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Abstract 29 

We investigate the relationship between Bouguer disturbance and equivalent topography across 30 

Antarctica using satellite gravity data, under the assumption that a linear relationship is 31 

expected at long wavelengths for Airy-type isostatic compensation. Equivalent topography 32 

ensures consistency across continental, marine, and ice-covered domains by expressing 33 

bathymetry and ice loads as crustal-equivalent height. The analysis is based on the GOCO06S 34 

satellite-only gravity model and BedMachine v3 datasets. Bouguer disturbance is computed 35 

through forward modelling of all relevant mass contributions using prism integration. Spatial 36 

variations in the gravity–topography relationship are quantified using moving circular windows 37 

(264 km diameter, 75% overlap), consistent with the effective resolution of the gravity model 38 

and the wavelengths at which local compensation is expected. For each window, slope, 39 

intercept, correlation coefficient (r), coefficient of determination (R²), and RMSE are 40 

estimated. Regions such as the Antarctic Peninsula and the southern Transantarctic Mountains 41 

exhibit high R² and strong negative correlation, indicating a coherent long-wavelength coupling 42 

between gravity and topography. While consistent with Airy-type compensation, this 43 

behaviour may also reflect contributions from mantle density variations associated with 44 

thermal anomalies. In contrast, large sectors of East Antarctica show positive correlation and 45 

low to moderate R² values. Combined with seismic evidence for thick and cold lithosphere, 46 

this pattern indicates that gravity variations are influenced by lithospheric rigidity and regional 47 

compensation rather than local Airy-type crustal thickening. The joint interpretation of 48 

regression parameters further delineates candidate subglacial sedimentary basins, in agreement 49 

with independent probabilistic models, and identifies new regions of interest for future 50 

geophysical investigation. 51 

 52 

1. Introduction 53 



3 
 

Satellite data provide the opportunity to investigate gravity signals at continental to global 54 

scales with homogeneous resolution and coverage. Over the past two decades, major advances 55 

in mapping the Earth's gravity field have been achieved through dedicated satellite missions 56 

such as GRACE (Gravity Recovery and Climate Experiment; Tapley et al., 2004) and GOCE 57 

(Gravity field and steady-state Ocean Circulation Explorer; Rummel et al., 2011). These 58 

missions have led to the development of high-quality global gravity field models with 59 

consistent coverage, including remote regions such as Antarctica. 60 

The long-wavelength gravity field resolved by satellite gravimetry is particularly suitable for 61 

investigating large-scale geophysical processes, including lithospheric structure, mantle 62 

convection, tectonic plate architecture, ice mass balance, and gravity variations related to 63 

climate change. Satellite observations are distributed either as gravity gradients along the 64 

satellite orbit or as global gravity field models expressed as spherical harmonic expansions 65 

(e.g., Earth Gravitational Model 2008, EGM2008; Pavlis et al., 2012; the EIGEN series, e.g., 66 

EIGEN-6C4; Förste et al., 2016; and the Gravity Observation Combination models, e.g., 67 

GOCO06S; Kvas et al., 2021). These models are provided as spherical harmonic expansions, 68 

allowing the computation of gravity disturbances or anomalies at arbitrary heights above the 69 

Earth's surface. A key advantage of global gravity field models is that the complex geodetic 70 

processing required to combine and reference satellite observations is already incorporated in 71 

the model construction, providing a stable basis for subsequent geophysical analyses. 72 

Satellite gravity anomalies have been widely applied to investigate large-scale geodynamic 73 

processes and lithospheric structure. Applications include the assessment of tectonic domains 74 

(Ebbing et al., 2018), cross-continental correlation of geological structures (Braitenberg, 2015), 75 

recovery of lithospheric thermal structure (Pastorutti and Braitenberg, 2019), and evaluation of 76 

gravity–topography regression sensitivity on Earth and other planetary bodies (Pivetta and 77 

Braitenberg, 2020). In Antarctica, satellite gravity data have supported studies of ice mass 78 
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balance (Chen et al., 2009), ice mass transport (Rummel et al., 2011), and the derivation of 79 

lithospheric density, temperature, and viscosity structure from gravity gradients (Pappa et al., 80 

2019). GOCE-based curvature fields have also been employed to delineate lithospheric 81 

domains and tectonic boundaries (Ebbing et al., 2018). For sedimentary basin analysis, 82 

however, investigations typically rely on higher-resolution airborne gravity surveys combined 83 

with seismic, radar, and magnetic datasets where available. Examples include the 84 

characterization of subglacial sedimentary infill in the Pensacola–Pole Basin (Paxman et al., 85 

2019), mapping of crustal structure and sediment thickness beneath the Ross Ice Shelf 86 

(Tankersley et al., 2022), mechanical interpretation of gravity anomalies in the Ross Sea 87 

extensional basins (Karner et al., 2005), and aeromagnetic detection of structurally controlled 88 

subglacial basins in the Wilkes Subglacial Basin (Ferraccioli et al., 2009). 89 

Geological density variations in the upper crust play a significant role in shaping the Earth's 90 

gravitational signal. This signal is not only influenced by variations in crustal thickness but 91 

also by regional differences in crustal density. According to isostatic theory (Watts, 2001), 92 

topographic loads may be compensated either locally or regionally. In local isostatic 93 

compensation, relief is balanced by variations in crustal structure: in the Airy model, 94 

topographic highs correspond to thickened crustal roots, whereas in the Pratt model 95 

compensation occurs through lateral variations in density. In contrast, regional isostatic 96 

compensation involves lithospheric flexure, in which the load is supported by the bending of 97 

an elastic plate. Flexure redistributes deformation over a broader region and produces a smooth 98 

deflection of the Moho, rather than localized changes in crustal thickness. When topographic 99 

features have sufficiently large wavelengths (~100 km), the gravitational signal mainly reflects 100 

the mass-contrast associated with the topographic load, as described by the Bouguer plate 101 

approximation. In this regime, a linear relationship is expected between the Bouguer anomaly 102 

and topography, which can be quantified through regression analysis. The regression 103 
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coefficients reflect the degree of isostatic compensation and describe the gravity–topography 104 

coupling in relation to the theoretical Airy model. Deviations from the expected linear relation 105 

may reveal crustal thickness variations, lateral density heterogeneities, or departures from local 106 

Airy-type equilibrium.   107 

Although gravity–topography regression has been previously applied in global and planetary 108 

contexts (Braitenberg, 2015; Pivetta and Braitenberg, 2020), a systematic continent-scale 109 

assessment over Antarctica based on satellite gravity data has not yet been undertaken. Here, 110 

we apply gravity–topography regression across Antarctica to investigate the spatial variability 111 

of gravity–topography coupling. This framework enables the identification of contrasting 112 

isostatic regimes, lateral crustal density heterogeneities, and potential subglacial sedimentary 113 

basins, thereby providing new constraints on the large-scale crustal architecture of the Antarctic 114 

continent. 115 

 116 

2. The satellite gravity data  117 

The gravity potential field is calculated from the spherical harmonic expansion model 118 

GOCO06S (Kvas et al. 2021), part of the global satellite-only models of the GOCO*s series, 119 

which are produced by the Gravity Observation Combination (GOCO) consortium 120 

(http://www.goco.eu). The choice was based on a prior analysis done for the Antarctic 121 

continent (Scheinert et al. 2015) which concluded that the GOCO utilizes the GOCE 122 

observations in an appropriate way with minimum degradation of signals including the interior 123 

of the polar gap (which is due to the inclusion of GRACE data).  The data are available at the 124 

International Centre for Global Earth Models (ICGEM, http://icgem.gfz-potsdam.de/ICGEM/, 125 

Ince et al., 2019).  126 

The gravity disturbance grid from the GOCO06S model was obtained from the ICGEM 127 

service (http://icgem.gfz-potsdam.de/calcgrid, product “gravity_disturbance_sa”) with a 128 

http://icgem.gfz-potsdam.de/ICGEM/
http://icgem.gfz-potsdam.de/calcgrid
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spatial resolution of 0.6° (Fig. 1 a). In the ICGEM formulation, the disturbance grid is 129 

calculated by spherical approximation on (h=0) or above (h>0) the ellipsoid. In this study, the 130 

grid was calculated at a height of 5000 m to ensure that all calculations were performed above 131 

the Antarctic topography. Bouguer gravity disturbance (Fig. 1b) was computed using the 132 

Harmonica package (Fatiando a Terra Project, https://doi.org/10.5281/zenodo.13308312), 133 

considering all relevant masses in the study area with standard density values (2670 kg/m³ for 134 

crustal rocks, 1030 kg/m³ for seawater, and 917 kg/m³ for ice). The mass layers were modeled 135 

over the full topographic domain, whereas the final Bouguer disturbance grid and subsequent 136 

regression analysis were restricted to the region of common coverage with the satellite gravity 137 

data, reducing the influence of potential edge effects. Bed topography and ice thickness were 138 

taken from BedMachine Antarctica v3 (Morlighem et al., 2020) and referenced to the ellipsoid. 139 

