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Abstract The presence and nature of marine ice in ice shelves is important, yet difficult to determine.
We present transient electromagnetic results spanning 10 km across a suture zone of Larsen C Ice Shelf
(LCIS), Antarctica, supported by central borehole measurements. Our results indicate the presence of two
ice-shelf layers. The uppermost layer, ~300 m thick, has resistivity 10°—10° Qm. We interpret this as
meteoric ice, overlying a lower shelf layer 25-56 m thick with resistivity 3-20 Qm, consistent with
permeable basal marine ice. This reconstruction closely matches modeled marine-ice thicknesses in the area.
The porosity of this layer is 0.18-0.40, higher than measured farther down-flow, suggesting the layer
consolidates once formed. Within the upper layer at 78.5 m depth, we identify a 2.5 m thick layer, likely
linked to brine infiltration. These heterogeneities in ice shelf properties should be accounted for in future
LCIS stability assessments.

Plain Language Summary We used a novel method to image through the Larsen C Ice Shelf,
Antarctica, at a suture zone, where two ice masses merge. We discovered two distinct layers: a 300-m-thick
upper layer of dense, impermeable ice likely formed from compacted snow, and a thinner layer of porous, frozen
seawater. The latter marine ice layer at the base of the ice shelf is less dense than that of a basal marine ice layer
observed at a location 195 km downstream. This suggests the basal layer consolidates as it flows toward the
ocean. Understanding this layered structure is essential for predicting the ice shelf’s stability.

1. Introduction

Marine ice is important for many reasons including its role in the basal mass budget of ice shelves and its in-
fluence on shelf rheology and stability (Craw, 2023). Suture zones are present in all large and numerous smaller
Antarctic ice shelves, stabilizing them by delaying the opening of rifts that propagate quickly through meteoric ice
units derived from tributary glaciers (Jansen et al., 2015; Khazender et al., 2009; Kulessa et al., 2014, 2019).
Basally accreted marine ice within suture zones contains seawater and is warmer than surrounding meteoric ice,
allowing suture zones to arrest rifts by accommodating strain and delaying or preventing brittle fracture (Kulessa
etal., 2019). For example, marine ice is well known to play a crucial role in stabilizing Larsen C Ice Shelf (LCIS),
Antarctic Peninsula (Kulessa et al., 2014). However, a recent study by Harrison et al. (2022) shows that ocean
warming significantly reduces the extent and thickness of LCIS’ marine ice, with potential implications for the
shelf’s future stability.

Basal marine ice is formed through the accretion of seawater onto the ice shelf base and exhibits a heterogeneous
structure. The structure consists of consolidated ice near the upper boundary where it merges with meteoric ice,
often characterized by trapped salt within the ice matrix, and transitions to a less consolidated matrix at the lower
interface (i.e., solid marine ice to permeable marine ice; Craven et al., 2009). This evolution is driven by the
upward buoyancy of ice, basal refreezing induced by heat flux, and brine drainage, resulting in vertical gradients
in temperature, salinity, and porosity (Galton-Fenzi et al., 2012).
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The presence of basal marine ice can be inferred from joint consideration of digital elevation models, airborne
radar data and hydrostatic equilibrium (Fricker et al., 2001; Holland et al., 2009), with processes of frazil ice
accretion and compaction simulated by ocean models (Galton-Fenzi et al., 2012; Harrison et al., 2022). However,
numerical simulations suffer from uncertainties in average ice-shelf densities that form the basis of ice-thickness
calculations, in oceanographic conditions that control rates of basal freezing and melting, and in the actual process
of formation and accretion of frazil ice at the base of the ice shelf. Furthermore, ice-shelf regions where basal
undulations have spatial wavelengths smaller than the ice thickness may invalidate the hydrostatic floatation
approximation (Stubblefield et al., 2023). These uncertainties are compounded in suture zones, whose internal ice
composition is likely complex but usually poorly known (Kulessa et al., 2014, 2019; McGrath et al., 2014).

