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Annual mean total column ozone (black line) peaks during years with major volcanic 
eruptions and then drops precipitously by more than twice as much during the following 
year causing a cooling in the lower stratosphere (purple line) and warming of Earth. The 
green line shows annual mean tropospheric chlorine (y-axis inverted). The dashed red 
line shows increase in ocean heat content (y-axis inverted).
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The Highest Frequency Highest Energy Radiation

is Absorbed in the Upper Atmosphere

Temperature in the atmosphere is set by 

the highest energy solar radiation to 

penetrate to a given level

En
e

rg
y 

>6
.8

 e
V

 k
m

E
n

e
rg

y
 >

4
.3

 e
V

 k
m

50 km

30 km

When ozone is depleted, more high-energy solar radiation reaches Earth

The temperature of Earth is determined primarily by how energetic the 

solar radiation is that reaches Earth
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Effusive volcano

Bárðarbunga, Iceland, Current

Explosive volcano

Pinatubo, Philippines, 1991

Duration: years to millennia Duration: hours to days

Eruption height: generally < 2 km Eruption height: up to 36 km

Formed aerosol in the

lower stratosphere

Glaciation in Iceland near end of last ice age (Licciardi et al., 2007)



Extrusion of basaltic 

magma reached a peak 55 

to 60 million years ago 

during the opening of the 

Greenland-Norwegian 

Sea. Temperature also 

reaches a peak.

(Storey et al., 2007)

Paleocene Eocene 

Thermal Maximum

Sea surface

temperatures

rose 6oC

Massive Expansion of Ice in 

Antarctica at 34 Ma

Flood Basalts and 

Mass Extinctions  
Flood basalts

lead to:

Ozone depletion

Lethally hot 

climate

Acidic oceans

Land plant 

mutations

Mass extinctions

A
g

e
s

 o
f 

m
a

s
s

 e
x

ti
n

c
ti

o
n

s
 (

M
a

) 
  
  
 

Ages of continental flood basalts (Ma)  

(Courtillot and Renne, 2003)

7 million km2

91% of the

contiguous US in 

<670,000 years

Examples of Major Temperature Change Contemporaneous with Major Volcanism
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