
Supplementary Data

Statistical Tests

In order to identify similarities between different compositional populations,
to test the accuracy of the two different WDS systems and to evaluate
whether the two datasets could be merged, the following two statistical tests
were used.

The similarity coefficient (Borchardt et al. 1972) gives the similarity be-
tween two populations and is defined as:

d1,2 =

∑n
k=1Rk

n
, (1)

where d1,2 = d2,1 is the similarity coefficient between two samples 1 and
2, n is the number of oxides, and R is Xk1/Xk2 if Xk2 ≥ Xk1 or Xk2/Xk1

if Xk1 > Xk2. Xk1 is the concentration of k in sample 1 and Xk2 is the
concentration of the oxide k in sample 2. This analysis was carried out for
six oxides with weight concentrations greater than 1% in order to identify
similarities between different populations (Table 1) and for seven oxides for
testing the performance of the two different WDS systems (Table 3).

Calculated values closer to 1 indicate a higher similarity. Begét et al.
(1992) suggested the following categorisation: Samples with values between
1 and 0.95 are identical; values between 0.95 and 0.90 are not identical but
are likely to have the same source; all values below 0.90 indicates that there
is no significant relationship between the populations.

The statistical distance function highlights samples without similarities
(Perkins et al. 1995, 1998; Pearce et al. 2008) :

D2 =
n∑

k=1

(Xk1 −Xk2)
2

σ2
k1 + σ2

k2

, (2)

where n is the number of oxides, Xk1 and Xk2 are the average concentrations,
σk1 and σk2 are the standard deviations of the average of the k-th oxide in
the samples 1 and 2. Calculated D2 values were compared to D2 critical
of the 99 % confidence level. If the calculated values were greater than the
critical value then the null hypothesis, that the samples are identical, can be
rejected. However, smaller values can suggest that a correlation exists, but
this is not necessarily the case (Pearce et al. 2008). Therefore, if Population A
is identical with Population B and Population C is identical with Population
B but Population A is not identical with Population B then none of these
populations were identified as being identical.

PopA = PopB
∧
PopC = PopB

∧
PopA 6= PopB, (3)



Only oxides with an average weight percentage greater than 0.1 % were
used. For the analyses of the populations’ correlation (Table 2) and of the
WDS performance (Table 4), nine and eight oxides were used, respectively.

Accuracy of the Wavelength Dispersive Spectrometers

To estimate the reliability of the two different electron miroprobes used,
mean, median and standard deviations were calculated by means of secondary
standard analyses (non-normalised values) (Tables 5,6). The mean standard
values for both mircroprobes were compared with the recommended values
for the BHVO-2G (USGS) standard. After removing outliers all mean values
lie within in the recommended ±1σ values, except for the mean of calcium-
and magnesium oxides from the JEOL JXA 800 spectrometer, which lie in the
±2σ range. Kuehn et al. (2011) used the recommend ±2σ values to exclude
analyses from their data set, therefore the JEOL JXA 800 analyses are con-
sider to be acceptable. Characteristic of the JEOL JXA 800 are generally
lower oxide values compared to the recommended values result in the low
totals observed, whereas the microprobe at TAU yielded somewhat higher
totals than recommended (Tables 5,6,7 ); these differences might be caused
by the differences in the primary calibration. Comparison of the standard
deviations from both microprobes for the BHVO-2G secondary standrad sug-
gests that the Cameca SX 100 has a better reliability than the JEOL JXA
800, but close mean and median values suggest a good overall reliability for
both probes. As a further test of the performance (Kuehn et al. 2011), the
similarity coefficient (SC) (Table 3)(Borchardt et al. 1971, 1972) and sta-
tistical distance function (Table 4)(Perkins et al. 1995, 1998; Pearce et al.
2008) were calculated between the BHVO-2G means of both electronprobes
and the recommended values for BHVO-2G. The high SCs between the rec-
ommended value and the SCs derived from the microprobe analyses imply
good overall performance. Combined with the results from the statistical
distance function, this gives us confidence that the null hypothesis (i.e. that
the different samples are identical) is true (as the calculated D2 are smaller
than the D2 critical of 20.09 (Table 4)).
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JEOL JXA 800 USGS Cameca SX 100

