The potential of ingrowth 2%2°Ra as a new dating tool for late Holocene
carbonate deposits

M.-L. FROESCHMANN" D. SCHOLZ?, H. VONHOF?, K. P. JOCHUM?Z, C. PASSCHIER?, G. SURMELIHINDI?

lInstitute for Geosciences, Johannes Gutenberg University, Mainz, Germany (“correspondence: mfroesch@students.uni-mainz.de)

’Max Planck Institute for Chemistry, Mainz, Germany —@ @
BY

Introduction 2000
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One of the most common methods for dating carbonate deposits, such as speleothems or calcareous _
_ _ _ _ o _ _ _ _ 4000 A B
sinter deposits, is the 2°Th/U-disequilibrium method. However, substantial detrital contamination '
may represent a major problem for radiometric dating. This is especially true for young samples, such 21000 |
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as the calcareous sinter deposits from Roman aqueducts used in this study. The high %3°Th content, L u & ¥ =
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which Is an iIndicator for the amount of detrital contamination, leads to elevated U/Th-ages and £ 2000 - T ' . B Roman Imperial
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generally larger uncertainties, which limit the potential of such young samples for paleoclimate < L + e
reconstructions. Figure 1 shows 23°Th/U-ages for seven carbonate deposits from aqueducts from 1000 1  peric
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Cordoba (VC1, VC2), Dor (DOR1), Naxos (NX09, NX14), Béziers and Jerash. The, for detrital
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contaminated, uncorrected ages are without exception too old for the corresponding time period o > ,.y“" > s o w’""'
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during which the carbonate was deposited. Although the corrected ages fit within error in the correct S < © & N & &F
time period, the associated errors are quite Iarge and show the limitations of the 230Th/U- Figure 1: 23°Th/U-ages for different carbonate samples from Aqueducts. Black squares indicate for detrital contamination
_ o _ _ _ uncorrected ages. Blue squares indicate the corrected ages for samples deposited during the Roman Imperial Period, while red and
dlsequﬂlbrlum method for paleOCIImate reconstruction from young and dlrty Samples. green squares are the corrected ages from samples from the Medieval/Byzantine and Greek Archaic Period respectively. For the

correction of the ages it is assumed, that the %32Th/?38U weight ratio of the detritus represents the average ratio in the upper
continental crust and that 238U, 234U and 23°Th are in secular equilibrium (e.g. Wedepohl, 1995).
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Radium in terrestrial carbonates o Chemical separation

In general, there are three possible sources of 22Ra in terrestrial m Separation of U, Th, Ra and Ba is done from

one single aliqguot of sample material with

carbonate deposits:
L‘U,J L”J tTJ column chromatography.
T BT AR = Excess %?°Ra, which is present in the water and . . .

o E This allows for a direct comparison of the

Incorporated during the formation of the deposit fJ .

etrical 2268 . - | traditional 23°Th/U-ages and the novel
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2 etrita a associlate th clay a othe 226Ra/U-ages from the same aliquot of Figure 5: Setup for chemical separation
WED) detrital material present in the carbonate [”J [”J sample material

= |ngrowth %?°Ra from the radioactive decay of its

Figure 2: Schematic of an aqueduct channel Figure 4: Schematic of

with carbonate deposits on the floor and arent 230Th column chromatography
walls of the channel. The three possible P - for the separation of U,
sources of 2%°Ra (detrital, ingrowth and Th, Ra and Ba

excess) are also indicated.

To make use of ingrowth 2%°Ra as a new dating tool it is necessary to correct the amount of %%°Ra in

Results
the sample for its excess and detrital components. The excess component is corrected using Ba and Model simulations show that the system is influenced by the amount of 232Th and U in the sample,
the detrital component is corrected using the 232Th present in the sample. like it is the case for the traditional 23°Th/U-dating:
= High %3°Th content leads to elevated ages and larger errors
=  Low 23*Th coupled with high U content leads to smaller errors
= High 232Th content overprints the effect of high U content
Calculation of the %?°Ra/U-age . . . .
J 238 234 Besides the amount of Th and U, the system is also influenced by the amount of Ra and Ba present in
The 2%°Ra/U-age is calculated based on Bateman’s solution for a _
La70°s 2.4500%3 the sample:
system of differential equations (Bateman, 1908). The first part of :
Y d ( ) P — = High excess Ra content leads to elevated ages
the equation is given in the following: Pa .
a J J = High Ba content leads to elevated ages
234U 6.69h
Y Y
226p 4 A230 * Az26 * (238U +1) Another important aspect in the accuracy of the obtained model ages Is the analytical error. Model
=g = 1+ + - (Eq. 1) Ay 230Th _ L _
U (A232—A230) * (A232 — A226) simulations indicate, that 226Ra/U-ages are less influenced by
24.1d 7.5x10%a
l = Larger analytical error in Th
A denotes the decay constant In years for the different members of
the decay chain starting with 238U. The equation considers the ?25Ra | LalggEr Enel el ey I L
amount of ingrowth 226Ra coming from its parent 2°Th over time, . than the traditional 23°Th/U-ages and that
SO - 238 234 ' : :
which itself is dependent on the decay of +**U and +*U as well as | = Larger analytical errors in Ra and Ba

the decay from 2%°Ra to %%?Rn. To calculate the age of a sample the _ _
play only a minor role for the uncertainty of the model ages.

corrected 2%°Ra/U and 23*U/?38U ratios are needed. The model 206p},
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calculations to obtain these ratios are based on the work of Ludwig First rough measurements of the aqueduct carbonates indicate very low excess %*°Ra content for all

and Titterington (1994). We adapted their calculations to the 2*°Ra-

stable

the samples, while the amount of Ba is varying from sample to sample. The relatively low U-content

Figure 3: Decay chain of 238U
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222Th-Ba-system to find the best-fit line for a three-dimensional and high =<Th content make these samples challenging to date for the traditional <*°Th/U-method, as

isochron diagram well as the novel 2?°Ra/U-approach. The next step is the comparison of the model results with the data

obtained from the samples.
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