The gravity effect of eleven different mass layers (Supporting Information, Section 1), 140 

referenced to the ellipsoid, was calculated using a prism approximation, and each contribution 141 

was subtracted from the gravity disturbance. Technically, this subtraction product is called the 142 

Bouguer disturbance, but by convention, we will refer to it as the Bouguer anomaly. Note that 143 

we did not use the Bouguer anomaly grids available from ICGEM, as their formulation 144 

calculates the classical Bouguer anomaly instead of the disturbance and  does not account for 145 

the density contrast between ice and bedrock, which is critical in ice-covered regions; 146 

additionally, the water column beneath Lake Vostok was not represented as a distinct mass 147 

layer in the model. 148 
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Figure 1. (a) Gravity disturbance (Kvas et al., 2021). (b) Calculated Bouguer disturbance. (c) 150 

Filtered equivalent topography. The continental shelf edge (in green) is from Amblas (2018). 151 

Grounding line from Depoorter et al., 2013. 152 

 153 

 154 

3. Gravity regression analysis and isostatic reduction  155 

The Bouguer correction eliminates the influence of short-wavelength topography. However, 156 

the Bouguer gravity anomaly often exhibits strongly negative values, reflecting the presence 157 

of a low-density root associated with long-wavelength topography. Recent studies have 158 

proposed statistical methods to evaluate the correlation between gravity and topographic fields 159 

(e.g., Braitenberg, 2015; Pivetta & Braitenberg, 2020). In an initial approach, these methods 160 

assume a linear relationship between the Bouguer gravity field and a filtered topography, based 161 

on the hypothesis that topography is isostatically compensated according to the Airy model. In 162 

the Airy model, topography is supported by lateral variations in the thickness of a uniform-163 

density crust. The compensation takes the form of a crustal ‘root’ which projects into the 164 

mantle.  165 

The gravity anomaly of the topography (∆𝑔𝑡𝑜𝑝𝑜) and of the compensation root (∆𝑔𝑟𝑜𝑜𝑡) in the 166 

approximation of the Bouguer plate can can be defined as it follows: 167 

 168 

                                                ∆𝑔𝑡𝑜𝑝𝑜 = 2𝜋𝐺𝜌𝑐𝐻                                                                      (1) 169 

                                            ∆𝑔𝑟𝑜𝑜𝑡 = 2𝜋𝐺(𝜌𝑚 − 𝜌𝑐)𝑅                                                             (2) 170 

 171 

where G is the gravitational constant, 𝜌𝑐 is the density of the crust (in the ideal case for 172 

topography; for bathymetry or ice-covered regions the corresponding density contrasts with 173 

water or ice should be considered), 𝜌𝑚  is the density of the mantle, 𝐻 is the topography while 174 

𝑅 is the compensating root. The topography and crustal root are related by 175 

 176 
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                                                 𝑅 =  −𝐻 
𝜌𝑐

𝜌𝑚−𝜌𝑐
                                                                          (3) 177 

 178 

The gravity disturbance of an Airy model (∆𝑔𝑡𝑜𝑡𝑎𝑙) is therefore obtained by combining the 179 

gravity effect of the topography with that of the root:  180 

 181 

                                                                ∆𝑔𝑡𝑜𝑡𝑎𝑙 = ∆𝑔𝑡𝑜𝑝𝑜 + ∆𝑔𝑟𝑜𝑜𝑡.                                               (4) 182 

 183 

After applying the Bouguer correction, which removes the topographic term ∆𝑔𝑡𝑜𝑝𝑜, the 184 

remaining contribution reflects the compensating root. Substituting Eq. (3) into Eq. (2) gives: 185 

 186 

∆𝑔𝑟𝑜𝑜𝑡 = 2𝜋𝐺(𝜌𝑚 − 𝜌𝑐)(−𝜌𝑐(−𝜌𝑚 − 𝜌𝑐))𝐻 187 

                                                            ∆𝑔𝑟𝑜𝑜𝑡 =  −2𝜋𝐺𝜌𝑐𝐻                                                      (5) 188 

 189 

This expression (Eq. 5) shows that, in the specific case of Airy isostatic compensation, the 190 

gravitational effect of the compensating root is linearly proportional to surface topography, 191 

with proportionality factor −2𝜋𝐺𝜌𝑐. In other words, once the topographic load is removed, the 192 

gravity signal reflects only the isostatic root, and its amplitude depends solely on the density 193 

of the crust and the height of the load. This constitutes the theoretical basis for interpreting 194 

Bouguer anomalies in terms of Airy-type crustal compensation. 195 

The assumption of Airy isostasy implies that the Bouguer anomaly and filtered topography 196 

should ideally exhibit a linear relation of the form: 197 

 198 

 ∆𝐵𝑜𝑢𝑔𝑢𝑒𝑟= 𝑚𝐻𝑓 + 𝑏                                                     (6) 199 

 200 
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Where m = −2𝜋𝐺𝜌𝑐  𝑎𝑛𝑑 𝑏 ≈ 0, where ∆𝐵𝑜𝑢𝑔𝑢𝑒𝑟  is the Bouguer anomaly, 𝐻𝑓 the filtered 201 

equivalent topography, m the slope, and b the intercept. A zero intercept means that 0 m of 202 

topography coincides with 0 mGal of anomaly under the Airy assumption. 203 

By running a linear regression analysis between the Bouguer anomaly and the filtered 204 

topography, a linear anti-correlation is expected.  In the absence of density heterogeneities in 205 

the crust and under conditions of Airy isostatic compensation, the slope should be equal to 206 

−2𝜋𝐺ρc. Deviations from this theoretical slope may indicate density heterogeneities (i.e. 207 

densities that are different from ρc and/or a crust that is isostatically under/over compensated). 208 

A non-zero intercept implies a systematic shift of the anomalies, which could be physically 209 

explained for instance by a long wavelength anomaly related to density heterogeneities in the 210 

mantle or large sedimentary basins (Pivetta & Braitenberg, 2020). In order to apply a single 211 

constant density consistently over land, ocean, and ice covered areas, an equivalent topography 212 

is used instead. The equivalent topography was computed following the rock-equivalent 213 

formulation of Hirt et al. (2012), with adaptations to explicitly account for the geometry of ice 214 

and water relative to the ellipsoidal reference surface, ensuring consistency with the layered 215 

mass representation used in the Bouguer correction. The resulting equivalent topography was 216 

then reduced in frequency content using Gaussian filter with 100 km half-transfer wavelength. 217 

This filtering step adapts the spectral content of the topography to that of the satellite-derived 218 

Bouguer field and emphasizes the long wavelengths for which the Airy approximation is 219 

expected to be most valid (Pivetta & Braitenberg, 2020). 220 

To map the spatial variation of regression parameters across Antarctica, we applied the analysis 221 

within moving circular windows defined in metric distance. Instead of using 2° × 2° latitude–222 

longitude boxes as in previous studies (e.g., Braitenberg, 2015; Pivetta & Braitenberg, 2020), 223 

we adopted circular windows with a diameter of 264 km and a step of 66 km (75% overlap). 224 

The window size was chosen to be compatible with the spatial scale investigated in earlier 225 
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works, while avoiding distortions introduced by angular grids in polar regions. Defining the 226 

analysis in kilometers ensures uniform spatial sampling across Antarctica, independent of 227 

longitude convergence. The 66 km step corresponds approximately to the maximum spatial 228 

resolution of the satellite gravity model (0.6°), thereby preventing artificial oversampling of 229 

the data. For each window, the linear regression was performed using ordinary least squares 230 

(OLS) with intercept. The regression was computed in two stages: first using all data points 231 

within the window; then recomputed using only points lying within 1 standard deviation from 232 

the initial regression line, in order to reduce the influence of outliers. For each window and 233 

stage, we estimated the slope, intercept, correlation coefficient, and coefficient of 234 

determination (R²). The Pearson correlation coefficient was computed as:  235 

𝑟 =  
∑ (𝐻𝑓,𝑖−𝐻̅𝑓)(∆𝐵𝑜𝑢𝑔𝑢𝑒𝑟𝑖 −∆𝐵𝑜𝑢𝑔𝑢𝑒𝑟 ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅)𝑛

𝑖=1

√∑ (𝐻𝑓,𝑖−𝐻̅𝑓)2𝑛
𝑖=1 √∑ (∆𝐵𝑜𝑢𝑔𝑢𝑒𝑟𝑖 −∆𝐵𝑜𝑢𝑔𝑢𝑒𝑟 ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅)2𝑛

