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Abstract: This paper gives an overview of the origin of 14C, the global carbon cycle, anthropogenic impacts
on the atmospheric 14C content and the background of the radiocarbon dating method. For radiocarbon
dating, important aspects are sample preparation and measurement of the 14C content. Recent advances in
sample preparation allow better understanding of long-standing problems (e.g., contamination of bones),
which helps to improve chronologies. In this review, various preparation techniques applied to typical sample
types are described. Calibration of radiocarbon ages is the ﬁnal step in establishing chronologies. The present
tree ring chronology-based calibration curve is being constantly pushed back in time beyond the Holocene
and the Late Glacial. A reliable calibration curve covering the last 50,000-55,000 yr is of great importance
for both archaeology as well as geosciences. In recent years, numerous studies have focused on the extension
of the radiocarbon calibration curve (INTCAL working group) and on the reconstruction of palaeo-reservoir
ages for marine records.
[Die Radiokohlenstoffmethode und ihre Anwendung in der Quartärforschung]
Kurzfassung: Dieser Beitrag gibt einen Überblick über die Herkunft von Radiokohlenstoff, den globalen
Kohlenstoffkreislauf, anthropogene Einﬂüsse auf das atmosphärische 14C und die Grundlagen der Radiokohlenstoffmethode. Probenaufbereitung und das Messen der 14C Konzentration sind wichtige Aspekte im
Zusammenhang mit der Radiokohlenstoffdatierung. Gegenwärtige Fortschritte in der Probenaufbereitung
erlauben ein besseres Verstehen lang bekannter Probleme (z.B. die Kontamination von Knochen) und haben
zu verbesserten Chronologien geführt. In diesem Überblick werden verschiedene Aufbereitungstechniken
für typische Probengattungen beschrieben. Der letzte Schritt beim Erstellen einer Chronologie ist die Kalibration der Radiokohlenstoffalter. Die gegenwärtige auf Baumringzeitreihen basierende Kalibrationskurve
wird stetig über das Holozän und Spätglazial hinaus erweitert. Eine zuverlässige Kalibrationkurve für die
letzten 50.000–55.000 Jahre ist von herausragender Bedeutung sowohl für die Archäologie als auch die
Geowissenschaften. In den letzten Jahren haben zahlreiche Studien an der Erweiterung der Radiokohlenstoff-Kalibrationskurve (INTCAL working group) und an der Rekonstruktion des Paläo-Reservoireffekts in
marinen Archiven gearbeitet.
Keywords: Radiocarbon dating, sample preparation, calibration, Quaternary
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1 Introduction
The cosmogenic (produced by cosmic rays)
isotope of carbon 14C, also called radiocarbon,
is the heaviest of the three isotopes of this
element occurring in nature. The two stable
isotopes 12C and 13C (representing 99.9% and
0.1%, respectively, of all natural carbon) originate from the primordial composition of the
planet. Although 14C takes up only a minute
fraction of the carbon content (10-12), its presence in carbon-bearing materials and the halflife (T1/2) of 5730 ± 40 yr (GODWIN 1962) form
the basis for important geochronological and
environmental applications.
Cosmic rays hitting the Earth’s atmosphere produce cascades of secondary particles. Thermal
neutrons, which are products of cosmic ray interaction, react with nitrogen of the atmosphere
(Fig. 1). On average, 2 atoms cm-2 of 14C are
produced in the atmosphere every second. Oxidised to CO and CO2 molecules, which takes
weeks and weeks to months, respectively (ROM
et al. 2000), 14C is then quickly mixed within
the atmosphere. Monitoring of the atmospheric
14
C levels of the nuclear tests in the 1960s has
shown that inter-hemispheric mixing occurs
in one to two years. For the purpose of radiocarbon dating, the difference between various
regions is marginal. However, the difference
between the hemispheres (ca. 5 ‰) might be
reconsidered through regional calibration (MCCORMAC et al. 2004).
Age measurements are possible because 14C
becomes a part of all organic and inorganic
carbon compounds and a steady state between
the uptake (photosynthesis or food) and the
decay of 14C exists as long as the organism
is alive (LIBBY et al. 1949). After death, the
only remaining process is decay (beta decay
in which 14C decays to nitrogen). Measurement of the beta-decay rate (conventional
method) or counting the remaining 14C atoms
(AMS method) gives a measure of the time that
elapsed since the steady state was broken. The
half-life of 5730 ± 40 yr (GODWIN 1962) allows the application of this method for the last
50,000-55,000 yr.

The main processes of the carbon cycle also
control the 14C exchange of the atmosphere
with other main reservoirs: the ocean, the biosphere and the sediments (Fig. 2). The very fast
exchange rate between the atmosphere and the
biosphere assures equal 14C concentration in
contemporary living organisms, which is important for the use of radiocarbon as a dating tool.
The ocean, which is the largest carbon reservoir,
has a long residence time of 14C and in consequence, the surface water and the deep-water
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Fig. 1: Production and distribution of cosmogenic
14
C. Produced mainly in the upper atmosphere due
to interaction of thermal neutrons with nitrogen,
14
C is relatively quickly oxidised and mixed in the
atmosphere. Through photosynthesis, it enters the
biosphere and through gas exchange, the oceans.
Abb. 1: Produktion und Verbreitung von kosmogenem 14C. Das hauptsächlich in der oberen Atmosphäre durch Interaktion von thermischen Neutronen
mit Stickstoff produzierte 14C wird relativ schnell
oxidiert und in der Atmosphäre vermischt. Durch
Photosynthese gelangt es in die Biosphäre und durch
Gasaustausch in die Ozeane.

4

IRKA HAJDAS

masses have ages relative to the atmosphere,
giving rise to the so-called reservoir age.
Due to various mechanisms such as changes
in production rate and/or in the exchange rate
between the carbon reservoirs, the atmospheric
14
C content ﬂuctuates over time. These variations affect radiocarbon dating and often limit
precision of age estimates.
2 Production rate and global carbon cycle.
In general, the cosmic rays ﬂux remains constant (VOGT et al. 1990) and observed ﬂuctuations in production rate of atmospheric 14C are
controlled by geomagnetic ﬁeld strength as
well as solar activity. In effect, a correlation exists between the number of solar spots (active
sun) and the production rate of cosmogenic isotopes. The inﬂuence of solar and geomagnetic
shielding on the production rate of cosmogenic
isotopes can be simulated (MASARIK & BEER
1999). Based on these simulations, the globally
averaged production rate calculated for 14C is
2.02 atoms cm-2 s-1.
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Fig. 2: The global carbon cycle (parameters used by
SIEGENTHALER et al. 1980). Ni = amount of carbon in
reservoir i; Ri = 14C/12C ratio; δ13C = isotopic fractionation
Abb. 2: Der globale Kohlenstoffkreislauf (mit den
Kenngrößen verwendet von SIEGENTHALER et al.
1980). Ni = Menge Kohlenstoff im Reservoir i; Ri =
14
C/12C Verhältnis; δ13C = isotopische Fraktionierung.

