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ABSTRACT
The Princess Elizabeth Land sector of the East Antarctic Ice Sheet is a significant reservoir 

of grounded ice and is adjacent to regions that experienced great change during Quaternary 
glacial cycles and Pliocene warm episodes. The existence of an extensive subglacial water 
system in Princess Elizabeth Land (to date only inferred from satellite imagery) bears the 
potential to significantly impact the thermal and kinematic conditions of the overlying ice 
sheet. We confirm the existence of a major subglacial lake, herein referred to as Lake Snow 
Eagle (LSE), for the first time using recently acquired aerogeophysical data. We systemati-
cally investigated LSE’s geological characteristics and bathymetry from two-dimensional 
geophysical inversion models. The inversion results suggest that LSE is located along a com-
pressional geologic boundary, which provides reference for future characterization of the 
geologic and tectonic context of this region. We estimate LSE to be ∼42 km in length and 
370 km2 in area, making it one of the largest subglacial lakes in Antarctica. Additionally, 
the airborne ice-penetrating radar observations and geophysical inversions reveal a layer of 
unconsolidated water-saturated sediment around and at the bottom of LSE, which—given 
the ultralow rates of sedimentation expected in such environments—may archive valuable 
records of paleoenvironmental changes and the early history of East Antarctic Ice Sheet 
evolution in Princess Elizabeth Land.

INTRODUCTION
Antarctic subglacial lakes, as a major com-

ponent of the subglacial hydrology system, 
interact closely with the overlying Antarctic Ice 
Sheet (Wingham et al., 2006; Livingstone et al., 
2022). Such subglacial water bodies could pro-
vide unique biogeochemical environments and 
valuable sedimentary records of ancient climate 
change (Wright and Siegert, 2012). So far, >600 
subglacial lakes have been identified across the 
Antarctic continent by different survey meth-
ods (Livingstone et al., 2022), such as seismic 

sounding, repeat altimetry, and ice-penetrating 
radar (IPR) sounding. Jamieson et al. (2016) 
described the possible existence of an exten-
sive subglacial canyon and lake system in East 
Antarctica’s Princess Elizabeth Land based on 
satellite-based remote sensing, assuming the 
features on the ice surface suggest the form of 
the large-scale subglacial landscape underneath 
the East Antarctic Ice Sheet (EAIS). This can-
yon network was estimated to extend from the 
north side of Dome A to the Leopold and Astrid 
Coast adjacent to West Ice Shelf (Fig. 1A). 
Dowdeswell and Siegert (1999) postulated that 
very large subglacial lakes occur because entire 

subglacial valleys become filled with water as a 
consequence of low hydrological potential gra-
dients. Jamieson et al. (2016) proposed that such 
a subglacial lake existed within the upstream 
part of the subglacial canyon system in Prin-
cess Elizabeth Land and estimated it to be one 
of the largest subglacial lakes lying beneath the 
Antarctic Ice Sheet. We used a suite of aerogeo-
physical techniques to investigate the site of the 
proposed subglacial lake to demonstrate its exis-
tence, examine its topographic, geological, and 
glaciological settings, and quantify its volume 
and basal sedimentary thickness.

METHOD
The University of Texas Institute for Geo-

physics (Austin, Texas, USA), the Polar 
Research Institute of China, and the Australian 
Antarctic Division have performed several col-
laborative airborne geophysical surveys in East 
Antarctica through the ICECAP2 (International 
Collaborative Exploration of Central East Ant-
arctica through Airborne geophysical Profiling) 
program (Cui et al., 2020). Through this col-
laboration, >10,000 km of survey profiles were 
collected over the proposed lake region between 
2016 and 2019 CE (Fig. S1 in the Supplemental 
Material1). The airborne survey platforms used 
in these expeditions are built on ski-equipped 
BT-67 aircraft and house instruments such as 
IPR, gravimeter, magnetometer, laser altime-
ter, and optical camera (Cui et al., 2018). These 
 surveys provide valuable information on the *E-mail: shuaiy@utexas .edu
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thickness, internal structure, and basal condition 
of the ice sheet, confirm the presence of the pro-
posed subglacial lake, and enable the inference 
of its bathymetry and crustal framework. Data 
products such as ice-surface elevation, basal 
topography, and gravity and magnetic anomalies 
over the study area are shown in Figure 1. More 
detailed descriptions of the survey methods can 
be found in the Supplemental Material.

