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During the lecture:  
 Please turn off microphones and cameras 
 For questions and discussion please use and type into the chat   
 
After the lecture: 
 Questions from the chat will be handled by the moderator and answered on a 
first-come first-serve basis during the 20-30 min discussion period 
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1. Earthquakes 
2. Signals, numbers, figures 
 Extinction and biomass  
 Plastics 
4. Anthropogenic strata  
 Vienna’s urban Anthropocene 
5. Paradigms questioned 



ZAMG - https://www.zamg.ac.at/ 

14 days back 

Neunkirchen earthquake 30 March 2021 



Greenbrier, Arkansas, August 6, 2013 

Earthquakes 



Induced Seismicity – human-induced earthquakes 

William L. Ellsworth Science 2013;341:1225942 

Cumulative count of earthquakes 
with M ≥ 3 in the central and 
eastern United States, 1967–
2012. The dashed line 
corresponds to the long-term 
rate of 21.2 earthquakes/year 

Hazard Estimation, USGS 2016  
wastewater disposal is the primary cause of the 
recent increase in earthquakes in the central USA, 
strongest earthquake M=5.6  
 



Induced earthquakes geothermal sites 

„Erdwärme-Projekt: Erneut Erdbeben am Bohrloch von Basel“ 
 
5 km deep boreholes, test injection of water for geothermal 
energy production (heating) resulted in an 
Earthquake in December 2006, M = 3.4 
1000 damage claims in Switzerland and Germany 
 
Geothermal energy project for Basel had to be stopped and 
abandoned!  

Spiegel Online, 16.01.2007  



Current challenges in monitoring, discrimination, and management of induced seismicity related to underground industrial activities: A European perspective 

Grigoli et al., 2017, Reviews of Geophysics, Volume: 55, Issue: 2, Pages: 310-340 

Earthquakes caused by humans 



Signals, 
Numbers 
Figures 



 
 Novel materials (aluminium, concrete, plastic, anthropogenic minerals, fuel ash, artificial 
deposits)  
 Chemostratigraphic signals (fossil fuel combustion fly ash, greenhouse gases, nitrogen 
isotopes, radiogenic fallout artificial isotopes) 
 Biostratigraphic signals (extinctions, adaptations and species invasions, introductions and 
domestications) 

Summary of key signals for the Anthropocene 

Waters et al. 2016, Science, 351, 6269 



Biostratigraphy – species extinction rates 

vertebrates extinction rates 
 

Cumulative vertebrate species 
extinctions as a percentage of total 
species with ranges between 
conservative rates (includes extinctions, 
extinctions in the wild and possible 
extinctions) and lower highly 
conservative rates (verified extinctions 
only).  

338 vertebrate species have become 
extinct since 1500s (Ceballos et al., 
2015) 



Biomass 

Nature 

Livestock and pets Humans Wild 

animals 

Prehistoric Megafauna 

biomass 



Biomass and anthropogenic mass, 
year 2020 

Nature 
Anthropogenic 
mass relative 
annual change 



Growth in Mineral Species 

Zalasiewicz et al., 2014 
Hazen et al., 2017 

Human ingenuity has led to a host of crystalline compounds that never before existed in the solar 
system, and perhaps in the universe. Thus, from a materials perspective, the Anthropocene Epoch is 
an era of unparalleled inorganic compound diversification 



creation and global dispersal of new human-made materials, e.g. aluminium (35 Mt pa) and concrete ( ~1 kg of 
concrete for every square meter of the planet, land and sea) 

Novel anthropogenic materials 

Al 

Concrete 

Technofossils 

- metal tools 
- building materials 
- containers 
- money 
- energy storage  
-data storage 
(From Williams et al., 2016; 
Zalasiewicz et al., in press) 



300 Mt plastic per year (PlasticsEurope 2015/2017); cumulative 5 billion tons could produce a plastic wrap to 
encircle the planet 

Novel organic polymers - plastics 
2015: 322 

2015: 
322 Mt 





MMSW 
„marine municipal solid waste“ 





20cm 

-1900m depth 

„litter piles“ 



Microplastics end in the deep sea 

https://www.underthescope.udel.edu/microplastics 

Planktonic 
organisms with 
microplastics 
incorporated 

„sink“ 



Anthropogenic 
Strata 

Top Romans 
2nd/3rd century AD 
brick layers 



Types of anthropogenic deposits 
- lithostratigraphy 

Landfills 

Legacy sediments 

Made ground,… 

(from Ford et al. 2014.   An assessment of lithostratigraphy for 

anthropogenic deposits. Geol. Soc. Spec. Publ., Waters et al. Eds). 



Stratal evidence for the Anthropocene: a Basque beach rock 

Local iron industry in Bilbao estuary since 1854; 
30 Mio t waste dumps (slags, …) into estuary from 
1902-1995 

A. Cearreta, 2016  

Marine currents and waves bring material back onshore and 
form beach rock 



1 Mio t back onto Gorrondatxe beach 
since 1940s, up to 7 m thick! 

A. Cearreta, 2016  

Stratal evidence for the Anthropocene: a Basque beach rock 



An Anthropocene landmark – the Teufelsberg 

„Berlin Teufelsberg-Formation“: age 1950, Thickness of anthropogenic rubble of WW2: 80 m 
area of the Teufelsberg 1 Mio m2, mass 26 Mio m3 

M. Scheffold, R. Leinfelder, unpublished 



Vienna’s urban 
Anthropocene 



The Anthropocene Surge - evolution, expansion and depth of Vienna’s urban 
environment (2018-2022) 

WWTF Calls:  

Environmental Systems Research 2017, 2019 Urban Environments 

Maria Meszar, Kira Lappé, Katrin Hornek (Co-PI) 

 

From Romans to the Anthropocene, from Carnuntum to Vienna: An Urban 
Anthropocene Field Lab (UrbAn.Cvie) (2021-2025) 

Michael Wagreich & Kira Lappé 



Wells and archaeological sites in Vienna 

Urban Archaeology Vienna 
 

Well data base of ca. 63,000 
borehole descriptions 

Vienna Urban Geology 
Department (MA29) 



Stratigraphy, lithostratigraphy and sediment geochemistry 
(lead, copper,…) in anthropogenic deposits (well cores, 
excavations) 

Using handheld-X-ray-flourescence equipment and lab 
instruments  

Copper, lead, …. plutonium,…. 

