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Seismic reflection imaging of the Irish crust 
using ambient noise autocorrelations

Passive seismic imaging provides novel, low-cost and environmentally friendly tools for mineral exploration. Autocorrelation functions (ACFs) of ambient seismic noise recorded by seismometers bring 
out the reflection response of the structure underneath. We have tested an autocorrelation analysis technique in different locations and depth ranges to determine the resolution and limitations of the 
approach. For that aim we have used around 5 years of continuous recordings from 25 broadband stations spread throughout Ireland and the recordings of an array of 21 broadband stations (Navan Array), 
deployed for a year in the Boliden Tara Mines area. The autocorrelation functions are complex and signal-rich. Using lower frequencies at different seismic stations in Ireland, we are able to image the Moho in 
most locations, which is important in order to validate the method. Higher frequency signals reveal intra-crustal discontinuities and complex structure within the economically important sedimentary layer.

Method

Current challenge: towards resolving uppermost crustal discontinuities

Resolving the Moho
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Figure 1. Profiles of Moho depths 
inferred with ACFs (shaded lines) in 
Ireland at the locations indicated in 
Fig. 2. The frequency ranges used 
to resolve the Moho have been 
optimized on each case based on 
their frequency content (see e.g., 
Fig. 9e). Time series converted into 
depth interpolating two-way travel 
time (TWTT) with a fixed P wave 
velocity (V

p
) of 6.5 km/s for the Irish 

crust and the averaged V
p
 obtained 

with LitMod (Fullea et al., 2014). 
Red contours represent increases in 
velocity, the blue ones - velocity 
decreases. For comparison, Moho 
depths inferred from receiver 
functions are in Fig. 2.

Figure 2. Map of Ireland with 
Moho depths inferred from 
receiver functions (Licciardi et 
al., 2014). Black triangles 
indicate the locations of the 
stations used in this study 
(modified from Licciardi et al., 
2014). Square: location of 
Navan array (Fig. 5).

Comparison with Receiver 
Functions  Autocorrelation functions (ACFs) of the ambient seismic noise recorded with 

an array of seismometers yield information on the reflection response of the 
structure beneath each recorder. 

 To obtain a clear reflection response with ACFs, a sharp impedance contrast 
between reflectors is needed. We start by resolving the Moho, a reflector 
which have been successfully retrieved with ACFs.

 Reflection responses of the upper crust take place at sooner arrival times than those of the Moho. The interpretation of the ACFs is challenging as the sidelobes around zero-lag (Fig. 3b, c) may mask early P wave arrivals. 

 For each Navan Array station (Fig. 5), we stack different frequency bands to detect clear body waves with high signal-to-noise ratio (SNR) and with no contamination of the zero-lag sidelobes of the ACFs (Romero & Schimmel, 2018) (Fig. 3c, Fig. 6).

Figure 3. (a) Magnitude response of  different 
frequency bands applied to the (b) ACF of station 
T003. (c) Stack of the nine band-passed ACFs of (b). 

Figure 4. (a) Positive time lag of Fig. 3c converted into depth using V
p 
inferred 

from receiver functions (from Senad Subašić, personal communication). Red 
contours represent increases in velocity, the blue ones - velocity decreases. 
(b) V

p
 obtained from the borehole N02201 in grey (Fig. 5). Smoothed V

p
 of 

N02201 obtained with a median filter shown as green curves in both plots.

Figure 5. Map with the location of 
the Navan Array. Ore body of 
Boliden Tara Mines in light blue. 
Green diamond: borehole N02201. 

Figure 6. Profile of ACFs  of  the dense line of Navan 
Array (Fig. 5) revealing intra-crustal discontinuities. We 
have followed the procedure shown in Fig. 3. Time 
series converted into depth interpolating two-way travel 
time (TWTT) using V

p 
inferred from receiver functions 

(from Senad Subašić, personal communication). Red 
contours represent increases in velocity, the blue ones 
- velocity decreases.

 The autocorrelation (ACF) method involves a preprocessing of the data before computing the autocorrelation and a further processing after 
obtaining the “raw” autocorrelations, which depends on the reflector to resolve (Figure 7, 8). 

 We classify the autocorrelations as good, medium and poor based on the stability of the ACFs and the coherence of the noise along the days. In Fig. 
9 we can see an example for the station IA001, classified as good.

Preprocessing of the raw data Processing of the raw ACFs

Figure 7. Workflow diagrams showing the main steps of the ACF 
technique for the preprocessing of the data before computing the 
raw ACF (left) and the processing afterwards to obtain the 
corrected ACF (right).

Figure 8. Visual example of the 
processing of an ACF (Fig. 7) to 
obtain the final corrected one. 

Figure 9. Quality control example for 
IA001 (good). (a) Normalized daily 
ACFs (positive time lag). (b) 
Normalized daily cumulative stack of 
the daily ACFs. Phase-weighted stack 
of the daily ACFs filtered between (c)  
0.25 – 1 Hz and (d) 5 – 7 Hz. Both 
frequency ranges can resolve the Moho 
(black rectangles). Negative polarities 
indicates a positive impedance contrast 
(Moho case). (e) Spectrogram of the 
raw ACF of IA001. The content of 
frequencies is high in two frequency 
ranges, which are used to resolve the 
Moho: 0.25 – 1 Hz and 5 – 7Hz, 
respectively (black rectangles). Station 
IA001 is classified as a good station 
since the daily autocorrelations are 
stable in time, the Moho is clearly 
visible and we can use different 
frequency ranges to resolve it.

Quality control: checking the 
stability of the ACFs
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CONCLUSIONS

● Development of an autocorrelation analysis method. A 
careful preprocessing of the data and processing of the 
ACF are crucial to obtain clear P wave reflections.

● Validation of the ACF technique by resolving the Moho 
in Ireland and by retrieving similar ACFs in nearby 
stations. 

● With Navan Array we have seen correspondence 
between reflectivity and discontinuities given by the 
comparison of ACFs with the V

p
 from a borehole.

NEXT STEPS

 Further understanding of the Irish crustal structure is 
needed, together with numerical forward modelling 
reproducing the main arrivals on the ACFs, in order to 
interpret the strong reflectors in the lower crust and 
upper mantle.

 Comparison of Navan Array ACFs with other local 
seismic profiles to interpret the reflectivity given by 
ACFs and to be able to map the uppermost crustal 
discontinuities.
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