𝑖=1

         (7) 236 

where 𝑛 is the number of data points within the window,  is the number of data points within 237 

the window, ∆𝐵𝑜𝑢𝑔𝑢𝑒𝑟 is the Bouguer anomaly. The coefficient of determination was then 238 

computed as:   239 

𝑅2 = 𝑟2          (8) 240 

 241 

The regression parameters presented in the main manuscript correspond to the solution 242 

obtained after outlier removal. For comparison, maps computed using all data points (i.e., 243 

including outliers) , are provided in the Supporting Information, Section 2, as well as an 244 

interactive visualization of all individual scatter plots.  245 

Residuals were computed within each moving window as: 246 

 247 

                                            𝑟𝑒𝑠𝑖 =  ∆𝐵𝑜𝑢𝑔𝑢𝑒𝑟𝑖
− (𝑚 ∙  𝐻𝑓,𝑖 + 𝑏 )                                          (9) 248 
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 249 

where ∆𝐵𝑜𝑢𝑔𝑢𝑒𝑟 is the Bouguer anomaly,  𝐻𝑓 is the filtered equivalent topography, 𝑚  is the 250 

estimated slope, and 𝑏 is the intercept. By construction, when applying OLS with an intercept, 251 

positive and negative residuals compensate for each local regression, so that their sum equals 252 

zero. As shown in Figure S19 (Supporting Information, Section 3), the residual values 253 

associated with each regression are therefore numerically centered around zero. Their spatial 254 

pattern may highlight systematic deviations or transitions between geological domains, but 255 

their magnitude is constrained by the regression formulation. 256 

To quantify the dispersion of the residuals within each window, we additionally computed the 257 

root mean square error (RMSE): 258 

                                                    𝑅𝑀𝑆𝐸 =  √
1

𝑛
∑ 𝑟𝑒𝑠𝑖

2𝑛
𝑖=1                                                        (10) 259 

 260 

where 𝑛 is the number of data points within the window. The RMSE quantifies the overall 261 

magnitude of the misfit between Bouguer anomaly and filtered topography.  262 

Because the moving windows overlap (75% overlap), each spatial location may be associated 263 

with multiple sets of regression parameters. To construct a spatially consistent residual field, 264 

residuals are evaluated within smaller, non-overlapping square tiles (~66 km × 66 km) centered 265 

at each window location (Supporting information, Section 4. Within each tile, the residual is 266 

computed pointwise using the regression parameters derived from the corresponding circular 267 

window:  268 

  269 

                    𝑟𝑒𝑠 (𝑥, 𝑦) =  𝐵𝑎(𝑥, 𝑦) − (𝑚𝑤𝑖𝑛𝑑𝑜𝑤  ∙ 𝐻𝑓(𝑥, 𝑦) +  𝑏𝑤𝑖𝑛𝑑𝑜𝑤)                              (11) 270 

 271 

This spatially evaluated residual (residual map, Fig.2a) preserves the full amplitude of the 272 

misfit at each location.  Unlike the residual values associated with each regression (Fig. sX 273 
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Supporting information, Section 3), which are numerically constrained by the zero-sum 274 

property of the regression, these pointwise residuals emphasize the spatial distribution and 275 

magnitude of density variations not captured by the linear gravity–topography relationship. 276 

Thus, while the regression solution enforces zero-sum residuals, the RMSE measures the 277 

dispersion and overall quality of the fit, and the pointwise residuals reveal the spatial amplitude 278 

of unexplained gravity signals across Antarctica. 279 

 280 

4. Results and discussion  281 

 282 
4.1 Residuals  283 

The regression analysis approach is effective in distinguishing gravity signals related to deep 284 

isostatic roots from those arising from upper-crustal heterogeneities. This method assumes a 285 

linear relationship between the Bouguer gravity anomaly and suitably filtered topography, with 286 

deviations from this regression highlighted in residual maps. However, this assumption of 287 

linearity can significantly affect the interpretation of residual maps, especially in regions with 288 

steep topographies such as orogens or continental shelf edges. Non-linear effects become more 289 

pronounced in these areas, as demonstrated synthetically by Pivetta and Braitenberg (2020, 290 

their fig. 5). The steeper the topography, the stronger the artifact seen in the residual. 291 

This effect is clearly illustrated in the residual map (Fig. 2), where the gravity high at the 292 

continental shelf break, part of an edge-effect gravity anomaly, results from the shallow density 293 

contrast between water and sediment/crust combined with the deeper mantle–crust contrast 294 

across the margin (Cochran et al., 2015, their fig. 6; Bell, 1989). Additionally, a pronounced 295 

residual high (~30 mGal) coincides with the outboard boundary of the Ross Orogeny (Grikurov 296 

et al., 2003). It is therefore crucial to interpret these results carefully, ensuring that gravity 297 

residuals associated with steep topographies are not mistakenly taken as indicators of 298 

subsurface density heterogeneity. Nevertheless, such signals can be useful in other contexts 299 
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such as fill in gaps in areas where the continental shelf edge is not fully mapped by seismic 300 

surveys. 301 

 302 

Figure 2: Regression residuals. WA = West Antarctica; EA = East Antarctica. The continental 303 

shelf edge (in green) is from Amblas (2018). LV = Lake Vostok (blue polygon); DML = 304 

Dronning Maud Land; AL = Adélie Land; KSB = Knox Subglacial Basin; VSB = Vincennes 305 

Subglacial Basin; WSB = Wilkes Subglacial basin; MBL = Marie Bird Land; SP = Siple Coast; 306 

sTM = Southern Transantarctic Mountains; WS = Weddel Sea. Tectonic plate boundaries from 307 

Bird (2003) in brown. SM = Shetland Microplate; PA = Pacific Plate; AN =Antarctic Plate; 308 

AU = Australian Plate, SC = Scotia Plate, SW = Sandwich Plate and SA = South American 309 

Plate. The Ross Orogen inboard boundary is represented by the dashed yellow line) and the 310 

Western Antarctic Rift System by the dotted black lines. 311 

 312 

Beyond these methodological considerations, the residual map also reveals significant 313 

geological features across Antarctica. While negative anomalies (~15–20 mGal) characterize 314 

Lake Vostok, this signal is consistent with the unmodeled mass deficit associated with the 315 
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subglacial water body. The Western Antarctic Rift System (Kim et al., 2022) is marked by 316 

near-zero residual values, smoothly ranging between −2 and 2 mGal. Dronning Maud Land 317 

and Adélie Land, both described as Precambrian massifs (Kim et al., 2022), exhibit pronounced 318 

negative anomalies (< −30 mGal), although Adélie Land also displays localized positive highs 319 

surrounding these negative values. A sequence of strong negative anomalies (< −30 mGal) is 320 

further evident in the residual map; part of this signal corresponds to the Knox Subglacial Basin 321 

(Maritati et al., 2016), whereas other segments lack correlation with any currently identified 322 

geophysical features. 323 

Furthermore, a narrow strip of negative anomalies of about −30 mGal along the margin of the 324 

Antarctic Peninsula coincides with the South Shetland Trough, which represents the 325 

northwestern boundary of the South Shetland Microplate (Bird, 2003). In contrast, the 326 

Bransfield Strait, forming the southeastern boundary of the microplate (Lawver et al., 1995), 327 

exhibits positive residual values (+3 to +7 mGal, Fig. 2a). This pattern is consistent with 328 

geophysical models indicating crustal thinning and magmatic additions within the Bransfield 329 

back-arc system (e.g., Lawver et al., 1995; Catalán et al., 2012), which may locally increase 330 

the average crustal density. 331 

Along the Transantarctic Mountains, the residual field shows a distinct, laterally varying 332 

pattern, with alternating positive and negative anomalies that broadly track the mountain front 333 

and reflect the complex interplay between crustal structure, inherited tectonic boundaries, and 334 

flexural response. Previous studies have suggested that part of the TAM elevation, particularly 335 

in the northern and central sectors, may be supported by a crustal root (e.g., Studinger et al., 336 

2004; van Wijk et al., 2008). However, more recent seismic studies indicate that such a root, if 337 

present, is not a continuous along-strike feature (Hansen et al., 2016). In our residuals, there is 338 

no clear evidence of distinctive regimes along the TAM. 339 
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In addition to the spatial distribution of residuals, the root mean square error (RMSE) (Fig.  3) 340 

provides a complementary measure of the dispersion of the gravity–topography relationship 341 

within each regression window. Whereas individual residuals represent the deviation between 342 

observed and predicted Bouguer anomaly values, the RMSE summarizes the typical magnitude 343 

of this misfit and therefore provides a spatial measure of how closely the gravity field follows 344 

the linear relationship assumed in the regression model. 345 

 346 

Figure 3: Root Mean Square Error. Abbreviations of geological features are the same as in Fig. 347 

2. 348 

 349 

 350 

The RMSE map (Fig. 3) highlights regions where the Bouguer–topography relationship departs 351 

from the ideal linear behavior assumed in the regression model. Low RMSE values (< ~6 mGal) 352 
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indicate areas where the Bouguer anomaly closely follows the gravity predicted from filtered 353 

topography, reflecting a coherent gravity–topography relationship consistent with the gravity 354 

effect of the compensating crustal root associated with surface topography. Such behavior is 355 

observed over the Antarctic Peninsula, Marie Byrd Land, and large portions of the continental 356 

shelf. 357 

In contrast, elevated RMSE values occur in several sectors of Antarctica, indicating stronger 358 

dispersion of the gravity–topography relationship. In some regions, such as Lake Vostok, the 359 

