


What may come to mind is the time of 
day, the calendar, or our lifetimes. In 
physics, time is a dimension which – 
bound to space – sometimes moves 
fast, sometimes slow, but always in the 
same direction, from the past into the 
future. In our own perception, too, there 
are hours that fly by and minutes that 
seem endless.

There are moments when we think that 
time stands still and everything hap-
pens simultaneously. In her book „Time-
fulness“, Marcia Bjornerud describes a 
moment when she stood alone in a place 
that showed no signs of time. It seems 
like time needs to be visible in one way 
or another. But at the same time, she 
was standing on a piece of land with a 
long history behind it, from the forma-
tion of the Earth 4.5 billion years ago to 
the time she was there. Below her mil-
lions of years, above her an even older 
universe - perceivable in one single 
moment.

Most of us aren‘t aware of our own con-
nection to the long processes of Earth‘s 
history. We can barely picture our own 
lifetime and that of one or two generati-
ons before and after us.
Meanwhile, we are using resources 
that reach deep into Earth history and 
in doing  so we are changing the Earth 
system far into the future. Terms like 
„Deep Time“ and „The Long Now“ are 
more foreign to us than the space that 
surrounds us. We all know the seven 

continents, but have no idea which time 
epochs our Earth has passed through.

Now a new age is being established, the 
Anthropocene.
Who is doing this and why are they doing 
it? How are time periods defined and 
what distinguishes them from another? 
How can this process help us develop a 
deep understanding of the world we live 
in so that we can create a sustainable 
and just future - for ourselves, for our 
children and grandchildren, and for all 
generations that will come after us?

We  will  try to answer these question 
here, but there is one thing that can be 
said already: We can‘t change the past,  
but the future lies in our hands.

Alexandra Hamann and 
Reinhold Leinfelder

What is time? 



The content of this science graphic novel is largely based on University course lectures 
and research on the Anthropocene by Reinhold Leinfelder at Freie Universität Berlin 
and his membership work within the Anthropocene Working Group.
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(1) time
In physics, time is one of the fundamental quantities. It runs steadily and inexora-
bly in one direction, from the past into the future. The theory of relativity ties time 
closely to space to form a „spacetime“ that spans our universe in four equal dimen-
sions, three spatial dimensions and time. Since time is coupled to space, it does not 
run at same speed, but relatively.
(adapted from Weltmaschine, 7.8.2023: https://www.weltmaschine.de/physik/fun-
damentale_fragen/zeit). 

In philosophy, time describes a span between two events or the sequence of chan-
ges. It is characterised by change (therefore Plato defines it as a „moving image of 
eternity“) and irrevocability (one cannot go back to the past, except in fiction, or 
in historical reconstructions, including Earth history).  (adapted from https://www.
philomag.de/lexikon/zeit)

(2)  Nicolaus Steno
Nicolaus Steno (1638 - 1686) was a Danish physician, anatomist and naturalist, 
and later a Catholic priest and bishop. In 1988 he was beatified by Pope John Paul II. 
With one of his writings Steno laid the foundations of modern geology. However, the 
work was explosive, because it challenged the previous biblical view of the Earth. for 
details see e.g. Deutschlandfunk Archiv, 7.8.2023: https://www.deutschlandfunk.de/
vor-350-jahren-druckerlaubnis-fuer-stenos-geologisches-100.html)

(3) William Smith
William Smith (1769 – 1839) was an English geologist, credited with creating the 
first detailed, nationwide geological map. His colourful and sophisticated map was 
based on his astute observation that rock layers (strata) could be identified by the 
fossils they contain. He noticed that the layers always seemed to appear in the 
same order and realised it was possible to predict where specific types of rock could 
be found across the country.
Smith’s map and ideas paved the way for a better understanding of geological time 
and laid the founding principles for geological surveys worldwide. His concept of 
using fossils to identify rocks is still very important today. (Natural History Museum 
London, https://www.nhm.ac.uk/discover/first-geological-map-of-britain.html)

Notes

We are aware of the fact that this science graphic novel uses a lot of scientific 
terms. We are also sure that our readership has a good digital literacy. Therefore we 
just list some notes, directly referring to note numbers in the novel. You will not find 
a full glossary, because term definitions can be easily found in the web. The follo-
wing notes can also be a stimulus for further personal research. 
To dive deeper into the subject, you will find a list of basic scientific literature, lar-
gely (but not only) publications of the Anthropocene Working Group, most of which 
are open access and/or deposited in researchgate.net.

