
 

 

Summary  

The samples were prepared for 
40

Ar/
39

Ar laserprobe step-heat dating by hand picking of whole 

rock basalt under a binocular microscope.  

Of the 12 samples, 11 plateau ages were produced that are considered reliable, 9 of these give 

ages between 0.470 Ma and 0.835 Ma, with 2 older ages of 1.32 ± 0.14 Ma and 2.556 ± 

0.052Ma from samples LBR-5350 and CLU-2312 respectively.  

 

Sample Preparation  

The samples were crushed using a pestle and mortar and the crushate was sieved and washed 

repeatedly in de-ionised water to remove dust and clay particles from the surfaces of all the 

size fractions. Using a binocular microscope, whole rock basalt chips were picked, selecting 

pieces free from alteration. The picked separates were cleaned ultrasonically in acetone and 

de-ionised water, dried using the hot plate, and packaged in aluminium foil packets of ca. 

10mm x 10mm in size prior to irradiation.  

 

Irradiation  

Samples were irradiated at the McMaster Nuclear Reactor (McMaster University, Canada) for 

4.8 hours. Cadmium shielding was used and the samples were held in position 8B. Neutron 

flux was monitored using biotite mineral standard GA1550 which has an age of 98.8 ± 0.5 Ma 

(Renne et al. 1998). Standards were packed for irradiation, either side of the unknown samples 

and analysed using the single grain fusion method using a 1059nm CSI fibre laser and a 

MAP215-50 mass spectrometer. The J Values were then calculated by linear extrapolation 

between the 2 measured J values, the values for each sample are shown in table 1. Results 

were corrected 37Ar decay, and neutron-induced interference reactions. The following 

correction factors were used: (39Ar/37Ar)Ca = 0.00065±0.00000325, (36Ar/37Ar)Ca = 

0.000265±0.000001325, and (40Ar/39Ar)K = 0.0085±0.0000425; based on analyses of Ca and 

K salts. 



 

Table 1. J values and associated errors used to correct for each sample 

 

Sample  J Value  Error  

1- LBR-5350  0.000189748  0.000001897  

2- LBR-4963  0.000191085  0.000001911  

3- CLU-2312  0.000192422  0.000001924  

4- CLU-2275  0.000193759  0.000001938  

5- CLU-1380  0.000195765  0.000001958  

6- CLU-1312  0.000197102  0.000001971  

7- CCO-2372  0.000198439  0.000001984  

8- CCO-2215  0.000199776  0.000001998  

9- GU-0001  0.000201781  0.000002018  

10- TI-0002  0.000203118  0.000002031  

12- BOL-1141  0.000204455  0.000002045  

13- BOL-0979  0.000205792  0.000002058  

 

Analysis  

The irradiated samples were loaded into an ultra-high vacuum system and mounted on a New 

Wave Research UP-213 stage. A 1059nm CSI fibre laser was focussed into the sample 

chamber and was used to step heat the basalt. Extracted gases were cleaned for 300 seconds 

using two SAES AP-10 getters running at 450°C and room temperature, following which the 

gases were let into the Nu Instruments Noblesse mass spectrometer for measurement, the mass 

discrimination value was measured at 295 for 
40

Ar/
36

Ar. System blanks were measured before 

and after every one or two sample analyses. Gas clean-up and inlet is fully automated, with 

measurement of 
40

Ar, 
39

Ar, 
38

Ar, 
37

Ar, and 
36

Ar, each for ten scans, and the final 

measurements are extrapolations back to the inlet time.  

 

Data Reduction  

The system blanks measured before and after every one or two sample analysis were 

subtracted from the raw sample data. All data corrections were carried out using an Excel 

macro and ages were calculated using Isoplot (Ludwig, 2003). All ages are reported at 

the 2σ level and include a 0.5% error on the J value. Plateau criteria of at least 50% of the 
39

Ar 

release in at least 3 consecutive steps were used. 
40

Ar/
39

Ar data is presented in Appendix A.  

 

Results  

- Sample 1 - LBR-5350 gave a plateau age of 1.32 ± 0.14 Ma, containing 100% of the gas 

released (figure 1). An inverse isochron correlation plot of the data produced an age within 

error of the plateau age and a 
40

Ar/
36

Ar ratio within error of the atmospheric ratio (295.5). 

- Sample 2 - LBR-4963 produced a plateau age of 0.808 ± 0.031 Ma, containing 93.2% of 

the 
39

Ar released (figure 2). The inverse isochron correlation plot produced a poor 

correlation and large errors on the intercepts. 



