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Abstract. Surface nuclear magnetic resonance (SNMR) is a geophysical technique that is directly sensitive to liquid water. In
this study, we evaluate the feasibility of SNMR for detecting and characterizing an englacial channel within Rhonegletscher,
Switzerland. Building on prior information on Rhonegletscher’s englacial hydrology, we conducted a proof-of-concept SNMR
survey in the summer of 2023. Despite the high levels of electromagnetic noise, careful optimization of SNMR data processing
including remote reference noise cancellation, allowed us to successfully detect interpretable signals and to estimate parameters
for a simplified one-dimensional water model. Our analysis, which is based on the comparison of the error-weighted root-mean-

square misfit Y RMS

of different models, suggests the existence of an aquifer near the bedrock, embedded within a temperate-ice
column. Assuming a minimum aquifer water content of 60 %, models with y*MS < 1.9 point to a thin layer (< 1 m) located
at a depth of 44 to 60 m, surrounded by temperate ice with a liquid water content between 0.3 % and 0.75 %. Our findings
are consistent with ground-penetrating radar measurements, thereby corroborating the potential for using SNMR in englacial
studies. Although limited by noise and model simplifications, our analyses show promise for quantifying liquid water volume

located within or beneath glaciers.

1 Introduction

Glacial hydrology can be investigated with a number of experimental methods, ranging from direct observations via borehole
measurements to geophysical techniques. The latter are particularly relevant as they are non-invasive, and they have the po-
tential to reveal the structure of large volumes of the glacier’s subsurface. Active and passive seismic methods (e.g. Guillemot
et al., 2024; Nanni et al., 2021; Lindner et al., 2020; Podolskiy and Walter, 2016; Peters et al., 2008) as well as ground-
penetrating radar (GPR) (e.g. Church et al., 2021; Hansen et al., 2020; Irvine-Fynn et al., 2011; Moorman and Michel, 2000)
are popular choices in this respect, and have been employed to study the location, geometry, water flow or temporal evolution
of the en- and subglacial hydrological system. While GPR and seismics are effective at detecting the boundaries of englacial

structures, they do not provide direct information about water content in the ice, which can be of particular interest in the
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context of hazard management, like in the case of glacier water pocket outburst floods (Ogier et al., 2025; Vincent et al., 2012;
Haeberli, 1983). Although electrical and electromagnetic methods have been successfully applied in cryosphere studies in var-
ious settings (primarily in permafrost investigations, e.g. Wagner et al., 2019; Mudler et al., 2022), the investigation of pure
temperate glacier ice usually shows resistivities in the M(2 range (Hochstein, 1967), which is too high to be investigated with
electrical and electromagnetic techniques.

Surface nuclear magnetic resonance (SNMR), a geophysical method introduced in the 1980s (Schirov et al., 1991; Semenov
et al., 1988), is a method directly sensitive to water molecules and, therefore, has the potential to directly reveal the water
content of the subsurface. SNMR operates on principles similar to magnetic resonance imaging used in medical applications.
When placed in a static magnetic field, such as Earth’s magnetic field Be,n, the nuclear magnetic moments of the hydrogen
atoms contained in the water molecules partially align with the static field and precess at the so-called Larmor frequency fi .

The latter is given by

fL = ’YBearth/27Ta (1

where +y is the gyromagnetic ratio. The collective alignment of magnetic moments results in a net magnetic moment parallel
to Earth’s magnetic field, and when an additional magnetic field is applied in the form of a pulse oscillating at the Larmor
frequency, the magnetic moments rotate out of their equilibrium configuration. As the magnetic moments relax back to equi-
librium (typically characterized by the transverse relaxation time 7, in SNMR experiments), they induce changes in the local
magnetic field, which can be detected and used to infer information on the actual water content. In practice, the magnetic pulse
is generated by an electrical current flowing through a large transmitter loop (up to 150 m in diameter), and measured by a
similarly sized receiver loop. More information on the background of the technique can be found, e.g. in Hertrich (2008) or
Weichman et al. (2000).

So far, cryospheric applications of SNMR are relatively limited: SNMR has been used in combination with GPR to charac-
terize and estimate the volume contained in a glacier water pocket in the French Alps (Vincent et al., 2012; Legchenko et al.,
2011). SNMR has also proven useful for detecting water in permafrost (e.g. Parsekian et al., 2019, 2013), sea ice (Nuber et al.,
2013) or below a proglacial moraine (Lehmann-Horn et al., 2011), but in general, the applications are not widespread. One
of the reasons is that SNMR surveys typically involve significant field efforts, which can be even more pronounced in areas
with limited accessibility, like glaciers or sea ice. Loop placement and measurement durations can be time-consuming. On top
of that, SNMR measurements often have low signal-to-noise ratios (S/N), necessitating multiple processing steps to extract
meaningful information from the raw data. The latter is particularly limiting, when attempting to detect smaller water volumes
in noisy environments, making the results uncertain.

In this study, we investigate the potential of SNMR for detecting an englacial channel in Rhonegletscher, Switzerland. For
our study area, we expect a relatively poor S/N due to the comparatively small water volume in an englacial channel (small
compared to e.g. the water pocket in Vincent et al. (2012)). Building on previous research that detected an englacial channel in
the terminal part of Rhonegletscher (Church et al., 2021, 2020, 2019) and preliminary SNMR investigations conducted in the

same area in 2008 (Hertrich and Walbrecker, 2008), we conduct a proof-of-concept study pursuing the following objectives:






