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OUR RESEARCH QUESTION

DarkSeis

Can distributed acoustic sensing (DAS) on dark fibre be used to 
image the seismic properties of the subsurface and can these 
images be used to characterise and monitor carbon capture 

and storage (CCS) projects?

Case study: Tampnet cable, UK Southern North Sea
Method: Ambient Noise Tomography



Ambient noise tomography DarkSeis

• The Earth is continuously excited 
by ambient seismic noise from 
natural and anthropogenic 
sources.

• Cross-correlating long records of 
this noise between station pairs 
retrieves the empirical Green's 
function of the medium. 

• The reconstructed wavefield 
approximates surface-wave 
propagation between the two 
receivers. 

                  

                      

                                                              

                 

      

                 

      

 

                                                                    

                                  

               

                                    

Figure generated using Claude (Anthropic, 2026), with prompts and design direction by T. Mackay-Champion



Ambient noise tomography (2/2)

DarkSeis

• Surface waves are dispersive 
• Tomographic inversion converts 

dispersion measurements into 2D 
and 3D shear-wave velocity models 
(attenuation, anisotropy also 
possible). 

• Ambient noise tomography thus 
enables passive seismic imaging, 
independent of earthquakes or 
active sources.

Figure generated using Claude (Anthropic, 2026), with prompts and design direction by T. Mackay-Champion



Rupture Directivity AnalysisTampnet dataset DarkSeis

• 28 days of continuous recording 
(Feb 2023) at 125Hz

• ~80km of fibre, channels spaced at 
20m.

• Data open access at PubDAS.

• One ML 3.2 EQ (BGS) within the 
recording period.

If you are interested in earthquake detection 
using DAS, please speak to Germán Rodríguez.

https://www.submarinecablemap.com/

Tampnet-ASN 

Dataset

(Lowestoft, UK) -

>

Submarine Cable Map And Carbon 

Storage Licenses 

https://www.submarinecablemap.com/


Rupture Directivity AnalysisCross-correlations with axial strain data DarkSeis

• Because DAS measures strain rather than conventional displacement, velocity, or acceleration, 
cross-correlations between channel pairs exhibit distinct characteristics.

• The cross-spectrum for axial strain measurements between in-line pairs of channels are defined 
as:

cL = Love wave; cR = Rayleigh wave, Jn = Bessel functions, ⍵ = frequency, a = amplitude.

• DAS cross-correlations can therefore be used to extract both Love and Rayleigh surface 
waves.

• We calculated cross-correlations between 80 irregularly spaced channels along a 50km straight 
section of the Tampnet cable.

Fukushima et al., 2024



Rupture Directivity AnalysisCross-correlations and phase velocity estimation DarkSeis

Scholte waves with a moveout of ~500m/s

(when the upper media boundary is water instead of air the 
generated seismic surface waves known as Scholte instead 

of Rayleigh waves).

Bessel function beamforming indicates clear dispersion
(does the discontinuity represent the sediment-

basement contact?)
We use this for our tomography!



Rupture Directivity AnalysisPhase velocity estimation

Good fit between data and theoretical predictions assuming isotropic noise distribution



Rupture Directivity AnalysisIrregular channel spacing is so important! DarkSeis

IRREGULAR



Rupture Directivity AnalysisIrregular channel spacing is so important! DarkSeis

Significant spatial aliasing prevents clear extraction of 
surface wave dispersion curve.

Particularly important at higher frequencies. 

REGULAR



Rupture Directivity AnalysisReversible-jump MCMC: Model construction DarkSeis

Figure generated using ChatGPT, with prompts and design direction by T. Mackay-Champion

• Here, we use reversible-jump, transdimensional (i.e., number of model parameters is 
allowed to vary) MCMC.

• Model parameterized by Voronoi cells.



Rupture Directivity AnalysisReversible-jump MCMC: Model sampling DarkSeis

• Model geometry and parameter values sampled via the Metropolis-Hastings 
algorithm.

• Posterior ensemble of models used to understand the subsurface.

Figure generated using ChatGPT, with prompts and design direction by T. Mackay-Champion



Rupture Directivity AnalysisReversible-jump MCMC: Tampnet dataset DarkSeis

Initial model
All Voronoi cells have a starting shear-wave velocity of 2km/s

Initial results suggest that dark fibre within 
subsea cables shows strong potential for 
constraining subsurface velocity structure.

Early stages of inversion
Voronoi cells clearly visible

Probabilistic S-wave velocity
Shallow, high-velocity basement in the west, downthrown to the east.
Interquartile range varies from 0.02 to 2.7km/s

N.B. This inversion was completed 
with the wrong water-depth, so 
please take the exact velocity values 
with a pinch of salt.
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