Radar attenuation is often used as an indirect indicator of marine ice due to its expected high electrical con-
ductivity and scattering at the meteoric-marine ice interface (Kulessa et al., 2019). However, similar radar
attenuation and diffuse scattering can also result from brine infiltration, an alternative process where seawater
penetrates into near-surface or englacial layers. Brine infiltration has been observed on Antarctic ice shelves such
as McMurdo, where seawater propagates laterally along structural boundaries or vertically through surface-
connected fractures (Campbell et al., 2017; Kovacs & Gow, 1975). On the Brunt Ice Shelf, King et al. (2018)
showed that strong radar scattering could be caused by brine-filled fractures rather than basal marine ice. This
highlights the need to consider brine infiltration alongside basal marine ice formation when assessing ice-shelf
internal structure from radar data.

To a certain extent, basal marine ice layers can be mapped and characterized physically using active-source
seismic measurements (Kulessa et al., 2019; McMahon & Lackie, 2006), or borehole logging or sampling
(Craven et al., 2005, 2009). However, seismic methods struggle to image the gradational transition from marine
ice to ocean due to weak acoustic impedance contrasts (Brisbourne et al., 2020). Borehole logging and sampling
can provide high resolution 1-D information about marine ice properties and ice crystal orientation fabrics, which
directly control anisotropy, deformation, and ice flow, impacting ice shelf dynamics (Craven et al., 2009;
Hubbard et al., 2012; Miles et al., 2025; Treverrow et al., 2010). Yet, these methods are spatially limited and
logistically intensive. Consequently, there is an urgent need for measurements that are more feasibly acquired and
not only capable of diagnosing the presence of basal marine ice, but also of characterizing its depth, thickness and
physical properties such as porosity and seawater content.

Electromagnetic (EM) methods offer a promising alternative, capable of mapping bulk resistivity and porosity in
ice-shelf settings. EM has been used to detect subglacial water beneath glaciers (Killingbeck et al., 2020; Mikucki
et al., 2015) and to quantify sub-ice platelet layers (SIPLs) beneath sea ice (Brett et al., 2020; Haas et al., 2021;
Hunkeler et al., 2016). Like SIPLs, basal marine ice is expected to exhibit intermediate resistivities, between
resistive meteoric ice (>10,000 Qm; Kulessa, 2007) and conductive seawater (~0.36 Qm; Nicholls et al., 2012),
and its porosity can be estimated using empirical mixing models developed for sea ice (Gough et al., 2012; Haas
et al., 2021; Langhorne et al., 2015). While crystal structure and formation timescales differ, these analogies
support the use of EM to assess basal marine ice structure and porosity.

Here, we present the results of an integrated geophysical survey acquired in the 2022/23 austral summer on the
Joerg Peninsula suture zone, LCIS (Figure 1). The survey, which aimed to investigate the thickness and electrical
resistivity of the basal marine ice layer, combined surface-based transient electromagnetics (TEM), ground-
penetrating radar (GPR) and active source seismics with borehole televiewer, sonic and electrical logs. Re-
sistivity is used to infer the porosity and its spatial variability across the basal marine ice layer.

2. Methods
2.1. Transient Electromagnetics

TEM data were acquired with a Geonics PROTEM47 system consisting of a three-channel digital time-domain
receiver unit, a three component multi-turn receiver coil (area 31.4 m?), and a TEM47 battery-powered trans-
mitter. A 4 X 100 m square transmitter loop was laid out and the receiver coil was placed in the center of the
square. Twenty-one TEM soundings were acquired every 500 m along a 10 km long profile across the suture zone
(Figure 1c). At each location the transmitter module was used to power 2 A of current around the 4 X 100 m
square transmitter loop. A base frequency of 25 Hz was acquired with 30 measurement time gates, 30 s integration
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Figure 1. (a) Larsen C Ice Shelf, with location in Antarctica shown by blue rectangle in (b), and red rectangle indicating the field site in (c). The background is a MODIS
scene from August 2016. (c) Joerg Peninsula suture zone with the location of the ground-penetrating radar survey line, TEM soundings, and JP-21, where the seismic
and borehole data were acquired. The coastline and grounding line in (b) and background in (c) are from the MEaSUREs MODIS Antarctic mosaic (Haran et al., 2018).
The coordinates of the start of the profile are —67.958191°, —64.432125°, and the end of the profile are —68.041545°, —64.325607°. The coordinates of the borehole

location are —68.008614°, —64.367714°.

