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A
n accurate chronometer that covers
the past 50,000 years is a funda-
mental tool for geology and archae-

ology. For example, some prehistorians
believe that Neanderthals overlapped
chronologically with modern humans,
whereas others claim that they predated
modern humans by several millennia.
Accurate dating is essential to understand
this crucial time in human evolution.
Accurate dating is also of paramount im-
portance in fields such as geophysics, geo-
chemistry, and paleoclimatology.

The main chronometer for this time
range is radiocarbon (14C), but its use is not
free of perils. This is because the atmo-
spheric 14C/12C ratio—the starting point of
the radiocarbon clock—varies over time. To
obtain accurate dates, these fluctuations
must be accounted for with a calibration
curve. Fossil trees have been used to pro-
duce a high-resolution tree-ring calibration,
which has been extended with data from
layered sediments and tropical corals. The
latest “official” calibration curve, INT-
CAL04, was recently ratified during the
18th International Radiocarbon Conference
in Wellington, New Zealand (1). It refines
the previous INTCAL98 curve (2), but
stops at 26,000 calendar years before 1950
A.D. (“before present” or B.P.) (3), a period
beyond which no consensus was reached. 

Several groups have tried to extend this
curve from 26,000 to 50,000 calendar
years B.P. The records used for this pur-
pose include annually laminated sediments
(varves) from Lake Suigetsu in Japan (4,
5), corals from the uplifted terraces of New
Guinea (6), sediments of the former Lake
Lisan in Israel (7), carbonate deposits from
a submerged cave of the Bahamas (8), and
deep-sea sediments whose stratigraphy can
be tied to the Greenland Summit ice cores
(9). The latter method is based on correlat-
ing a known paleoclimatic event dated by
14C—such as transient warmings and mas-
sive glacial surges that occurred abruptly
over periods of decades—with its equiva-
lent in another record (such as a Greenland
ice core) that has been dated with tech-
niques other than radiocarbon.

Despite these efforts, it remains diffi-
cult to calibrate periods older than 22,000
14C years B.P., because residual concentra-
tions of 14C in such samples are extremely
low (a few percent of the concentration
found in modern samples). In addition, old
samples have often been altered by geo-
chemical processes. In particular, most
corals that grew before the sea-level mini-
mum at 21,000 calendar years B.P. suffered
intense meteoric alteration, precluding
their use for 14C calibration. The only two
published reconstructions with satisfactory
analytical precision and low overall data
scatter are the Lake Suigetsu record (4, 5)
and the Bahamian speleothem (speleo-
thems are cave carbonates such as stalag-
mites, stalagmites, and flowstones) (8).
However, these two records strongly dis-
agree. Hence, at least one of them provides
an inaccurate picture of the true calibration
curve (see the figure). 

During the conference in Wellington,
the INTCAL working group presented a
calibration envelope that reaches ages old-
er than 26,000 calendar years. This work in
progress, called COMPARE04, includes
most of the aforementioned data, together
with new results based on uranium-thori-
um dating of corals and speleothems.

New results based on the stratigraphy of
ocean sediments were also presented dur-
ing the conference. Most notable is the
work by Hughen et al. (10), reported on
page 202 of this issue. These authors have
studied sediments from the Cariaco Basin
off Venezuela, corresponding to the glacial
period. By using the stratigraphic method
mentioned above, Hughen et al. have been
able to extend their previous calibration
curve, which was based on the same sedi-
ments that are annually laminated after
14,500 calendar years B.P. (11). As pre-
sented in Wellington and to be published
elsewhere (12), an ongoing effort by our
group to document the calibration curve is
based on a deep-sea core collected from
the Iberian Margin. This core is close
enough to Greenland to ensure unambigu-
ous stratigraphic links between paleotem-
perature indicators, but sufficiently far
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Extending the radiocarbon record. 14C ages versus calendar ages beyond the range of INTCAL98,

which stops at 24,000 calendar years B.P. (2). Red dots: data from Barbados, Mururoa, and New

Guinea corals (15); green triangles: Lake Suigetsu varves (4, 5); purple dots: Bahamian speleothems