Knox Subglacial Basin, and parts of Adélie Land, high RMSE values suggest that localized 360 

density variations or sedimentary basins introduce gravity signals that are not fully described 361 

by the regression model. 362 

A different behavior is observed along the Transantarctic Mountains, where RMSE values are 363 

also relatively high. In this region, the dispersion likely reflects the large topographic gradients 364 

of the orogenic belt and the complex interplay between crustal thickness variations, flexural 365 

support of the mountain range, and thermal anomalies in the lithospheric mantle. These factors 366 

can locally perturb the gravity–topography relationship and increase the dispersion of the 367 

regression. 368 

Elevated RMSE values are also observed in parts of Dronning Maud Land, particularly near 369 

the transition between the continental interior and the continental margin. Geological 370 

compilations (e.g., Kim et al., 2022) indicate that this sector comprises a complex assemblage 371 

of Jurassic–Cretaceous volcanic margins superimposed on Archean massifs and 372 

Neoproterozoic platformal crust. Such lithospheric heterogeneity likely produces strong lateral 373 

density contrasts associated with magmatic intrusions, volcanic sequences, and transitional 374 

crustal domains, which increase the dispersion of the gravity–topography relationship. The 375 

implications of these patterns are further explored in the following sections through the 376 

combined analysis of the regression parameters. 377 
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For completeness, the map of mean residual values associated with each regression (Fig. SX, 378 

Supporting Information, Section 3) shows values numerically centered around zero across the 379 

study area, with regional differences confined to variations at approximately the thirteenth 380 

decimal place. West Antarctica and the continental shelf exhibit values effectively equal to 381 

zero within numerical precision, whereas East Antarctica shows slightly greater spatial 382 

variability, with differences on the order of 10⁻¹³. Despite their small magnitude, this spatial 383 

pattern is consistent with the first-order geological distinction between the two provinces: West 384 

Antarctica is characterized by thinner and tectonically active crust (e.g., Chaput et al., 2014; Ji 385 

et al., 2022), whereas East Antarctica corresponds to the more stable East Antarctic craton (e.g., 386 

Baranov & Morelli, 2013; Llubés et al., 2018). 387 

 388 

4.2 Correlation coefficient map 389 

From the assumptions of the method, which considers the crust to be in local Airy isostatic 390 

equilibrium, a linear anti-correlation between the filtered equivalent topography and the 391 

Bouguer anomaly is expected (Turcotte & Schubert, 2002). However, results reveal several 392 

regions where a positive correlation is observed (Fig. 4). Such behavior indicates departures 393 

from classical isostasy and may suggest undercompensation or the presence of local mass 394 

anomalies not accounted for by the Airy model. Undercompensation may occur where elevated 395 

topography is not fully supported by a compensating crustal root, producing Bouguer 396 

anomalies that are less negative than expected for complete isostatic balance (Watts, 2001). In 397 

such cases, gravity and topography vary in the same sense rather than reflecting a fully 398 

compensating crustal root. In addition to undercompensation, positive gravity–topography 399 

correlations may also reflect subsurface density heterogeneities within the crust or upper 400 

mantle, which contribute to the gravity signal beyond the assumptions of local Airy 401 

compensation (e.g. Simons et al., 1994; Watts, 2001). 402 
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 403 

 404 

 405 
Figure 4. Correlation coefficient between Bouguer anomaly and filtered equivalent 406 

topography. Abbreviations of geological features are the same as in Fig. 2. 407 

 408 

 409 

Positive Bouguer–topography correlations display a clear spatial organization. Over the 410 

Antarctic continent, they occur predominantly in East Antarctica, with only one limited 411 

exception near the transition between the continental interior and the Ross Ice Shelf at Siple 412 

Coast. In the surrounding oceanic domain, two additional sectors stand out: one adjacent to the 413 

Shetland microplate near the northern Antarctic Peninsula, and another close to the continental 414 

shelf break in the Weddell Sea. Within East Antarctica, all regions exhibiting positive 415 

correlation are located where S-wave velocities range between 4.5 and 4.6 km s⁻¹ at depths of 416 
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approximately 100–150 km (An et al., 2015). The association between positive correlation and 417 

high-velocity lithospheric over an old and cold lithosphere favors flexural support rather than 418 

local isostatic control. 419 

Variations in ice mass could also influence the Bouguer–topography relationship by 420 

introducing a mismatch between the surface load represented in topographic models and the 421 

gravitational field used in the regression. Changes in ice load generate an instantaneous elastic 422 

response of the lithosphere, whereas the viscoelastic adjustment of the mantle evolves over 423 

much longer timescales, from decades to millennia, following major glacial loading changes 424 

(Peltier, 2004; Berg et al., 2024). Consequently, gravity and surface elevation may reflect 425 

responses to ice loading acting on different timescales. In this study, the equivalent-topography 426 

field incorporates a static representation of ice thickness from the BedMachine Antarctica 427 

dataset (Morlighem et al., 2020), whereas the Bouguer anomalies are derived from the static 428 

component of the GOCO06s gravity model, representing the mean gravity disturbance over the 429 

period 2002–2016 (Kvas et al., 2021). Importantly, BedMachine does not represent a snapshot 430 

of ice conditions over the GOCO06s averaging interval. Instead, it integrates multiple 431 

observational datasets, including radar and altimetry, many of which postdate 2016. Any 432 

mismatch between the ice distribution represented in BedMachine and the mean ice load 433 

contributing to the gravity field over 2002–2016 may therefore leave a residual ice-related 434 

signal in the Bouguer anomaly, potentially affecting the Bouguer–topography relationship at a 435 

regional scale. However, satellite altimetry observations indicate that, although significant ice 436 

mass losses occurred along coastal sectors of Greenland and West Antarctica between 2003 437 

and 2019, ice-thickness changes over the interior of Antarctica, where positive Bouguer, 438 

topography correlations are predominantly observed, were small, typically below 0.15 m yr⁻¹ 439 

(Smith, et al. 2020). Even considering potential temporal inconsistencies between the gravity 440 

field (averaged over 2002–2016) and the ice-thickness data incorporated in BedMachine, the 441 
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resulting difference in ice load between the respective acquisition periods would amount to at 442 

most a few meters of ice. The associated gravity effect (~0.1 mGal) is negligible relative to 443 

gravity variations of crustal-scale magnitude (tens of mGal). Such temporal mismatches may 444 

introduce minor residual signals, but their magnitude is insufficient to account for the observed 445 

positive gravity–topography correlations, which more likely reflect deviations from local Airy 446 

equilibrium or lateral density heterogeneities within the crust. 447 

In the oceanic domain, the positive correlation observed near the continental shelf break in the 448 

Weddell Sea may reflect uncertainties associated with poorly constrained bathymetry, which 449 

can affect both the Bouguer correction and the equivalent-topography calculation in transitional 450 

continental–oceanic settings.  In addition, a band of positive correlation observed southwest of 451 

the South Shetland microplate, within the Antarctic Plate, likely reflects localized lithospheric 452 

heterogeneity rather than large-scale crustal-thickness variations. Its linear geometry is 453 

consistent with structural inheritance associated with the former Phoenix–Antarctic convergent 454 

margin and with tectonic segmentation of the South Shetland microplate (Taylor et al., 2008). 455 

Such inherited tectonic processes may have produced localized compositional and density 456 

heterogeneities within the crust, so that bathymetric relief is spatially associated with higher-457 

density material, generating gravity variations that correlate positively with topography. 458 

Conversely, negative correlations dominate much of the continental interior (Fig. 4), where 459 

high topography corresponds to low Bouguer anomalies under near-Airy compensation.  460 

When the correlation and residual fields are examined together, distinct regional behaviors 461 

emerge across Antarctica. Both Dronning Maud Land and the Transantarctic Mountains exhibit 462 

strong negative correlations (r ≈ −0.8 to −1), indicating that topography and Bouguer gravity 463 

vary inversely, consistent with compensation dominated by variations in crustal thickness. 464 

However, the residuals reveal contrasting mass distributions. In Dronning Maud Land, negative 465 

residuals indicate that the observed Bouguer anomaly is lower than predicted, suggesting a 466 
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local mass deficit and nearly complete compensation or slight overcompensation.  In contrast, 467 

along the Transantarctic Mountains the Bouguer–topography correlation remains 468 

predominantly strong and negative over most of the range. Superimposed on this first-order 469 

pattern, the residual field displays both positive and negative values distributed along strike, 470 

without a clear spatial organization or systematic correspondence with the correlation map. 471 