Well cores, core storage MA29 

Geochemistry 



Silex/flint mine at Mauer-
Antonshöhe/Vienna 
?7,500 / 4,750 – 3,900 BC 

Vienna‘s  anthropogenic sediments 

Rochusmarkt, Vienna 
Late Celtic fountain – 
Latène- 
1st century BC 

Romans – Vindobona 
2nd century AD 



ca. 63,000 well core decsriptions Study areas 



Vienna - Artificially Modified Ground 

 Vienn’s anthropogenic sediments from 0.02 m to 42 m (at large 
disposal sites). 
 huge deposits of “Anschüttung” around the first district, the 
inner City of Vienna, derive mainly from the historical city walls, 
demolished in the mid-19th century. 
 Material mentioned in the well logs and related to the time of 
the Anthropocene is mainly concrete as well as plastics. 



Landfill (Rautenweg,…) 

Landfill Deponie Rautenweg 



Study areas 

City of Vienna (1010)  Rautenweg Landfill (1220)  

Well core sections (red): 8,627 
Archaeological points (green): 2,259 
 

Well core sections (red): 680 



Interpolation (Kriging)  

Anthropogenic sediments: 
46,153,092 m³ 

Anthropogenic sediments: 
42,927,291 m³ 

City of Vienna (1010)  Rautenweg Landfill (1220)  

Deponie Rautenweg 

Deponie Langes Feld 
Artificial ponds 

City walls 

Roman camp 

Wien river 
 tunnel 



Interpolation (Kriging)  

Anthropogenic sediments: 46,153,092 m³ 
mainly Roman-1960  
Growth rate: 23,000 m³ per year   

Anthropogenic sediments: 42,927,291 m³ 
From 1960 onwards 
Growth rate: 715.000 m³ per year  

City of Vienna (1010)  Rautenweg Landfill (1220)  

Deponie Rautenweg 

Deponie Langes Feld 
Artificial ponds 

City walls 

Roman camp 

Wien river 
 tunnel 



City of Vienna (1010)  Rautenweg Landfill (1220)  

Roman camp 

Kriging (3D, 10 times exaggerated 

Anthropogenic sediments: 46,153,092 m³ 
mainly Roman-1960  
Growth rate: 23,000 m³ per year   

Anthropogenic sediments: 42,927,291 m³ 
From 1960 onwards 
Growth rate: 715.000 m³ per year  

Anthropocene Surge: 
From the inner city to the outside 
 
From medieval town to today 



<1830 Wien river bed filled up/ 
1922-1934 building of market 
hall 
1945-1950 WWII rubble filling of 
ruins of market hall (helmet, 
gun,…) 
1950 – 1959 peneplation of 
Karlsplatz Park and building of 
(old) Vienna / Wien Museum 
2019 start of excavation for new 
Wien Museum 
 

City of Vienna: Karlsplatz archaeological site (Wien Museum) 



An Anthropocene stratigraphic marker 

Plutonium content 
and isotope 
composition: 
Ratios  
of Pu-240/Pu-239 
and 
U-233/U-236  
typical for 
radionuclides fallout 
from atmospheric 
bomb testing 1950s-
1960s 
 



 
Paradigms 
questioned 



Short duration of the Anthropocene? 

e.g. atmospheric lifetime of anthropogenic CO2 = duration of the Anthropocene? 
 

Fossil fuels will be depleted on a time scale of 
centuries, decades perhaps for oil and natural 
gas, but the climate impacts will persist for 
longer than any of us can really imagine. 

…generally accepted modern understanding of the 
global carbon cycle indicates that 
climate effects of CO2 releases to the atmosphere will 
persist for tens, if not hundreds, of thousands 
of years into the future. 
Will be longer than the Holocene. 



Paradigms questioned 

 
Uniformatism, a key first principle of geology  
(James Hutton, Charles Lyell) 
 

“The  present  is  the  key  to  the  past” 

 
 
The present is not [anymore] the key to the past 
 

“If our coastlines are sinking because of human-induced subsidence at rates that have never been 
seen before, or seismicity is becoming controlled by human action in parts of the world where 
fracking dominates, the present is not the key to the past” (Jaia Syvitski) 

Gary Nichols 



Challenges of the Anthropocene  

Paradigms ruined?  

Uniformatism, a key first principle of geology  
(James Hutton, Charles Lyell) 
 

“The present is the key to the past” 

 
The present is not [anymore] the key to the past 
 
 



The Anthropocene changes the relationship between Natural Sciences and society 
– reverses 500 years of scientific discoveries (Copernicus, Darwin,…) 
 
The second Copernican Revolution? 
 
Humans are not passive observers of Earth 
… a geological superpower…  
 (Barry & Maslin, 2016) 

Steffen et al., 2016 

Paradigms questioned 


