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ABSTRACT 

Radiocarbon dating has allowed to derive a consistent picture of the chronology of the climate of late glacial and 
post glacial times. However, the radiocarbon content of the atmospheric carbon-dioxide has certainly varied over this 
period of time. For several reasons, it would be an improbable coïncidence if radiocarbon dates from Pleistocene times 
should agree precisely with the actual ages. Corrections of the order of one thousand years can be expected. For the • 
period of the Iast 7 000 years for which samples of known ages are available, the magnitude of these corrections seems 
to be correlated with climatic changes. Such correlation would be easiest to interpret if one could assume that the global 
climate is influenced by the sun. 

~ÉSUMÉ 

Les datations par le carbone 14 ont' permis de donner une image cohérente de la chronologie du climat pendant la 
fin du Glaciaire et du Post-Glaciaire. Cependant, la teneur en radiocarbone du CO., atmosphérique a certainement varié 
pendant cette période. Pour plusieurs raisons, ce serait une coincidence assez improbable que · les dates radiocarbone du 
Pléistocène soient précisément en accord avec les âges réels. Des corrections de l'ordre de un millier d'années sont 
probables. Pour la période couvrant les 7 000 dernières années, pour laquelle on a des échantillons d'âge connu, l'amplitude 
de ces corrections semble corrélée à des changements climatiques. Une telle corrélation serait plus facile à interpréter 
si l'on pouvait supposer que le climat, dans son ensemble, est influencé par le soleil. 

The enormous value of the radiocarbon dating 
method for the establishment of a firm chronology 
of climate fluctuations over the past 50,000 years is 
well known. At the time when I started radiocarbon 
dating at the U.S. Geological Survey, about 20 
years ago, practically nothing was known about the 
chronology of the last ice age. At that time, Professor 
Richard Flint, at Yale University, had collected a 
number of wood samples from trees that had ob
viously been pushed over and buried by an advanc
ing ice front. Radiocarbon dates on these samples 
showed conclusively that in North America the gla
ciation reached its maximum extent only 19,000 
years ago [ 1, 2]. Figure 1 shows the results of these 
early determinations as they were obtained 20 years 

ago. At that time the maximum of the last glaciation 
was thought to have occurred much earlier, and so 
these results caused great excitement. 

There have always been some workers in the field 
who question the accuracy of the radiocarbon dates. 
The radiocarbon method is based on the assumption 
that the C-14 concentration in the atmospheric car
bon dioxide bas remained constant. The way to 
check this is to determine the Carbon-14 con
centration in samples of precisely known age. 
Such samples have become available through work 
at the University of Arizona Tree-Ring Laboratory. 
Shortly after the glacial dates mentioned above were 
obtained at the Geological Survey, Professor Ed
mund Schulman, at the University of Arizona, dis-

(*) On Ieave from the University of California. San Diego, La Jalla, California 92037, USA. 
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FIG. 1. - Locations of wood samples buried by the advancing ice front of the last glaciation (filled circles), and their 

radiocarbon ages as determined in 1954, in Washington, D. C. Locations of samples from a time after the ice 
had left are shown as triangles. For details, sec reference [I]. 

covered that the California bristlecone pine trees 
were the oldest known living thing [3]. Since then, 
Professor C.W. Ferguson has worked out a conti
nuous tree-ring chronology for these trees (Pinus 
aristata) from the White Mountains of California, 
going back more than 7,000 years [ 4]. Measure
ments on tree-ring-dated samples had already shown 
that there were systematic differences between the 
tree-ring ages and the radiocarbon ages of the wood 
samples [5]. The more than 7,000-year sequence 
made it possible to now obtain a consistent picture 
of these deviations (6, 7]. This picture, derived from 
a preliminary evaluation of the measurements of the 
La Jolla Radiocarbon Laboratory, is shown in Figu-

re 2. In the lower part of this figure, the deviation of 
the observed Carbon-14 content of the wood sam
ple, is plotted against its tree-ring age. As can be 
seen, the general trend of the data can be approxi
mated by a sine wave. In the upper part of the 
figure, the deviation of the individual results from 
this sine wave is shown. The reason for presenting 
the results in this way is that it is in general assu
med that there are two types of variations, having 
two different geophysical causes. One is the slow 
change represented by the sine wave, as shown in 
the lower part of the figure, and the other type is 
manifested by more rapid fluctuations as presented 
at the upper part of the figure. 
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FIG. 2. - Difference 6.C14 in percent between calculated and measured Carbon-14 content (taking 5,730 years for the 
Carbon-14 half-life), relative to a standard nineteenth century wood. The curve drawn through the points is a best-fit 
sine wave (10,050 years amplitude 9.9 percent). Data are preliminary, and obtained by the La Jolla Radiocarbon 
Laboratory. Upper part shows the deviations of the 6.C14, as measured from the sine wave shown in the lower part 
of the figure. A tentative possible correlation with climatic epochs is indicated at the top of the figure [15] . 

