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Entwicklungslinien im U/U – Th/U – Diagramm
Dating Using Long-Lived and Short-Lived Radioactive Isotopes 71

3.3.3 Some Applications of U-Series Dating 

U-series dating has been applied to a wide range of carbonate materials in a variety of
different contexts. It has been used to derive chronologies of sea-level change, particularly
relating to interglacial high-stands of the sea, through the dating of corals (see following
section) and molluscs (Jedoui et al., 2003), and also sediments from submarine carbonate
platforms (Henderson and Slowey, 2000). It has been extensively employed in the dating
of speleothem (section 3.3.3.3), while U-series dates have also been obtained on a range
of carbonate materials, including ferricretes6 (Augustinus et al., 1997) and travertines
(Eikenberg et al., 2001). Tufa has also been dated by U-series (e.g. Szabo et al., 1996),
although detrital Th contamination and open-system uranium loss make this a more
problematic dating material (Garnett et al., 2004). Other applications include the dating
of organic sediments that contain carbonate residues, such as peats (Heijnis and van der
Plicht, 1992) and lake deposits (Harle et al., 2002), and the dating of teeth (Esposito et al.,
2002). More detailed examples are described in the following section. 

3.3.3.1 Dating the Last Interglacial high sea-level stand in Hawaii. One of the most
successful materials for the application of U-series dating is fossil coral. This is because
after death coral skeletons act as effectively closed systems until the coral dissolves or
changes to calcite. There is little or no inherited 230Th, and hence problems of detrital
contamination are minimised. Moreover, most corals contain sufficient uranium (typically
2–3 ppm) for the application of both the 230Th/234U and 231Pa/235U methods which enables
an independent check to be made on calculated ages (Smart, 1991a). U-series dating of
fossil coral reef complexes has therefore been widely employed in studies of Late Quaternary
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Figure 3.7 Variation of 234U/238U and 230Th/234U activity ratios with time in a closed system
where there is no initial 230Th present. The near vertical lines are lines of contant age
(isochrons), while the near horizontal lines show changes in nuclide activity with time for
different initial 234U/238U activity ratios (after Heijnis, 1995) 
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Korrektur der Verunreinigung mithilfe der Rosholt-Geraden

Die Steigung der Rosholt-Geraden entspricht dem Verhältnis des radiogenen
Anteils von 230Th zum Mutternuklid 234U [Ge05, 96].
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PERSPECTIVES

smooth muscle cells and vascular endothe-

lial cells lowered the urinary excretion of 

the PGI2 metabolite and predisposed to the 

development of thrombosis and hyperten-

sion. Furthermore, deletion of COX2 gene 

in vascular endothelial cells and vascular 

smooth muscle cells decreased the synthesis 

and release of nitric oxide (NO), a powerful 

vasodilator, thereby reducing vascular relax-

ation. This was accompanied by a height-

ened predisposition toward both hyperten-

sion and thrombosis. Thus, by genetically 

engineering mice that lack COX-2 in the 

vasculature, Yu et al. show that the mecha-

nism of increased cardiovascular risk from 

COX inhibition results from specifically 

blocking COX-2 in the blood vessels and not 

from other tissues in the body.

The implications of the work by Yu et 

al. are that the increased cardiovascular risk 

is not an individual drug side effect but is 

rather a direct pharmacologic consequence 

of inhibition of COX-2. Furthermore, these 

risks apply to all COX-2 inhibitors—both 

selective and nonselective NSAIDs ( 3– 9). 

[Naproxen is the only NSAID that has not 

shown increased cardiovascular risk, likely 

due to its sustained inhibition of COX-1, 

which provides an antiplatelet effect ( 12).] 

The fi ndings of Yu et al. thus support the 

clinical advice from the American Heart 

Association, which recommends minimiz-

ing the dose and duration of NSAIDS as 

much as possible, as a means of reducing the 

cardiovascular risk associated with COX-2 

inhibition ( 13). 
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Absolute Dating of Cave Art

ANTHROPOLOGY

John Hellstrom

Use of uranium-thorium dating shows that cave 

art in Spain is older than expected.

        P
aleolithic cave art is one of the most 

striking visual reminders of tens of 

millennia of human prehistory. Found 

throughout the world, it is fundamental for 

understanding the earliest human culture 

and artistic endeavor. Yet, despite great 

advances in dating technologies, it remains 

extremely diffi cult to determine the age of a 

thin layer of pigment on a cave or rock shel-

ter wall. Researchers are often limited to 

reconstructing relative chronology by com-

paring drawing styles and, where available, 

creating sometimes tenuous links to other 

dated human remains or arti-

facts ( 1,  2). Mass-spectrometric 

radiocarbon dating has arguably 

been the most successful tech-

nique for dating cave art, in the 

rare cases where it is possible to 

directly date charcoal or other 

pigments containing carbon ( 2). 