(8); black squares: 14C data of the Iberian Margin core MD952042 (12); light blue dots: 14C data of

Cariaco Basin Ocean Drilling Program core (10).The last two data sets are based on the stratigraphic

method with calendar chronology tuned to a Greenland Summit ice core (Greenland Ice Sheet

Project 2). Red curve: second-order polynomial fitted to the coral data (15 ). Radiometric errors for
14C and U-Th are shown at the 1σ level. (Inset) Rhinoceros painting in the Chauvet Cave, dated at

~31,000 14C years B.P. (red horizontal arrow) based on charcoal analyses (13). Vertical arrows cor-

respond to three different solutions for the calibrated age. C
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from the northern North Atlantic, where
14C reservoir ages of surface waters varied
strongly during the last glacial and
deglacial periods (that is, before 10,000
calendar years B.P.). 

The new results based on the stratigraph-
ic method can be used successfully to cali-
brate 14C ages (see the figure). Between
33,000 and 41,000 calendar years B.P.,
whereas previous records disagree by up to
5000 calendar years, the new data sets agree
within the errors. This confirms the reliabili-
ty of the stratigraphic method applied to these
two distant and very different marine envi-
ronments. The correct calibration curve thus
probably runs between the Lake Suigetsu
and Bahamian speleothem data sets.

These new results have important impli-
cations for archaeology. Consider the pre-
historic paintings in the Chauvet Cave of
southern France, which were created at
about 31,000 14C years B.P. (13) (red hori-
zontal arrow in the figure). According to the
new stratigraphic data (10, 12) and other re-
sults presented in Wellington, the calibrated
age is almost 36,000 calendar years B.P.
(black vertical arrow). The earlier Bahamian
speleothem data yield ~38,000 calendar
years B.P. (purple vertical arrow) and the
Lake Suigetsu record gives ~33,000 calen-
dar years B.P. (green vertical arrow), dates
that are respectively too old and too young.

The new radiocarbon results also have
wide implications for geochemistry and
geophysics. For example, the observed dif-
ferences between the 14C and true ages re-
flect deviations of the atmospheric 14C/12C
ratio, the long-term trend of which is mod-
ulated by the geomagnetic field. A well-
known magnetic excursion, the Laschamp

event, dated by Ar-Ar at ~41,000 calendar
years B.P. (14), resulted in an abrupt in-
crease of cosmogenic nuclide production
(such as 14C, 10Be, 36Cl, and 41Ca). The new
data from the Cariaco Basin (10) and the
Iberian Margin (12), together with previous
coral data (15), indicate that the atmo-
spheric 14C/12C ratio reached a maximum
of about 700 per mil above the modern one
at ~39,000 to 41,000 calendar years B.P.
Taking into account a millennium-scale
phase shift linked to the carbon cycle, the
calendar age for the Laschamp event is
thus ~40,000 to 42,000 calendar years B.P.
This is fully compatible with recent deter-
minations, in the very same Iberian Margin
core, of a 10Be maximum (16) and a mag-
netic paleointensity minimum (17) at
~41,000 to 42,000 calendar years B.P.
Further independent confirmation of this
calibration point comes from 10Be and 36Cl
concentration maxima in ice sections dated
at ~41,000 calendar years B.P. in the
Greenland Summit ice cores (18, 19).

Significant progress is expected in the
near future from the stratigraphic method
for two main reasons. First, the recently
drilled NorthGRIP ice core (20) will soon
provide improved accuracy and precision
for the calendar time scale up to 50,000
calendar years B.P., which is the backbone
of the stratigraphic method. Second, addi-
tional data will allow researchers to verify
and complement the emerging agreement
observed between several data sets beyond
26,000 calendar years B.P. (see the figure).
In the framework of the international 
IMAGES program, the research vessel
Marion Dufresne has recently drilled sev-
eral new sediment cores from the Iberian

Margin and Cariaco Basin. This should in-
crease the 14C data base and permit meas-
urement of other interesting parameters
such as 10Be concentrations and magnetic
paleointensity. The hope is that a complete
calibration curve, reaching back to 50,000
calendar years B.P., will be presented dur-
ing the next International Radiocarbon
Conference in Oxford, UK, in 2006.