Various natural archives of cosmogenic isotopes
have documented variability of production rate
with time. For example, higher production rates
of the cosmogenic isotopes 10Be and 14C are
observed in ice cores and tree rings from the
most pronounced periods of low solar activity:
the Maunder, Wolf and Spörer minima, when
the shielding was weaker (BEER et al. 1988).
Variations in the strength of the geomagnetic
dipole are also reconstructed using records of
relative palaeointensity of the deep-sea sediments (CHANNELL et al. 2000; LAJ et al. 2000).
A comparison of production rates derived from
geomagnetic strength with the ice core record
of 10Be shows a striking correlation (LAJ et al.
2002). Relatively short changes (events) have
been observed during the last 50 ka. Higher production rates of the cosmogenic isotopes 10Be,
36
Cl and 14C characterised periods/intervals of
the Laschamp (41 ka) and Mono Lake (32 ka)
geomagnetic excursions when the intensity of
the geomagnetic ﬁeld was low (Fig. 3) (HUGHEN
et al. 2004a; LAJ et al. 2002; VOELKER et al. 2000;
WAGNER et al. 2000).
Distribution of 14C within and between reservoirs of carbon affects atmospheric 14C content. The main mechanism of these changes is
climatic variability because the ocean, which
is the largest C reservoir (Fig. 2), is also an
important component of the Earth’s climate
system. For example, changes of deep ocean
ventilation during the glaciations had an impact on the atmosphere-ocean exchange of 14C.
Models have been developed to reconstruct the
effect of such changes in the ocean ventilation
on the 14C inventory of both reservoirs. The
simple box model of the ocean-atmosphere
showed that reduced ventilation rates result in
an increase, whereas the vigorous ocean ventilation results in a decrease of atmospheric 14C
content (SIEGENTHALER et al. 1980).
3 Anthropogenic impact on atmospheric 14C
3.1 Suess effect
The industrial revolution of the late 19th century
changed the 14C content of the atmosphere. The
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Fig. 3: Variations in 14C concentration in foraminifera shells from Late Pleistocene Icelandic Sea sediments
(VOELKER et al. 2000). The increases in marine Δ14C, the measure of difference from the ‘present day, i.e. 1950
AD 14C level (STUIVER & POLACH 1977), observed at 40-42 ka and 33-35 ka BP, coincide with low relative
magnetic ﬁeld intensity (LAJ et al. 2002), i.e. weak geomagnetic shielding of the Laschamp Event (LE) and
Mono Lake (ML) event, respectively.
Abb. 3: Variationen in der 14C Konzentration in Foraminiferenschalen aus spätpleistozänen Sedimenten aus dem
Isländischen Meer (VOELKER et al. 2000). Der Anstieg des marinen Δ14C, als Maß des Unterschiedes zu heutigen,
d.h. 1950 AD 14C Niveau (STUIVER & POLACH 1977), der bei 40-42 ka und 33-35 ka auftritt, fällt mit einer niedrigen Intensität des magnetischen Feld zusammen (LAJ et al. 2002), d.h. mit einer schwachen geomagnetischen
Abschirmung während des Laschamp Exkursions (LE) und des Mono Lake (ML) Exkursions.

increased burning of fossil fuels, which are free
of 14C (virtually all of the 14C ﬁxed in organic
matter from millions of years ago has already
decayed), added a signiﬁcant part of 14C free
carbon dioxide to the atmosphere. In effect,
the atmospheric 14C/12C ratio was lowered
and thus, radiocarbon ages measured in postindustrial times will overestimate the real age
of the sample. The effect was named after Hans
Suess who ﬁrst described it in the 1950s (SUESS
1955). The observed effect of fossil fuel burning is most pronounced in the air from urban
areas (LEVIN et al. 2008; PAWELCZYK & PAZDUR
2004).

3.2 The 14C ‘bomb peak’
The nuclear tests in the 1950s caused an increased stream of thermal neutrons into the
stratosphere, which produced additional 14C
atoms and created an excess 14C activity in the
atmosphere (Fig. 4). Bomb produced 14C was
identiﬁed soon after the tests started and continuous monitoring has been carried out (NYDAL et al. 1984; NYDAL & LOVSETH 1965, 1983).
The peak (ca. 100% above the normal levels)
reached its maximum in 1963 in the northern
hemisphere, where most of the tests took place.
In the southern hemisphere, the bomb peak
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Fig. 4: The 14C ‘bomb peak’. Measurements of post 1950 AD atmospheric 14C concentration for both the
Northern (NH) and Sothern Hemispheres (SH) compiled by HUA & BARBETTI (2004). The monthly atmospheric 14C data sets from measurements at the High Alpine Research Station Jungfraujoch (JFJ) show the
present level of atmospheric Δ14C (LEVIN et al. 2008).
Abb. 4: Der 14C „Bomben-Peak“. Die nach 1950 AD durchgeführten Messungen der 14C Konzentration für
sowohl die Nördliche (NH) als die Südliche Hemisphäre (SH) wurden von HUA & BARBETTI (2004) kompiliert. Der monatliche 14C-Datensatz von Messungen an der Hochalpinen Forschungsstation Jungfraujoch
(JFJ) zeigt das gegenwärtige Nivea des atmosphärischen Δ14C (LEVIN et al. 2008).

reached lower values (ca. 80 % of normal
level) and was delayed by ca. two years. After
the ban on above-ground nuclear tests in 1963,
the atmospheric 14C content began to decrease
mainly due to uptake by the ocean and the
biosphere (NYDAL et al. 1980). During the last
decade, the decline has been caused mostly by
dilution of the atmospheric CO2 with 14C-free
fossil fuel CO2 (ca. 2-3 per mil yr-1) (LEVIN
et al. 2008). Continuous monitoring of the
atmospheric 14C/12C ratio during the years following the nuclear tests provided the basis for
environmental studies (LEVIN & KROMER 2004;
ROZANSKi et al. 1995). Applications range from
studies of the ocean circulation, CO2 uptake,
and carbon storage in soils to medical and
forensic studies as well as detection of forgeries (LEVIN & HESSHAIMER 2000; SPALDING et al.
2005a,b; TAYLOR et al. 1992).