When examined together with the residual field, the regions previously identified as exhibiting 472 

positive correlation reveal distinct second-order mass distributions superimposed on this 473 

regional compensation regime. Over the Lake Vostok region, the Knox Subglacial Basin, 474 

Adventure Subglacial Basin, and Vincennes Subglacial Basin, all located within the East 475 

Antarctic sector characterized by positive correlation and high lithospheric velocities, present 476 

negative residuals (≈ −20 to −25 mGal), indicating areas with localized subglacial zones filled 477 

with low-density material (negative residuals) superimposed on a regional Bouguer–478 

topography relationship that departs from local Airy-type compensation. In contrast, a north–479 

south-oriented band west of the Shetland microplate exhibits positive correlations associated 480 

with positive residuals, suggesting the presence of higher-density material or compositional 481 

heterogeneities within the crust. This behavior is compatible with the influence of lateral 482 

density heterogeneities or other non-Airy compensating mechanisms, potentially related to 483 

structural complexities near the transition between continental and oceanic crust. Adélie Land 484 

exhibits both positive and negative correlation values, accompanied by residuals of varying 485 

sign, indicating spatially variable mass distributions. This heterogeneous pattern contrasts with 486 

the more coherent domains described elsewhere and reflects the complex polyphase tectonic 487 

evolution of the region (Naumenko-Dèzes et al., 2020; Harley, 2014; Gapais et al., 2008). In 488 

such structurally heterogeneous crust, lateral density contrasts may locally influence the 489 

gravity–topography relationship, producing behavior that approaches a Pratt-type response 490 

without implying a distinct large-scale compensation regime. 491 
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A comparison between the correlation and RMSE maps further clarifies the nature of the 492 

gravity–topography relationship in these regions. Within the East Antarctic domain previously 493 

identified as exhibiting positive Bouguer–topography correlation and S-wave velocities 494 

between 4.5 and 4.6 km s⁻¹ at depths of approximately 100–150 km (An et al., 2015), several 495 

localized regions display elevated RMSE values. These include Lake Vostok, the Vincennes 496 

Subglacial Basin, the Knox Subglacial Basin, and Adélie Land, where elevated RMSE values 497 

indicate localized departures from the regional gravity–topography relationship, likely related 498 

to sedimentary basin infill, subglacial lakes, or lateral crustal density contrasts. Parts of the 499 

Weddell Sea continental shelf edge also exhibit positive correlation associated with high 500 

RMSE values, which may reflect uncertainties related to poorly constrained bathymetry in 501 

transitional continental–oceanic settings. 502 

Despite these localized departures, the largest continuous area characterized by positive 503 

Bouguer–topography correlation (Fig. 4) presents relatively low RMSE values (< 6 mGal). 504 

When analyzed together with the S-wave velocity structure at greater depth (An et al., 2015, 505 

their fig. 6d), this region coincides with the domain of maximum lithospheric S-wave velocities 506 

at approximately 200 km depth. The combination of positive correlation and low RMSE 507 

therefore indicates that the gravity–topography relationship in this sector remains largely 508 

linear, suggesting a coherent regional signal that may reflect the mechanical influence of a 509 

strong and rigid lithosphere rather than purely local Airy-type crustal compensation. 510 

 511 

4.3 R-Squared map 512 
 513 
In analyzing the relationship between Bouguer anomaly and the filtered topography, the R-514 

squared (R²) value (Fig. 5) indicates how well the variation in topographic features explains 515 

the variation in gravity anomalies. Under the assumptions of the method, high R² values are 516 

compatible with behavior consistent with Airy-type isostatic equilibrium in the lithosphere 517 
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(Watts, 2001), as the Bouguer anomaly varies consistently with the crustal root inferred from 518 

topography. 519 

Conversely, low R² values (e.g., Wilkes Land, Coats Land, and parts of the Weddell sector; 520 

Fig. 5) indicate that the relationship between the Bouguer anomaly and the crustal root inferred 521 

from topography departs from that expected under Airy-type compensation. Such values may 522 

reflect alternative modes of isostatic compensation, such as Pratt-type compensation or flexural 523 

behavior, as well as subsurface mass anomalies or vertical variations in lithospheric structure 524 

not captured by the Airy model. In these regions, the deviations likely arise from a combination 525 

of isostatic and non-isostatic processes. 526 

 527 

Figure 5. Coefficient of determination (R²). Abbreviations of geological features are the same 528 

as in Fig. 2. 529 
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 530 

Surrounding the Transantarctic Mountains, particularly in the southern sector, high R² values 531 

(>90%; Fig. 5) indicate that the Bouguer anomaly is strongly explained by the equivalent root 532 

predicted from topography within the adopted Airy framework. However, independent 533 

geophysical studies suggest that the Transantarctic Mountains may not be in classical local 534 

Airy isostatic equilibrium (e.g. Stern  and ten Brink, 1989; Wannamaker et al. 2017; Shen et 535 

al. 2018). This apparent contradiction implies that the mass distribution responsible for the 536 

gravity–topography relationship may not correspond to a purely crustal root, but instead to 537 

deeper sources producing an equivalent gravimetric effect. Thermal anomalies and density 538 

reductions in the lithospheric mantle, as indicated by slow uppermost mantle velocities (Shen 539 

et al., 2018), may provide buoyant support to the range. Elevated temperatures in the uppermost 540 

60–100 km of the mantle can reduce mantle density by approximately 1–1.5%, generating a 541 

mass deficit comparable to that expected from crustal thickening and thereby reproducing a 542 

gravity signal statistically consistent with an Airy-type root. 543 

A high R² value (greater than 85%, Fig. 5) is also observed along the Antarctic Peninsula. In 544 

this region, previous seismic studies have identified slow shear-wave velocities in the upper 545 

mantle associated with the formation of a slab window produced by the subduction of the 546 

Phoenix–Antarctic spreading center (Lloyd et al., 2020). This tectonic configuration allowed 547 

hot asthenospheric material to rise beneath the peninsula, replacing portions of the pre-existing 548 

lithosphere and generating thermal anomalies in the upper mantle. Tomographic models 549 

indicate that these slow velocities reflect warm mantle material beneath the Pacific margin of 550 

the Antarctic Peninsula, where the subduction of successive ridge segments progressively 551 

modified the lithospheric structure (Lloyd et al., 2020). Such thermally altered mantle may 552 

influence the gravity–topography relationship by producing density variations beneath the 553 

crust. 554 
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A similarly high R² value is observed over Marie Byrd Land, where pronounced slow wave-555 

speed anomalies extend through the upper mantle. Seismic tomography shows that these slow 556 

anomalies extend from depths of approximately 75 km to about 200–250 km and may continue 557 

into the transition zone beneath parts of West Antarctica, although their deeper extent remains 558 

uncertain (Lloyd et al., 2020). These observations are commonly interpreted as evidence of 559 

elevated mantle temperatures beneath the region and have been linked to the presence of a 560 

mantle plume or plume-like thermal anomaly (LeMasurier and Landis, 1996; Lloyd et al., 561 

2020). Geological observations further indicate that uplift of the Marie Byrd Land dome 562 

occurred broadly contemporaneously with the onset of widespread volcanism around 28–30 563 

Ma, suggesting a close relationship between mantle thermal processes, magmatism, and 564 

regional uplift (LeMasurier and Landis, 1996). Elevated mantle temperatures and associated 565 

density reductions may therefore contribute to the gravity–topography correspondence 566 

observed in this region. 567 

Over the continental shelf, high R² values result from the predictable isostatic compensation of 568 

the oceanic lithosphere. The thinner and more uniform lithosphere along continental margins 569 

facilitates a clear correlation between gravity anomalies and surface topography. Additionally, 570 

in continental shelf settings, sedimentary basins can contribute to high R² values, as laterally 571 

extensive, low-density sedimentary loads produce gravity responses that are systematically 572 

related to surface and subsurface topography (Cochran, 1979). Consequently, the 573 

homogeneous nature of the oceanic lithosphere, combined with isostatic adjustments to 574 

sediment loading, leads to significant R² values, reflecting a strong linear relationship between 575 

Bouguer gravity anomalies and topography. 576 

When the R², correlation, and residual maps are examined together, a coherent pattern emerges 577 

linking the gravity–topography fit to the underlying compensation regime. Regions such as the 578 