References and Notes
1. 18th International Radiocarbon Conference, 1 to 5

September 2003, Wellington, New Zealand. A series
of papers by the INTCAL Working Group led by Paula
Reimer from the Lawrence Livermore National
Laboratory will be published in Radiocarbon, provid-
ing full technical details on INTCAL04 and COM-
PARE04.

2. M. Stuiver et al., Radiocarbon 40, 1041 (1998).
3. P. J. Reimer et al., Radiocarbon 44, 653 (2002).
4. H. Kitagawa, J. van der Plicht, Science 279, 1187

(1998).
5. H. Kitagawa, J. van der Plicht, Radiocarbon 42, 369

(2000).
6. Y. Yokoyama, T. M. Esat, K. Lambeck, L. K. Fifield,

Radiocarbon 42, 383 (2000).
7. A. Schramm, M. Stein, S. L. Goldstein, Earth Planet. Sci.

Lett. 175, 27 (2000).
8. J. W. Beck et al., Science 292, 2453 (2001).
9. A. H. L. Voelker et al., Radiocarbon 40, 517 (1998).

10. K. A. Hughen et al., Science 303, 202 (2004).
11. K.A. Hughen, J. R. Southon, S. J. Lehman, J. T. Overpeck,

Science 290, 1951 (2000).
12. E. Bard, F. Rostek, G. Ménot-Combes, Quat. Res., in

press.
13. H. Valladas et al., Nature 413, 479 (2001).
14. T. Ton-That, B. Singer, M. Paterne., Earth Planet. Sci.

Lett. 184, 645 (2001).
15. E. Bard et al., Radiocarbon 40, 1085 (1998).
16. J. Carcaillet, D. L. Bourlès, N. Thouveny, M. Arnold,

Earth Planet. Sci. Lett., in press.
17. N. Thouveny, J. Carcaillet, E. Moreno, G. Leduc, D.

Nérini, Earth Planet. Sci. Lett., in press.
18. F. Yiou et al., J. Geophys. Res. 102, 26783 (1997).
19. S. Baumgartner et al., J. Geophys. Res. 102, 26659

(1997).
20. S. J. Johnsen et al., J. Quat. Sci. 16, 299 (2001).
21. Work at CEREGE is supported by CNRS and the

European Community (HPRN-CT-2002-0221).

N
eurons use their spectacular den-
dritic trees to receive and integrate
information from thousands of in-

put neurons. How are these elaborate
branching structures built during develop-
ment? Both intrinsic genetic programs and
extrinsic signals are thought to shape the
dendritic trees of particular classes of neu-
rons (see the figure) (1). Intrinsic factors

could be general or class-specific tran-
scription factors that are switched on dur-
ing neuronal development. These transcrip-
tion factors may regulate additional mole-
cules such as cell surface receptors that
bind to growth and guidance cues. Extrinsic
signals include these growth and guidance
cues and later may take the form of neu-
ronal activity during the formation of
synapses between neurons (synaptogenesis)
(2). In theory, extrinsic signals could act lo-
cally on cytoskeletal dynamics, directly
changing the arborization pattern of den-
drites. They could also act globally by reg-

ulating transcription and thereby driving
the production of new proteins. Ghosh and
colleagues have shown that dendritic
growth of cortical neurons in culture is
stimulated by Ca2+-induced transcription
(3). Now, on page 197 of this issue, they
take their work a step further with their
identification of CREST (Ca2+-responsive
transactivator) as an essential component of
the activity-dependent transcriptional re-
sponse that stimulates dendritic growth (4).

Many long-lasting effects of electrical
activity on neuronal development and
function depend on Ca2+-regulated tran-
scription (5). To identify new Ca2+-respon-
sive transcriptional activators, Aizawa et
al. (4) used an interesting expression
cloning strategy. Taking advantage of the
fact that many transcription factors have
separable DNA binding and activation do-
mains, they fused cDNAs from a library
made from rat developing brain with the
DNA binding domain of the yeast Gal4
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