


that this air can freely penetrate into the ice sheet, down to the
firn/ice transition at about 40 to 120 m depth, where final oc-
clusion of the firn pores occurs.

However, as discussed in Reference 12, the formation of ice
crusts has been recorded at many sites with mean annual sur-
face air temperature reaching 257°C. Numerous Japanese,
Russian, and Norwegian stratigraphic studies have demon-
strated that such high density ice strata (layers) are ubiquitous
in the Antarctic ice sheet, where they form a multilayer struc-
ture (1 to 15 strata per meter depth), separating firn into hori-
zontal pockets (Figure 5). This structure acts as a barrier to the
free penetration of air into firn. The chemical and stable iso-
tope fractionation of CO2, CH4, N2, and O2 occurring in the
air trapped in the porous Greenland firn, indicates that this air
in firn is isolated from the atmosphere.4 7 On this basis, Craig et
al. revoked their earlier estimate of a difference between age of
air and ice.4 8

Thirteen years after the age assumption was postulated, and
it was accepted on this basis that the level of greenhouse gases
was lower in the pre-industrial atmosphere than now, an at-
tempt was made to prove its validity in an experiment carried
out in a borehole at Summit, Greenland.2 1 At this site, the au-
thors estimated the air/ice age difference as 210 years. As was
indicated in Reference 22, the interpretation of the results in
this experiment ignored Darcy’s law on flow in porous media.
C O2 concentration measured in air from about 214-year-old
firn ranged from 242.3 to 435.7 ppmv; and from 50-year-old
firn, it ranged from 347 to 641.4 ppmv. Such concentrations
do not represent the composition of atmospheric air, but rather
the fractionation processes in the ice sheets, and experimental
a r t i f a c t s .

The consequence of the assumption that the air in bubbles is
younger than the ice in which the bubbles are found, is evident
in Figure 6(b), which is widely accepted as a “proof” that the
level of CO2 in the atmosphere has been increased by man’s
a c t i v i t i e s .1 1 The same erroneous procedure was also used for
other greenhouse gases. In the case of CO2, the data from the
19th century ice collected at Siple, Antarctica, were made to
overlay exactly the present atmospheric CO2 c o n c e n t r a t i o n s
measured at an active and CO2-emitting volcano, Mauna Loa,
Hawaii—by assuming, arbitrarily, that the occluded air is 83
years younger than the ice.

Without this “correction,” and using the real age of ice, the
Siple and Mauna Loa curves do n o t correspond, and could in-
dicate that CO2 atmospheric concentration was the same in
the latter part of the 19th century as in the 1970s. One can
also note that the CO2 concentration in the air bubbles de-
creases with the depth of the ice for the entire period between
the years 1891 and 1661, not because of any changes in the
atmosphere, but along the increasing pressure gradient, which
is probably the result of clathrate formation, and the fact that
the solubility of CO2 increases with depth.1 2

Cracked and Contaminated Ice Cores
Another area ignored by the global warming advocates

concerns the condition of the ice core samples, as a result of
the sampling procedure. Drilling the ice cores is a brutal pro-
cedure, subjecting the ice to mechanical and thermal stress,
drastic decompression, and pollution. These factors cause mi-
cro- and macro-cracking of the ice, opening the original air

bubbles and forming artificially created secondary air cavities
in the bubble-free, deep ice, and causing internal contamina-
tion of cores.

A dense network of horizontal fractures is created in the ice
cores by a sheeting phenomenon that occurs as the result of
elastic relaxation of load pressure of more than about 8 bars;
that is, in cores at a depth below 110 meters. The cracking
occurs during the drilling and upward transportation of the
core in the borehole, which is filled with a wall-retaining
drilling fluid. The small cracks are soon healed by regelation,
and their remnants are visible as horizontal stratification of
the cores. The effects of this sheeting phenomenon, well
known to geologists and glaciologists, are demonstrated in
Figure 7. The same horizontal cracking is visible in a similar
photograph of Vostok core.49

Drilling fluid (diesel oil, jet fuel, and so on, with aggressive
organic substances added for density regulation and antifreeze
purposes) enters the cracks and penetrates into the central
parts of the cores, and into the air bubbles and secondary gas
cavities formed by dissociating clathrates. In the classic papers
on greenhouse gases in polar ice, the reader is not informed
about the method of drilling, or about the use of a drilling fluid
(for example, see Reference 50). The gases released by decom-
position of clathrates can escape into the drilling fluid before
the cracks are healed at the surface of the ice sheet. As sug-
gested by Craig et al., the molecular and isotopic fractionation
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Figure 7
CRACKING IN ICE CORE SAMPLES AS A RESULT