time, and seven stacks. Records of magnitude below background noise (measured at each site with the transmitter
coil turned off) were rejected.

The positive TEM data for a normal decay curve were inverted to give an estimate of the resistivity and thickness
of meteoric ice and basal marine ice. We applied the open-source MATLAB code MuLTI-TEM (S. Kill-
ingbeck, 2019, 2020) to invert the data using a trans-dimensional Bayesian inversion technique, which calculates
the posterior probability density function of resistivity with respect to depth for each 1-D sounding (Killingbeck
et al., 2020). This Bayesian inversion method typically selects a simple model, such as thick layers with minimal
resistivity variations, unless additional geophysical data are provided as constraints. Therefore, we apply a
constrained inversion, where the sub-shelf ocean halfspace is constrained at 0.36 Qm, calculated from the CTD
data acquired at the Southern site reported in Nicholls et al. (2012) with salinity 34.54 PSU, temperature —2.05°C,
and pressure 30 Bars. The inversion parameters used in MuLTI-TEM are shown in Table S1 in Supporting
Information S1.

The spatially variable porosities of the permeable basal marine ice layer are estimated from bulk electrical re-
sistivity using Archie's Law (Archie, 1942). Archie's law is commonly used to derive the relationship between
porosity and resistivity in porous sedimentary rocks, and should equally apply to SIPLs (Haas et al., 1997;
Hunkeler et al., 2016) and glacier ice (Keller & Frischknecht, 1960; Killingbeck et al., 2022; Kulessa, 2007).
Here, we use Archie's law to convert the estimated resistivity of the bulk permeable basal marine ice layer (R,,) to
porosity (@), as

o= () v

where, R, is the resistivity of the interstitial fluid in the permeable marine ice, set to the resistivity of seawater
0.36 @m (Nicholls et al., 2012), m is the cementation factor assumed to range between m = 1.75 (Haas
etal., 1997) and m = 3 (Hunkeler et al., 2016), and the tortuosity factor (@) and saturation exponent (S) are set to 1
(e.g., Kovacs & Morey, 1986). It is noted that the resistivity of the interstitial fluid is unknown and could be lower
than that of the underlying seawater. This is due to the exclusion of salts during ice formation, which concentrates
them in the interstitial fluid, increasing its salinity and consequently lowering its resistivity.
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2.2. Ground Penetrating Radar (GPR)

GPR data were acquired with a snow-scooter-towed assembly (Kulessa et al., 2019), using a Sensors and Software
Pulse-Ekko Pro system with a 1000 V transmitter and 50 MHz dipole antennas mounted in perpendicular
broadside mode on a plastic sledge, towed along a ~10.6 km profile across the suture zone (Figure 1c). We
acquired one trace every ~2.5 m at a mean towing speed of ~12 km hr™", representing a distance-averaged stack
of eight individual traces at a sampling interval of 1.2 ns. Each stacked trace was located with a Leica GS10 GNSS
rover, mounted on the snow scooter and post-processed in kinematic mode against a fixed base station operated on
the ice shelf. Ground-penetrating radar data were imported into the commercial ReflexW software package and
processed, including de-wow, bandpass filtering, and background noise removal. A velocity of 0.175 m ns™",
derived previously from common-midpoint surveys in the same study area (Kulessa et al., 2014; Luckman
etal., 2012), was used for depth conversion of the radargram. For this average velocity, the nominal wavelength of
our 50 MHz GPR signal in ice is ~3.5 m. With vertical resolution equal to around one-quarter wavelength, we
expect to resolve layers thicker than ~0.9 m near the ice-shelf surface. Resolution then becomes progressively
worse with depth as higher radar frequencies are preferentially attenuated.