RESULTS
Geophysical Evidence of Lake Snow Eagle

Geophysical evidence, discussed here, dem-
onstrates the existence of the lake herein referred 

to as Lake Snow Eagle (LSE). Over the lake 
area, we observed subglacial hydraulic flatness, 
elevated basal reflectivity, and high basal specu-
larity from airborne IPR sounding (Fig. 2; Figs. 
S2–S6). The IPR-measured subglacial hydraulic 
slope is <0.2° over the lake, which is the sub-
glacial hydraulic slope uncertainty for our data 
set (Fig. 2A). The relative basal reflectivity over 
the lake is ∼15 dB higher than for the surround-
ing area, which is a consequence of the differ-
ence in reflectivity between wet and dry bed 
(Peters et al., 2005; Christianson et al., 2016) 
(Fig. 2B). The basal specularity derived from our 
IPR survey shows a significant anomaly of >0.2 

over the lake (Fig. 2C). These observations, in 
combination, meet the criteria for identifying 
subglacial lakes via IPR sounding (Carter et al., 
2007; Young et al., 2016). Adjacent spots with 
high relative basal reflectivity, low basal specu-
larity, and subglacial hydraulic non-flatness are 
also observed, which we interpret as unconsoli-
dated water-saturated sediment at the ice-sheet 
bed surrounding the lake (Peters et al., 2005; 
Carter et al., 2007).

The IPR-measured ice-surface elevation 
in the LSE area shows an overall tilt toward 
the Amery Ice Shelf (toward the northwestern 
direction), with a local 20 m depression over the 

Figure 1. Data products 
from airborne geophys-
ics surveys over the Lake 
Snow Eagle region, East 
Antarctica. (A) Map of 
Princess Elizabeth Land 
(PEL). Solid dark lines 
indicate location of PEL 
canyon channels esti-
mated from RADARSAT 
ice surface morphology 
data (Jezek et al., 2013). 
Location of data-product 
maps B–F is marked as 
a yellow rectangle. (B–F) 
Data products from aero-
geophysical survey. White 
line marks the outline of 
Lake Snow Eagle derived 
in this study. The thin dark 
lines are contours with 
intervals of 20 m, 200 m, 
10 mGal, 5 mGal and 50 
nT, respectively. In the 
surface-elevation map 
B, gray solid lines mark 
survey flight paths. In the 
magnetic anomaly map 
F, dark dashed lines with 
sawteeth mark approxi-
mate locations of the two 
thrust faults constrained 
from two-dimensional 
geophysics inversions of 
magnetic anomaly.
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lake (Fig. 1B). This measurement agrees well 
with previous observations from satellite-based 
remote sensing, from which LSE was proposed 
(Jamieson et al., 2016). The IPR-measured bed 
topography shows that LSE is located in a deep 
elongated subglacial trench, which is aligned 
in the north-south direction with a width of 
∼15 km and incised ∼800 m into the surround-
ing bedrock (Fig. 1C). The free-air gravity data 
show a short-wavelength negative anomaly 
over the subglacial trench with the lowest value 
observed over LSE (Fig. 1D), reflecting the den-
sity contrast between ice sheet, subglacial water, 
unconsolidated sediment, and bedrock.

Subglacial Crustal Framework of LSE
Over the study area, the complete Bou-

guer gravity anomaly shows a steep change 
of ∼15 mGal near the western shore of LSE 
(i in Fig. 1E) and a distinctively high anomaly 
aligned in the east-west direction on the north 

shore of LSE (ii in Fig. 1E). The measured mag-
netic anomaly is predominantly composed of 
three short-wavelength anomalies: one nega-
tive anomaly along the west shore of LSE (iii 
in Fig. 1F), and two positive anomalies on the 
northwest (iv in Fig. 1F) and east of LSE (v in 
Fig. 1F). These gravity and magnetics anomaly 
patterns are not correlated to basal topography, 
indicating changes in properties such as density 
and magnetic susceptibility within the bedrock; 
thus, a change in subglacial crustal framework is 
most likely (Nettleton, 1971; Grauch and Hud-
son, 2011).

