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Abstract: Dangerous and challenging access makes monitoring subaqueous parts of maritime 
and polar glaciers difficult. Nevertheless, these sensitive zones are essential in ice-ocean 
interactions and attract marine animals (e.g., seals, whales). Recently, we made several 
attempts to approach the calving front of a fast-flowing glacier in Greenland and conduct 
direct observations. This effort included deploying an ocean-bottom seismometer next to the 
calving front. Our system stayed at depth of ~250 m, where it continuously recorded 
seismicity (at 128 Hz), underwater sound (at 96 kHz), and temperature (1 sample per min) for 
more than two weeks. The experiment yielded several insights of glaciological, seismological, 
biological, and technological relevance. For example, we detected a seismic tremor 
proportional to the ice speed, recorded a glacial earthquake due to iceberg calving, and 
recognized the acoustic presence of narwhals. We also identified unusually deep sediments as 
a crucial feature to consider for future deployments. We believe our approach is of broad 
interest and could be used in any marine or lacustrine setting where sea-ice and ice-mélange 
conditions allow. 
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1. Introduction 

As climate warms, it is increasingly important to understand the dynamics of glaciers, glacier 
fjords, and inhabiting marine mammals in polar regions. However, it is difficult to conduct 
almost any continuous in situ observations near the calving fronts of glaciers. One issue is 
remoteness and polar night, another is a direct risk of losing sensors in extreme polar 
environment due to, for instance, crevassing and iceberg calving, as well as harsh weather. 
These issues lead to observations which are scarce, short, remote, or simply too dangerous 
to conduct and recommend as universally applicable (Podolskiy et al., 2021a). Furthermore, 
these shortcomings also correspond to a recognition that non-conventional methods are 
needed (Straneo et al., 2019).        
The objective of our effort, overviewed in this contribution, is to overcome all issues outlined 
above: by using sea-floor seismology as a new window into geophysics and biophysics of 
glacial fjords (Podolskiy, 2021).     

2. Methods and Results 

In June 2019, we dropped an ocean-bottom seismometer (OBS) system from a boat to the 
bottom of Bowdoin Fjord in northwest Greenland, at a range of ~600 m from the calving 



front of Bowdoin Glacier (Fig. 1). The glacier is a fast-flowing tide-water glacier that has 
been intensively studied primarily through Japan-Switzerland collaboration and, therefore, 
was a suitable subject for our underwater experiment.  
For approximately 2 weeks, the OBS stayed at depth of ~250 m, where it continuously 
recorded seismicity (at 128 Hz), underwater sound (at 96 kHz), and temperature (1 sample 
per min) for more than two weeks (using a 4.5-Hz geophone and SoundTrap recorder 
integrated with a thermometer).  

 

 
 

Fig. 1 – Bowdoin Fjord in Greenland, with the map of glacier terminus. The cartoon of the site shows location 
of OBS deployment before and after the main calving event (which was the source of a glacial earthquake on 
29 July 2019). Time-lapse photographs (courtesy of E. van Dongen / ETH Zurich) show the near-terminus 
section of Bowdoin Fjord before and after each epoch (UTC time); the red triangle marks the OBS drop location 
(after Podolskiy et al., 2021b, 2022; CC BY 4.0). 
 

So far, the experiment yielded several insights of glaciological, seismological, biological, 
and technological relevance. For example, we:  

- detected a seismic tremor proportional to the ice speed (Podolskiy et al., 2021b),  

- recorded a glacial earthquake due to a full-depth iceberg calving (Podolskiy et al., 
2021c), and  

- recognized the acoustic presence of narwhals and the potential risk of calving noise 
in terms of hearing loss for these cetaceans and seals (Podolskiy et al., 2022).  

We also identified unusually deep sediments as a crucial feature to consider for future 
deployments in glacial fjords (Podolskiy et al., 2021c). Deep sediment can trap and delay 
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the release of the OBS from the seafloor. Therefore, particular types of acoustic release,  
which can be in direct contact with the sediment, should be used with caution. 

Finally, we note that the experiment was embedded into a large-scale geophysical campaign 
at Bowdoin Glacier in June 2019 and further seismo-acoustic analysis is in progress. In the 
meantime, we hope to secure funding for long-term sea-floor experiments in the same region 
of Greenland. 

4. Conclusions 

Our approach allows to collect extreme near-source observations of a seismo-acoustic field 
related to ice-ocean interactions (populated by cryogenic and biogenic signals). It also 
permits to obtain continuous long-term records, which are limited only by battery life of the 
instruments and useful for multi-disciplinary studies. Since OBS deployment is relatively 
quick and can be performed even from a helicopter (Podolskiy et al., 2021c), this 
methodology will remain more realistic than a becoming-popular, but more demanding 
fiber-optic sensing (i.e., DAS). 
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