Antarctic Peninsula, Marie Byrd Land, and the Southern Transantarctic Mountains display high 579 
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R² values (> 80%), strong negative correlation, and residuals near zero. This combination 580 

indicates a stable long-wavelength coupling between gravity and topography that is compatible 581 

with the assumptions of Airy-type isostatic compensation. However, as highlighted by mantle 582 

seismic studies (e.g., Shen et al., 2018; Lloyd et al., 2020), such a strong linear relationship 583 

may also result from deeper processes, including thermally induced density reductions or 584 

coupling within the lithosphere. In these areas, the statistical relation between gravity and 585 

topography reflects the effectiveness of large-scale compensating mechanisms rather than 586 

purely Airy isostasy.  587 

In contrast, regions such as Lake Vostok (e.g. Carter et al,. 2007), the Knox Subglacial Basin, 588 

the Adventure Subglacial Basin, and the Vincennes Subglacial Basin (e.g. Aitken et al., 2014) 589 

combine positive Bouguer–topography correlations with negative residuals and display low R² 590 

values (<30%), indicating that topography explains only a small fraction of the Bouguer 591 

anomaly variance in these areas. At Lake Vostok, the negative residuals are consistent with the 592 

presence of a subglacial water body, which produces a localized mass deficit relative to the 593 

surrounding crust superimposed on a gravity–topography relationship dominated by localized 594 

density contrasts in the upper crust (e.g., subglacial water and sedimentary infill), rather than 595 

by variations in crustal thickness predicted by local Airy-type compensation. In the Knox, 596 

Adventure, and Vincennes subglacial basins, a similar regression pattern is consistent with 597 

fault-bounded sedimentary basins containing several kilometers of relatively low-density 598 

sedimentary fill, as indicated by their low gravity signature, smooth magnetic character, and 599 

large depth to magnetic basement (Aitken et al., 2014). These basins reflect the underlying 600 

tectonic architecture of the East Antarctic crust and represent subglacial depressions developed 601 

within a regional support regime rather than local Airy-type isostatic compensation. Strongly 602 

negative residuals also characterize Dronning Maud Land and Adélie Land, where correlation 603 

remains dominantly negative but spatially variable and R² tends to be moderate, consistent with 604 
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heterogeneous crustal structure and lateral density variations. The Transantarctic Mountains, 605 

marked by some positive residuals and moderate to high R² values, represent a distinct regime 606 

in which the gravity field and topography are coherently related but supported by thermal rather 607 

than purely isostatic processes.  608 

Taken together, these relationships indicate that R², correlation, and residuals must be 609 

interpreted jointly: high R² and strong anti-correlation may denote stable long-wavelength 610 

coupling between gravity and topography, whether driven by coherent thermal responses or by 611 

classical Airy-type compensation, whereas low to moderate R² values combined with positive 612 

correlation or large residuals highlight regions where the gravity–topography relation departs 613 

from isostatic behavior, reflecting lateral density contrasts, thermal anomalies, or localized 614 

lithospheric heterogeneity. 615 

Across East Antarctica, areas of maximum positive correlation are commonly associated with 616 

low coefficients of determination (R²), indicating that Bouguer anomaly and equivalent 617 

topography vary in the same direction, but their relationship is not explained by a simple Airy-618 

type linear compensation model. A notable exception occurs between 90°E and 120°E, where 619 

the correlation reaches its highest values and the inferred R² is strongly sensitive to outlier 620 

treatment. In this sector, R² is high (~80%) when the regression is recomputed after excluding 621 

points beyond one standard deviation of the initial fit, but drops to <10% when all data points 622 

are retained (Supporting Information, Section 2). This behavior suggests that the Bouguer–623 

topography relationship in this region is not governed by a single process. Instead, the dataset 624 

appears to contain a dominant linear component together with a subset of data points that 625 

systematically depart from it. Excluding these values reduces their influence on the regression 626 

and stabilizes the estimate of the dominant gravity–topography relationship. Such departures 627 

typically occur where the linear assumption is locally violated, for example in areas of strong 628 

topographic gradients such as continental margins or shelf breaks, where non-linear effects 629 
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become significant.  These departures may reflect lateral density heterogeneities within the 630 

crust, such as compositional variations or intrusive bodies, which introduce additional mass 631 

contributions not accounted for by a simple Airy-type model. Such complexity is consistent 632 

with a compensation regime that departs from local isostatic equilibrium, potentially involving 633 

flexural support and lateral variations in lithospheric rigidity. 634 

When R² is examined together with RMSE, two contrasting behaviors emerge across 635 

Antarctica. In regions such as the Transantarctic Mountains, Dronning Maud Land, and the 636 

Shetland Microplate, R² values exceed 80%, indicating a strong regional gravity–topography 637 

relationship, while RMSE values remain high (> 14 mGal), reflecting substantial dispersion 638 

around the regression. In the Transantarctic Mountains, this dispersion likely reflects the 639 

combined influence of large topographic gradients, flexural support of the range, and thermal 640 

anomalies within the lithosphere and upper mantle. In Dronning Maud Land, the high 641 

dispersion occurs near the transition between the continental interior and the continental 642 

margin, where Jurassic–Cretaceous volcanic margins are superimposed on Archean massifs 643 

and Neoproterozoic platformal crust (Kim et al., 2022). Such lithospheric heterogeneity likely 644 

produces strong lateral density contrasts associated with magmatic intrusions, volcanic 645 

sequences, and transitional crustal domains. A comparable effect may occur in the Shetland 646 

Microplate, where lithospheric fragmentation and complex tectonic interactions introduce 647 

additional density contrasts that affect the gravity field (Taylor et al., 2008). 648 

In contrast, regions such as Lake Vostok, the Knox Subglacial Basin, and Adélie Land are 649 

characterized by low R² values, predominantly below 20%, and high RMSE values (> 14 650 

mGal). In these areas, the Bouguer anomaly variance is only weakly explained by the 651 

regression, indicating that localized density contrasts dominate the gravity field. At Lake 652 

Vostok, the presence of a large subglacial water body produces a significant mass deficit 653 

relative to the surrounding crust (e.g., Carter et al., 2007). In the Knox Subglacial Basin and 654 
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Adélie Land, the gravity field likely reflects fault-bounded basins containing several kilometers 655 

of low-density sedimentary fill and complex crustal structure (e.g., Aitken et al., 2014). 656 

 657 

4.4 Intercept map 658 

In isostatic models, a zero intercept indicates that a topography of 0 m corresponds to a Bouguer 659 

anomaly of 0 mGal. In contrast, a non-zero intercept reflects a systematic offset of the Bouguer 660 

field relative to the reference level defined by zero topography. Within the regression 661 

framework described in Eq. (6), the intercept therefore represents a constant shift of the 662 

Bouguer anomaly relative to the level predicted from topography alone. Under ideal Airy 663 

isostatic compensation this value should remain close to zero, whereas deviations from zero 664 

indicate the presence of mass contributions that are not accounted for by the Airy-based 665 

gravity–topography relationship. Such offsets may arise from long-wavelength density 666 

variations within the mantle or from large sedimentary basins (Pivetta and Braitenberg, 2020). 667 

In addition, Pivetta and Braitenberg (2020) show that non-zero intercepts may also appear in 668 

synthetic models due to nonlinear effects not accounted for in the regression, typically 669 

remaining below 10 mGal, and the authors say that this may occur in oceanic regions 670 

characterized by extensive abyssal plains where topography varies little over large areas. 671 

The intercept values for Antarctica (Fig. 6) are predominantly negative in East Antarctica (EA) 672 

and positive in West Antarctica (WA), which may be associated with the long-wavelength 673 

component of the Moho, shallower in WA (~25 km) and deeper in EA (> 40 km) (An et al., 674 

2015). Such a first-order pattern suggests that the intercept partly reflects large-scale 675 

lithospheric structure across the Antarctic continent. The most significant negative intercepts 676 

within the continental interior occur in East Antarctica, where they coincide with regions of 677 

positive Bouguer–topography correlation. This combination suggests that the signal is not 678 

consistent with low-density sedimentary infill, which would be expected to generate negative 679 
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Bouguer anomalies and a negative correlation with topography. Instead, the observed positive 680 

correlation combined with a negative intercept points to the presence of relatively shallow, 681 

dense crustal structures or incomplete isostatic compensation. Such structures may include 682 

basins containing relatively dense lithologies, such as volcanic intrusions, high-density 683 

evaporitic layers (e.g., anhydrite), or, in some cases, relatively dense carbonate rocks (e.g., 684 

dolomite), which may locally exceed average crustal densities. Such structures may include 685 

basins containing relatively dense lithologies, such as volcanic intrusions, high-density 686 

evaporitic layers (e.g., anhydrite), or, in some cases, relatively dense carbonate rocks (e.g., 687 

dolomite), which may locally exceed average crustal densities. Although positive Bouguer 688 

anomalies have been documented in several sedimentary basins worldwide (e.g., North Park 689 

Basin, Colorado – Behrendt and Popenoe, 1969; Mediterranean Basin – Morelli, 1990; Ross 690 

