
Exploring mechanisms and rates of tunnel valley formation beneath deglaciating mid-
latitude ice sheets using high-resolution 3D seismic data and numerical modelling
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WE SEARCH FOR CLUES ABOUT HOW TUNNEL VALLEYS 

FORM USING REALLY DETAILED 3D SEISMIC DATA

THIS POSTER EXAMINES THE ORIGIN OF TUNNEL 

VALLEYS - HUGE RIVERS  CARVED BENEATH 

DEGLACIATING ICE SHEETS

KEY  FINDING

KEY FINDING

KEY FINDING

1 MINUTE SUMMARY

WE CALCULATE EROSION RATES AND ESTIMATE TIMESCALES 

OF TUNNEL VALLEY FORMATION

Seasonal surface melt and ice erosion can incise tunnel valleys 
over 100s of years

Large channels form in areas of prominent surface melting

Small channels and landforms are found inside the tunnel 
valleys, suggesting gradual incision by low discharges
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WE MODEL SUBGLACIAL WATER ROUTING BENEATH THE 

ICE SHEETS WHICH COVERED THE UK AND WEST EUROPE
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Fig. 5 – Examples of steady state tunnel 
valley erosion rates (100 m wide channels). 

Fig. 4 – Example of 
subglacial water 
routing beneath the 
last British-Irish and 
Fennoscandian ice 
sheets at 21 ka. 

Water sourced from basal melting is dwarfed by the contribution of surface 
meltwater to the bed, resulting in regularly spaced, 10–70 km long, tunnel valley 
networks in areas of prominent surface melting (Fig. 4).

We model subglacial water flux during the decay of the British-Irish and 
Fennoscandian ice sheets using BRITICE V2 model outputs (Ely et al. in prep). 

We find that small water fluxes focussed in 
narrow (100 m wide) channels are often 
more erosive than larger floods spread 
over wider (500–1000 m) channels. In the 
steady-state hypothesis, erosion is 
greatest within ~30 km of the ice margin, 

-1
eroding up to 0.01–0.1 m day  (Fig. 5). 

At these rates, tunnel valleys could form in 
100s–1000s of years, commensurate with 
biostratigraphical constraints and ice 
sheet retreat rates during the last glacial 
period (Sandersen et al., 2009). 

We assess tunnel valley incision rates 
using an erosion model for channels into 
deformable sediments (Carter et al., 
2017), forced using the fluxes calculated 
in Box 3. By altering the channel width and 
the duration of meltwater input, we test the 
hypotheses in Box 1. 

3. Modelling the formation of tunnel valleys

4. How quickly can you erode a tunnel valley?

1. Background: tunnel valleys

This study tests these hypotheses using numerical modelling informed by novel 
geophysical observations. Our study area is the North Sea — an area where 
many tunnel valleys are buried beneath the seafloor (Ottesen et al., 2020). 

They constitute valuable analogues for how subglacial hydrological systems may 
evolve during deglacial conditions, such as may be experienced under future 
climate warming scenarios. 

However, the mechanisms and rates of tunnel valley formation are widely debated 
and poorly understood (Kehew et al., 2012). Two hypotheses dominate (Fig. 1):

Tunnel valleys large (1–5 km wide, 100s m deep) channels eroded by meltwater 
flowing beneath continental ice sheets. 

[2] : Gradual incision, possibly driven by surface drainage.Steady-state

[1] : Large channels are cut by floods released from trapped lakes.Catastrophic
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Fig. 1 – Proposed mechanisms of tunnel valley formation.
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Fig. 3 – (A) Tunnel 
valley infill and 
morphology from HR3D 
seismic data.  (B-C) 
Eskers and kettle holes 
buried within a tunnel 
valley. (D) Braided 
channel structures at 
the base of a tunnel 
valley. (E) Slumps 
within a tunnel valley.

We use high-resolution 3D (HR3D) seismic data to image the morphology of tunnel 
valleys in much greater detail than previously possible with conventional 3D seismic 
methods (Fig. 2). This data reveals that tunnel valleys are incised by small (~100 m 
wide) channels, whilst the upper valley section is often enlarged by ice (Fig. 3).  

Fig. 2 – Comparison between conventional and HR3D seismic data. 
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2. Detailed morphology from HR3D seismic data
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