2.3. Active-Source Seismic

Active-source seismic data were acquired, with a spread of 48 vertical component geophones of 100 Hz with a
sledgehammer impacting a thick plastic plate, at the borehole location near the center of the suture zone
(Figure 1c). The geophones were placed at 2 m intervals, making the total spread length 94 m. Data were collected
mid-way between individual geophones starting at off-end location —1 m and finishing at 495 m, thus totaling 49
shots along the spread. At least five hammer shots were stacked into a single gather for each shot point.

Seismic processing used MATLAB and the open-source CREWES package (Margrave et al., 2011). Traces next
to each shot location were removed from the raw shot gathers thus removing over-saturated traces, and a bandpass
filter was applied, with a 50-100 Hz low cut filter and 200-250 Hz high cut filter. The data were stacked to
produce a common offset stack, with a maximum offset of 94 m. The P-wave velocity profile derived in Kulessa
et al. (2019) was used to convert the seismic two-way-travel time (TWT) into depth.

2.4. Borehole Wireline Logging

A 120 m-deep borehole was drilled using hot-water and logged by optical televiewer (Miles et al., 2025), electric,
and full waveform triple sonic probes from Robertson Geologging Ltd. The electric probe measures resistivity by
producing a low-frequency bi-directional electric current from a source electrode on the probe, the return of which
was measured by electrodes within the probe and converted to resistivity, relative to an earth stake submerged at
the ice surface (~5 m from the winch and ~15 m from the borehole). Here, we report the long normal electrode
resistivity. The full waveform triple sonic probe emits a high-frequency acoustic wave from a piezoelectric
transmitter housed within the probe. The first arrival transit time was detected at three receivers within the probe
and converted to sonic velocity based on the distance between the receivers in conjunction with an accurate quartz
clock. Both the electric and sonic logs were acquired during up-logging (i.e., while the probes were being raised
up the borehole).

3. Results

Outside the suture zone, the GPR data are characterized by multiple diffraction hyperbolas from the base of the ice
shelf at depths between ~300 and ~350 m (Figure 2b). At the 10 km position, a basal crevasse is observed
extending upwards to 200 m depth. Comparing the depth of the hyperbolas' apexes in the radargram with the ice
thicknesses derived from BedMachine v3 (Morlighem et al., 2020), we find that the latter underestimates the ice
thickness along this line by up to ~50 m (Figure 2a). Inside the suture zone, the GPR data are characterized by
multiple shallow diffraction hyperbolas at an average depth of ~78 m (Figure 3a), and the base of the ice shelf is
not visible. The borehole resistivity log is marked by a decrease from 9,500 Qm to 8,000 Qm through this shallow
layer (Figure 3d).

A three-layer model fits the data best in our constrained TEM inversions, with the upper layer characterized by
resistivities ranging between 1,000 Qm and 1,000,000 Qm (Figure 2b; Figure S1 in Supporting Information S1).
This range encompasses the values measured by our borehole resistivity log (Figure 3c), although the inverted
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Figure 2. (a) Processed radargram (showing the magnitude of the analytic signal, derived from the Hilbert transform, which represents the envelope) with TEM station
locations shown by the blue triangles. (b) Constrained TEM inversion results. (c) Estimated minimum thickness of basal marine ice along the radar line. (d) Estimated
porosity of the basal marine ice layer along the radar line, green error bars are porosities derived with m = 3, blue error bars are porosities derived with m = 1.75 and
black error bars are the mean. In (a and b), the depth of the resistive upper layer, picked from the TEM, is highlighted by the red lines. The black dotted line is the ice
thickness derived from BedMachine v3. In (a), the depth of the observed seismic reflection (Figure 3b) is highlighted by the blue line. In (b), the estimated depth of the
transition to seawater is highlighted by the gray box.