- Sample 3 - CLU-2312. The step heating spectra produced a plateau with an age of 2.556 ± 

0.052 Ma, containing 72.8% of the 
39

Ar release (figure 3). The inverse isochron correlation 

plot gives an age within error of the plateau age, at 2.536 ± 0.055 Ma and a 
40

Ar/
36

Ar 

intercept within error of the atmospheric ratio. 

- Sample 4 - CLU-2275 produced a plateau age of 0.470 ± 0.041 Ma (figure 4) containing 

96.6% of the 
39

Ar released. The inverse isochron plot for this data failed to calculate an age.  

- Sample 5 - CLU-1380, produced a plateau age of 0.506 ± 0.026 Ma containing 100% of the 
39

Ar released (figure 5). The inverse isochron correlation plot, calculates an age older than, 

but within error of the plateau age.  

- Sample 6 - CLU-1312. A plateau age of 0.498 ± 0.024 Ma was calculated from sample 6 

(figure 6). The inverse isochron correlation plot produces an age within error of this, at 0.46 

± 0.13 Ma.  

- Sample 7 - CCO-2372. The step heating release spectra shows more discordance than the 

other samples dated (figure 7). A plateau age of 4.13 ± 0.12 Ma can be calculated from the 

data, this plateau contains 51.9% of the gas released, just over the 50% required to meet the 

statistical criteria for a plateau. The inverse isochron correlation plot shows a poor 

correlation and results in large errors on the calculated age which does not agree with the 

step heating age data. The 
40

Ar/
36

Ar intercept, calculated from the inverse isochron plot, is 

above the atmospheric value of 295.5 and may suggest that this sample contains excess 

argon. This sample shows discordance and excess argon may be elevating the apparent ages 

of the step heating data. These problems are often associated with alteration of the basalt 

and the age data is considered unreliable.  

- Sample 8 - CCO-2215. A plateau age of 0.835 ± 0.030 Ma was produced (figure 8) which 

containing 100% of the 
39

Ar release. The inverse isochron correlation is of lower precision 

but within error of the plateau age and with a 
40

Ar/
36

Ar ratio of 280 ± 21, within error of the 

atmospheric ratio (of 295.5).  

- Sample 9 - GU-0001 produced a step heating release spectra with a concordant portion 

containing 68.2% of the gas release giving a plateau age of 0.799 ± 0.025 Ma (figure 9). 

When plotted as an inverse isochron, the data from this sample fail to produce a correlation 

and age cannot be calculated.  

- Sample 10 - TI-0002 produced a plateau age of 0.664 ± 0.038 Ma which contains 71% of 

the 
39

Ar released from the step heating (figure 10). The inverse isochron plot of this data 

fails to produce a correlation and an age cannot be calculated due to many of the points 

overlapping.   

- Sample 12 - BOL-1141 produced a plateau age of 0.510 ± 0.018 Ma, which contains 100% 

of the 
39

Ar released (figure 11). The inverse isochron correlation plot produces an age 

within error of this but with much larger errors due to the small spread of ratios.  

- Sample 13 - BOL-0979 produced a plateau age of 0.537 ± 0.031 Ma (figure 12) containing 

88.5% of the 
39

Ar released. The inverse isochron plot failed to produce a correlation.  

 

Conclusions  

The inverse isochron ages calculated for these samples are generally less precise, with larger 

errors than the plateau ages. This is associated with the limited spread of ratios on the plots 



The inverse isochron ages are in most cases within error of the plateau age and the 
40

Ar
/36

Ar 

intercepts are within error of the atmospheric ratio (of 295.5) and the plateau ages are taken as 

the most reliable estimate of the age of these samples. Based on the data above, these are the 

best estimates of the age of each of the samples:  

 

Sample Age 

1 LBR – 5350 1.32 ± 0.14 Ma 

2 LBR – 4963 0.808 ± 0.031 Ma 

3 CLU – 2312 2.556 ± 0.052 Ma 

4 CLU – 2275 0.470 ± 0.041 Ma 

5 CLU – 1380 0.506 ± 0.026 Ma 

6 CLU – 1312 0.498 ± 0.024 Ma 

7 CCO – 2372  4.13 ± 0.12 Ma 

8 CCO – 2215 0.835 ± 0.030 Ma 

9 GU – 0001 0. 799 ± 0.025 Ma 

10 TI – 0002 0.664 ± 0.038 Ma 

12 BOL – 1141 0.510 ± 0.018 Ma 

13 BOL – 0979 0.537 ± 0.031 Ma 
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Figures 1 to 12. Plateau ages diagrams.  Plateau steps are magenta, rejected steps are cyan. 

Box heights are 2.  
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