It is possible to explain both types of variations 
by assuming that the production rate of Carbon-14 
by cosmic radiation has changed and has undergone 
variations with time. The cause of the graduai 
change of the Carbon-14 level represented by the 
sine wave, could be the change of the geomagnetic 
field of the Earth. The rapid fluctuations shown in 
the upper part of the figure could have been caused 
by variations in the cosmic ray intensity, due to 
changes in the solar activity. In this connection it is 

important to know the functional relationship bet
ween the cosmic ray production rate of radiocarbon 
and the Carbon-14 level in the atmospheric carbon 
dioxide. In order to derive such a relationship, one 
has to know something about the way in which the 
cosmic ray-produced radiocarbon is distributed on 
the surface of the Earth. This distribution then has 
to be approximated by a suitable mode! consisting 
of several radiocarbon reservoirs, and assuming ap
propriate exchange rates between them. It was first 
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F10. 3. - Electrical analog models for the Carbon-14 distribution on the surface of the Earth. Reservoir sizes are 
assimilated by capacitors (C) and inverse transfer rate constants by appropriate resistors (R). Just as the gçochemical 
distribution of the Carbon-14 on the surface of the Earth, the electrical analogs have the characteristics of low
pass filters [10]. 
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FIG. 4. - Amplitude attenuation F (Upper part), and phase lag Il (lower part) of a periodic variation in the atmospheric C14/ C12 

ratio caused by a periodic variation in the production rate Q versus period t = 21t l w. For an explanation of the 
details see reference [ 10]. 

suggested by de Vries [8] that these models can be 
assimilated by electric circuits consisting of capa
citors and resistors, such as shown in Figure 3 [9, 
10). Anybody familiar with electric circuitry will 
realize that the two electrical analogs, shown in 
Figure 3, represent so-called low-pass filters . This 
means that harmonie oscillations of the input cur
rent I affect the voltages in the circuitry to a much 

greater degree if their period is long, than if it is 
short. Figure 4 shows the approximate, amplitude 
attenuation for periodic variations in the Carbon-14 
production rate as a function of the period, and in 
the lower part of the figure, the corresponding phase 
lag. The functional dependence of .liC14 upon Q 
obtained in this way shows that changes in the pro
duction rate Q must be assumed to have occurred in 



order to explain the relatively rapid C14 fluctuations. 
It is not yet known whether the cosmic ray flux 
could have changed that much as a consequence of 
solar modulation. 

The change, as represented by the sine wave in 
Figure 2, indicates a change in the production rate 
by about 50 percent. A change of that magnitude is 
consistent with observed changes in the magnetic 
field of the Barth, although the quantitative values 
are not known accurately because of effects of qua
drupole moment variations upon paleomagnetic mea
surements (11]. 

The Carbon-14 variations, as shown in Figure 2, 
are undoubtedly a most interesting geophysical quan
tity. The variations are certainly correlated with the 
magnetic dipole moment of the Barth and indepen
dently with solar activity. Data for sunspot numbers 
exist back to the time of Keppler, to the sixteenth 
century, A.D. Estimates of the solar system in earlier 
times have been published by Schove [12], and one 
has to expect, from cosmic ray physics, that at times 
when the sun is relatively quiet and the sunspot 
numbers are low, the Carbon-14 level in the atmos
pheric carbon dioxide tends to rise. At times of 
high solar activity, when the sunspot numbers are 
large, the carbon-14 value tends to decrease. 

The expected correlation between Carbon-14 va
riations and solar activity opens up the possibility of 
learning about solar activity of the past. In particu
lar, it opens up a possibility of investigating the 
existence of cycles in the solar activity longer than 
the well-known 11-year cycle. A harmonie analysis 
of the existing Â C14 values [ 13] shows indications 
of a 200- and perhaps a 400-year cycle and also for 
the existence of periods of approximately 1,000 and 
2,000 years. However, the data so far are too incom
plete to allow firm conclusions. 

Changes in the cosmic ray production rate of 
Carbon-14 have undoubtedly affected the Carbon-14 
level. One might also expect that changes in the 
geochemical distribution of the Carbon-14 on the 
surface of the Barth could have had an effect upon 
the atmospheric Carbon-14 level. Such changes in 
the geochemical distribution could certainly be cau
sed by changes of the global climate. In general, a 
world-wide temperature decrease of the surface 
waters of the oceans should lead to a lower carbon 
dioxide concentration in the atmosphere. Increased 
storminess could increase the oceanic mixing rate, 
and thus the rate of transfer of Carbon-14 into the 
dee,p ocean. A lower carbon dio:xide content of the 
atmosphere would lead to an increase in the Carbon-
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14 concentration; more rapid transfer into the ocean 
to a lower Carbon-14 concentration. Also, the size 
of the biosphere, the total surface area of the oceans, 
and other quantities, should have an effect. However, 
it is exceedingly difficult to estimate the magnitude 
of these effects. Ail one can do is to look for empi
rical correlations between global climatic changes 
and the atmospheric Carbon-14 level. 

