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One of the major, well known problems in ESR
dating of teeth is the modelling of the U-uptake
history. Originally, Ikeya (1982) proposed the early
(EU) and linear (LU) U-uptake models.
Subsequently, Grin et al. (1988) developed
combined U-series/ESR (US-ESR) dating where the
U-uptake is modelled from the measured U-series
disequilibrium values in the constituencies of a tooth
(enamel and dentine). Some detailed U-series
measurements on teeth from Pech de 1I’Aze (Griin et
al. 1999) showed that the parametric U-series/ESR,
US-ESR, results agree well with the predictive
uranium diffusion of Millard (1993; also Millard and
Hedges (1996)), see Pike and Hedges (in press).
Interestingly, the model of Millard (1993) predicts
that U-uptake of tooth enamel lies more or less in the
middle between early and linear U-uptake, which
agrees more or less with empirical observations (e.g.,
Griin and Stringer 1991).

In this paper, I present a new model for open
system modelling which arose from the detailed
analysis of a tooth from the Naracoorte Caves in
South Australia (Griin et al., in press). Sample 1369
is a Zygomaturus (a large, wombat-like marsupial)
tooth which was found within the sediment layers of
the Fossil Chamber of Victoria Cave. The clastic,
bone bearing sediments are capped by a small
stalagmite with a TIMS U-series age of 213+7 ka
(Moriarty et al. in press). Although the tooth was not
analysed itself by U-series, a series of ten bone
samples from various places within the sequence
gave closely similar U-series results with average
values for 2*U/U of 1.5520.16 and Z*Th/?*U of
0.6510.04, corresponding to an average apparent age
of 105+11 ka. The U-series results had no
relationship to the stratigraphic position in the
sequence, implying that the overall U-accumulation
was governed by processes that started after the

deposition of the whole sedimentary sequence. The
average U-series ratios were used for open system U-
series/ESR modelling.

Six enamel sub-samples were analyzed from the
tooth. The enamel had a total thickness of about 2000
pm and samples were collected at different depths
(see Figure 1). Figure 1 shows increasing U-
concentrations from the outside (sediment side: base
of Figure 1) towards the inside (dentine side: top of
Figure 1), which implies that the main U-uptake of
the enamel took place from the dentine side rather
than from the outside of the tooth. ESR doses and
other parameters were measured (all analytical details
are given in Griin et al. (in press)) and age estimates
were calculated according the EU, LU and US-ESR
models (see Figure 2).

The average US-ESR uptake function is close to the
LU model (Figure 2A) and consequently, the LU and
US-ESR age estimates are close (Figure 2B). All age
results have a clear trend in common: increasing
apparent ages with decreasing U-concentration in
enamel. This is caused by the fact that the D, values
do not show any such trend with depth or U-
concentration. Thus, it appears that the dependence of
the total dose rate on U concentration is less than
would be expected from the applied open system
models.

The data points can be used for extrapolation to
zero U-concentration and the intercept with the Y-
axis yields the ages that are independent of the
internal U-concentration and should, in principle, be
independent of the U-uptake model (see Blackwell
and Schwarcz 1993). The Y-intercepts are 340£35 ka
(EU), 406+38 ka (LU) and 454%48 ka (US-ESR)
using the York-fit option of the Isoplot program by
K. Ludwig (see Ludwig and Titterington, 1994). The
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Figure I. ] Measured volume

Relative position of sub-samples of tooth 1369 with
U-concentration, De value and resulting EU, LU and
US-ESR model ages.

intercepts are all about 100 ka older than the
weighted means (EU: 210%7 ka; LU: 308%10 ka, US-
ESR: 342" ka). The EU model, which is clearly
inappropriate for this sample (the sediment sequence
ought to be older than the covering speleothem),
yields an intercept which is considerably smaller than
those of the LU and US-ESR model.

The question is, why are the D.-values more or less
independent of the U-concentrations? One reason
may lie in the use of inappropriate parameters for
dose rate calculation. For example, for the alpha
efficiency, a value of 0.13+.02 (Grin and
Katzenberger-Apel, 1994) was assumed and beta
attenuation factors of Brennan et al. (1997) were used
in all calculations. These factors could overestimate
the U-dose rates. Another explanation lies in the
appropriateness of the chosen U-uptake functions. If
the uranium was acquired long after burial, the
contribution of the U-dose rate to the total dose rate
would be significantly smaller than calculated by the
models.