OF DRILLING AND TRANSPORTATION UPWARDS
A photograph in transmitted light of the inner part of an
ice core from the Mizuho Plateau (East Antarctica), at a
depth of 356 m. Note a dense structure of “healed”
macro-cracks, which do not disturb the mechanical in-
tegrity of the core. Before “healing,” the cracks were
open to migration of gases and pollutants, which affect
the measurements of greenhouse gases.
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of gases may occur during this process.4 8
Numerous studies on radial distribution of metals in the

cores (for example, Reference 51) reveal an excessive contam-
ination of their internal parts by the metals present in the
drilling fluid. In these parts of cores from the deep Antarctic,
ice concentrations of zinc and lead were higher by a factor of
tens or hundreds of thousands, than in the contemporary snow
at the surface of the ice sheet (Figure 8). This demonstrates that
the ice cores are not a closed system; the heavy metals from
the drilling fluid penetrate into the cores via micro- and
macro-cracks during the drilling and the transportation of the
cores to the surface.

During this drilling process, the ice cores become porous
and open to both inflow and outflow of gases and liquids.
The sheeting phenomenon, and about 20 physical and chem-
ical processes that occur in the ice sheets and in the ice
cores, make the ice and its gas inclusions an improper mater-
ial for reconstruction of the levels of greenhouse gases in the
ancient atmosphere.12

It is astonishing how credulously the scientific community
and the public have accepted the clearly flawed interpreta-
tions of glacier studies as evidence of anthropogenic increase
of greenhouse gases in the atmosphere. Future historians can
use this case as a warning about how politics can negatively
influence science.

Using Carbon Isotope Evidence for CO2
Analysis of glacier ice is not the only way to estimate the an-

thropogenic contribution to the current CO2 content in the at-
mosphere. Carbon present in CO2 is composed of two stable
isotopes, carbon-12 and carbon-13. Their ratio is commonly
expressed as the d1 3C (delta carbon-13) value. This value dif-
fers in various components of the environment. For average
crustal carbon, it is 27 per mill;5 2 for atmospheric CO2 in iso-
topic equilibrium with marine HCO32 and CaCO3 ( c a l c i u m
carbonate), it has been estimated to be about 27 per mill;5 3

measured in atmospheric CO2 in 1956, it was 27.00 per
m i l l ;5 4 and in 1988, 27.807 per mill;5 5 and for fossil fuel and
biogenic carbon it is 226 per mill.5 6 Such great differences in
the isotopic signature of fossil fuel and biogenic carbon make
possible the estimation of the current and past contributions
from this source to the atmosphere, because mixing even rela-
tively small amounts of CO2 with so low a d1 3C value should
change the average natural d1 3C of atmospheric CO2.

This estimation can be made by carbon isotope mass bal-
ance calculations. For example, between 1956 and 1988, the
C O2 concentration in the atmosphere changed from 315.6
ppmv to 351.2 ppmv;7 that is, by 10.14 percent. If this change
were caused solely by anthropogenic emissions of CO2 w i t h
d1 3C of 226 per mill, then in 1988, the average atmospheric
d1 3C should be

(27 per mill · 0.8989) + (226 per mill · 0.1014) = 
28.927 per mill

and not 27.807 per mill, as measured by Keeling et al. at
Mauna Loa, Hawaii.5 5 With a 21 percent increase in atmo-
spheric CO2 caused by human activities, as claimed by the
IPCC on the basis of glacier studies,1 1 and with a preindus-
trial d1 3C value of 27 per mill, the current d1 3C of airborne

C O2 should decrease to about 211 per mill. Such a low
value was never determined

Such data conflict with the whole structure of the green-
house warming hypothesis and, in particular, these data con-
flict with the unrealistically long atmospheric lifetime of CO2
of up to 200 years assumed by the IPCC.1 1 This assumption
allows the accumulation of a rather small annual fossil-fuel
and land-use increment of about 6 gigatons of carbon (GtC)
per year, to about the 150 GtC assumed atmospheric increase
between 1869 and 1990. The d1 3C value measured in 1988,
which is much higher than the result of isotopic mass balance
calculation, suggests that in 1988, anthropogenic sources
contributed only a small fraction to the total of atmospheric
CO2. This fraction can be quantified in the following way:57

In 1991, the author, together with Tom V. Segalstad from
Oslo University, calculated the isotopic composition of the De-
cember 1988 atmospheric total CO2 pool of 748 GtC reported
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Figure 8
CONTAMINATION OF ICE CORE SAMPLES 

BY DRILLING FLUIDS
A radial distribution of lead pollution in the Vostok
core, at a depth of 1,850 m, shows values of lead per
gram of ice that are factors of tens to hundreds of thou-
sands higher than lead concentrations measured in
nearby recent surface snow in Antarctica, which range
from 2.3 to 7.4 picograms of lead per gram of ice.