4 Radiocarbon dating
The method as established by Libby and coworkers in late 1940s assumed a constant
atmospheric 14C content. For the reasons discussed above, such an assumption is invalid,
as shown by more precise measurements of
tree rings performed in early 1950s. Moreover,
the half-life T1/2 = 5568 yrs used by ARNOLD &
LIBBY (1949) was later found to be off by 3 %
from its real value. However, an agreement has
been reached that conventional radiocarbon
ages (Libby ages) are calculated using the
Libby half-life and then later calibrated (where
a calibration curve is available) to obtain calendar ages that correspond to the measured 14C
concentration (age).
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4.1 Conventional radiocarbon ages
(Libby radiocarbon ages)
The 14C concentration measured either by
counting (KROMER & MÜNNICH 1992; HOGG et
al. 2006 and references therein) or AMS techniques (FINKEL & SUTER 1993; JULL & BURR
2006 and references therein) provides information about the time elapsed since the time of
deposition or death.
The activity of 14C can be measured by counting
of beta particles emitted by decaying 14C or by
measuring the 14C /12C ratio using accelerator
mass spectrometry (AMS). Both methods allow the dating of natural carbon-bearing material. After death or deposition, the equilibrium
between uptake from the environment (atmosphere, ocean, lake) and 14C decay is broken.
When the, new 14C atoms cannot be incorporated
by the organism, the activity begins to decrease
with a half-life of 5730 yr. Application of the
decay law for radiocarbon dating requires that
the activity of the organic matter after the death
of the organism changes only due to radioactive
decay (i.e. the dated matter was a closed system). Radiocarbon age (conventional or Libby
radiocarbon age) T can be calculated thusly:
T= 8033 ln (A/A0)
A = 14C activity at the time of dating
A0 = initial 14C activity at time t0
(deposition, death)
T1/2/ln2 = 8033 yr, where
T1/2 = 5568 yr half-life used by Libby
In order to calculate ages, the initial activity A0
at time t0 must be known. As already discussed,
A0 is not constant over time and therefore an activity of pre-industrial wood grown in 1890 AD
was chosen as reference. Although the half-life
T1/2 of 5568 yr (Libby half-life) is underestimated, it was accepted for use in the calculation
of conventional radiocarbon ages (OLSON et al.
1966; STUIVER & POLACH 1977). Conventional
radiocarbon age can then be corrected and expressed in radiocarbon ages for the half-life of
5730 years (t5730 = 1.03 tLibby).

In addition, small variations in the initial
activity of the sample are related to the mass
dependent fractionation of carbon isotopes by
chemical and physical reactions that occur
in nature, e.g. photosynthesis in the case of
plants (which is then passed to animal tissue
via the food chain) or precipitation processes
of carbonates. The degree of fractionation in a
dated sample, deﬁned as a depletion or enrichment of the isotope relative to the standard
material (CRAIG 1953), is different for various
materials (CRAIG 1954; STUIVER & POLACH
1977). Counting techniques use mass spectrometry measurements of gas split of CO2 in
order to obtain the correction value and some
of AMS facilities measure the 14C/13C as well
as 13C/12C ratios, which then can be applied to
correct for fractionation.
Because the 14C fractionation effect is approximately twice as much for 13C, the correction applied to the 14C content measured in the dated
material is two times δ13C. Recently MOOK &
VAN DER PLICHT (1999), REIMER et al. (2004c)
and VAN DER PLICHT & HOGG (2006) summarised the conventions used for age calculation. The nomenclature used by these authors
is summarised below. The 14C concentration or
14
C activity of a sample is described as a fraction of reference material:
14

a = 14A (sample)/14A (reference)

14

A (reference) or standard activity corresponds
to 95% of the activity of a speciﬁc batch of the
Oxalic Acid standard HOx1 in the year 1950
AD. The secondary standard HOx2 used presently by most laboratories has a deﬁned activity
ratio of 1.2933 in relation to the original HOx1
(MANN 1983).
14 0
A RN = 0.95 14A0OX1N = 0.7459
13.56 ± 0.07 dpm gC-1

14

A0OX2N =

dpm gC-1 = disintegrations
per minute and per gram of carbon
14
ARN is the speciﬁc activity of the standard corrected for isotopic fractionation to
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δ13C = -25‰ for HOx2 and δ13C = -19.0 ‰
for HOx1
The activity ratio of the measured sample or
concentration is deﬁned as:
14

a= 14A/14ARN

of the measured sample can be reconstructed
for samples of known calendar age (tree rings,
varves, U/Th dated carbonates). The measured
14
C content of the sample in year 1950 AD is
corrected for the decay of 14C (with the correct decay constant) during the time that has
elapsed since the sample was formed, ti:
G Ni

14

a Ni  1

a Ni

14

a N exp{(ti  1950) / 8267}

14

This value is independent of when the measurement was carried out because it is relative to
the standard of 1950 AD. The relative activity
is expressed in per mil and deﬁned as
14

δ = 14a-1

The measured isotopic ratio has to be corrected
for mass fractionation, which occurs during
chemical and physical processes in nature (see
above). The 14C activity and the relative content
are normalised to 13δ= -25 ‰ (wood):
14

ª113 G º
aN= a « 13 N »
¬ 1 G ¼
14

2

14

ª 0.975 º
a « 13 »
¬ 1 G ¼

2

Another symbol for the activity ratio has been
proposed by REIMER et al. (2004c) and is frequently used in publications:
F14C = 14aN
This expression stands for the activity ratio of the
measured sample to the standard corrected for
the fractionation (as deﬁned above) and for the
background activity (blank values for AMS samples). Similar to the convention discussed above
and published by STUIVER & POLACH (1977), the
radiocarbon age T is calculated using the measured and normalised values of 14aN or F14C:
T = −8033ln (F14C) or T = −8033ln(14aN)
Conventional radiocarbon ages are reported as
Before Present (BP), where 0 BP = year 1950
AD.
VAN DER PLICHT & HOGG (2006) define the
frequently used value of Δ14C (STUIVER & POLACH 1977), which illustrates the variations of
14
C in the atmosphere. The original 14C content

14

= F14Cexp{calBP/8267}
where T1/2/ln2 = 8267 yr for T1/2 = 5730 yrs
and calBP is the calendar age (cal BP) of the
sample.
4.2 Precision and accuracy of measured radiocarbon ages
Precision characterises the degree of agreement
among a series of individual measurements, i.e.
the uncertainty of the measurement and is often
quoted as the one-sigma error. This includes
statistical error of counting atoms (AMS) or
beta particles as well as uncertainty of measuring standards and blank values included in the
calculation of radiocarbon ages. The counting
error can be reduced by improved counting
statistics. This can be achieved by increasing
counting time. In the AMS technique, this is
usually limited by the sample size as well as
performance and stability of the AMS device.
Accuracy describes the difference between the
calculated radiocarbon and the true age of a
sample. This is independent of the measurement precision, i.e. radiocarbon ages can be
very precise but their accuracy might be low
or vice versa (SCOTT et al. 2007a). Radiocarbon
laboratories check their accuracy using measurements of known age samples (for example
a set of C samples available from IAEA).
Moreover, regular proﬁciency checks known
as inter-lab comparison are performed (SCOTT
2003a,b,c; SCOTT et al. 2004). Recently these
comparison measurements were extended to
various types of samples (NAYSMITH et al. 2007;
SCOTT et al. 2007b).
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4.3 Calibration of radiocarbon ages
Due to the variability of the atmospheric 14C
content and the used convention discussed
above, radiocarbon ages are only ‘deﬁned’
values and require calibration in order to obtain
calendar ages. Calibration of radiocarbon ages
compensates for both the error introduced by
conventional (Libby) half-life T1/2 and for the
temporal variability of the atmospheric 14C
content.
Calibration is a mathematical procedure that
places the measured radiocarbon ages (taken
with their error) on the experimentally drawn
curve. In the probabilistic calibration procedure, calendar ages, corresponding to the radiocarbon age obtained for the measured material,