If that still doesn’t satisfy, you can get in touch on our blog https://taming-time.
blogspot.com.  We look forward to your comments or questions.

https://taming-time.blogspot.com
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lotype – is permanently preserved in a scientific collection and made available for 
all scientists. It is often stored together with its paratypes in order to demonstrate 
the variety of a species. In geology, this reference example is the GSSP. (Chronicle 
of a Catastrophe Foretold,  FU Berlin, 14.8.23: https://www.fu-berlin.de/en/featu-
red-stories/campus/2023/anthropocene-crawford-lake/index.html)

(7) Golden  Spike
The term “Golden Spike” was borrowed from a specific chapter in railway histo-
ry, namely the completion of the first transcontinental railroad across the United 
States. It was decided to complete the last link in the transcontinental railroad with 
a spike made of gold. After such a difficult construction process, the spike was a 
celebration of the railroad’s completion. The Golden Spike National Historic Park 
commemorates this event.
In geology, the lower boundaries of all ages defined with a GSSP are also marked 
with a Golden Spike. If the section site allows, a Golden Spike may be even hamme-
red in the outcrop or – if the GSSP-Section  is based on a drill core, is marked there 
with a small nail (see stratigraphy.org for more) 

(8) Chronostratigraphic chart of ICS
The chronostratigraphic chart is a table in which all geologically determined ti-
me-units  of the Earth history are drawn, from the formation of the Earth about 
4.5 billion years ago until today. This is important for all geologist, be them in Chi-
na, Brasil, Germany or wherever, to understand the same of e.g. the Toarcian or the 
Anthropocene. If not, no exact interpretation of geological and biological processes 
having run at these time episodes would be possible. See also note on GSSP (6)
The Chronostratigraphic Chart always shows two terms for each column, such as 
System/Period, Series/Epoch, Stage/Age. The first term relates to the sediment 
succession, the second term to the time interval.
The Chronostratigraphic Chart is issued by the ICS (International Commission on 
Stratigraphy) which is part of the IUGS (International Union of Geological Scien-
ces). The ICS is the only body concerned with stratigraphy on a global scale for the 
whole geological column. Its most important major objective is the establishment 
of a standard, globally-applicable stratigraphical scale, which it seeks to achieve 
through the co-ordinated contributions of a network of Subcommissions and Wor-
king Groups with a specific, limited mandate. (see stratigraphy.org for more)

(4) Arthur Holmes
Arthur Holmes (1890 - 1965) was an English geologist who made two important 
contributions to the development of geological ideas: the use of radioactive isoto-
pes for dating minerals and the suggestion that convection currents in the mantle 
play an important role in continental drift. He held the chair of geology at Edinburgh 
University from 1943 until 1956. (Geological Society of Glasgow, 7.8.2023: https://
geologyglasgow.org.uk/arthur-holmes)

(5) Clair Cameron Patterson
Clair Cameron Patterson (1922 - 1995) was an American geochemist whose pio-
neering work stretched across an unusual number of sub-disciplines, including ar-
cheology, meteorology, oceanography, and environmental science. He is best known 
for his determination of the age of the Earth. That was possible only after he had 
spent some five years establishing methods for the separation and isotopic analysis 
of lead at microgram and sub-microgram levels. His techniques opened a new field 
in lead isotope geochemistry for terrestrial as well as for planetary studies. Whereas 
terrestrial lead isotope data had been based entirely on galena ore samples, isoto-
pes could finally be measured on ordinary igneous rocks and sediments, greatly ex-
panding the utility of the technique. (Clair Cameron Patterson, Biographical Memoir, 
Copyright 1998 National Academies Press Washington D.C.)

