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S1 Naled and Accreted Ice Core Photographs 

 

Figure S1 (a) and (b) naled core I1; (c) and (d) naled core I2; (e) and (f) naled core I3; (g) naled 
core I4; (h) naled core I5. 

 

Figure S2 (a) naled core I6; (b) naled core I7; (c) naled core I8; (d) naled core I9; (e) and (f) naled 
core I10;  (g) naled core I11; (h) naled core I12. 

 



 

Figure S3 (a) accreted core A1; (b) accreted core A2; (c) accreted core A3; (d) accreted core A4 
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S3 Electrical Resistivity Tomography Methods 

All data were processed and inverted using ResIPy v3.6.3 (Blanchy et al., 2020). Initial inspection of 
the SuperSting file format using ResIPy revealed highly inconsistent reciprocal misfits and non-
physical patterns across pseudosections, indicating that reciprocal measurements were not correctly 
recorded (Koestel et al., 2008; Mwakanyamale et al., 2012). As a result, standard reciprocal error 
filtering was deemed inappropriate for this dataset. In the absence of reciprocal measurements, a 
manual quality control workflow was applied. This included the removal of outliers from 
pseudosections (e.g., extreme spikes, low signal-to-noise values, and measurements associated with 
poor electrode contacts), consistent with established approaches (Binley, 2015). A two-term error 
model was implemented using an absolute error weight (a_wgt) of 0.001 and a proportional error 
weight (b_wgt) of 0.02, as recommended for datasets lacking reciprocal-based error calibration 
(Binley & Kemna, 2005; Blanchy et al., 2020). 

Triangular meshes are commonly recommended for modeling topographically complex or geologically 
heterogeneous environments such as Arctic and sub-Arctic glacier forelands (Rücker et al., 2017). A 
triangular finite-element mesh was generated for this dataset in ResIPy using Gmsh (Geuzaine & 
Remacle, 2009). The mesh design balanced computational efficiency with the resolution needed to 
capture shallow structures across the permafrost–active layer transition. A fine/coarse boundary 
depth of 30 m was used, and seven elements were placed between electrodes with a vertical growth 
factor of 1.1 (Oldenburg & Li, 1999). This configuration ensured sufficient detail to resolve metre-scale 
variations in resistivity across the top ~10–15 m of ground (Mewes et al., 2017).  

The inversion was conducted in a logarithmic data space using a regularised solution with linear 
filtering, known for its robustness in high-contrast geological settings (Binley & Kemna, 2005). The 
inversion was run for up to 20 iterations, with a normal regularisation mode used in the absence of a 
reference or time-lapse model. This resulted in stable resistivity models for both profiles., revealing 
coherent structures indicative of thawed surface layers and deeper frozen sediments. Consistent 
meshing and inversion settings enabled visualisation and structural interpretation across intersecting 
lines. 

To enhance boundary detection, the vertical gradient of resistivity (GradRho_z) was calculated for 
both profiles. Gradient-based methods are widely used to highlight sharp resistivity contrasts, such as 
the transition between thawed and frozen ground (Hauck & Kneisel, 2008; Thompson et al., 2017; 
Mewes et al., 2017). The volumetric resistivity field was exported to ParaView, where the gradient 
field (∇ρ) was computed using built-in derivative tools. The vertical component (∂ρ/∂z) was then 
extracted to isolate depth-dependent changes in resistivity. 

Sharp positive vertical gradients (∂ρ/∂z > 0) were interpreted as the base of the active layer, marking 
the onset of ice-rich permafrost, while negative gradients (∂ρ/∂z < 0) suggested zones of thaw or 
saturation. Compared to raw resistivity values, vertical gradients provided more precise indicators of 
subsurface boundary locations and enhanced the lateral continuity of interpreted features (Hauck & 
Kneisel, 2008). 
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S4 Stable water isotope standard measurements 

Table S2. Summary of water isotope measurement monitor standards (post normalization). All values 
in per mille VSMOW-SLAP. Note that the first VSMOW2 δ2H value is omitted, due to a particularly 
strong memory effect on that measurement. Results of drift standards from the same run (19/03/2025) 
do not show significant variance or offsets, reinforcing this assessment. 

Standard Vial # δ2H +/- SE δ18O +/- SE Run start date 
VSMOW2 6   -0.26± 0.05 19/03/2025 
VSMOW2 6 -0.7± 0.3 0.46± 0.05 26/03/2025 
VSMOW2 11 -0.7± 0.4 0.31± 0.05 03/04/2025 
VSMOW2 7 0.6± 0.3 0.60± 0.05 10/04/2025 
  SD 0.75 0.38   
Medium Natural Water 1 -98.9± 0.3 -12.57± 0.05 19/03/2025 
Medium Natural Water 7 -99.8± 0.3 -12.64± 0.05 19/03/2025 
Medium Natural Water 24 -98.1± 0.3 -12.55± 0.05 19/03/2025 
Medium Natural Water 40 -98.4± 0.3 -12.61± 0.05 19/03/2025 
Medium Natural Water 56 -98.2± 0.3 -12.24± 0.05 19/03/2025 
Medium Natural Water 75 -99.7± 0.3 -12.78± 0.05 19/03/2025 
  SD 0.75 0.18   
Medium Natural Water 1 -99.0± 0.3 -12.54± 0.05 26/03/2025 
Medium Natural Water 22 -99.5± 0.3 -12.64± 0.05 26/03/2025 
Medium Natural Water 38 -99.0± 0.3 -12.46± 0.05 26/03/2025 
Medium Natural Water 54 -99.1± 0.3 -12.54± 0.05 26/03/2025 
Medium Natural Water 74 -99.1± 0.3 -12.58± 0.05 26/03/2025 
  SD 0.21 0.07   
Medium Natural Water 1 -99.1± 0.3 -12.39± 0.06 03/04/2025 
Medium Natural Water 10 -101.2± 0.3 -12.78± 0.06 03/04/2025 
Medium Natural Water 42 -99.4± 0.3 -12.49± 0.06 03/04/2025 
Medium Natural Water 58 -99.0± 0.3 -12.34± 0.06 03/04/2025 
  SD 1.03 0.2   
Greenland Water 1 -114.4± 0.3 -16.09± 0.05 10/04/2025 
Greenland Water 6 -115.1± 0.3 -16.16± 0.05 10/04/2025 
  SD 0.49 0.05   

 



 

Figure S4 Cross-plot of deuterium excess vs δ18O of naled ice samples. 