9

are given with the probability distribution (68%
and 95% conﬁdence intervals for 1 sigma and
2 sigma error, respectively) (STUIVER & REIMER
1986, 1989). The calibrated radiocarbon ages
are then reported as ‘cal AD/BC’ or ‘cal BP’
(calendar years BP). Because of the wiggles on
the calibration curve, the transfer to calendar
time scale may have a complicated probability
distribution (Fig. 5).
Nowadays, calibration can be done using calibration software available via the
web site of the Radiocarbon journal (http:
//www.radiocarbon.org). The calibration data
used by most of the programs are based on
the calibration data sets prepared and published by the International Calibration Group
(INTCAL). The most recent set of data IN-

Atmospheric data from Reimer et al (2004);OxCal v3.10 Bronk Ramsey (2005); cub r:5 sd:12 prob usp[chron]

2800BP
Radiocarbon determination

ETH-19854 : 2450±50BP
68.2%probability
750BC (18.9%) 680BC
670BC ( 6.3%) 640BC
590BC ( 1.9%) 580BC
560BC (41.1%) 410BC
95.4%probability
770BC (23.0%) 680BC
670BC (72.4%) 400BC

2700BP
2600BP
2500BP
2400BP
2300BP
2200BP
2100BP

1000CalBC

800CalBC

600CalBC 400CalBC
Calibrated date

200CalBC

Fig. 5: Example of calibration of radiocarbon age (one of the samples from Ulandryk series, HAJDAS et
al. 2004b), which is in the range of an age plateau (see text). The complex nature of the calibration curve
(wiggles) results in multiple calendar age intervals.
Abb. 5: Beispiel für die Kalibrierung eines Radiokohlenstoffalters (eine der Proben aus der Ulandryk Serie,
HAJDAS et al. 2004b), welches sich im Bereich eines Altersplateaus befindet (s. Text). Die komplexe Natur der
Kalibrierungskurve („wiggles“) resultiert in einer Anzahl von möglichen Kalenderjahr-Intervallen.
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TCAL04 was published in 2004 (HUGHEN et al.
2004b; REIMER et al. 2004a). The current state
of the calibration curve and efforts to extend
it to the limits of the method will be discussed
later.
5 Sample types and preparation techniques
During the six decades of radiocarbon dating,
the method has evolved towards more sophisticated applications that, in many cases, require
very small sample sizes. The ultimate goal is
to obtain a material for radiocarbon dating that
is free of foreign carbon i.e., contaminants.
Because carbon is such a common element
in the environment, removing either modern
(high amount of 14C) or ancient (free of 14C)
contaminations has always been a challenging task. An overview of sample preparation
presented here is relevant to both conventional
and AMS sample preparation laboratories. The
focus is however set on samples prepared for
the AMS technique because many applications nowadays involve only minute sample
amounts. While previous sample treatments
were designed to remove contamination assuming that the material has been part of a
closed system, present preparation involves
evaluation of possible sources of contamination as well as extraction of the fractions that
will give the most accurate age estimates. This
requires understanding of the environment in
which the dated material had been formed and
preserved until sampling.
5.1 Sample types
The common types of samples include charcoal, wood, bones, animal tissue, textiles, paper, macroscopic remains of the plants (leaves,
fruits, ﬂowers), carbonates (corals, sediments,
stalagmites and stalactites), water, air and
organic matter from various sediments, soil,
palaeosol and peat deposits. Depending on the
sample type, an appropriate treatment is chosen
to select the most relevant fraction of carbon,
which will yield the accurate age of the studied
object.

5.2 Sources of contamination
Modern dust that includes particles of, for
example, hair, tissue, paper or pollen grains,
is the most common source of contamination with modern carbon. In addition, bacterial growth might contaminate sediments and
other organic matter during storage. Therefore,
freezing or drying of the material to be dated is
recommended.
Carbonates and humic acids inﬁltrate natural
environments over the years during which the
sample material has been buried in geological
or archaeological settings. Diagenesis is the
source of contamination that is introduced into
the molecular structure of the material to be
dated and such effects may often remain unnoticed. The process of exchange of carbon
might lead to contamination with either young
or old carbon. The most common problem in
dating archaeological samples is degradation
of bones. While buried in soil, they may incorporate humic acids from the environment.
Another example found in geological applications is dissolution and re-crystallization of
carbonates. Different types of carbonates may
be affected to different degrees.
Conservative substances used to preserve artefacts or bones will introduce either modern or
old carbon. Substances which had been used in
the past cannot always be tracked down and
therefore a range of solvents is used that should
remove most commonly used conservative substances. A Soxhlet extraction of contaminants
is routinely applied in many laboratories to
pre-treat wood, bone and textile samples. Some
geological samples also require such treatment
if they were buried in bituminous sediments.
5.3 Treatment methods
As the sources and types of contamination
vary, so do the methods of pre-treatment developed in order to provide the most accurate
radiocarbon ages. The ﬁrst step in applying
these methods is an assessment made on the
degree of contamination. Recent samples such
as well-preserved wood and charcoal, as well
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as textiles and in some cases bones, are usually
viewed as intact materials where contaminants
remain outside molecular structure of organic
matter (M methods). In such cases macroscopic
methods, which have been used for many decades by radiocarbon laboratories, are applied
(VAN KLINKEN & HEDGES 1998). A small but ever
increasing portion of samples are pre-treated at
the molecular level where speciﬁc compounds
are isolated, allowing more accurate dating of
speciﬁc material such as degenerated bones,
organic compounds in soil or deep-sea sediments (S-methods). With the exception of dating
alpha-cellulose, isolation of speciﬁc compounds
from a sample for dating would require an AMS
facility to handle samples as small as mg and μg
of carbon. The development of gas ion sources
will allow an omission of the graphitisation process, which is limited by sample size, and thus
direct measurement on CO2 samples as small as
a couple of micrograms.
5.3.1 Mechanical cleaning
Sample material will undergo visual examination after its arrival in the laboratory. All visible
contaminants are removed under a binocular and
the surface of the sample is cleaned if necessary.
A short cleaning in an ultrasonic bath is applied
to charcoal, textiles, wood and shells of molluscs
and foraminifera to remove dust particles, etc.
Some laboratories apply vacuuming of textiles
surface because an ultrasonic bath might destroy
and create a mash of the material. In the case
of solid surfaces such as bones or corals, sand
blasting is used to clean the surface (PATERNE et
al. 2004). Soft materials such as sediments have
their surfaces scraped. In the case of small plant
fragments washed out of sediments, remains of
aquatic plants must be removed with tweezers
(HAJDAS 1993; HAJDAS et al. 1993). Rootlets that
might have grown in the layer are removed from
peat or soil samples by sieving.
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radiocarbon dating, which is often applied to
remove contamination by carbonates and humic
acids (DE VRIES & BARENDSEN 1954). The ﬁrst
wash in acid solution (Fig. 6) removes carbonate contamination attached to the surface. The
duration of this step applied by different laboratories varies depending on the treated material.
After washing with distilled water, a treatment
with a weak base (for example 0.1 M NaOH) is
applied to dissolve humic acids. Following rinsing to neutral pH, the ﬁnal wash is a repeated
with a hot acid bath to remove carbonates that
precipitated from modern atmospheric CO2,
which is dissolved in an alkali solution. This
step is shorter than the other two and is followed
with a ﬁnal rinsing to neutral pH. The AAA
(or ABA, acid-base-acid) method is relatively
straightforward, hence commonly used in most
laboratories. However, several studies (HATTÉ et
al. 2001, HEAD & ZHOU 2000) have shown that
the alkali step of AAA might be responsible for
contamination of some material with modern C
from atmospheric CO2 dissolved during this step
and incorporated into the sample structure. Such
contamination cannot be entirely removed in the
last acid wash if the commonly used weak HCl
solution is applied. Materials that require such
modiﬁcation of classical AAA treatment include
wood, peat and palaeosols, i.e. common objects
for radiocarbon dating. The effect of contamination becomes signiﬁcant when old material is
prepared for radiocarbon dating. HATTÉ et al.
(2001) proposed alternative treatments, which
can be applied to samples that are susceptible to
contamination of their inner structure. These are
designed to remove modern carbon in the last
step of treatment (modiﬁcation of the last step
of the AAA (Fig. 6)). For example, modern carbonates, which replaced functional groups in the
samples of old wood during acid and base steps,
can be detached from the structure by stronger
agents such as sulphuric acid. In contrast to
hydrochloric acid, H2SO4 has a stronger ionic
afﬁnity for carbonates.