(6) GSSP
Global Boundary Stratotype Sections and Points (GSSPs) are reference points on 
stratigraphic sections of sedimentary rocks which define the lower boundaries of 
stages  on the International Chronostratigraphic Chart. The Chart is issued by the 
International Commission on Stratigraphy ICS, the largest body of the International 
Union of Geological Sciences (sometimes also ironically called “the United Nations 
of the Geologists). Since 1977, the ICS has maintained the international GSSP regis-
ter. (for more see webpage of ICS: https://stratigraphy.org/gssps/).  

The official guidelines of ICS specify that, to formalize a geological time period in 
the Earth’s history, a geological reference site must first be identified, described, 
and internationally agreed upon.  These GSSPs are physically marked with a “Golden 
Spike”  (see note 7)  and have to be permanently accessible to researchers, either in 
the field or if defined in drillcores, in special scientific collections. 
This is similar to the official process that takes place for defining new types of or-
ganisms in the field of biology. Here, a reference specimen of an organism – a ho-



vores), and quaternary consumers (carnivores, incl. top predators), with secondary 
consumers eating up primary ones, etc.  Of particular importance are also detritivo-
res and decomposers. Detritivores, such as earth worms, wood lice or sea cucum-
bers  ingest and digest dead organic matter whereas decomposers, such as funghi 
or certain bacteria directly absorb nutrients from organic substrates through exter-
nal chemical and biological processes. Detritivores and especially decomposers are 
the key to the circular natural metabolism of the biosphere, with the energy for that 
being delivered by the sun and stored by the primary producers

(12) ecosystem
An ecosystem is a geographic area where plants, animals, and other organisms, as 
well as weather and landscapes, work together to form a bubble of life. (National 
Geographic Education, 7.8.2023: https://education.nationalgeographic.org/resour-
ce/ecosystem/)

(13) biosphere
The biosphere  is the part of the Earth inhabited by living organisms, extending from 
deep root systems of trees to the life in ocean trenches, to coral reefs, rain forests 
and high mountain tops. It is closely interlocked and in constant interaction with 
other spheres of the Earth system such as the hydrosphere (water), the air (atmo-
sphere), the soils (pedosphere) and also the Earth‘s crust (upper part of the lithos-
phere). Also see note 11, 12, 14 

(14) biomass 
Biomass quantifies the mass of living biological organisms in a given area or eco-
system at a given time. It is generally expressed as weight (g, kg, t etc), but it is 
important to see which biomass category is used: Living biomass is similar to wet 
biomass and includes the water content of organism or organic parts. Dry biomass 
is without water, and is more suited to compare different groups of organisms, since 
depending on type, their water content is quite different. If plants and animals are 
compared, the carbon based biomass may be used (sometimes also referred to as 
energetic biomass ). C-biomass not only is suited for biomass comparisons between 
different groups of organisms, but since it does not take the rapidly degradable 
parts of the living organisms into account, it also is helpful in directly comparing the 
productivity of the biosphere and the technosphere (see 15), because the carbon 
content of living matter is the part that is conservable in Earth history, e.g. forming 

(9) 2-valent iron, 3-valent iron
Chemical elements can give away electrons or take additional ones to achieve a full 
set of electrons (mostly 8) in their outer orbital electron shell to be in a more stable 
condition. Iron likes to give away electrons, hence is an electron donor. A 2-valent 
iron atom donated two electrons, a 3-valent iron three electrons.  These electrons 
are used by other elements or compounds which are in need of additional electrons 
to fill up their outer orbital electron shell, such as oxygen or sulfur which are elec-
tron acceptors. Oxygen has a negative valency of 2, and is therefore very keen to 
receive 2 electrons to be more stable (which is also expressed as its high oxidation 
potential).  The mineral Fe2O3 has iron in its positive 3-valent form and oxygen in 
its preferred, hence negative 2-valent form (2Fe3++3O2-). Owing to its red colour it 
is called hematite (“blood stone”) when found as a natural mineral.  FeO (Fe2++O2- ) 
contains 2-valent iron and is not very stable, since its iron would prefer to donate 
another electron.  
Rust is a corrosion product of iron caused by oxygen and water, and consists of a 
mixture of iron oxides and iron hydroxides with 2 and 3-valent iron.