JEOL JXA 800 1.00 0.98 0.96
USGS 1.00 0.99
Cameca SX100 1.00

Table 3: Similarity coefficient between electron microprobe Cameca SX 100, JEOL
JXA 800 and recommended values for BHVO-2G on the basis of seven oxides with
a weight % greater than 1 (SiO2, TiO2, Al2O3, FeO, MgO, CaO, Na2O).

JEOL JXA 800 USGS Cameca SX 100

JEOL JXA 800 0.00 5.14 16.72
USGS 0.00 2.52
Cameca SX 100 0.00

Table 4: Calculated D2 of statistical distance function between electron micro-
probe Cameca SX 100, JEOL JXA 800 and recommended values from the USGS
for BHVO-2G on the basis of oxide mean and standard deviation. Eight oxides
(SiO2, TiO2, Al2O3, FeO, MgO, CaO, Na2O, K2O) with a weight % > 0.1 were
used, which gives a D2 critical of 20.09 (99 % confidence level).

n SiO2 TiO2 Al2O3 FeOT MnO MgO CaO Na2O K2O P2O5 SO2 F Cl Total

1 50.52 2.78 13.66 10.95 0.17 7.29 11.53 2.35 0.54 0.25 0.01 0.04 0.00 100.09
2 49.82 2.80 13.70 10.76 0.18 7.16 11.39 2.26 0.49 0.27 0.00 0.03 0.01 98.86
3 50.18 2.80 13.61 10.63 0.18 7.13 11.52 2.24 0.47 0.26 0.01 0.03 0.01 99.08
4 50.42 2.79 13.51 10.97 0.18 7.21 11.23 2.23 0.46 0.25 0.01 0.04 0.00 99.30
5 51.15 2.76 13.40 10.81 0.18 7.30 11.49 2.34 0.54 0.25 0.01 0.05 0.01 100.29
6 50.36 2.77 13.63 10.99 0.18 7.44 11.41 2.40 0.51 0.26 0.01 0.06 0.01 100.03
7 50.46 2.79 13.83 10.79 0.18 7.27 11.45 2.12 0.50 0.27 0.00 0.03 0.01 99.69
8 49.94 2.79 13.80 11.18 0.17 7.24 11.65 2.25 0.48 0.26 0.01 0.04 0.01 99.79
9 50.32 2.80 13.73 11.06 0.19 7.39 11.25 2.30 0.56 0.25 0.00 0.04 0.01 99.91
10 50.02 2.78 13.84 11.00 0.18 7.20 11.57 2.19 0.53 0.26 0.01 0.05 0.01 99.62
11 50.74 2.77 14.21 10.97 0.17 7.39 11.36 2.28 0.49 0.26 0.01 0.04 0.01 100.69
12 49.94 2.79 13.95 11.08 0.17 7.28 11.46 2.33 0.45 0.26 0.01 0.03 0.00 99.74
13 49.89 2.81 14.00 11.00 0.18 7.39 11.48 2.39 0.49 0.25 0.00 0.03 0.01 99.93
14 49.84 2.79 13.54 10.95 0.17 7.36 11.44 2.25 0.46 0.27 0.00 0.02 0.01 99.10

Mean 50.26 2.79 13.74 10.94 0.18 7.29 11.44 2.28 0.50 0.26 0.01 0.04 0.01 99.72
Median 50.25 2.79 13.72 10.97 0.18 7.28 11.46 2.27 0.49 0.29 0.01 0.04 0.01 99.76
St.Dev 0.39 0.01 0.22 0.14 0.01 0.09 0.11 0.08 0.03 0.01 0.00 0.01 0.00

