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Pollution Sources 
In Ice Cores

To the Editor:
In studying the excellent paper 

by Zbigniew Jaworowski, “CO2: 
The Greatest Scientific Scandal of 
Our Time,” [Spring-Summer 2007], 
I would like more explanation 
about Figure 2 on p. 18, “Changes 
in CO2 Concentrations in Vostok 
Ice Core Similar to Changes of Ex-
treme Pollution.” I have searched 
the sources noted, but I would like 
to have particular explanations of 
pollution interferences.

Rui G. Moura
Portugal

Zbigniew Jaworowski 
Replies

Figure 2 is composed from two 
sources: Figure 11 in Jaworowski, 
et al. 1992b [“Do Glaciers Tell a 
True Atmospheric CO2 Story?” in 
The Science of the Total Environ-
ment, Vol. 114, pp. 227-284] in 
which seven curves represent sev-
en phenomena occurring in situ 
and in the ice cores.  Among them, 
only the CO2 curve is relevant for 
discussion of the 2007 paper.

The new curve added to Figure 2 
are data on lead concentration from 
Boutron et al., 1987 [“Preliminary 
Data on Changes in Lead Concen-
trations in Antarctic Ice 155,000 to 
26,000 Years BP,” Vol. 21, No. 5, pp. 
1197-1202], covering the same depth 
(and ice age) as the CO2 curve.

Figure 2 shows that the highest con-
centration of lead in the ice core appeared 
at the same part of the core as the lowest 
concentrations of CO2. This reflects the 
effect of horizontal cracks formed in the 
ice at the moment of drilling the core. 
Through these cracks, the drilling fluid, 
highly contaminated with lead and other 
heavy metals, penetrated to the very cen-
ter of the core, and CO2 escaped to the 
fluid from the cracked ice.

The cracking is due to the sheeting 
phenomenon, which is caused by a dif-
ference of pressure between the rock (or 

ice), and the bottom of borehole filled 
with the drilling fluid. The corrosive drill-
ing fluid is filling the borehole not to the 
surface of the ice, but to about a level of 
200 meters below the surface, at which 
the porous firn is already changed  into 
solid ice.

This causes a pressure difference at the 
bottom level of the borehole in ice of 
about 15 bars. Sheeting starts at a pres-
sure difference of 8 bars.

The lead curve is more or less parallel 
to some other effects, such as formation 
in the ice core of secondary cavities from 
the expanding clathrates, due to pressure 
relaxation, decreasing pressure in the gas 
inclusions, crystal size, and perhaps also 

core volume expansion. This is what Fig-
ure 2 says.

__________________

Correction
In “CO2: The Greatest Scientific Scan-

dal of Our Time” (Spring/Summer 2007, 
pp. 14-28), the statement on p. 22 (left 
column) that “the Sun has been the domi-
nant cause of the strong warming during 
the past three decades” is that of the au-
thor, Zbigniew Jaworowski, and is not 
from the quoted reference Solanki et al. 
2004. The reference to Solanki et al. 2004 
should have appeared just after Figure 7, 
for it refers only to Figure 7. 21st Century 
apologizes for this editorial error.

LETTERS

Figure 2
CHANGES IN CO2 CONCENTRATIONS IN VOSTOK ICE CORE

SIMILAR TO CHANGES OF EXTREME POLLUTION
The changes in CO2 concentrations along the Vostok ice core are similar to changes of
extreme pollution of the core with lead, and to changes of several factors influencing the
chemical composition of the gas content in the core: core volume expansion, ice crys-
tal size, pressure of gas inclusions, disappearance of air bubbles with increasing pres-
sure resulting from the formation of gas clathrates, formation of secondary gas cavities
resulting from the dissociation of clathtrates at lower pressures.
Source: After Jaworowski et al., 1992b and Boutron et al. 1987

1

20

40

0.01

0.1

1

10

M
ean crystal size (cm

2)

(No./cm2)

The highest
contamination of 
core with metals
from drilling fluid
agrees with the 
lowest CO2 in 

bubbles

(Bars)

Inclusion’s pressure

N
um

be
r 

of
 In

cl
us

io
ns

0

10

20

30

40

0.2

0.4

0.6

V
olum

e expansion (%
)

Volume expansion

160

80

0

300

250

200

Current 
CO2 
(ppm)

0 400 800 1,200 1,600 2000

160,000 years

Depth (m)

Secondary cavities

Original bubbles

Inclusions pressure in 
relaxed core

Brittle     ice cores

Mean crystal size

CO2 in Vostok
core

C
O

2

–56 –54.5
Temperature (°C)

–50.1 –42.3 –36.5

34.3
Load pressure (bars)

85 142 185

% Pb per g ice 
in center of core

LEAD

Figure 2