(10) calcifying organisms
Biogenic calcification, the formation of calcium carbonate by living organisms, is 
performed by a wide range of marine invertebrate taxa, normally as an outer lay-
er (an exoskeleton). Echinoderms (e.g. sea urchins, starfish,  feather stars), squids, 
some sponges, and especially vertebrates have endoskeletons. The shells and ske-
letons produced by calcifying organisms do not only have vital functions for the 
physiology and ecology of their producers (such as stabilisation, protection, facili-
tating upwards growth), they also play a key role in biogeochemical cycling, e.g. as 
ballast for sinking particulate matter in calcareous plankton, transporting carbon 
and alkalinity to depth via the biological pump, or as an enormous carbon deposits 
within biogenic limestones produced by coral reefs and other organisms, such as la-
goonal calcifying green algae, oysters etc.. (adapted from Geomar, 7.8.2023: https://
www.geomar.de/en/research/fb2/fb2-bi/research-topics/biogenic-calcification)

(11) producer-consumer-interaction
Relationship between producers and consumers: a producer is an organism, such 
as a plant, that can harness the sun‘s energy to produce food through the chemical 
reaction known as photosynthesis. A consumer is one that consumes, or eats, this 
food. Several  levels of consumers can be differentiated, especially primary (herbi-
vores), secondary (herbivores , omnivores, carnivores), tertiary (omnivores, carni-



(17) SQS
The Subcommission on Quaternary Stratigraphy (SQS) is a constituent body of the 
International Commission on Stratigraphy (ICS), dealing with the definition of the 
chronostratigraphic units of the Quaternary,  which so far includes the epochs of 
the Pleistocene (the last glacials and interglacials ) and the Holocene (postglacial),  
and which might now be followed by the Anthropocene.  (See also note 8 on ICS)

(18) AWG
The Anthropocene Working Group is an interdisciplinary expert research group for 
investigation of the Anthropocene proposal. It was established in 2009 by the Sub-
commission on Quaternary Stratigraphy (SQS). Its major task is to advise the SQS/
ICS as to the geological reality of a supposed Anthropocene and how to best define 
it following the standard rules of ICS  (https://www.anthropocene-curriculum.org/
contributors/anthropocene-working-group, see also http://quaternary.stratigraphy.
org/working-groups/anthropocene/)

(19) The great acceleration
The Great Acceleration is a term used to describe the rapid and widespread increase 
in human activity and its impact on Earth‘s natural systems, which began around 
the mid-20th century.  The Great Acceleration encompasses various social, eco-
nomic, and environmental changes that have occurred on a global scale since the 
1950s. (https://globaia.org/acceleration)

(20) stratigraphic marker
Stratigraphic markers are stratigraphically relevant “geosignals” such as stratigra-
phically significant fossils and other sediments with special characteristics of sedi-
ment succession that can be related to synchronous events, hence allowing  “event 
stratigraphy”. They include seasonal sediment layers, e.g. in lakes, black shale layers 
(caused by deoxygenation collapse), storm layers (turbidites) and gravity flows (tur-
bidites, often caused by major earthquakes, and ash layers from volcanic eruptions. 
Other markers can be provided by geochemical signals such as the Iridium layer 
caused by the asteroid impact at the Cretacous-Paleogene boundary, or the radio-
active fallout from atomic bomb testing in the Anthropocene. As to the Anthropo-
cene, many other geosignals, such as the great array of “technofossils” (e.g. plastic, 
concrete, brick fragments, industrial spheroidal carbonate particles), geochemical 
signatures from agricultural and other products, but also occurrences of neobiota 
(see note 21) etc., add to the markers.

coal, crude oil or natural gas. 
Please note that biomass assessments use different methods, with slightly diffe-
rent results. 