Indeed, it appears that such correlations exist (14, 
15). At the time of the so-called " little ice age ", 
that is, during the fifteenth and seventeenth centuries 
A.D., the Carbon-14 concentration in the atmosphe
ric carbon dioxide was rising. This rise could · have 
been caused by the state of the Sun, which was 
unusually quiet during this period. Although meteo
rologists in general strongly oppose such an assump
tion, it appears to me not unreasonable that the Sun 
could, simultaneously and independently, affect the 
cosmic ray flux, and thus the production rate of 
radiocarbon, and at the same time the global climate. 
Even Jess firmly established correlations between 
Carbon-14 and climatic changes are indicated on the 
top of Figure 2. A conspicuous irregularity in the 
Carbon-14 values exists for the eight century A.D., 
which was a time during which the climate suppo
sedly changed from the so-called Sub~Boreal to the 
Sub-Atlantic. A similar irregularity may or may not 
be correlated with the transition of the Atlantic to 
the Sub-Boreal. Should these correlations, indeed, be 
physically meaningful, and not just coincidental, then 
one would have to assume that the state of the sun 
can affect the world-wide terrestrial climate. Chan
ges in solar activity are accompanied by changes in 
the uv and ionizing radiation emitted by the sun, 
and one would have to assume that this type of ra
diation has an effect upon the terrestrial climate. 
This is contrary to presently accepted meteorological 
doctrines, but may still be worth further conside
ration. 

In order to be able to derive conclusions that are 
more firm than those possible at present, many more 
Carbon-14 determinations on tree-ring-dated wood 
are necessary. In particular, it would be most desi
rable to obtain information on how rapidly the 
Carbon-14 content of the atmospheric carbon dioxi
de has changed at times. The magnetic dipole mo
ment cannot lead to very rapid changes, and there 
are limits as to how rapidly solar activity can change 
the Carbon-14 level. 

Naturally, everybody wants to know how the cur
ve, shown in Figure 2, continues beyond 5,500 B.C. 
Again, I do not think it is possible to predict this on 
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theoretical grounds. Carbon-14 determinations on 
material dated with the help of varved clays from 
Scandinavia seem to indicate that the iiC values 
decrease in time beyond 5,000 B.C. In any case, it 
would be a coïncidence if radiocarbon dates from 
glacial times would give the exact calendar years. 
Corrections necessary to convert the Carbon-14 da
tes to true ages will probably not be much greater 
than those that have to be applied for material from 
the third or fourth millenium B.C. Even in the ex
treme case that the Carbon-14 concentration during 
glacial times had been different by a full factor of 
two, the Carbon-14 dates would require a correction 
of no more than one half-life, 5,700 years. Such a 
large difference can hardly be expected, and hence 
it cannot be expected that our present picture of the 
chronology of the last glaciation will change noti
cably once the magnitude of the necessary correc
tions is known and can be applied. · 
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DISCUSSION 

N. SHACKLETON : Y ou suggested that there is no 
reason to expect exactly the same 14C level in 
the atmosphere during the glacial and during the 
Holocene. To what extent do you feel that modelling 
can predict what might have happened to the 14C in 
the atmosphere and ocean during the « transient > pe
riod of deglaciation ? 

H . SuEss : Unfortunately, geochemical models for 
the C14 distribution do not allow any prediction on 
the C14 level during glacial times and during the 
transient period. This is because there are several fac
tors involved, that presumably act in the opposite di
rection. A relatively cold ocean and high storminess 
should lower the C14 in the atmosphere, but a relati
vely low CO2-content of the atmosphere should lead 
to an increased C14-level. Also, a quiet sun can be assu
med to lead to a relatively high C14 level. 

1 



N. MoRNER : According to Dansgaard et al. (1970, 
p. 46) your C14 data show one 405 year cycle and one 
2,400 years cycle. Don't your curves of the deviation 
of C14 (from tree ring data and from the sine wave), 
in fact, suggest that the causation cycles are frequency
changing ? What is your opinion about climatic cycles : 
are they constant or frequency-changing ? 

H. SUESS : Nobody knows whether or not the appa
rent cycles are really physically significant, so it is 
certainly not known whether or not they are frequency
changing. Whether or not the sun might be expected 
to undergo a cyclic behavior that changes its frequency 
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with time is an astrophysical question that I don't 
think can be answered at present. 

G. MITCHELL : If climate was bad when Napoleon 
invaded Russia and good when William the Conqueror 
invaded England, it is not obvious that the record 
suggests that climate was bad about 5,000 BP when 
neolithic farmers were crowding into England and 
Ireland ? 

H. SUESS : In my oppinion the record only indicates 
that something curious happened, not necessarily, that 
the climate was bad. 