5.3.2 The acid-alkali-acid (AAA) method
5.3.3 ABOX Acid-Base-Oxidation
The AAA pre-treatment is known as the standard chemical treatment of organic matter for

Another modiﬁcation of the AAA (ABA)
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ORGANIC MATERIAL
WOOD, CHARCOAL,PLANTS REMAINS, TEXTILES

SOXHLET:

0.5 M HCl (60°C)

hexane, acetone, ethanol, water
Conservatives washed away

(carbonates removed)

0.1 M NaOH (60°C)
(humic acid removed)

0.1MK2Cr2O7 in 2M H2SO4
or 2M H2SO4 (carbonates removed)

0.1 HCl (60°C)
(carbonates removed)

330°C, 630°C
Pre-combustion

CO2 and graphite
Fig. 6: Overview of pre-treatment methods routinely applied for cleaning organic material. The Soxhlet
treatment is applied to material with suspected contamination caused by conservative substances or natural
bituminous carbon (see text). The standard AAA treatment (blue path) might be enhanced by pre-combustion
steps. ABOX (green path) is usually applied to treatment of material older than 20 ka.
Abb. 6: Überblick über Aufbereitungsmethoden, die routinemäßig für die Reinigung von organischem
Material verwendet werden. Die Soxhlet Behandlung wird angewendet an Material, welches vermutlich
durch konservierende Substanzen oder natürliches Bitumen verunreinigt ist (s. Text). Die Standard AAA
Behandlung (blauer Pfad) kann durch Vorverbrennungsschritte verstärkt werden. ABOX (grüner Pfad), wird
überlicherweise für Material verwendet, welches älter als 20 ka ist.

method involves a ﬁnal oxidising step in the
pre-treatment. BIRD et al. (1999) applied two
methods of oxidation using a highly oxidising agent of acid dichromate solution (0.1M
K2Cr2O7 in a 2M solution of H2SO4) (Fig. 6),
so-called ‘wet oxidation’, and pre-combustion
of the sample in oxygen ﬂow at 330ºC and
630ºC, i.e. temperatures lower than the ﬁnal
combustion at 850ºC. BIRD et al. (1999) used
these two methods and showed that the oldest
ages of very old charcoal, i.e. the most effective removal of contamination can be obtained
when ‘wet oxidised’ samples are also pre-combusted.
HATTÉ et al. (2001) proposed a replacement of
the last hydrochloric wash of peat and paleosols (sediments rich in Fe) by a wash with an
oxidising agent such as K2Cr2O7. In this study,
it was shown that the oxidation process breaks

insoluble ferrous compounds that were formed
during the alkali step, which could possibly
incorporate modern CO2.
5.3.4 Soxhlet treatment
Samples originating from museums and private
collections often have their own history of conservation. In most cases, records of restoration
are sparse or non-existent. Materials used as
conservative substances contain carbon, which
is either of modern or fossil origin and can contaminate samples. Naturally occurring samples
can also be contaminated by fossil carbon. The
effect has been observed in archaeological
samples from Terqa, Syria where asphalt was
present in the deposits. Some charcoal samples
from this region were dated to be as old as
28,700 BP whereas the archaeological context
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was dated to 3000 BP or younger (VENKATESAN
et al. 1982). Therefore it is advisable to perform
Soxhlet treatment of organic matter recovered
from soils, sediments and any tar-containing
environments.
For Soxhlet treatment, a standard procedure has
been developed (BRUHN et al. 2001, HAJDAS et
al. 2004c) and the most common conservative
substances are removed in a sequence of solvents bathing (hexane, acetone and methanol).
The sample is placed in the Soxhlet apparatus
as shown in Fig. 7 and the liquid is brought to
the boiling point. The condensate circulates in
the Soxhlet for 30 min so that the sample is
immersed in the clean hot solvent almost all
the time. Contamination is removed with each
spilling of the solvent through the siphon back
to the heated bottle.
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ﬁrst crushed or ground in a mill to speed up
the dissolution in acid. This step removes contaminants but may remove collagen as well.
Therefore, time and acid strength should be
controlled during the process.
Gelatine is obtained by dissolution of collagen
in a weak acid (LONGIN 1971). The demineralised sample is placed in 0.01N HCl solution
and left at 58ºC for 18-24 hr. The solution is
then ﬁltered and freeze-dried (Fig. 9) prior to
combustion. In order to remove potential contamination of the bone, additional separation
techniques have been developed. A modiﬁcation of the LONGIN (1971) method, including

5.3.5 Leaching surface of carbonate samples
Surface of carbonate samples such as tufa,
corals and shells may be contaminated due to
diagenic processes. In order to remove such
contamination, samples are cleaned mechanically (using an ultrasonic bath) and subjected
to various leaching procedures, which involve
acid and/or H2O2 solution. The degree of
leaching varies, depending on the material
dated. BURR et al. (1992) showed that 80 %
leaching of coral surfaces yields satisfactory
ages. Ages of ostracode shells from sediments
of Mono Lake became older as the shells were
successively dissolved (Fig. 8) (HAJDAS et al.
2004d).
5.3.6 Bone organic fraction
Bone contains mainly mineralised hydroxylapatite and carbonate-apatite as well as partly
ﬂuorapatite and chlorapatite, which are bound
to a matrix of collagen. Collagen makes up to
20 % of dried, defatted fresh bone. A smaller
fraction of the organic matrix is formed by
non-collagen proteins such as osteocalcin or
ferritin.
Most laboratories employ the method developed by LONGIN (1971) (Fig. 9). Bones are

