
Ocean Anoxia:  
The end-Permian Mass 

Extinction 
 

Lee R. Kump 
 

Dept. of Geosciences and  
Astrobiology Research Center 

The Pennsylvania State University 

National Geographic	


National Geographic	











! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! Time (Ma)

! ! ! ! ! ! ! ! ! ! ! ! ! ! ! (a)

E
x

ti
n

ct
io

n
 p

er
ce

n
ta

g
e

Cm O S D C  P Tr J K Pg Ng

 500 400 300 200 100 0

0
2

0
4

0
6

0
8

0
1

0
0

Time (Ma)

      (b)

O
ri

g
in

a
ti

o
n

 p
er

ce
n

ta
g

e

Cm O S D C  P Tr J K Pg Ng

 500 400 300 200 100 0

0
2

0
4

0
6

0
8

0
1

0
0

Alroy, pers. comm.	





Extent of Anoxia	



Permian-Triassic Earth 

Modified after (Thomas et al., 2004)




Photic-Zone Euxinia 
•  Anoxic and sulfidic 

conditions   



Tropospheric pH2S  
•  1-D atmospheric photochemical model 
•  1000-year simulations 
•  Modern atmospheric pO2 

Rapidly fatal to humans	



Limit of detection by smell 

Olfactory nerve paralyzed 

Kump, Pavlov and Arthur (2005)	





Tropospheric OH abundance	





Tropospheric CH4 partial pressure	





Loss of ozone shield	





www.astrobio.net/cgi-bin/h2ps.cgi?sid=672&ext=.ps 
 
 
A Welsh View: OK, Who Farted? 
... "The end-Permian is puzzling," Professor Lee Kump of Penn State University 
 told the Geological Society of America, meeting in Seattle. ...  
 xo.typepad.com/blog/2003/11/ok_who_farted.html - 20k - Cached - Similar pages  
 
Ananova - Stink bomb gas 'may have caused mass extinction'... may have taken place to 
the smell of rotten eggs ... Theories for the end-Permian extinction include massive 
volcanic ... But Dr Lee R Kump, professor of geosciences at ...  www.ananova.com/news/story/sm_835148.html - 13k 

- Cached - Similarﾊpages  
 

 

The only problem with Dr Kump's hypothesis is that he has no actual evidence 
for it. But he hopes to gather some soon, from rocks in Japan. And if he does, 
you can bet that yet another theory will come oozing down the catwalk to sneer 
at it. 







P. Ward (Sci Am. 2006)	





 Method 

16 Ying Cui Goldschmidt 2014 

•  Spatially-resolved Earth system models 



1x PO4
3-


Surface Ocean H2S




2x PO4
3-


Surface Ocean H2S




3x PO4
3-


Surface Ocean H2S




4x PO4
3-


Surface Ocean H2S




5x PO4
3-


Surface Ocean H2S




6x PO4
3-


Surface Ocean H2S




7x PO4
3-


Surface Ocean H2S
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Surface Ocean H2S


80-175 m depth




Hydrogen Sulfide


8x PO4
3-
Panthalassic ocean




ppm CO2 



More realistic models have reduced fluxes 
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Harfoot et al. (2008)	
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Is the H2S Hypothesis 
“Dead”? 

•  More sophisticated ocean models 
produce less H2S in surface waters (but 
PZE still widespread) 

•  More sophisticated atmospheric models 
yield much lower H2S values and no 
ozone depletion at similar fluxes to 
earlier work (chronic rather than acute 
stress on biota) 



Guo et al. (in press, EPSL)	





Atmospheric O2 

Wind mixing	



Air-sea  
exchange 

H2S 

Wind-mixed layer oxygenated today (e.g., in Black 
Sea) because supply of O2 across air-sea interface 
exceeds upwelling of H2S 

upwelling	



Keeping euxinia at depth: is the Black Sea the appropriate 
model for an euxinic ocean?  



Wind mixing	



Air-sea  
exchange 

H2S 

Because of increasing [H2S] and/or decreasing 
atmospheric pO2 
 

upwelling	



Upwelling flux of H2S comes to exceed in-mixing of O2 

Atmospheric O2 