TEM data do not resolve the resistivity decrease (from 9,500 Qm to 8,000 2m) shown at ~78 m depth. We pick
the depth of the upper layer when the 50% credible interval is less than 1,000 Qm. The average depth across the
profile is 300 £ 10 m excluding the TEM measurement over the basal crevasse at the 10 km position (Figure 2b).
The picked depths of the upper layer match closely those of the diffraction hyperbolas in the radargram at the base
of the ice shelf (Figure 2a). Beneath this resistive upper layer, we detect an intermediate conductor characterized
by resistivities of 3-20 Qm (Figure 2b). The data points associated with the base of this intermediate conductor
are close to levels of background noise (Figure S1 in Supporting Information S1), thus making it difficult to pick
an exact depth to the lower layer. Therefore, a depth range is determined when the 2.5% credible interval
(2 standard deviations) and 34% credible interval (one standard deviation) is less than 1 Qm (Figure 2b). The
minimum thickness of the intermediate conductor is estimated by subtracting the depth of the upper layer from the
depth at which the 2.5% credible interval is less than 1 Qm (Figure 2¢). In all soundings the minimum thickness is
greater than 0 m, highlighting the resistivity of the intermediate layer has a unique solution. Finally, the lowermost
layer is the constrained seawater halfspace (0.36 Qm).
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Figure 3. (a) Zoomed in section around JP-21 of the processed radargram, showing the envelope. (b) Seismic common offset stacked data in depth. The red arrow
highlights the observed negative polarity reflection (black-white-black), where the polarity of the direct wave (defining a positive polarity) is white-black-white.

(c) Constrained TEM inversion result of the sounding next to JP-21 with the electrical resistivity log plotted (black line). (d) Electrical resistivity log. (¢) Sonic log (black
line) and Vp profile derived in Kulessa et al., 2019 (blue dashed line). (f) Optical televiewer (OPTV) interpreted units 1-4 (U1-U4), plotted adjacent to the borehole
wireline logs, reported in Miles et al., 2025, and U2a picked in this study. (g) Zoomed in section of the processed radargram between 72 and 82 m.(h) Zoomed in section
of the resistivity log between 72 and 82 m. (i) Zoomed in section of the sonic log between 72 and 82 m. (j) OPTV log with Unit 2a.

The common-offset stacked seismic data indicate a weak negative reflector (black-white-black) at a TWT of
0.167 s (Figure 3b). The P-wave velocity profile derived in Kulessa et al. (2019) agrees closely with the borehole
sonic log (Figure 3e) and is used to convert the TWT of the common offset stack to depth, where the weak
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negative reflector occurs at a depth of ~300 m (Figure 3b). This depth matches closely with that of the resistive
upper layer picked from the TEM constrained inversions (~303 m) next to JP-21 (Figure 3c).

4. Discussion
4.1. Properties of the Basal Marine Ice Layer

The GPR, TEM and seismic data are all consistent with the presence of an interface at ~300 m depth. This
interface is characterized by a large decrease in resistivity (from ~1,000-~1,000,000 Qm to 3-20 Qm) and a
decrease in acoustic impedance as indicated by the negative polarity wavelet of seismic basal reflection. We
interpret this interface to be a transition from meteoric ice, or potentially impermeable marine ice (Craven
et al., 2009) with electrical properties in the range 1,000-1,000,000 Qm, to permeable basal marine ice that
corresponds to the intermediate conductor delineated by the inversion results (Figure 2b). The TEM-derived basal
marine ice thicknesses are on the same order of magnitude as those modeled by Harrison et al. (2022) (Figure 2c¢),
except in the presence of basal crevasses where they differ significantly (e.g., at the 10 km position of the GPR
line the difference is ~80 m; Figures 2a and 2c) highlighting the importance of field measurements.