Sea – Karner et al., 2005), such anomalies do not necessarily imply a non-zero intercept, 691 

highlighting that the gravity–basin relationship is not straightforward. Among these examples, 692 

the Ross Sea represents the only well-studied Antarctic case (Karner et al., 2005), providing a 693 

useful reference for comparison. 694 

The Ross Sea basins display negative intercepts associated with negative Bouguer–topography 695 

correlation. This behavior has been explained by deep-seated, laterally extensive density 696 

contrasts related to rifting and crustal thinning, which dominate the gravity signal 697 

independently of surface elevation (Karner et al., 2005). In contrast, areas of East Antarctica 698 

characterized by positive Bouguer–topography correlation combined with negative intercepts 699 

may indicate that gravity increases with elevation while the overall Bouguer level remains 700 

systematically lower than predicted by the regression. This configuration is consistent with the 701 

presence of relatively shallow, dense crustal structures that contribute to the gravity field but 702 

are not fully balanced by a corresponding crustal root, resulting in a departure from complete 703 

Airy-type compensation. In this context, the negative intercept reflects a systematic downward 704 
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shift of the Bouguer field relative to the Bouguer anomaly expected from the gravity–705 

topography relationship, indicating a mismatch between surface topography and the depth or 706 

magnitude of the compensating mass. Together, these contrasting behaviors suggest that parts of 707 

East Antarctica may be influenced by shallow, localized dense bodies superimposed on a broadly 708 

compensated lithosphere, whereas in the Ross Sea the gravity field reflects deeper, laterally 709 

distributed mass contributions that are largely decoupled from surface topography. More generally, 710 

the intercept captures regional mass contributions that are not accounted for by the gravity–711 

topography relationship, reflecting long-wavelength lithospheric density variations that are not 712 

represented in the topographic load. 713 

 714 

Figure 5. Intercept map showing the spatial distribution of regression intercepts between 715 

Bouguer anomaly and filtered topography. Abbreviations of geological features are the same 716 

as in Fig. 2. 717 
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 718 

These differences are also reflected in their magnetic signatures. Most regions characterized 719 

by strongly negative intercepts (approximately −150 to −200 mGal, Fig. 6) and positive 720 

Bouguer–topography correlation (Fig. 2) do not coincide, in the ADMAP2 dataset (Golynsky 721 

et al., 2018, (Figure SX, Supporting information, Section 5), with areas exhibiting low-722 

amplitude, laterally smooth magnetic anomalies resulting from attenuation of the basement 723 

magnetic signal, as expected for sedimentary basins characterized primarily by low-724 

magnetization sedimentary fill and a laterally uniform basement response (Telford et al., 1990; 725 

Blakely, 1995; Hinze et al., 2013). Therefore, these intercept minima are more consistent with 726 

the coexistence of density and magnetization contrasts within the crust. Such signatures may 727 

reflect domains containing dense and compositionally diverse lithologies, potentially related to 728 

the long-term crustal evolution of East Antarctica through multiple tectonic and magmatic 729 

episodes that produced a structurally and compositionally heterogeneous continental interior. 730 

In contrast, the Ross Sea is characterized by a distinct magnetic behavior that does not directly 731 

delineate the sedimentary basins identified by Karner et al. (2005). In regions where intercept 732 

values range between 0 and −20 mGal, the magnetic field is dominated by smooth, 733 

predominantly negative anomalies, mainly beneath the Ross Ice Shelf. More negative 734 

intercepts (approximately −20 to −60 mGal) are associated with increased magnetic 735 

complexity, characterized by high-frequency positive and negative anomalies. Although the 736 

Ross Sea basins described by Karner et al. (2005) fall within this latter intercept range, neither 737 

the magnetic patterns nor the intercept contours provide a clear geometric definition of the 738 

basin architecture. This lack of direct correspondence suggests that the magnetic signal in the 739 

Ross Sea is not primarily controlled by the sedimentary basins themselves, but instead reflects 740 

a more complex crustal and lithospheric structure. 741 

In East Antarctica, particularly across Wilkes Land and Coats Land, strongly negative 742 

intercepts coincide with low R² values (Fig. 5), indicating the presence of a pronounced 743 



34 
 

regional gravity offset that is not accounted for by local Airy-type isostatic compensation. Such 744 

large negative intercepts indicate that the Bouguer field is systematically shifted toward lower 745 

values relative to the level predicted from topography alone, implying the presence of 746 

additional mass contributions independent of surface relief. In these regions, gravity variations 747 

are therefore dominated by a regional gravity offset controlled by deep-seated density contrasts 748 

rather than by topography-driven isostatic responses. 749 

A similar pattern is observed in the Weddell Sea sector, where the limited quality of 750 

bathymetric control may further degrade the gravity–topography regression and reduce R² 751 

values. Taken together, the combination of strongly negative intercepts and low R² values 752 

indicates the coexistence of a pronounced long-wavelength gravity offset, consistent with deep-753 

seated density contrasts, and a gravity–topography relationship that is not governed by local 754 

Airy-type isostatic compensation, potentially reflecting Pratt-type or flexural isostatic 755 

behavior, or the absence of isostatic equilibrium.  756 

 757 

4.5 Slope map 758 

According to the assumptions of the method (Eq. 6), the regression slope should approach the 759 

theoretical value −2πGρc (i.e. −0.1123 mGal m⁻¹ when assuming an average crustal density of 760 

2.67 g cm⁻³).  Although the regression slope may be influenced by the frequency content of the 761 

topography, the equivalent topography was filtered to minimize this effect (Pivetta & 762 

Braitenberg, 2020). Figure 6 shows that the slope values deviate significantly from the 763 

theoretical value of −0.1123 mGal m⁻¹. Although it may be tempting to attribute these 764 

differences solely to local density variations, interpreting the slope requires caution. It is 765 

difficult to determine whether these deviations are primarily related to topographic effects, 766 

such as those linked to the degree of isostatic compensation, or to actual density 767 

heterogeneities. The latter may include denser volcanic or mafic bodies and less dense 768 
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sedimentary basins, both capable of producing localized gravity anomalies that affect the 769 

regression slope independently of the large-scale isostatic signal. 770 

The slope map (Fig. 7) illustrates the spatial variability of the regression gradient between 771 

Bouguer anomaly and filtered topography, providing an overview of the degree and nature of 772 

isostatic compensation across Antarctica. The theoretical slope value (−0.1123 mGal m⁻¹) 773 

predominates across the continent, where light-purple tones are most extensive. More negative 774 

slopes than predicted (down to −0.2246 mGal m⁻¹; yellow tones) occur over Wilkes Land, 775 

including the Wilkes Subglacial Basin and the George V Coast, and extend into parts of Marie 776 

Byrd Land, the Ferrigno Rift, and the Ross Sea, as well as a few isolated areas in East 777 

Antarctica. Positive slope values (up to +0.1123 mGal m⁻¹; pink tones) are observed in the 778 

Aurora Subglacial Basin (ASB), Knox Subglacial Basin (KSB), West Ragnhild Trough 779 

(WRT), parts of the Adventure Subglacial Trench (AST), the Polar Gap region, and the Siple 780 

Coast–Ross Ice Shelf sector. Locally higher positive slopes (> +0.1123 mGal m⁻¹) occur near 781 

the continental-shelf break of the Weddell Sea sector, coinciding with regions of steep 782 

bathymetric gradient and limited direct bathymetric control reported in the IBCSO and RID 783 

compilations (Arndt et al., 2013; Dorschel et al., 2022). These regional variations may be 784 

influenced by contrasting subsurface structures, such as fault-bounded depressions and 785 

subglacial basins with sedimentary infill in the Wilkes Subglacial Basin (Ferraccioli et al., 786 

2009), consistent with the occurrence of more negative slopes, and variable crustal thickness 787 

or mafic intrusions in parts of East Antarctica (Ferraccioli et al., 2011), possibly contributing 788 

to locally positive slopes. 789 

The coincidence between positive slopes and positive correlations (Fig. 4) may therefore 790 

indicate regions that depart from the expected Airy-type compensation, where the gravity field 791 

increases with elevation. Such behavior may arise from locally dense or rigid crustal domains, 792 

where the Bouguer anomaly increases with elevation rather than decreasing as predicted by the 793 
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Airy model. Conversely, strongly negative slopes may indicate areas where topography is more 794 

effectively compensated or where low-density crustal sections contribute to the gravity field.  795 

The combined distribution of slope and intercept values reveals a complementary pattern across 796 

the continent. Regions where the slope reaches its most negative values (~−0.2246 mGal m⁻¹) 797 

correspond to areas where the intercept remains close to zero, indicating that the Bouguer 798 

anomaly varies proportionally with topography with little systematic regression offset, and 799 

broadly consistent with a gravity–topography relationship close to that predicted by Airy-type 800 

compensation. In contrast, sectors where the intercept becomes strongly negative coincide with 801 

positive slope values (~+0.1123 mGal m⁻¹), marking domains where the Bouguer anomaly 802 

increases with elevation. Such behavior is consistent with rigid or dense crustal regions in 803 

which compensation is limited, and the gravity field reflects the contribution of high-density 804 

material or reduced crustal thickness. Together, these patterns indicate that the gravity field 805 

reflects the superposition of two components: a topography-dependent signal associated with 806 

crustal compensation, expressed by the regression slope, and a regional gravity offset related 807 

to deeper lithospheric density variations, captured by the intercept. 808 
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 809 