(15) technosphere 
The technosphere includes the totality of human-produced technological infras-
tructures: machines, factories, computers, appliances, buildings, mobility and 
communication etc., as well of materials having to be used or removed for that. 
The term was introduced into General Systems Theory in the late 1960s by Cana-
dian control engineer John H. Milsum (1925-2008). Milsum argued that the tech-
nosphere is distinct from other spheres of the Earth system, including the social 
sphere formed by all humans. (University of Vienna, 7.8.2023: https://anthropocene.
univie.ac.at/resources/technosphere/), Later, geoscientist Peter Haff (Member of 
the AWG) saw technology as a geological phenomenon (Haff 2013). He also exten-
ded the definition of the technosphere by encompassing all the physical properties 
of a human-technological system that takes on a role equivalent to the biosphe-
re or hydrosphere, hence including anthropogenically altered soils, sea-floors, 
and new plant or animal breeds . According to the AWG (Zalasiewicz et al. 2017, 
doi:10.1177/2053019616677743 ), the present weight of the technosphere is about 
30 Teratons (which is a 3 with 13 zeros), from which today only 1,1 Teratons (1 Tt)  is 
in use, the rest is in the environments. Wet (living) biomass of all organisms only 
amounts to 2,3 Tt (calculated as dry biomass would be 1,1 Tt, calculated as C-based 
biomass would be 0,5 Tt) (see Leinfelder 2022, also for other literature).

(16)  Paul Crutzen
Paul Crutzen (1933 - 2021) was a Dutch meteorologist and atmospheric scientist.  
He was Director at the Max Planck Institute for Chemistry in Mainz, Germany, from 
1980 to 2000 and received the Nobel Prize in Chemistry in 1995 for his research on 
the ozone hole. (Wikipedia, 8/7/2023)
Paul Crutzen coined the term „Anthropocene“: he intended it to describe the cur-
rent era in which humans have become one of the most important factors in atmo-
spheric, biological and geological processes on Earth, permanently reshaping the 
evolution of the planet. He was a member of the AWG until his death. Paul Crutzen 
himself said of the scientific and social debate that followed his proposal for the 
term Anthropocene: „I see the debate as an opportunity to come to a much-needed 
ecological reorientation.“ (Max-Planck-Gesellschaft, 7.8.2023: https://www.mpg.de/
trauer-um-paul-crutzen)



Time, time chart, historty of geology, stratigraphie, Earth history, Earth system changer 

• Marcia Bjornerud (2018),Timefulness: How Thinking Like a Geologist Can Help Save the World, Princeton 
University Press
• Michael Leddra (2010), Time matters: Geology‘s Legacy to Scientific Thought,  John Wiley & Sons
• Weltmaschine: https://www.weltmaschine.de (german)
• Martin Rudwick (2014) Earth‘s Deep History: How It Was Discovered and Why It Matters, University of  
Chicago Press
• Steven Stanley (2014), Earth System History, W.H.Freeman & Co Ltd
• Johnson, C., Affolter, M.D., Inkenbrandt, P. & Mosher, C., Absolute Dating, Salt Lake Community College  
via OpenGeology,  https://geo.libretexts.org
• Chronostratigraphic Chart: https://stratigraphy.org/chart 
• Leinfelder, R. (2020), Das Anthropozän - mit offenem Blick in die Zukunft der Bildung. In: Sippl, C.,  
Rauscher, E. & Scheuch, M. (Hrsg.), Das Anthropozän lernen und lehren, S. 17-65, Innsbruck, Wien (Studien-
Verlag). (Reihe: Pädagogik für Niederösterreich Band 9, ISBN 978-3-7065-5598-2). https://doi.org/10.53349/
oa.2022.a2.130