On page 1409 of this issue, Pike 

et al. report an ambitious study 

of paleolithic cave art sites from 

Spain in which they have applied 

the previously under used ura-

nium-thorium (U-Th) dating 

method ( 3).

U-Th dating measures the 

ingrowth of radioactive tho-

rium-230 in a geological or biogenic mate-

rial, through decay of uranium incorporated 

within it at its time of formation. When it was 

fi rst applied almost 50 years ago, this tech-

nique required samples of 100 g or more in 

the case of cave formations such as those now 

dated by Pike et al. In 1987, Edwards et al. 

showed that U-Th dating could be conducted 

by mass spectrometric analysis ( 4). Through 

this and subsequent advances, the effi ciency 

of measurement has increased by more than 

four orders of magnitude, enabling hypersen-

sitive techniques like that used by Pike et al. 

to operate on milligrams of such material ( 5, 

 6) (see the fi gure).

Cave art is typically found in carbonate 

terrains, where the majority of caves have 

developed worldwide. The stalagmites, sta-

lactites, and similar formations that grow 

in such caves, collectively known as spe-

leothems, all contain trace amounts of ura-

nium and are thus amenable to U-Th dating. 

Very thin sheets or drapes of this material 

can sometimes be found grown over the top 

of Paleolithic cave art, and in some cases 

may also underlie or even sandwich it ( 7,  8). 

School of Earth Sciences, The University 
of Melbourne, VIC 3010 Australia. E-mail: 
j.hellstrom@unimelb.edu.au

1980

~100 g

1990

~1 mm

~5 g

2012

<0.01 g

U-Th sampling of calcite overgrowths. Since U-Th dating was fi rst introduced in the 1960s, sample size requirements have 
fallen continually. Large jumps in effi ciency occurred with the introduction of mass spectrometric analysis and with advances 
in mass spectrometric technology and can now often lead to sample sizes of less than 10 mg, or 4 mm3. As shown by Pike 
et al., a 1 mm-thick speleothem fi lm overlying a cave art panel can now be dated by removing a few square millimeters of 
overgrowth, minimizing impact on the artwork.
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Plausibiltätskontrolle an dicken Schichten
Supplementary Figures 

 

 

Fig. S1. Uranium series dates on paired samples. Aliquots of samples were removed, representing the 
upper and lower portions of the calcite crust and dated separately. In all cases, the dates of the upper 
portions are younger than the lower portions (i.e. following stratigraphic deposition of the calcite), 
demonstrating the integrity of the samples. 
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Auswahl derErgebnisse

Sample

BIG-UTh-
Site Description 230Th/238U 234U/238U 230Th/232Th

Uncorrected

age (ky)

Corrected

age (ky)

Minimum ages

O-53 Altamira

Overlays red spotted outline

horse of Techo de los

Polícromos chamber

0.2884 T 0.0013 1.5471 T 0.0026 107.07 T 0.20 22.26 T 0.11 22.11 T 0.13

O-80 El Castillo

Overlays black outline drawing

of indeterminate animal of

corridor of Techo de las Manos

0.7879 T 0.0047 3.9828 T 0.0073 30.01 T 0.15 23.43 T 0.16 22.88 T 0.27

O-58 El Castillo
Overlays red stippled negative

hand stencil of Techo de las Manos
0.5272 T 0.0020 2.5774 T 0.0049 222.70 T 0.49 24.42 T 0.11 24.34 T 0.12

O-21 Tito Bustillo

Red pigment associated with

anthropomorphic figure of

Galería de los Antropomorfos

0.6252 T 0.0031 1.8038 T 0.0037 2.17 T 0.01 44.94 T 0.29
30.8 T 5.6

29.65 T 0.55*

O-69 El Castillo
Large red disk of

Galería de los Discos
0.7512 T 0.0029 2.7072 T 0.0051 788.2 T 5.5 34.28 T 0.17 34.25 T 0.17

O-50 Altamira
Large red claviform-like

symbol of Techo de los Polícromos
0.4933 T 0.0024 1.6594 T 0.0030 17.473 T 0.068 37.60 T 0.23 36.16 T 0.61

O-82 El Castillo

Sample overlays red negative

hand stencil, and underlies yellow

outline bison of Panel de las Manos

0.5112 T 0.0029 1.6970 T 0.0035 48.81 T 0.49 38.15 T 0.27 37.63 T 0.34

O-83 El Castillo
Overlays large red stippled disk

of Panel de las Manos
0.3573 T 0.0022 1.1048 T 0.0020 28.64 T 0.29 42.38 T 0.33 41.40 T 0.57