Table 5: Individual analyses of the secondary standard BHVO-2G made through-
out the analytical period in November 2010 at TAU.



n SiO2 TiO2 Al2O3 FeOT MnO MgO CaO Na2O K2O Total

1 48.70 2.65 13.46 10.48 0.20 6.91 10.83 2.29 0.54 96.07
2 49.23 2.92 13.04 10.82 0.12 7.05 10.87 2.28 0.51 96.83
3 49.44 2.76 13.47 10.85 0.24 6.85 10.98 2.18 0.54 97.30
4 49.49 2.89 13.59 10.70 0.31 6.93 11.06 2.16 0.47 97.61
5 49.66 2.85 13.48 10.27 0.26 6.99 10.99 2.30 0.51 97.33
6 49.65 2.64 13.63 10.58 0.22 7.01 10.73 1.96 0.47 96.91
7 49.64 2.86 13.41 10.76 0.23 7.09 10.77 2.45 0.47 97.70
8 49.84 2.68 13.44 10.50 0.23 6.72 11.05 2.38 0.58 97.41
9 49.28 2.76 13.48 10.48 0.29 7.12 11.08 2.25 0.53 97.26
10 49.86 2.57 13.56 10.98 0.17 7.01 10.90 2.22 0.47 97.73
11 49.38 2.64 13.63 10.86 0.24 6.98 10.91 2.22 0.49 97.35
12 48.78 2.84 13.39 10.69 0.12 7.06 10.86 2.36 0.52 96.62
13 48.92 2.83 13.16 11.13 0.23 7.09 10.90 1.72 0.53 96.51
14 49.72 2.84 13.49 10.86 0.24 6.82 11.11 2.22 0.52 97.81
15 49.62 2.82 13.59 10.65 0.04 6.95 11.03 2.45 0.55 97.69
16 49.49 2.73 13.29 10.60 0.08 7.01 10.79 2.08 0.53 96.60
17 50.10 2.89 13.57 10.80 0.09 6.93 11.09 1.79 0.51 97.77
18 49.61 2.74 13.64 10.37 0.09 6.72 11.15 2.20 0.51 97.03
19 49.75 2.74 13.59 10.54 0.11 6.81 10.90 2.13 0.50 97.08
20 48.72 2.60 13.44 10.78 0.08 6.96 11.24 2.06 0.52 96.40
21 49.81 2.69 13.59 10.96 0.16 6.90 11.11 2.16 0.52 97.89
22 49.69 2.93 13.29 10.29 0.19 6.94 10.83 1.83 0.48 96.48
23 49.29 2.61 13.10 10.63 0.10 6.99 10.90 2.20 0.54 96.35
24 49.44 2.61 13.30 10.95 0.18 6.93 11.18 1.30 0.56 96.45
25 49.79 2.68 13.59 10.61 0.09 7.00 11.13 2.20 0.56 97.64
26 49.78 2.69 13.47 10.87 0.12 7.05 11.20 2.32 0.60 98.10
27 49.18 2.79 13.59 10.97 0.27 7.11 11.04 2.61 0.61 98.17
28 49.06 2.82 13.35 10.92 0.16 7.04 10.96 1.98 0.41 96.70
29 49.56 2.59 13.69 10.65 0.26 6.95 11.21 2.25 0.53 97.69
30 49.36 2.84 13.53 10.91 0.11 6.92 10.92 2.00 0.58 97.16
31 48.89 2.78 13.24 10.96 0.13 6.86 10.97 2.17 0.52 96.52
32 49.11 2.70 13.25 10.53 0.14 6.91 11.14 2.28 0.53 96.58
33 48.41 2.51 13.28 10.55 0.12 6.82 10.72 2.17 0.45 95.03
34 49.14 2.61 13.44 10.07 0.27 7.16 10.89 2.09 0.52 96.19

Mean 49.39 2.74 13.44 10.69 0.17 6.96 10.98 2.15 0.52 97.06
Median 49.47 2.74 13.47 10.70 0.17 6.95 10.98 2.20 0.52 97.12
St.Dev. 0.40 0.11 0.16 0.24 0.07 0.11 0.14 0.24 0.04

Table 6: Individual analyses of the secondary standard BHVO-2G made through-
out the analytical period in July 2011 at FEEA.