Fig. 7: Soxhlet preparation system at the ETH lab.
The sample holders (middle part) are placed above
a boiling solvent (lower part). The vapours of the
solvent are cooled (upper part) and precipitated into
the sample holder.
Abb. 7: Soxhlet Aufbereitungssystem im Labor
der ETH. Die Probenhalter (mittlerer Teil) werden
oberhalb eines kochenden Lösungsmittels platziert
(unterer Teil). Der Dampf des Lösungsmittels wird
gekühlt (oberer Teil) und schlägt sich im Probenhalter nieder.
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6 Site and sample specific problems of
radiocarbon dating
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Fig. 8: Effect of consecutive leaching on radiocarbon age of ostracode shells from Carlson Sink,
Mono Lake, USA (HAJDAS et al. 2004d).
Abb. 8: Effekt des fortlaufenden Ablaugens auf Radiokohlenstoffalter von Ostrakodenschalen aus Carlson Sink, Mono Lake, USA (HAJDAS et al. 2004d).

a short treatment of ‘collagen’ with a base
solution prior to gelatinisation, has been proposed by ARSLANOV & SVEZHENTSEV (1993).
This procedure was adopted by HAJDAS ET AL.
(2007) and PIOTROWSKA & GOSLAR (2002) and
proved very effective in removing contamination. Separation of molecular masses by
ultra-ﬁltration was proposed by BROWN et al.
(1988) and improved providing very promising results (HIGHAM et al. 2006a, 2006b). The
procedure of ultra-ﬁltration involves separation of molecular masses because those of
peptides are heavier than the possible contaminant of humic and fulvic acids. The liquid
is placed in ultra-ﬁltration tubes with a 30 kDa
ﬁlter (Viva Spin or Millipore) and centrifuged
at 4000 rpm for 15 to 30 min (depending on
the volume of the tube). In effect, molecules
heavier than 30 kDa will remain above whereas the smaller (contamination fraction) will
pass through the ﬁlter and be discarded. The
heavier fraction obtained is freeze-dried and
then subjected to combustion.

In order to obtain the most accurate ages and
reliable chronologies for the studied objects or
sites (sedimentary records), appropriate material must be sampled for radiocarbon dating.
For lake sediments, terrestrial macrofossils
should be sampled to avoid potential ‘hard water’ effects caused by old carbonates built into
organic matter of aquatic plants (HAJDAS et al.
1993, 1995, 1998). The presence of old carbon
dissolved from bedrock is different from site
to site and the ‘hard water’ effect may range
from hundreds of years to nil. More locally,
radiocarbon ages of organic matter can also
be inﬂuenced due to volcanic (14C free) CO2
added to the atmosphere or dissolved in water.
For example, remains of aquatic plants found
in sediments of Lake Monticchio (Italy) were
more than 10,000 14C yr older compared to terrestrial macrofossils in the same sediment layer
(HAJDAS et al. 1998). Another source of old carbon has been observed in polar regions where
slow decomposition of organic matter and longevity of some species of mosses might result
in older radiocarbon ages (HUMLUM et al. 2005).
Similarly, too old ages are observed when redeposited or re-used material is dated. The best
example is the ‘old wood’ effect known in dating wooden artefacts.
For marine records, hand picked foraminifer
shells of plankton living in the upper layer of
the ocean are usually used for dating. The radiocarbon age of water in this layer varies from
400 to 1200 14C yr. Correction for the marine
reservoir effect is based on measurements
of marine radiocarbon ages of material with
known age (REIMER & REIMER 2001). Other
problems in dating marine records are related
to bioturbation and poor preservation of shells
as discussed by BROECKER et al. (1999, 2006).
7 Graphite preparation for AMS 14C measurements
For AMS measurements of 14C /12C ratios, the
autochthonous carbon present in the sample
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material has to be transformed into pure graphite. The ﬁrst step in this process is obtaining
CO2 by either combustion (organic matter) or
acidiﬁcation (shells and inorganic sediments).
For combustion, dried organic matter is
weighed and placed in a quartz glass tube,
which contains wire-formed CuO for oxidation of the material that is sealed after the tube
is evacuated. Silver wire or powder is added
together with the sample to bind SO2 and other
halogen gases that could poison the graphitisation reaction. The sealed tubes are placed in an
oven at 950ºC for 2 hr. Carbonate samples are
placed in a special chamber, which is evacuated, then mixed with concentrated phosphoric
acid and dissolved. The resulting CO2 is then
puriﬁed and frozen using liquid nitrogen (HAJDAS et al. 2004d). The experimental details are
given in HAJDAS et al. (2004c).
Most of the AMS laboratories use the graphitisation method described by VOGEL et al. (1984),
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where the reaction of CO2 + 2 H2 (heated to 580
to 600ºC for ca. 2 to 4 hr) over catalyst (cobalt
or iron powder) results in reduction to C and
H2O. The graphite that forms on the surface
of the catalyst is then pressed onto a target designed for AMS measurement.
Measurements of the 14C /12C and 13C /12C ratios of the samples to be dated are determined
relative to the respective NBS oxalic acid I
or oxalic acid II standard values. Chemistry
blanks prepared from natural graphite, coal or
marble (for example the C-1 standard of IAEA,
Vienna) is usually analysed in order to determine contamination introduced during sample
preparation. All samples (unknowns, standards
and blanks) of one series are measured several
times (typically three or four). The total measuring time per sample is around 30 to 40 min.
For details of measurements performed at the
AMS facility at the ETH Zurich see BONANI et
al. (1987) and SYNAL et al. (1997, 2007).

Bone (ca. 0.5 to 1.0 g)
cleaned and powdered

0.5 M HCl (room temp.)
(mineral part removed)

0.1 M NaOH (room temp.)
(humic acid removed)

80ºC, water pH 3

A
Gelatine GB

B
Gelatine BUF
(>30kDa)

80ºC, water pH 3

UF (30kDa)
E
C
D
Gelatine UF
(>30kDa) Gelatine ‘Collagen’

CO2 and graphite
Fig. 9: Overview of bone treatment (organic fraction): path A: modiﬁed Longin method (ARSLANOV & SVEZHENTSEV 1993), path B: modified Longin method combined with Ultra Filtration, path C: Longin method +
Ultra-Filtration (BROWN et al. 1988), path D: Longin method (LONGIN 1971), path E: ‘collagen’.
Abb. 9: Überblick über der Aufbereitung von Knochen (organische Fraktion): Pfad A: modiﬁziertes Longin-Verfahren (ARSLANOV & SVEZHENTSEV 1993), Pfad B: modiﬁziertes Longin-Verfahren kombiniert mit
Ultra-Filtration, Pfad C: Longin-Verfahren+Ultra-Filtration (BROWN et al. 1988), Pfad D: Longin-Verfahren
(LONGIN 1971), Pfad E: ‘Kollagen’.
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8 Calibration issues
8.1 14C age ‘plateaux’,
rapid ‘jumps’ and ‘wiggles’

