafts is currently not feasible and material for direct study in the laboratory is, and will be for a long 
time, unavailable.  The only planetary system that can be study directly via space missions and meteorites delivered to 
Earth is our own solar system, which, could serve as a model for other planetary systems. However, a concern is the 
possibility that it is an unusual or a rare type of planetary systems in the universe.  

A key problem towards a robust model for planetary origin and evolution is the combination of physical parameters and 
chemical evolution of material with the time of important events and processes in the early solar system starting from the 
formation of dust to the differentiation of rocky bodies. The different materials from planetary bodies of our solar system 
available for direct study in the laboratory preserve valuable information on these early processes, their timing and duration.  
In order to obtain reliable and meaningful time constraints for the sequence of chemical differentiation processes that led to 
planet formation, high precision and high resolution ages are crucial. Improvements in analytical techniques in the last 
decade for the analyses of small variations in isotope abundances generated by short-lived isotopes were essential to 
obtain precise and accurate ages. 

Time constraints can be derived from chemical and isotopic analyses of primitive meteorites and their components using 
long and short-lived isotope systems. The time line for early solar system processes and events derived from these 
materials has significantly changed the physical and chemical models describing the evolution of the solar nebula from its 
formation to the formation of planets.  Key findings include the discovery that some planetesimals formed and differentiated 
into metal cores and silicate mantles within the first Ma of the beginning of the solar system. The observation that 
chondrites, the chemically and mineralogically most primitive materials of the solar system, formed over a time interval of 
several Ma and after the first highly differentiated planetary bodies had formed.  The time needed to form the planets from 
a cloud of dust and gas was long thought to have taken around 100 Ma, but the new geochronological constraints reveal 
that the processes involved had a duration that is about one order of magnitude shorter. 
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2
The Proterozoic Eon: Life and Environments in Earth’s Middle Age
Knoll A.H.

Harvard University Botanical Museum, Cambridge MA 02138, USA

the Proterozoic Eon began, Earth was already two billion years old. Nonetheless, Proterozoic rocks provide our first clear 
chronicle of evolutionary history, documented by well-preserved microfossils, biomarker molecules, isotopic signatures, and 
sedimentary structures, especially stromatolites.

Cyanobacteria radiated in oxygenated surface oceans, but recurring anoxia within the photic zone supported regionally 
extensive primary production by anoxygenic photosynthetic bacteria. By 1700-1600 million years ago (Ma), eukaryotic cells 
had gained a foothold in the oceans, adding new morphological and ecological complexity to marine ecosystems.

Although unambiguous eukaryotic microfossils occur in mid-Proterozoic rocks, protistan diversity remained relatively low 
until about 800 Ma, when new types of fossils, including testate and scale-forming taxa, radiated. It is hypothesized that the 
evolution of eukaryovory – predation by eukaryotic cells on other eukaryotes -- provided an ecological driver for 
Neoproterozoic eukaryotic diversification. Ecology also played a key role in the ensuing radiation of animals, with carnivores 
playing a role comparable to that eukaryovores in earlier Neoproterozoic ecosystems.

The environments within which cyanobacteria, eukaryotes and animals sequentially diversified differed from both those of 
the Archean Eon and those familiar to us today. In particular, the basal Proterozoic rise of oxygen in the atmosphere and 
surface oceans permitted innovations in energy metabolism and biosynthetic pathways, although persistent subsurface 
anoxia likely provided a continuing challenge to early aerobic organisms.

Following a prolonged interval of low pO2, the atmosphere and oceans began their transition to a more modern redox state 
near the end of the Eon. Oxygen availability placed significant constraints on Proterozoic evolution, and renewed 
oxygenation near the end of the eon likely facilitated animal radiation, not least by making carnivory possible. Thus, the 
ecological theater of Proterozoic environments and the evolutionary play recorded by fossils appear to have influenced 
each other throughout Earth’s long middle age.
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Radiocarbon as a Geochronometer and as a Tracer in Paleoclimatology, 
Geophysics and Astrophysics

Edouard Bard*

* Collège de France & CEREGE, Technopôle de l’Arbois, 13545 Aix-en-Provence, France (bard@cerege.fr)

An accurate chronometer that covers the past 50,000 years is of paramount importance in fields such as geophysics, 
geochemistry, and paleoclimatology. Since the 1950s, radiocarbon measurements have been used to obtain accurate dates 
for various archives of past events. While alive, organisms equilibrate with the atmospheric 14C/12C ratio, but when they die, 
the ratio starts to decrease as 14C decays. The 14C content of biological remains therefore correlates with their age. 
However, we now recognize that the atmospheric 14C/12C ratio varies with time. To calculate accurate ages, atmospheric 14C 
fluctuations must be corrected for with a calibration curve obtained by comparing the raw 14C measurements with true 
calendar ages derived from independent dating methods (e.g. counting tree-rings or another radiometric methods such as 
uranium-thorium).

