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Materials and Methods 
Data processing 
We calculated the noise correlation using data acquired during the year 2008 through the 
Polar Earth Observing Network (POLENET)/ Lapland Network (LAPNET) seismic array 
in northern Finland. Only the ZZ components were analyzed, in a frequency range from 
0.1 Hz to 0.5 Hz. We first applied standard pre-processing: removal of the data mean and 
trend, prefiltering, resampling at an identical sampling rate (5 Hz), and deconvolution of 
the instrumental responses. Using earthquake data, the dataset had previously been 
through strict quality control to verify the instrument responses and correct for polarity 
problems. 
We used the procedure of (22) to calculate the noise correlations. This procedure has 
been successful for the extraction of body waves in the crust at higher frequencies (22). 
We first split the continuous data into 4-h windows and removed those with amplitudes 
larger than three times the signal standard deviation, to suppress the effects of 
earthquakes and transitory instrument problems. The use of a short time window has been 
shown to increase the signal-to-noise ratio of the retrieved noise correlations (8, 22). For 
each remaining 4-h time window, we then applied spectral whitening in a frequency band 
from 0.1 Hz to 0.5 Hz, to diminish the dominance of waves related to the secondary 
microseismic peak at ca. 0.14 Hz. 
We finally calculated the correlations of the 4-h time windows for each interstation pair 
and stacked these over the year. The resulting, folded, correlations are shown in Figure 
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S1, where all of the 861 correlations for the vertical-vertical components are plotted as a 
function of interstation distance. 
 
Stacking 

To enhance the body waves reflected from mantle discontinuities, we used techniques 
that are commonly applied in seismology (36) and in industrial applications that use 
active seismic surveys. This stack was composed of two steps. First, we used the AK135 
standard Earth model (31) to align the correlations using the normal move-out velocity 
for P410P waves. As this normal move-out velocity is almost identical to the predicted 
normal move-out velocity for P660P waves, this procedure efficiently aligns the traces 
over the whole depth interval that we are interested in. We then muted the traces to times 
that corresponded to the surface wave arrivals, to avoid surface-wave contamination of 
the stack. Finally, we normalized each trace so that the peak amplitude was unity, and 
applied a slant stack (slowness ranging from -0.1 s/km to 0.1 s/km) to these muted, 
normalized correlations. Note that the P410P and P660P arrivals are expected to arrive at 
zero slowness, due to the normal move-out correction. The resulting slant stack is shown 
in Figure 1C. 

Note that we applied the same stacking technique (including muting and normalization) 
to the correlations from the field data and to the synthetic seismograms. 
 
Forward modeling 
The synthetic seismograms were calculated by the discrete wavenumber integration 
method (37). We used a vertical force at the surface and calculated the earth displacement 
at the 861 distances that corresponded to our interstation distances for the field data. 
For the comparison with the field data, we needed to have equivalent spectral content of 
the noise correlations and synthetics. We therefore whitened the spectra of the synthetic 
seismograms, and subsequently multiplied these spectra with the average amplitude 
spectrum of the correlations, which was evaluated around the theoretical arrival times of 
the P410P and P660P waves. We finally stacked the synthetic seismograms as explained 
in the previous section. 
Ten models are explored here, with the parameterization showed in Table S1. The 
resulting zero-slowness traces for each parameterization are shown in Figure S3 (blue), 
and are compared with the stacked noise correlations (red). 
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Fig. S1. 
The 861 symmetrized noise correlations used in the present study. The frequency band 
spans from 0.1 Hz to 0.5 Hz. The noise correlations are dominated by Rayleigh waves. 
To extract small-amplitude body waves from the 410-km and 660-km discontinuities, we 
need to focus the analysis on time windows with no Rayleigh waves, and apply stacking 
techniques. The number of available traces for each 50-km distance is plotted on the 
right, to better illustrate the geometry of our array. 
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Fig. S2 
A) Synthetic seismograms calculated using the Earth standard model AK135 are here 
plotted to show the difference in amplitude between the different phases. In this plot we 
focus on distances less than 200km where  the surface waves and the other small 
amplitude body waves do not overlap in time.. The P660P and P410P have small 
amplitudes as compared to the surface waves, which is why they do not exceed the noise 
level in the correlations of field data for the individual station pairs. The P410P and 
P660P have amplitudes approximately fifty times higher than those of PcP, which 
possibly explains why these phases do not emerge even in the stacked correlations.  
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Figure S2-B shows the reflection coefficient for P4140P and P660P as predicted by 
AK135. Note that these coefficients do not account for geometrical spreading and 
anelastic attenuation. 
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Fig. S3 
Stack of the noise correlations calculated from the field data (red) and the synthetic 
seismograms (blue) that were generated using the models described in Table S1. 
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Model ‘410’ width 

(km) 

‘410’ depth 

(km) 

‘660’ width 

(km) 

‘660’ depth 

(km) 

1 (AK135) 0 410 0 660 

2 5 410 0 660 

3 10 410 0 660 

4 15 410 0 660 

5 20 410 0 660 

6 15 410 4 650 

7 15 410 4 645 

8 15 410 4 640 

9 15 405 4 650 

10 15 400 4 650 

 

Table S1. 
The models used to calculate the synthetic seismograms. All of the models were derived 
from the AK135 standard velocity model. The P-wave velocity increases linearly across 
the thickness of the discontinuities. 
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