Reference values for BHVO2G (USGS), ± 1 σ

SiO2 TiO2 Al2O3 FeOT MnO MgO CaO Na2O K2O P2O5 Total

Recommendation 49.8 2.75 13.5 12.00 - 7.23 11.4 2.18 0.51 0.27 98.54
St. Dev, σ 0.42 0.07 0.22 0.6 - 0.15 0.24 0.09 0.01 0.02

Reference values for BHVO2G Jochum et al. (2005), ± 1 σ

SiO2 TiO2 Al2O3 FeOT MnO MgO CaO Na2O K2O P2O5 Total

Recommendation 49.3 2.78 13.6 11.3 0.17 7.13 11.4 2.40 0.51 0.29 99.0
St. Dev, σ 0.1 0.02 0.1 0.1 0.03 0.02 0.1 0.05 0.02 0.02 0.4

Table 7: Top panel: Recommended values and ± 1 σ for the BHVO-2G (USGS)
standard. Bottom panel: Recommended values and ± 1 σ for the BHVO-2G
(Jochum et al. 2005).

Individual analyses of the secondary standard Lipari

n SiO2 TiO2 Al2O3 FeOT MnO MgO CaO Na2O K2O P2O5 SO2 F Cl Total

1 74.95 0.08 13.05 1.42 0.08 0.02 0.73 4.11 4.93 0.01 0.00 0.17 0.37 99.92
2 73.26 0.08 13.29 1.46 0.08 0.03 0.77 4.05 5.08 0.01 0.00 0.18 0.38 98.65
3 74.30 0.07 13.11 1.56 0.08 0.03 0.77 4.07 5.12 0.01 0.01 0.19 0.38 99.68
4 74.13 0.08 13.19 1.53 0.07 0.05 0.72 4.06 5.15 0.01 0.00 0.16 0.36 99.51
5 73.85 0.07 12.91 1.42 0.07 0.06 0.75 4.15 5.02 0.01 0.01 0.18 0.38 98.89
6 73.92 0.07 13.00 1.59 0.06 0.06 0.70 4.12 5.00 0.01 0.00 0.15 0.38 99.06
7 73.43 0.08 12.90 1.50 0.07 0.03 0.67 4.14 5.18 0.01 0.01 0.16 0.38 98.54
8 73.54 0.08 13.11 1.37 0.07 0.06 0.70 4.23 5.24 0.00 0.00 0.19 0.37 98.97
9 73.67 0.08 12.98 1.58 0.07 0.06 0.74 4.13 5.13 0.01 0.00 0.19 0.37 99.02

Mean 73.89 0.08 13.06 1.49 0.07 0.04 0.73 4.12 5.09 0.01 0.00 0.17 0.37 99.14
S.Dev 0.52 0.00 0.13 0.08 0.01 0.02 0.04 0.06 0.10 0.00 0.00 0.01 0.01 0.47

Recommended values for secondary standard Lipari

SiO2 TiO2 Al2O3 FeOT MnO MgO CaO Na2O K2O P2O5 SO2 F Cl Total

a 74.03 0.08 12.72 1.75 0.08 0.00 0.72 4.06 5.18 0 n.d. n.d. n.d.
b 73.72 n.d. 13.04 1.76 n.d. 0.03 0.76 4.06 5.06 n.d. n.d. n.d. n.d.

Table 8: Top panel: Individual analyses of the secondary standard Lipari made
throughout the analytical period in November 2010 at TAU. Bottom panel: Rec-
ommended values for secondary standard Lipari a) Sparks, R.S.J. (pers.comm.
1990) and b) Hunt and Hill (1996).
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