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A Falls Dam, Otago, Sedimentation Rate 
Measured by the Caesium-137 Profile 
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ABSTRACT 

Two cores fro* the dam were examined. The lead-210 was measured from 
Core D, but because of the high sedimentation rate the "unsupported" 
lead-210 was not detectable above the "supported" lead background. 
Caesiun-137 was determined from Core A and the profile obtained related 
to the pattern of "fallout" cae*iun in rainwater. From this a sedimen-

-2 -1 tation rate of 11 kg m y was calculated. In terms of the length of 
the core sample, this is equivalent to 1.3 cm y" . 
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1. Introduction 

This work was requested by N.Z. Geological Survey, Dunedin, to augment 
other studies being made on the Falls Dam, Central Otago (Fig. 1). 
Experience with cores from another lake (lake Pukaki), with a high sedi
mentation rate had shown problems associated with the lead-210 method and 
also shown the value of the caesium-137 method (Ditchburn and M:Cabe, 1977). 

1.1 The lead-210 dating method -

The method was first detailed by Goldberg (1963) who showed how the 
daughter products of radium could be used for dating sediments. Radon-222 
(half-life 3.8 days) in the atmosphere decays through several steps to 
lead-210 (t% - 22 y ) . This latter nuclide is removed from the atmosphere 
by rain and in a few days is sedimented out from any holding water bodies 
such as lakes. This is referred to as "unsupported" lead and can be 
distinguished from'supportedVlead existing in equilibrium with its parent 
radium in the sedimentary material. 

The time span of the method is approximately 100 years. 

1.2 The caesuum-137 dating method -

The use of caesium-137 (a fission product present in the atmosphere 
as a result of nucleaT weapons testing in the early 1950s through to the 
present) as a sediment dating technique has been investigated by 
numerous workers. Some have been able to show that the caesium-137 
distribution in sediment cores does match fairly well the record of 
caesium concentrations in rainfall. Others have demonstrated no obvious 
correlation but have managed to explain the discrepancies in terms of 
biological mixing and/or diffusion. 

Our results from Lake Pukaki have shown a satisfactory correlation of the 
caesium-137 profile in the core to the pattern of that radionuclide in 
rainfall; with the reservation that the near surface sediments contained 
an abnormally high concentration which was not explained by any of the 
usual theories. 
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Experimental 
Samples -

Location: Grid reference NZMS 1 
Core A - 628934 
Core I) - 624935 

The samples received were 5cm sections of two 7.3cm dia. Cores A and D, which had 
been sliced longitudinally. Only one-half of each core was included. 
The top 1 cm had been discarded and the samples labelled Al-6, A7-11, etc., 
and Dl-6, D7-11, etc. The top section was thus assumed to contain 
sediment accumulated till the end of 1980. Sediment cores are subject 
to compression during coring and subsequent shrinkage due to water loss 
so that core lengths are of doubtful significance as far as the 'in situ1 

depths are concerned. We therefore make a practice of reporting sediment 
rates in terms of weight rather than depth. 

2.2 Method of analysis -

The dried and weighed samples were leached overnight in hot 6M HC1, 
with lead and caesium carriers added. The supemate solutions were 
treated with a little nitric acid and boiled. 

The caesiun was extracted onto an ammonium phosphomolybdate column, radio-
chemically purified (Morgan and Axkell, 1963), and beta counted. 

Lead was then recovered from the solutions by precipitation of lead 
phosphate. On digestion with sulphuric acid, insoluble lead sulphate was 
formed which on seperation from the solution was finally purified by 
dissolving in 1.5MHC1, loaded onto an anion exchange column (Dowex 
AG1-X8) and eluted with water. Lead was precipitated and weighed as 
lead chrornate. Approximately a month was allowed for the ingrowth of 
bismuth-210 before beta counting. 
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3. Results 
The analytical results are given in Table 1. 

Core D Depth Dry wt Pb-210 Cs-137 
cm g dpm per gram 

Core A 

2- 6 97.0 1.14 
7-11 102.2 1.38 

12-16 108.1 0.83 
17-21 111.0 0.91 
22-26 104.5 1.02 
27-31 113.7 0.97 
32- 102.3 1.24 

2- 6 77.8 0.149 
7-11 102.1 0.106 

12-16 98.6 0.111 
17-21 86.5 0.228 
22-26 94.7 0.276 
27-31 97.6 0.117 
32-36 102.5 0.042 
37- 122.2 lost 

3.1 lead-210 -
The lead-210 values do not diminish with depth in any consistent 

manner. This would appear to be due to there being a relatively high 
concentration of supported lead in the samples and a high sedimentation 
rate. Consequently, no rate could be established by this method. 
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Fig. 1. Falls Dam Sheet NZMS1 8125 
Scale 1:15840 1000yd grid 
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3.2 Caesium-137 -
The annual caesium deposition in New Zealand rainfall, corrected for 

decay to the end of 1980 (the approximate date of the top of the cores 
supplied) is shown in Fig. 2. The only station in New Zealand in which 
rainfall caesium-137 is measured is the Institute of Nuclear Sciences, and f 

this is only since 1960. To obtain earlier data the strontium-90 
results published by the united Kingdom Atomic Energy Authority, from 
samples collected at Ohakea, were converted to caesium-137 values by 
multiplying by 1.45, the fission yield for 1 3 7Cs/ 9 0Sr (Harley, 1967). 

A visual inspection of the core and rainwater data suggested that the 
boundary between sections A17-21 and A22-26 should correspond to a point 
in the rain data at the end of 1964. Oh this basis, and assuming a 
uniform sedimentation rate, Table 2 and Fig. 3 were prepared. 

Table 2 
Core depth Time span Normalised activities 

cm •__% Core Rain 
A 2- 6 3.4 0.54 0.23 

7-11 4.5 0.38 0.09 
12-16 4.3 0.40 0.36 
17-21 3.8 0.83 0.79 
22-26 4.2 1.00 1.00 
27-31 4.2 0.42 0.30 
32-36 4.5 0.15 0.13 

2 Area of core - 0.0042 m 

The cunulative weight of the whole core down to A17-21 is 0.730 kg. From 
1965 to 1980 is 16 years. Therefore, the sedimenting weight per year 

-2 -1 is 0.046 kg/y, which is a sedimentation rate of 11 kg m y . In terms 
of core length this is equivalent to 1.3 cm.y . 

The high caesium-137 values *ound in the too sections of the Lake Pukaki cores 
are also apparent here, but not to the same extent. We are no nearer 
finding an explanation foi this, but the f it of the lower sections to the 
rain data is good and can be accepted with reasonable confidence. 
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Fig. 2. Caesium - 137 deposition ( decayed ) 
in N.Z. rainfall. 
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Fig. 3. Normalised Cs-137 Values. 
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4. Conclusion 
The sedimentation rate in the core sample A, based on the caesium-137 

-2 -1 concentration in the sediment, is 11 kg.m y . 

No conclusion could be drawn from the lead-210 measurements due to the 
high'Supported'lead values and the high rate of sedimentation. 
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