Precise radiocarbon dating of certain periods
of interest may be complicated by extreme
variability of atmospheric 14C content present at
times in the radiocarbon calibration curve. These
complications arise from variations in atmospheric 14C content caused by the changes in the
production rate and changes in the carbon cycle
and are known as ‘wiggles’ in the calibration
curve. Radiocarbon age ‘plateaux’, for example,
caused by a decrease in the atmospheric 14C
concentration, appears as a slowing down of the
14
C clock such as one that occurred at 2500-2400
BP, i.e. between 700 BC and 400 BC (‘Hallstatt
plateau’) (Fig. 10). In effect, similar radiocarbon
ages may appear to correspond to a range of up
to 500 calendar years. The opposite is observed
when atmospheric 14C levels increase so that the
14
C clock appears to speed up. Therefore, due
3000
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2000
2000
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2400
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2800

3000
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Fig. 10: Radiocarbon age plateau at 2400-2500 BP
(700 BC and 400 BC) known as a ‘Hallstatt plateau’
marked on the calibration curve of INTCAL04 (REIMER et al. 2004a).
Abb. 10: Radiokohlenstoff Altersplateau zwischen
2400 und 2500 BP (700 BC bis 400 BC), bekannt als
“Hallstatt Plateau”, markiert auf der Kalibrierungskurve INTCAL04 (REIMER et al. 2004a).

to the ‘wiggles’, a single radiocarbon age may
correspond to more than one calendar age range
or the 14C clock may even appear to be reversed
with respect to actual time.
The set of radiocarbon ages obtained on a trunk
of a larch tree found in Scythian tombs/kurgans
of Altai Mountains illustrates the effect the age
plateaus can have on the precision of calendar
ages and shows how the wiggle match can help
to resolve it. Eleven out of sixteen calibrated
ages fall on the 2400-2500 BP age plateau. In
effect, the calibrated ages of all these samples
range from 700 BC to 400 BC (Fig. 11). However, a χ2 ﬁt of the age sequence to the calibration curve resulted in a precise dating of the
last ring to be 2267 +13/-21 cal BP (317 +13/-21 BC)
(Fig. 12), which was presumably the year when
the kurgan was built (HAJDAS et al. 2004b).
Another method to improve calendar chronologies, despite the 14C plateaux, is the use of
models such as wiggle-matching or calibration
models, where additional information about the
samples (sequence order) might be applied to
reduce the intervals of calibrated ages (RAMSEY
et al. 2001). This Bayesian approach to calibration of radiocarbon ages (BUCK et al. 1996) is
now included in calibration programs such as
BCal (http://bcal.shefﬁeld.ac.uk) (BUCK et al.
1999), OxCal (RAMSEY 2008) or Bpeat (BLAAUW
& CHRISTEN 2005). ‘Wiggle-matching’ with the
Bpeat program has been applied to develop
age-depth models of Holocene peat sections
from the Netherlands (BLAAUW et al. 2007). The
high-resolution radiocarbon dating combined
with Bayesian modelling was used to establish
chronology of climatic events of Kaipo Bog
(New Zealand) (HAJDAS et al. 2006). Similarly,
the late Glacial sedimentary record of Hauterive/
Rouges-Terres, Lake Neuchâtel (CH) (HAJDAS et
al. 2004a) were radiocarbon dated and the age
model was built using Bayesian model of OxCal
v3 program (RAMSEY 2001).
8.2 Extension of the calibration curve
The history of variations in atmospheric 14C
production during the last 12,400 years is based
on tree ring measurements and dendrochronol-
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AtmosphericdatafromReimeret al (2004);OxCal v3.10BronkRamsey(2005); cubr:5sd:12probusp[chron]

ETH-19844 2215±25BP
ETH-19845 2170±25BP
ETH-19846 2230±35BP
ETH-19847 2295±35BP
ETH-19848 2330±35BP
ETH-19849 2410±35BP
ETH-19850 2450±35BP
ETH-19851 2465±40BP
ETH-19852 2490±35BP
ETH-19853 2410±50BP
ETH-19854 2450±50BP
ETH-19855 2410±45BP
ETH-19856 2455±35BP
ETH-19857 2515±35BP
ETH-19858 2530±35BP
ETH-19859 2550±50BP
1500CalBC

1000CalBC

500CalBC

CalBC/CalAD

Calibrated date

Fig. 11: Results of calibration of radiocarbon ages obtained for a tree ring sequence of samples from a larch
tree recovered from a kurgan (burial mound) in Ulandryk (Altai Mountains) (HAJDAS et al. 2004b). Note the
wide ranges of calibrated age intervals obtained for radiocarbon ages hitting the plateau (see text). An exception is the sample ETH-19848, 2330 ± 35 BP, as this age corresponds to a steep slope on the calibration
curve
Abb. 11: Ergebnisse der Kalibrierung von Radiokohlenstoffaltern für Proben aus einer Baumringsequenz aus
einer Lärche, die aus einem Kurgan (Grabhügel) aus Ulandryk (Altai Gebirge) geborgen wurde (HAJDAS et
al. 2004b). Bemerkenswert ist der breite Bereich an kalibrierten Altersintervallen für Radiokohlenstoffaltern,
die auf Plateaus liegen (siehe Text). Eine Ausnahme ist Probe ETH-19848, 2330 ± 35 BP, weil diese Probe
mit einem steilen Abfall in der Kalibrationskurve zusammenfällt.
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Fig. 12: Results from the Ulandryk kurgan (Fig. 11)
ﬁtted to the calibration curve (see text): ﬁlled circles
(HAJDAS et al. 2004b) and open circles (KUZMIN et
al. 2004). The last ring is dated to 2267 +13/-21 cal BP
(317 +13/-21 BC).
Abb. 12: Ergebnisse für den Ulandryk Kurgan (Abb.
11) projiziert auf die Kalibrierungskurve (siehe
Text): ausgefüllte Kreise (HAJDAS et al. 2004b) und
offene Kreise (KUZMIN et al. 2004). Der letzte Ring
wurde auf 2267 +13/-21 cal BP (317 +13/-21 BC) datiert.