The high frequency variations in 14C composition, from a year to a millennium, are related to changes in the production rate 
of 14C in response to fluctuations of the Sun, which modulates the arrival of protons on Earth. Over the long term, the 
dominant factor is the variation of the geomagnetic field. Any reduction in this field allows penetration of more cosmic rays 
into the atmosphere, thus enhancing the formation of cosmogenic nuclides. The maximum of 14C production corresponds to 
the Laschamp magnetic excursion, during which the geodynamo weakened very sharply. The short and long term 14C 
variations in the atmosphere can be compared with those observed for other cosmogenic isotopes, notably the beryllium 10 
record in ice cores from Antarctica.

In addition, the 14C and 10Be production signal is often perturbed by other sources of variations linked to the geochemical 
cycles of these elements on Earth. For example, atmospheric precipitations and volcanic eruptions can affect 10Be 
observations. Geochemical cycles of both elements are vastly different so that it is useful to combine 10Be and 14C data to 
reconstruct the past geomagnetic and solar variabilities. This comparison is indeed crucial because the atmospheric 14C/12C 
ratio also varies in response to climate changes, which affected the global carbon cycle as illustrated by large variations of 
the pCO2 measured in bubbles occluded in ice cores from Antarctica.

If the geological clock can be inferred independently, the 14C can be used as a tracer to probe the past carbon cycle and to 
reconstruct the variations of fluxes between its various reservoirs. For example, the sea surface reservoir age varies 
spatially in the ocean as it depends on air-sea gas exchange and oceanic mixing. It is thus sensitive to climate parameters 
such as sea-surface temperature, wind strength, sea-ice cover and air-sea pCO2 gradient. 14C measurements in various 
shells of organisms living at the sea surface allow showing that its reservoir age varied in the past, notably during the 
deglaciation characterized by low pCO2 and large reorganizations of the atmosphere-ocean couple. In parallel to 14C 
measurements in surface shells, it is possible to probe the interior of the ocean by measuring 14C in benthic foraminifera 
and deep-water corals. A coherent picture is beginning to emerge from a growing number of data showing large changes of 
the residence time of the deep and intermediate ocean water masses.

To illustrate the progress in this research field, I will review several key and ongoing studies documenting short and long-
term 14C variations on Earth and providing invaluable insights on climatological, biogeochemical, geophysical and 
astrophysical processes.
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The Anthropocene: May we cure the symptoms of a changing climate? 
Ulrike Niemeier, 

Max Planck Institute for Meteorology, Bundesstr 53, D-20146 Hamburg

About two hundred years ago the first industrial revolution started introducing serious anthropogenic emissions by humans. 
Burning coal to run the first steam-engine was one of the first anthropogenic emissions of CO2. Since then, anthropogenic 
CO2 emissions are steadily rising. The consequence is a changing climate.

Concentrations of CO2 on Earth are changing also naturally. CO2 reached even higher concentrations on Earth before, but 
when discussing climate change, the quality of human life on Earth matters. Rising temperatures have an impact on
the daily live of people. Changing precipitation amount and pattern may cause increasing numbers of floods and droughts. 
Furthermore, increasing temperatures coincide with a rising sea level, which also bears the danger of loosing valuable land.

Last year, 2015, in Paris politicians agreed on a 1.5 K goal of maximum temperature rise, which would require a very fast 
transition to a fossil-free economy. But attempts to initiate the decrease of CO2 emissions have not been very successful in 
the last years. In this situation climate engineering may become an important issue.

Climate engineering is the deliberate large-scale manipulation of the climate to counteract anthropogenic climate change.  
Climate engineering techniques have been proposed in order to prepare for the case that attempts to limit projected climate 
change by the reduction of greenhouse gas concentrations may not be sufficient, or that consequences of climate change 
may prove worse than expected. A climate-engineered climate differs from a natural one of the same global mean 
temperature. Therefore, numerical model studies on
possible risk and side effects for crucial parts of the Earth system and human kind were performed.

Different climate-engineering techniques of reducing incoming solar radiation, the so called solar radiation management 
(SRM), have been proposed to possibly counteract global warming. Among them are the injection of sulfur into the 
stratosphere, mirrors in space, and marine cloud brightening through artificial emissions of sea salt. The injection of sulfur 
will be taken as an example for performing climate engineering within model studies and to discuss climate impacts, limits 
and uncertainties, as well as  consequences of stopping climate engineering and an estimate of a time frame how long 
climate engineering may have to be performed when started.
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