Maximum ages

O-87 El Castillo

Underlies large red disk of

Galería de los Discos

(same panel as O-69)

0.7969 T 0.0038 2.7432 T 0.0051 61.24 T 0.61 36.11 T 0.21 35.72 T 0.26

O-48 Tito Bustillo

Underlies red anthropomorph

figure of Galería de los

Antropomorfos (see also O-21)

0.5281 T 0.0038 1.6895 T 0.0042 7.260 T 0.047 39.85 T 0.36
36.2 T 1.5

35.54 T 0.39†
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Figure S3. A photograph of the 233.0 mm-long stalagmite, YPXR5, with two distinguishable hiatuses

(dashed curves) at depths of 202.0 and 215.0 mm. For
230

Th dating
S1

, sixty eight single-lamina subsamples,

20-100 mg in weight and 0.6-2.0 mm in width covering ±0.4-1.0 banding, were taken from 31 layers [(black

horizons with determined
230

Th dates (AD; refer to Table S1 for 2� error)]. For the 29th (AD 1719.6) and

30th (AD 1709.3) layers, 3 subsamples were split from the drilled powder of single horizon. Isochron

techniques were applied to four coeval subsamples, 28a-28d, at depth 174.0 mm (AD 1730.4). Red, green,

and yellow dots respectively denote single, ten, and fifty banding counts. The enlarged photographs of two

framed areas with red and green lines are given in Figure 2.
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Résumé

70 Quaternary Dating Methods

uranium into carbonate shells after their death (McLaren and Rowe, 1996), while some
calcitic deposits (such as travertines5) may have been partly recrystallised after deposition.
In the case of the latter, however, such open-system activity may be detectable by careful
petrographic analysis of the calcite prior to dating (Schwarcz, 1989). 

A second potential source of error relates to the assumption that the daughter isotopes
in the measured sample are entirely radiogenic in origin. In other words, it is assumed that
the 230Th content of a sample of speleothem, for example, was 0 at the time of crystal
formation, and hence the measured 234U/230Th activity ratio is a reflection purely of the
reappearance of 230Th through radioactive decay. However, it is not uncommon for
carbonate materials to be contaminated by detrital materials (such as aeolian dust, or
water-transported silts and clays) that already contain daughter nuclides. Such contamination
can lead to U-series ages that are older than the true age of the sample. However, detritus
may also carry 234U and 238U and, if uncorrected for, will result in ages that are younger

than the true sample age. Fortunately, the effects of detrital contamination can be
corrected for by measuring the activity of 232Th that is present in the sample but which
plays no part in the decay chain of uranium. This isotope is present in detritus, but not in
pure calcite, and hence the 232Th/230Th ratio can be used to correct for detrital addition of
230Th. This is normally done using the isochron technique, in which multiple-sample
leaching analyses are undertaken and the activity ratios of the different isotopes in each of
the samples are plotted against each other (Schwarcz and Latham, 1989). This will show
the extent to which detrital contamination has influenced the 230Th/234U and 234U/238U
ratios, the isotopic ratios from which ages are calculated (Figure 3.7). The correction for
the former ratio can be found by plotting 230Th/232Th versus 234U/232U, while the latter
ratio can be corrected by plotting 234U/232Th against 238U/232Th. These corrected ratios,
which are reflected in the gradients of the lines on the isochron plots, are then inserted
into the normal age equation to calculate the age of the sample. 

Table 3.1 Reliability/unreliability of uranium-series dates for terrestrial materials arising 
from deviations from closed-system behaviour and contamination by 230Th and 234U from 
detrital material (after Smart, 1991a) 

Reliability Material Closed system? Contaminated? 

Reliable Unaltered coral Closed Clean 
 Clean speleothem  Clean 
 Volcanic rocks  – 
 Dirty speleothem  Contaminated 

Possibly reliable Ferruginous concretions Possibly closed Contaminated 
 Tufa  Contaminated 
 Mollusc shells  Contaminated 
 Phosphates  Contaminated 

Generally unreliable Diagenetically altered corals Open Clean 
 Bone  ? 
 Evaporites  Contaminated 
 Caliche  Contaminated 
 Stromatolites  Contaminated 
 Peat and wood  ? 

Unter idealen Bedingungen ist die Genauigkeit des Verfahrens deutlich besser
als ±1%. Es wird deshalb häufig zur Kalibration anderer Methoden verwendet,
vor allem 14C jenseits der Dendrogrenze.
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