The resistivity values of the basal marine ice layer are picked from the TEM data and converted to porosity using
Equation 1. The mean estimated porosities along the profile range from 0.18 to 0.40 (Figure 2d). Acknowledging
that the interstitial fluid resistivity (R;) could be lower than the seawater resistivity used in our porosity calcu-
lations (Equation 1), and that the temperature may deviate from the assumed —2.05°C, we performed a sensitivity
analysis. Utilizing temperature data from JP-21, extrapolated to 300 m depth, we estimated an upper temperature
bound of 0°C (Figure S2a in Supporting Information S1) for this analysis. Systematically varying the temperature
from —2.05°C to 0°C resulted in a negligible impact the calculated porosity range (Figure S2b in Supporting
Information S1). Similarly, we estimate the upper R, bound using a salinity of 120 psu, when solid precipitates
start to form in seawater changing its composition (Sharqawy et al., 2010), yielding an R, of 0.12 Qm. By sys-
tematically varying R, from 0.12 to 0.45 Qm (Figure S2c in Supporting Information S1), the analysis demon-
strates that our reported range sufficiently accounts for variations in R,. Notably, a minimum R, of 0.12 Qm,
would yield a lower mean porosity range of 0.12-0.25 (Figure S2c¢ in Supporting Information S1), similar to the
0.14-0.20 range estimated at the Amery Ice Shelf (Craven et al., 2009). However, this high salinity is only likely
in a brine drainage scenario near the upper part of the marine ice matrix and not representative of the bulk marine
ice properties.

Our calculated porosity range (0.18-0.40) is notably higher than that (0.02-0.13) reported for a site located
195 km downflow (Kulessa et al., 2019) (Figure S3 in Supporting Information S1), suggesting that basal marine
ice compacts as it travels along the suture zone (Figure S3b in Supporting Information S1). Compaction reduces
both the overall thickness and the seawater content of the basal marine ice, which exerts the strongest control on
its ability to arrest rifts (Kulessa et al., 2019). This ability is therefore likely largest at an unknown intermediate
location along the suture zone where basal marine ice thickness and seawater content reach a maximum, relative
to the thickness of meteoric ice prone to brittle fracture. That ability will then decrease toward the calving front as
the marine ice progressively compacts, which may have implications for the future stability of the LCIS if basal
melting increases in a warming sub-shelf ocean cavity (Kulessa et al., 2014; McGrath et al., 2014).

4.2. Properties of Suture Zone Internal Ice Shelf Units

Given a nominal vertical resolution of our 50 MHz GPR data of ~1 m at 78.5 m depth, the 2.5 m thick Unit 2a
should readily be detectable. Indeed, inside the suture zone at an average depth of ~78 m, the GPR data are
consistently characterized by multiple diffraction hyperbolas. The notable resistivity decrease at that depth in our
wireline log (Figure 3h, from 9,500 m to 8,000 £m) is not however sensed by TEM because the method is only
sensitive to changes in resistivity when the bulk resistivity is <~1,000 Qm.

However, here we use the wireline resistivity and sonic logs to derive properties of the interface imaged in the
GPR data and other internal ice shelf units reported in Miles et al. (2025). Figure 3f shows four internal ice shelf
units interpreted from OPTV logs in Miles et al. (2025): Unit 1 is ice-shelf accumulated ice, Unit 2 is ice
accumulated during transport over the grounding zone that is heavily deformed and fractured, Unit 3 is meteoric
ice with shallow layer dips, and Unit 4 is meteoric ice with high layer dips. Here, we pick Unit 2a at 78.5 m depth
characterized by a change in dielectric permittivity (Figure 3g), a decrease in resistivity from 9,355 Qm to
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8,230 Qm (Figure 3h; Table S2 in Supporting Information S1), a decrease in sonic velocity from 3,673 m/s to
3,595 m/s (Figure 3i; Table S2 in Supporting Information S1) and dark layers in the OPTV log interpreted as
bubble-free ice (Figure 3j). Borehole temperature measurements in JP-21 indicate that the temperature of Unit 2a
is —5.8°C (Figure S2 in Supporting Information S1).