The closely similar U-series ratios measured on the
bone samples imply that U-accumulation took place
after the deposition of the sedimentary sequence
which ought be older than about 213 ka. A possible
model to explain the U-series results for the bones is
that during a pluvial period around 105 ka, the faunal
elements in the deposits accumulated their present
uranium concentrations within a relatively short time
span. Coincidentally, the analysis of speleothem
frequency data (Ayliffe et al. 1998) established a wet
period around this time (105-115 ka).

Removed from sediment side

For modelling, I have used the U-series data of the
bones. A simple delta function is assumed (similar to
the EU model), i.e., all the uranium measured today
in the sample was accumulated at the time of the
apparent U-series date (Figure 3A). This simple
model has several advantages: firstly, it gives a
limiting, upper age for combined U-series’ESR
modelling (unless U-loss is assumed and/or
measured) and secondly, it is very simple to
calculate. The enamel and dentine uranium dose for a
given time and measured U-series isotopic data is
calculated according to equation (A-4) in Griin
(1989), considering appropriate attenuation factors,
water concentrations and error calculations. The total
closed system enamel and dentine U-dose is then
subtracted from the D, value. The resulting external
dose is then divided by the external dose rate (sum of
sediment beta, gamma and cosmic dose rates). Figure
3B shows the result of the CSUS-ESR age
calculations. The Y-axis intercept, 440+58 ka, is well
within the error of the weighted mean of the
individual CSUS-ESR results (417121 ka). The
average CSUS age also agrees well with the
extrapolated LU and US-ESR ages of 406*38 ka and
454148 ka, respectively. It is clear that further work
(measurement of all U-series ratios on all
subsamples) ought to be carried out to check whether
the CSUS-ESR model is correct for sample 1369.
Interestingly, if linear uptake is assumed starting at
about 213 ka (i.e. U-accumulation starts after the
deposition of the capping speleothem), which
corresponds roughly to the apparent closed system
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age of 105 ka, the resulting ESR calculations show a
negligible difference to the CSUS-ESR calculations.
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Figure 2.
(A) U-uptake functions for the average model ages
of sample 1369.

(B) Calculated ages and dose values plotted versus
internal U-concentration. All age calculations are
dependent on internal U-concentration whereas the
D, value does not show any U dependency. This
implies that the internal U dose rates are
overestimations, either through incorrect choice of
dose rate parameters (e.g., a-efficiency) or U-uptake
model. Errors are omitted for clarity. The Y-
intercepts (i.e. age estimation for zero internal U-
concentration) calculated the York-fit option of
Isoplot (see Ludwig and Titterington 1994) are:
340435 ka (EU); 406438 ka (LU) and 454148 ka
(US-ESR).

The CSUS-ESR model can only be applied if U-
series isotopic data are available. The calculation of
age results is trivial. The CSUS-ESR model provides
a maximum possible age for a sample because any
delayed U-uptake will result in higher U-dose rates.
As such, the model gives an indication of the
robustness of the open system age calculations. The
CSUS-ESR model seems appropriate in most cases
where the apparent closed system U-series ages are
significantly younger than the EU and LU ESR
model ages (e.g., the results of Hoxne: Schwarcz and
Griin (1993)). In most cases, the CSUS-ESR results
differ little (within 10%) from US-ESR age
calculations, particularly for relatively low U-
concentrations (< 1 ppm U in enamel and 10 t020
ppm in dentine). It seems therefore advisable to

calculate CSUS-ESR ages routinely in open system
model calculations.
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Figure 3.

(A) U-uptake function of the closed system U-series
(CSUS) model.

(B) CSUS-ESR age calculations show little
dependency on the internal U-concentration. The
weighted average of 417421 ka agrees well with the
extrapolated LU and US-ESR ages (see Figure 2B).
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Comments

Current research in ESR dating generally assumes
uranium uptake by teeth either early in the burial
history (EU) or by a process which has acted
continuously up to the present. This paper introduces
a new model: uptake as a discrete pulse, possibly
controlled by some climatic event. Typically
evidence for such an event-like uptake process would
be seen in the uniformity of U-series dates
throughout a deposit and, by implication, lack of
stratigraphic order of these dates. It will be
interesting to see if other examples of this
phenomenon turn up.



