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1. Short executive summary

Alpine permafrost, integral to the cryosphere, is thawing significantly due to climate change, impacting
infrastructure and natural hazards. Monitoring its degradation is vital for understanding causes and devising
mitigation strategies. Geophysical techniques, like DC resistivity methods coupled with seismic and GPR
techniques, offer non-invasive means for long-term monitoring. The SIP method, extended from DC
resistivity, assesses resistivity over a broad frequency range. The Chameleon Il device, developed at TU
Braunschweig, aims to estimate ice content in highly resistive subsurface materials by capturing
characteristic resistivity variations.

This study aimed to assess seasonal thawing of bedrock permafrost at Hoher Sonnblick's summit by
combining low and high frequency SIP measurements. Low-frequency techniques provided dense data, while
high-frequency induced polarization (HFIP) offered additional insights into ground ice response. The site's
attributes, like long-term geoelectrical observation data and easy access via cable car, facilitated the
research. Fieldwork involved GPR and SIP measurements during early and late summer, with HFIP data
collected using textile electrodes. Preliminary results showed high-quality data and revealed contrasting
electrical properties across layers. Ongoing analysis seeks further insights, with plans for continued low-
frequency IP monitoring and potential for additional HFIP measurements depending on funding.
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3. Scientific objectives

The objective of this study was to combine low and high frequency spectral induced polarization (SIP)
measurements to assess the seasonal thawing of bedrock permafrost along two monitoring profiles at the
summit of Hoher Sonnblick. Low-frequency techniques are sufficiently advanced and quick to recover a
spatially dense data set as needed to assess the expected heterogeneity in the subsurface. The less efficient
but innovative high-frequency induced polarization (HFIP) technique will provide additional information in a
wider frequency range, where a strong response of the ground ice is expected. Two boreholes along the
profiles provide direct temperature information, which were used to support the interpretation of SIP data
in terms of ice content.

4. Reasons for choosing the Facility

The existence of the borehole information and the availability of long-term (~10 years) geoelectrical
observation data makes the SBO site a unique place to advance interdisciplinary cryospheric research. The
cable car additionally offers an easy access to a remote high-altitude permafrost site and transport of the
heavy geophysical equipment and personnel. The summit of Hoher Sonnblick is also interesting from a
geological/geophysical point of view: The gneiss bedrock is characterized by a low SIP response at low
frequencies and an increased electrical resistivity, compared to other geological settings in the Alps.

5. Activities during the TNA

Stay Type of activity Measurements carried out
07/06/2022 — 09/06/2022 Research GPR, HFIP, low-frequency IP
02/09/2022 — 05/09/2022 Research GPR, HFIP, low-frequency IP
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6. Method and set-up of research

GPR and broadband SIP measurements were collected along two monitoring profiles located on the South-
West facing slope of the Hoher Sonnblick. Measurements were conducted during early (June 2022) and late
(September 2022) summer periods in order to assess seasonal changes due to atmosphere-permafrost
interactions (variation of active-layer thickness). Broadband SIP data was collected along the two monitoring
profiles using the DAS-1 (Multiphase Technologies) for low frequencies. HFIP data were collected along two
perpendicular profiles in order to avoid contamination of the high-frequency data caused by the presence of
the permanently installed cables and boreholes installed along the two monitoring profiles. HFIP data was
collected using the Chameleon Il (Radic Research). The fieldwork for the HFIP measurements was significantly
speeded up compared to the original working plan thanks to the use of novel textile electrodes, which
rendered the labor-intensive installation of stainless-steel electrodes unnecessary. GPR data was collected
along the HFIP profiles using a 100-MHz antenna (Noggin manufactured by Sensors and Software).

7. Preliminary project results and conclusions

Overall, the quality of all data collected in this complicated alpine environment with blocky surface cover was
significantly better than expected. The galvanic coupling yielded with the novel textile electrodes did not only
speed up the fieldwork but also contributed to the high quality of the HFIP data along the two non-permanent
profiles. In the same fashion, the GPR data (collected every 10 cm along the HFIP profiles) was significantly
better compared to earlier GPR measurements on the debris-covered summit of Hoher Sonnblick.

Our geophysical results reveal different units and dipping layers with strong contrasts in all electrical
properties as well as corresponding reflectors in the GPR radargram. Shallow highly resistive units are likely
associated with bedrock outcrops present along the first half of the profile, lower resistivity values with
weathered material and a higher content of fine-grained substrate. Neither the resistivity values nor the
other spectral parameters of the HFIP measurements indicate ice in this part of the summit, which is in good
agreement with the low-frequency IP data collected along the permanent monitoring profiles. Spectral
variations of the electrical properties such as a relaxation peak around 100 Hz, are also not typical for ground
ice (relaxation peak around 1000 Hz).

8. Outcomes and future studies

The two field campaigns at Hoher Sonnblick carried out within the TNA project resulted in combined low-
and high-frequency IP and GPR data sets of high quality. Detailed processing of this data set and
interpretation is still ongoing, but preliminary results already show consistent information derived from all
three field methods. The low-frequency IP monitoring is going to be continued in the future. The possibility
of carrying out additional HFIP measurements depends on the availability of corresponding funding.

9. Plans for publications

As processing and interpretation of the data collected within the TNA project is still ongoing, no specific
publication plans have been made so far. However, the PhD thesis of Madhuri Sugand, which will include
data collected at Hoher Sonnblick is yet to be written (and subsequently published).
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