Knowledge of the geologic framework 
of the trench housing LSE provides crucial 
insight toward the tectonic context of the lake. 
Such information also provides important con-
straints for obtaining the lake bathymetry, given 
that the slope or shape of the lake bed may be 
defined by certain discontinuities within the 
bedrock. Assuming that the observed gravity 

and magnetic anomalies over the LSE area are 
primarily caused by the subglacial lake and its 
crustal framework, we performed a series of 
two-dimensional (2-D) geophysical inversions, 
aiming to build a coherent crustal framework 
model for the LSE area (see the Supplemental 
Material text; Figs. S7 and S8). The inversion 
results suggest that LSE is located along a com-
pressional geologic boundary, given that models 
with compressional geological features (such 
as thrust faults and folds) provide (1) a more 
coherent crustal framework, and (2) magnetic 
responses that match the measured anomaly bet-
ter than the alternative models. The inversion 
results also suggest the existence of two thrust 
faults, one along the northern shore of LSE 
and another along the western shore (marked 
as dashed lines with sawteeth in Fig. 1F). The 
northern and western margins of LSE appear 
to be defined by these two thrust faults, which 
have orientations that correlate well with the 
Indo-Australo-Antarctic suture zone (Arora 
et al., 2020) and the Lambert Rift (Ferraccioli 
et al., 2011), respectively. These insights into 
the tectonics of Princess Elizabeth Land could 
provide reference for future characterization of 
the geological context of the region and its rel-
evance to, and connections with, elsewhere in 
East Antarctica.

Lake Bathymetry and Subglacial 
Sedimentary Record

To estimate the bathymetry of LSE, we 
conducted 2-D geophysical inversions of the 
measured gravity data, with IPR-derived ice-
sheet thickness and basal topography and the 
aforementioned inversion-derived crustal frame-
work as constraints (Fig. 3; see the Supplemen-
tal Material text; Figs. S9–S11). We find LSE 
to be ∼42 km in length and 370 km2 in area. 
The total water volume of LSE is estimated to 
be ∼21 km3, and the maximum water depth 
is >200 m. These findings confirm LSE to be 
one of the largest Antarctic subglacial lakes (cf. 
Wright and Siegert, 2012), by far the farthest 
large subglacial lake (area >100 km2) from an 
ice divide, and the closest large subglacial lake 
to the grounding line.

Our airborne IPR observations and geo-
physical inversion results together suggest the 
presence of a layer of unconsolidated water-
saturated sediment around and at the bottom 
of LSE (Fig. 3; see the Supplemental Material 
text; Figs. S9 and S10). The total volume of 
sediment is estimated to be ∼20 km3, and the 
maximum sediment thickness is >300 m. More 
than 75% of the water and sediments lie in the 
larger and deeper northern basin. The average 
sediment layer thickness in the northern basin 
is ∼100 m. Such a layer of sediment requires 
glacial, periglacial, and possibly preglacial 
deposition mechanisms, as it exceeds the esti-
mated depositing capacity of mechanisms under 