Source: Adapted from Boutron, et al. 1990.
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by the IPCC in 1990, in which Keeling et al. (1989)
measured a d1 3C of 27.807 per mill. We made
these calculations for three components of the CO2
pool: (1) the fraction of natural CO2 with d1 3C o f
27 per mill remaining from the pre-industrial at-
mosphere (pre-1750); (2) the fraction of natural CO2
with d1 3C of 27 per mill remaining from the period
1750-1988; and (3) the cumulative CO2 fraction re-
maining from each annual emission of fossil-fuel
C O2 from 1860 to 1988, with a d1 3C of 226 per
m i l l .

For various atmospheric lifetimes of CO2, we
calculated the mass N of each component remain-
ing in 1988 from particular years, using the equa-
tion

N = N0e2λt

where N0 is the annual injection of CO2 (in GtC) at
a time t (in years) before the end of December 1988
from natural sources or fossil fuel burning, and λ i s
the removal constant (reciprocal lifetime) for vari-
ous atmospheric CO2 lifetimes between 2 and 200
years. The isotopic mass balance calculations
demonstrated that the lifetime fitting the 1988 crite-
ria of d1 3C of 27.807 per mill, and of the mass of
atmospheric CO2 of 748 GtC, is only 5 years. Nei-
ther longer nor shorter lifetimes give realistic iso-
topic mass balance results.

The atmospheric CO2 lifetime of about 5 years
agrees with numerous estimates based on measure-
ments of atmospheric carbon-14 from natural
sources and nuclear tests.5 8 , 5 9 Significant amounts
of carbon-14 from nuclear tests penetrated deep
into the ocean, in a relatively short time; 10 years
after the most intensive test in 1962, carbon-14 was
found at a depth of 5,000 m in the North Atlantic.6 0
A similar CO2 atmospheric lifetime was also esti-
mated by Starr from the seasonal atmospheric CO2
v a r i a t i o n s .6 1 The implication of the 5-year lifetime,
is that about 18 percent—that is, 135 GtC, of the
atmospheric CO2 pool—is exchanged each year. An anthro-
pogenic contribution of about 6 GtC per year pales in compar-
ison with this vast natural flux.

The results of our calculations also indicate that the mass of
C O2 from all past fossil-fuel emissions remaining in the Decem-
ber 1988 atmosphere was about 30 GtC—that is, about 4 per-
cent (and not 21 percent) of the 1988 atmospheric CO2 p o o l ,
corresponding to an atmospheric CO2 concentration of about
14 ppmv. The content of non-fossil-fuel and non-biogenic CO2
with d1 3C of 27 per mill in the December 1988 atmosphere
was about 718 GtC. This corresponds to a pre-industrial atmos-
pheric CO2 concentration of about 339 ppmv. The fossil-fuel
component would be less if emissions from terrestrial biota
(with similar d1 3C to that of fossil fuel) were included in the cal-
culation. The estimate by Guthrie and Smith6 2 of 35 GtC re-
maining from 1860 to 1990 in fossil-fuel CO2 emissions, based
on (non-isotope) mass balance calculations and a 5.1 year at-
mospheric lifetime of CO2, is close to our result.

The current atmospheric CO2 pool is dominated by the nat-
ural CO2 with d1 3C of 27 per mill degassed from the ocean.
The 4 percent anthropogenic contribution to this pool is prob-

ably smaller than the variations of CO2 flux from natural
sources caused by climatic instabilities.

CO2 Increases Not the Result of Human Activity
Atmospheric CO2 concentration increased from 315.6 ppmv

in 1958, to 359 ppmv in 1994.7 , 6 3 As these concentrations
correspond to an atmospheric CO2 mass of 669 GtC and 761
GtC, respectively, the cumulative increase during 37 years was
92 GtC; that is, about 14 percent of the 1958 atmospheric
mass of CO2. The average annual increase in this period was
then about 2.5 GtC.