In the absence of a viable alternative explanation, we propose the change in geophysical properties at 78.5 m
depth is likely caused by brine intrusion. Brine intrusion would cause local melting and refreezing of the sur-
rounding ice to form the darker layers identified in Figure 3j. The salinity of brine at —5.8°C is ~95 PSU (Figure
S4a in Supporting Information S1), calculated using the UNESCO equation (Fofonoff & Millard, 1983), therefore
R; = 0.17 Qm, calculated using the practical salinity scale (Perkin & Lewis, 1980). With a PSU of ~95, the brine
is therefore nearly three times as concentrated as seawater (35 PSU). This inference is consistent with significant
refreezing of the pore space since brine intrusion took place, and therefore the genesis of the bubble-free dark
layers in Unit 2a in the OPTV log (Figure 3j). Using Equation 1, the porosity of Unit 2a is estimated between
0.002 and 0.027, with m = 1.75 and m = 3.

We suggest that brine infiltration into Unit 2a occurred via a hybrid mechanism combining aspects of surface-
driven firn loading and lateral intrusion along structural weaknesses. The configuration illustrated by King
et al. (2018), see Figure 8 and 9 in King et al., 2018, provides a compelling model: sea ice forms in narrow
channels between icebergs emerging from meteoric ice flowing to a grounding zone from a bedrock trough, and
subsequent firn accumulation depresses this sea ice below sea level, allowing seawater to infiltrate the overlying
permeable firn from below (King et al., 2018). In our case, however, the brine signal is more diffuse and radar-
scattering, characterized by numerous hyperbolas, rather than a sharp interface as seen in McMurdo Ice Shelf
brine studies (e.g., Campbell et al., 2017). This suggests multiple point-source intrusions rather than a single
continuous brine horizon. We hypothesize that seawater infiltrated laterally along the top of impermeable ice
within the suture zone, exploiting tensile fractures that formed as heavily deformed ice (Unit 2) was advected over
the grounding zone. This deformed ice unit, documented in recent work by Miles et al. (2025), may have
facilitated episodic brine infiltration that has since partially refrozen, consistent with our geophysical evidence
and the formation of bubble-free dark layers observed in the OPTV logs.

5. Conclusions

Our study demonstrates the value of TEM methods for detecting and characterizing permeable basal marine
ice in suture zones, including quantifying meteoric ice thickness and estimating the resistivity and porosity of
basal marine ice where conventional geophysical approaches often fail. We observe a 300 £ 10 m thick,
resistive (1,000-1,000,000 Qm) meteoric ice layer, potentially including solid marine ice, overlying a
conductive (3-20 Qm) basal layer interpreted as porous marine ice, with estimated porosities between (.18
and 0.40. These porosities are notably higher than the 0.02-0.13 estimated by Kulessa et al. (2019), at a
location downflow along the same suture zone, indicating potential basal marine ice compaction along the
suture zone. Thus, suggesting a possible weakening of the LCIS's buttressing capacity.

In addition, we identify a thin (~2.5 m), laterally extensive brine-infiltrated layer at ~78.5-81 m depth within the
suture zone. This layer exhibits porosities between 0.002 and 0.027 and is likely associated with brine infiltration
through surface-connected fractures, followed by localized melting and refreezing. The presence of this layer
emphasizes that brine infiltration processes generate radar scattering signatures similar to those attributed to
marine ice and thus must be accounted for in interpretations of radar or other remote sensing data sets.

These findings underscore the internal heterogeneity of ice shelves and the need for integrated geophysical ap-
proaches that distinguish between basal marine ice accretion and brine infiltration when evaluating ice shelf
structure, mechanical integrity, and vulnerability to climate-driven change.

Data Availability Statement
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