Figure 2. Maps of subgla-
cial hydraulic slope (A), 
relative basal reflectivity 
(B), and basal specular-
ity content (C) over Lake 
Snow Eagle region in 
East Antarctica. Dark line 
marks the outline of Lake 
Snow Eagle derived in 
this study. Coordinates 
are in EPSG 3031–WGS 
84 / Antarctic Polar Ste-
reographic. Background 
image shows RADARSAT 
ice-surface morphology 
(Jezek et al., 2013).
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glacial conditions alone (Filina et al., 2008; 
Bentley et al., 2011; Smith et al., 2018). The 
bottom portion of the sedimentary column is 
potentially dominated by fluvial sediment that 
predates Antarctic glaciation, given that the sub-
glacial canyon network was likely initiated by a 
tectonic event and then deepened by subaerial 
fluvial drainage before glaciation (Jamieson 
et al., 2016). The initiation and growth of the 
EAIS around the Gamburtsev Mountains would 
then have provided a substantial amount of sedi-
ment discharge into the channels (DeConto and 
Pollard, 2003; Sun et al., 2009; Herman et al., 
2021), constituting the middle to upper part of 
the sediment sequence. Following periglacial 
and glacial erosion would then have carved the 
sediment layer to its current shape, after which 
it was capped by sediment deposited by the ice 
sheet and any subglacial hydrology network.

The rate of sedimentation would dictate how 
far back in time this sedimentary sequence goes. 
Smith et al. (2018) examined a range of poten-
tial sedimentary processes for subglacial Lake 
Ellsworth in West Antarctica and concluded 
that the upper 6 m of sediment at the bed of 
the lake represents a period of at least 150–200 
k.y. and possibly >1 m.y. If the same assump-
tions hold for LSE, we can expect the 200 m 
thickness of sediments to go much further back 
in time, potentially allowing an unprecedented 
and uninterrupted record of ice and climate 
change. Smith et al. (2018) pointed to a change 
in sedimentation style between subglacial and 
proglacial systems. Thus, as in subglacial Lake 

Ellsworth, one essential characteristic to identify 
in any such record is a change in sediment type, 
which would correspond to a major alteration 
in sedimentary processes and, potentially, the 
timing of glaciation in Princess Elizabeth Land 
(relating directly to question 34 of the Antarctic 
scientific horizon scan by Kennicutt et al. [2015, 
p. 9]: “How will the sedimentary record beneath 
the ice sheet inform our knowledge of the pres-
ence or absence of continental ice?”).

IMPLICATIONS AND CONCLUSION
Our study presents geophysical evidence 

supporting the existence of LSE, systematically 
investigates its geological context and bathym-
etry, and confirms it to be one of the largest 
subglacial lakes in Antarctica. Unconsolidated 
sediment at the bottom of LSE, situated between 
the stable ice of Dome A and the more dynamic 
ice margin of the Amery Ice Shelf and the Leo-
pold and Astrid Coast, could archive valuable 
records of the geological framework of interior 
Princess Elizabeth Land and preglacial paleoen-
vironmental changes as well as the evolution of 
the EAIS and its subglacial hydrology. In partic-
ular, given that the Princess Elizabeth Land sec-
tor may have experienced significant change in 
the Quaternary and Pliocene (Mackintosh et al., 
2011; Siegert et al., 2022), this sediment record 
provides a unique opportunity for the simultane-
ous study of the geological and paleoenviron-
mental change of interior East Antarctica as well 
as the evolution of the EAIS from its initiation 
to present. We note that despite being one of the 

major challenges identified in the 2014 Antarctic 
scientific horizon scan (Kennicutt et al., 2015), 
very little progress has been made in identify-
ing and recovering sedimentary records from 
beneath the ice (Kennicutt et al., 2019). Such 
a record would allow major insights into Ant-
arctic climate history and its relevance globally 
(Florindo et al., 2022).

While this study is able to produce an esti-
mated bathymetry of LSE from 2-D geophysical 
inversions, we recommend conducting active-
source seismic surveys over the lake region and 
collecting additional aerogeophysical data to 
support more sophisticated three-dimensional 
(3-D) geophysical inversions for the bathym-
etry of LSE and the thickness and potential 
structure of the underlying sediment. Addition-
ally, we recommend numerical modeling of the 
limnological processes within LSE to provide a 
better understanding of the relationship between 
the overlying ice and the underlying sediment. 
The geophysical measurements presented here 
demonstrate that LSE is an excellent target for 
direct measurement and sampling of subgla-
cial systems, especially considering its loca-
tion proximal to an existing logistics station 
(Siegert, 2002).
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