Each year about 12 percent (that is, 92 GtC) of the total at-
mospheric mass of CO2 exchanges with the ocean, and about
13 percent (102 GtC) with the land biota (IPCC 1990). It is
possible that the observed CO2 increase is the result of a
small change in this annual natural CO2 flux, caused by in-
creased degassing from the warmer ocean, and increased ox-
idation processes at land and sea, resulting from natural
climatic fluctuation. This possibility was not discussed in the
IPCC’s 1990 document.

The IPCC estimated that the temperature of the surface wa-
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Figure 9
ANNUAL CHANGES IN ATMOSPHERIC CO2 FOLLOW 

TEMPERATURE CHANGES, NOT MAN-MADE EMISSIONS
The increases in man-made emissions of CO2 (dotted line) are not
coupled to the fluctuations in the atmospheric CO2 (thin solid line).
Instead, zig-zags of changes in atmospheric CO2, seem to closely
follow changes in temperature (heavy solid line). The largest de-
creases in CO2 occur after volcanic eruptions reach the stratosphere.
Volcanic eruptions are noted at top.

The source of temporal trends in anthropogenic CO2 e m i s s i o n s
from fossil fuel burning and cement production is taken from Boden,
et al., 1990; Andres, et al., 1993. The data for atmospheric CO2
mass increases are calculated from CO2 air concentrations mea-
sured at Mauna Loa, Hawaii, and are taken from Boden, et al., 1990;
Keeling, et al., 1995. The global surface air temperature is taken
from Boden, et al., 1990; Keeling, et al., 1995.
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ters increased between 1910 and 1988 by about 0.6°C. A sim-
ilar increase was observed in the surface air temperature in this
period. Increasing the average temperature of the surface of
the oceanic waters (15°C) by 0.6°C, would decrease the solu-
bility of CO2 in these waters (0.1970 g CO2 per 100 g) by
about 2 percent. The CO2 flux from the ocean to the atmo-
sphere should be increased by the same factor; that is, by
about 1.9 GtC/year. This is similar to the observed average in-
crease of atmospheric CO2 in the years 1958 to 1968, of 0.73
p p m v / y e a r ,7 which corresponds to 1.6 GtC/year. The mea-
sured annual atmospheric CO2 increases were higher in the
next two decades (2.5 GtC/year and 3.4 GtC/ y e a r ) ,7 which in-
dicates that changes in CO2 solubility in oceanic water were
responsible only for a part of observed CO2 increases. Inor-
ganic processes on land and changes in marine and terrestrial
biota could also contribute to these increases.

The atmospheric air and sea surface temperatures did not
increase smoothly during this period, but were rather irregu-
lar, zig-zagging from year to year (Figure 9). The annual
changes in atmospheric CO2 mass closely followed the tem-
perature changes. This was probably the result of rapid equili-
bration between CO2 concentration in the atmosphere, and
the dissolved inorganic carbon in the sea in about three quar-
ters of a year.64

The greatest cooling and largest decreases in the rate of at-
mospheric CO2 increase occurred after volcanic eruptions
which reached the stratosphere, characterized by high dust
veil index: Gunung Agung in 1963, Fuego in 1974, El Chichon
in 1982, Nevado del Ruiz in 1985, and Pinatubo in 1991.

On the other hand, the smoothly and steadily growing an-
nual increases in anthropogenic emissions of CO2 from fossil-
fuel burning and cement production, do not match the
atmospheric CO2 fluctuations. Since 1988, these sharply grow-
ing anthropogenic emissions have not been associated with de-
creasing values of d1 3C of atmospheric CO2;6 3 for 7 years
between 1988 and 1994, this latter value remained remarkably
stable. If the observed changes in CO2 concentration were
man-made, a decrease in d1 3C should be observed.

During the famous “energy crisis” in 1974-1975, there was
practically no decrease in anthropogenic CO2 emissions, but
there was a dramatic drop in annual mass increase of atmo-
spheric CO2 associated with atmospheric cooling; in 1983,
the decreasing anthropogenic CO2 emission rate was associ-
ated with a peak in the rate of atmospheric CO2 mass in-
crease, preceded by a cooler air temperature in 1982; in
1992, the highest rate of anthropogenic CO2 emission was
associated with one of the deepest drops in atmospheric CO2
mass increase, and air cooling.

The data in Figure 9 suggest that CO2 atmospheric mass in-
creases were n o t related to man-made emissions of this gas,
but rather that these increases depended on volcanic eruptions
and other causes of natural climatic fluctuations.
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