Neolithic, industrialization, technosphere, energy, biomass 

• Ellis, E.C. & Ramankutty, N. (2008). Putting people in the map: anthropogenic biomes of the world. Frontiers 
in Ecology and the Environment, 6, 439–447
• Syvitski, J., Waters, C.N., Day, J.,  Milliman, J.D., Summerhayes, C., Steffen, W., Zalasiewicz, J., Cearreta, A., 
Galuszka, A., Hajdas,I., Head, M.J., Leinfelder, R., McNeill, J.R., Poirier, C., Rose, N., Shotyk, W., Wagreich, M. & 
Williams, M. (2020), Extraordinary human energy consumption and resultant geological impacts beginning 
around 1950 CE initiated the proposed Anthropocene Epoch. Communications Earth & Environment, 1 (32), 
https://doi.org/10.1038/s43247-020-00029-y
• John L. Brooke (2014), Climate Change and the Course of Global History. A Rough Journey, Cambridge  
University Press
• Leinfelder, R. (2022), Auch Maschinen haben Hunger - Biosphäre als Modell für die Technosphäre im 
Anthropozän.- In: Sippl, C. & Rauscher, E. (Hrsg.), Kulturelle Nachhaltigkeit lernen und lehren. Reihe: Päda-
gogik für Niederösterreich, Band 11, S 489-521. Innsbruck, Wien (StudienVerlag). https://doi.org/10.53349/
oa.2022.a2.110 
• Bar-On, Y.M., Phillips, R., Milo, R. (2018). The biomass distribution on Earth. Proceedings of the National 
Academy of Sciences, 115 (25), 6506–6511, doi: 10.1073/pnas.1711842115 
• Greenspoon, L., Krieger, E., Sender, R., Rosenberg, Y., Bar-On, Y.M., Moran, U.,  Antman, T., Meiri, S., Roll, U., 
Noor, E. and Milo, R. (2023), The global biomass of wild mammals. PNAS , 120/10, https://doi.org/10.1073/
pnas.2204892120 
• Zalasiewicz, J., Williams, M., Waters, C.N., Barnosky, A.D., Palmesino, J., Rönnskog, A.S., Edgeworth, M., 
Neil, C., Cearreta, A., Crutzen, E., Fairchild, I.J., Grinevald, J., Haff, P., Ivar do Sul, J.A., Jeandel, C., Leinfelder, R., 
McNeill, J.R., Odada, E., Oreskes, N., Price, S.J., Revkin, A., Steffen, W., Summerhayes, C., Vidas, D., Wing, S. & 
Wolfe, A.P. (2017). Scale and diversity of the physical technosphere: A geological perspective. The Anthropo-
cene Review, 4 (1), 9–22 doi:10.1177/2053019616677743 
• Leinfelder, R. (2021). The human made mass – Der Anthropozäniker, 9 pp, Refubium, Freie Universität 

Berlin, https://refubium.fu-berlin.de/handle/fub188/32375

Other proxies such as paleomagnetism signals, sequence stratigraphy (identifying 
characteristic, time-correlatable sequences of sea level change) etc. can be used as 
well. 
Stratigraphic markers normally only allow the identification of “relative” age. Only 
in certain cases they are datable with absolute ages, mostly using decay process 
characteristics of unstable isotopes.

Clear markers not only facilitate the chronostratigraphic correlation but also permit 
the geological mapping.
In order to ensure its acceptance and use in the Earth sciences, a boundary strato-
type should contain as many specific marker horizons or other attributes as possib-
le favorable for long-distance correlation.

(21) neobiota
Neobiota are animal or plant species that have been carried from their area of origin 
to other areas by intentional or unintentional human influence and do not naturally 
occur there. They are sometimes also called “invasive species”.

Human trade and transport play an important role in the introduction of neobiota. 
The discovery of the Americas in  1492 and the transcontinental trade that inten-
sified enormously with it, was set as the „cut-off date“ for the introduction of neo-
biota (neozoa: „new animals“) and neophyta „new plants“.

(22)  Dead Zones
Dead zones are low-oxygen, hypoxic or anoxic, areas in the world’s oceans and lakes. 
Because most organisms need oxygen to live, few organisms can survive in hypo-
xic and anoxic conditions. Dead Zones can be seasonal, with summer heat stopping 
turnover of deeper waters, but also permanent (e.g. at the bottom of the Black Sea). 
Climate change towards warmer temperatures and overnutrification also leads to 
eutrophication and accelerates the spreading and persistency of Dead Zones both 
in the seas and in terrestrial lakes.
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