ogy. However, the older part of the calibration
has to be based on records other than the trees.
The radiocarbon ages of foraminifera shells
from sediments of Cariaco Basin and measurements of 14C on U/Th dated corals, all corrected for corresponding local reservoir age,
have been used to construct the late glacial and
glacial part of the calibration curve (12,40026,000 cal BP) (REIMER et al. 2004b) (Fig.
13). In addition to the atmospheric calibration
curve, a global mix layer marine reservoir age
has been modelled and used for construction of
a marine calibration (HUGHEN et al. 2004b).
Extension of the calibration curve to the limits
of the radiocarbon method is of great interest
to the wide range of palaeoclimate studies and
archaeological research. Corals, marine and
lake sediments and stalagmites may provide
continuous records of 14C changes (Fig. 14). In
addition, Marine Isotope Stage 3 Kauri wood
found in bogs of New Zealand is being studied
for this purpose (HOGG et al. 2007, TURNEY et

al. 2007). In the future, an updated data set of
INTCAL04 will allow conversion of radiocarbon ages older than 21000 BP to the estimated
(not yet calibrated) calendar ages (RAMSEY et
al. 2006).
Another problem of the calibration curve that
must be considered is the reconstruction of the
temporal as well as spatial variations of the
marine reservoir effect. Variations documented
for speciﬁc locations and periods (for summary see REIMER & REIMER 2001) may affect
radiocarbon-based chronologies of the marine
records. Efforts are being made to reconstruct
such variations using high-resolution chronologies of marine records (BONDEVIK et al. 1999,
2001, 2006; MANGERUD et al. 2006) or to model
it (FRANKE et al. 2008).
9 Summary and outlook
As long as carbon-bearing material is available,
radiocarbon dating methods allow measurement
of the isotopic composition of the material,
which is only limited to the materials formed
during the last 50-55 ka. The measured 14C /12C
ratio relative to the reference material allows
calculation of the radiocarbon age. However,
due to the complicated history of 14C, this age
requires translation to the calendar age.
INTCAL04
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Fig. 13: Radiocarbon calibration curve of INCAL04
(REIMER et al. 2004a).
Abb. 13: Radiokohlenstoff-Kalibrierungskurve INTCAL04 (REIMER et al. 2004a).
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Fig. 14: Reconstruction of past variation in 14C
content based on measurements of foraminifera
(squares) from Cariaco Basin; with the calendar
time scale obtained by climatic correlation to U/Th
dated stalagmites from the Hulu Cave (HUGHEN et
al. 2006; WANG et al. 2001). Included are also corals
ages (circles) dated by both radiocarbon and U/Th
(FAIRBANKS et al. 2005).
Abb. 14: Rekonstruktion vergangener Variationen
im 14C Gehalt basierend auf Messungen von Foraminiferen (Vierecke) aus dem Cariaco Becken, die
durch Klimatische Proxy mit der Kalender-Zeitreihe
U/Th-datierter Stalagmiten aus der Hulu Cave korreliert wurden (HUGHEN et al. 2006; WANG et al. 2001)
und Korallen (Kreise). Zudem sind Korallenalter
enthalten, die sowohl durch Radiokohlenstoff als
auch U/Th datiert wurden (FAIRBANKS et al. 2005).
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(as compared to grams needed for conventional
radiocarbon dating method). Calibration issues
were also recognised and great efforts of many
international groups resulted in the calibration
curves that are presently in use. This work is
being continued and remains a great challenge
to the radiocarbon dating community.
During the last ten years, novel solutions in the
AMS technique resulted in lowering energies
needed for successful separation of C isotopes.
Radiocarbon-dating dedicated small AMS setups are becoming a reality, allowing for higher
throughput and shorter turnaround time of
samples (SUTER et al. 2007; SYNAL et al. 2007).
Moreover, sophisticated preparative methods
allow for separation of carbon at the molecular
level (e.g., EGLINTON et al. 1996, INGALLIS et al.
2004, VON REDEN et al. 1998), providing opportunity for tracing contamination. The AMS systems that operate with a gas ion source allow
measurements to be performed on CO2 (RUFF et
al. 2007). Samples containing few micrograms
of C are combusted and their isotopic composition is measured without the graphitisation step
involved. This technical development marks
another revolution in radiocarbon dating that
will allow radiocarbon dating at the molecular
level. Thanks to this development, the great
value of 14C as an environmental tracer is becoming very appealing in addition to its usefulness as a dating tool.
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Magnetic dating of Quaternary sediments, volcanites
and archaeological materials: an overview
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ULRICH HAMBACH, CHRISTIAN ROLF & ELISABETH SCHNEPP *

Abstract: Magnetic dating includes all approaches dealing with the temporal variation of the Earth’s magnetic field (EMF) as well as with the application of climate dependent variations of rock magnetic properties
of sedimentary sequences and their correlation to independently dated palaeoclimatic archives. Palaeomagnetism has an outstanding impact on geosciences in general and especially on Quaternary chronology and
palaeoclimate research. Palaeomagnetic dating employs the temporal variation of the direction as well as the
intensity of the EMF on time scales from 102 to 107 years. The well-known temporal pattern of reversals of
the EMF on time scales from 104 to 107 years and the shorter secular variation (amplitude 10-30°, time scale
1 to 103 years) provide an excellent tool for stratigraphic subdivisions. Records of the intensity variations
of the EMF as well as the indirect dating by means of correlating rock magnetic property variations from
sedimentary archives to dated palaeoclimatic records also serve as dating tools. Field methods as well as
laboratory methods and techniques in data analysis will not be discussed in this paper. It is our aim to give a
short and subjective overview on palaeomagnetism and magnetic susceptibility stratigraphy as dating tools
in Quaternary science.
[Magnetische Datierung quartärer Sedimente, Vulkanite und archäologischer Materialien: Ein Überblick]
Kurzfassung: Unter magnetischer Datierung versteht man sowohl die Verfahren, die die zeitlichen Variationen des Erdmagnetfeldes (EMF) zur Altersbestimmung benutzen, als auch die Verwendung der klimaabhängigen Änderungen der gesteinsmagnetischen Parameter und ihre Korrelation mit unabhängig datierten paläoklimatischen Archiven. Die Paläomagnetik hat einen herausragenden Einfluss auf die Geowissenschaften
genommen und im Besonderen zur Etablierung der Chronologie des Quartärs und der Paläoklimaforschung
beigetragen. Die paläomagnetische Datierung benutzt die zeitlichen Variationen der Richtung wie der Intensität des EMFs auf Zeitskalen von 102 bis 107 Jahren. Das wohlbekannte zeitliche Muster von Polaritätswechseln des EMFs auf Zeitskalen von 104 bis 107 Jahren wie auch die Säkularvariation (Amplitude 10-30°,
Zeitskala 1 bis 103 Jahre) stellen ein hervorragendes Werkzeug für die Unterteilung von sedimentären oder
vulkanischen Gesteinsabfolgen dar. Aufzeichnungen der Änderungen der Intensität des EMFs sowie die indirekte Datierungen über den Vergleich der Variation gesteinsmagnetischer Parameter in Sedimentarchiven
mit anderen datierten Paläoklimaserien können ebenfalls zur Datierung herangezogen werden. Weder die
Methoden im Gelände und im Labor, noch die Techniken der Datenanalyse werden in dieser Publikation
angesprochen. Unser Ziel ist vielmehr, einen kurzen und subjektiven Überblick über die Paläomagnetik bzw.
magnetische Suszeptibilitätsstratigraphie als Datierungswerkzeug in der Quartärforschung zu geben.
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