Figure 7. Slope of the regression between Bouguer anomaly and filtered topography, 810 

illustrating regional deviations from the theoretical Airy value (−0.1123 mGal m⁻¹). 811 

Abbreviations of geological features are the same as in Fig. 2. 812 

 813 

4.6 Summary of regression parameters 814 

The main regression parameters discussed in the previous sections are summarized below 815 

(Table 1). This synthesis does not introduce new interpretations but reorganizes, in a 816 

comparative framework, the observed conditions and geological meanings already described 817 

for each variable. The table highlights how individual parameters—correlation, coefficient of 818 

determination (R²), intercept, slope, and residuals—reflect different aspects of the gravity–819 

topography relationship, crustal density contrasts, and the mechanisms of isostatic 820 

compensation across Antarctica. 821 

 822 



38 
 

Table 1 – Single parameter interpretation  823 

Parameter(s) 

Observed 

conditions / Typical 

range 

Individual 

interpretation 

Geophysical / 

Geological 

implications 

Residual map 

(Fig. 2 ) 

Local highs ≈ +30 

mGal (v, shelf 

edge); lows ≈ −30 

mGal (Knox 

Subglacial Basin, 

Dronning Maud 

Land) 

Point-wise deviation 

from the regression-

predicted gravity 

Marks local density 

variations and 

topographic edge 

effects; useful for 

identifying structural 

boundaries. 

Low RMSE  (Fig. 3) 

RMSE < ~6 mGal; 

(e.g., Antarctic 

Peninsula, Marie 

Byrd Land, large 

portions of the 

continental shelf) 

Small dispersion of 

Bouguer anomaly 

values around the 

regression-predicted 

gravity 

Reflects a coherent 

large-scale gravity–

topography 

coupling, suggesting 

that the gravity field 

is largely controlled 

by the mass 

distribution 

associated with the 

topographic load and 

its compensating 

root. 

High RMSE  (Fig. 3) RMSE > ~14mGal; 

Large dispersion of 

Bouguer anomaly 

values around the 

regression-predicted 

gravity 

Suggests the 

presence of 

additional mass 

contributions not 

captured by the 

regression model, 

such as lateral 

density 

heterogeneities, 

sedimentary basins, 

crustal thickness 

variations, or strong 

topographic 

gradients. 

Regression residual 

(Fig. 19,  Supporting 

informartion) 

WA and Continental 

shelf ≈ 0 (numerical 

precision); EA: 

minor variability 

(~10⁻¹³). 

Window-averaged 

misfit is minimal at 

continental scale. 

Highlights the large-

scale WA–EA 

contrast in gravity–

topography behavior 

and delineates the 

continental shelf 

edge. 

Positive correlation 

(Fig 4) 

r > 0 (localized 

regions in East 

Antarctica, Shetland 

sector, and near the 

Weddell shelf break) 

Bouguer anomaly 

increases with 

elevation, departing 

from the inverse 

relationship 

expected under local 

May reflect 

undercompensation, 

lithospheric rigidity 

and regional 

compensation, or 

lateral density 
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Airy-type 

compensation. 

heterogeneities 

within the crust or 

upper mantle. 

Negative correlation 

(Fig 4) 

r < 0 (dominant 

across most of 

Antarctica) 

Elevated topography 

corresponds to 

negative Bouguer 

anomalies. 

Consistent with 

gravity variations 

dominated by crustal 

thickness variations, 

broadly compatible 

with Airy-type 

isostatic 

compensation. 

Near-zero 

correlation 

(Fig 4) 

r ≈ 0 (scattered, e.g., 

parts of Adélie Land 

and EA interior) 

Weak or absent 

linear relationship. 

Suggests 

heterogeneous or 

compositionally 

variable crust or 

non-linear 

responses. 

Low R² 

(Fig. 4) 

< 0.4 (Wilkes Land, 

Coats Land, parts of 

Weddell sector) 

Weak relationship 

between topography 

and gravity anomaly. 

Suggests alternative 

compensation 

mechanisms (e.g., 

Pratt or flexural 

isostasy) or complex 

crustal/lithospheric 

heterogeneities not 

captured by a simple 

Airy model. 

High R² 

(Fig. 4) 

> 0.8 Antarctic 

Peninsula, Marie 

Byrd Land, southern 

Transantarctic 

Mountains) 

Topography explains 

most of the gravity 

variation. 

Suggests locally 

effective Airy-type 

compensation, 

although thermally 

driven anomalies 

may also yield high 

fit quality. 

Positive intercept 

(Fig. 6) 

b>0 (e.g., Weddell 

Sea margin, Marie 

Byrd Land) 

Systematic positive 

gravity offset. 

May reflect shallow 

Moho or dense 

lithospheric 

material. 

Negative intercept 

(Fig. 6) 

b < 0 (predominant 

in EA interior; also 

Ross Sea) 

Systematic negative 

gravity shift. 

Indicates a long-

wavelength regional 

gravity offset 

associated with 

laterally extensive 

density contrasts, 

decoupled from 

local topographic 

compensation; 

consistent with the 

regional Moho 

contrast between 

WA and EA. 
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Slope ≈ −0.1123 

mGal m⁻¹ 

(Fig. 7) 

Close to theoretical 

−2πGρc (ρc = 2.67 g 

cm⁻³) 

Regression slope 

matches the Airy 

theoretical value. 

Indicates near-ideal 

Airy isostatic 

compensation. 

More negative slope 

(Fig. 7) 

≈ −0.2246 mGal m⁻¹ 

(e.g., Wilkes Land, 

Ross Sea) 

Bouguer anomaly 

decreases with 

elevation more 

strongly than 

predicted by the 

Airy model 

Suggests 

overcompensated or 

low-density crustal 

domains where 

gravity varies more 

strongly with 

elevation than 

predicted by the 

Airy model. 

Positive slope 

(Fig. 7) 

≈ +0.1123 mGal m⁻¹ 

(e.g Aurora 

Subglacial Basin, 

Knox Subglacial 

Basin; locally near 

Weddell shelf break) 

Bouguer anomaly 

increases with 

elevation. 

Indicates limited 

compensation and/or 

dense or rigid crustal 

domains. 

 824 

The combined relationships among regression parameters are summarized below (Table 2). It 825 

organizes how specific parameter pairings refine the interpretation of the gravity–topography 826 

relationship, distinguishing regions that approximate near-isostatic behavior from those 827 

influenced by lateral density contrasts, thermal structure, or compositional heterogeneity within 828 

the crust and lithosphere. 829 

 830 

Table 2: Combined parameter interpretation 831 

Parameter 

combination 

Observed 

conditions / Typical 

range 

Joint interpretation Geophysical /   

Geological 

implications 

Negative correlation 

(>0.8) and negative 

residuals 

(Fig. 4 and Fig. 2) 

Dronning Maud 

Land 

Strong inverse 

relation between 

gravity and 

topography 

combined with 

gravity values lower 

than predicted by the 

regression. 

Indicates local mass 

deficit relative to the 

regression trend, 

consistent with 

nearly complete or 

slightly 

overcompensated 

isostatic equilibrium 

Negative correlation 

(>0.8) and positive 

residuals 

(Fig. 4 and Fig. 2) 

Transantarctic 

Mountains 

Strong inverse 

relation between 

gravity and 

topography but with 

gravity higher than 

Suggests localized 

excess mass at depth 

beneath elevated 

topography, 

consistent crustal 
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predicted by the 

regression. 

density variations or 

mantle upward 

providing non-Airy 

support for the 

range. 

Positive correlation 

and negative 

residuals (Fig. 4 and 

Fig. 2) 

Lake Vostok, Knox 

Subglacial Basin, 

Adventure 

Subglacial Basin, 

Vincennes 

Subglacial Basin 

Positive correlation 

coincides with 

negative residuals. 

Suggests regional 

compensation 

mechanism and local 

mass deficit, 

consistent with low-

density material 

beneath subglacial 

depressions 

Positive correlation 

and positive 

residuals(Fig. 4 and 

Fig. 2) 

West of the 

northwestern 

boundary of the 

South Shetland 

Microplate (residual 

> 20 mGal) 

Both gravity and 

topography increase 

together, and the 

gravity field is 

stronger than 

predicted by the 

regression. 

Suggests structural 

complexities and 

lateral density 

contrasts near the 

transition between 

continental and 

oceanic crust. 

Positive correlation 

and + low RMSE 

(Fig. 4 and Fig. 3) 

r > 0 and RMSE < 

~6 mGal (e.g. 

Localized regions of 

East Antarctica) 

The Bouguer 

anomaly increases 

with elevation while 

remaining closely 

aligned with the 

linear regression 

relationship. 

May reflect 

lithospheric rigidity 

and flexural support 

of topography. 

Positive correlation 

+ high RMSE (Fig. 4 

and Fig. 3) 

r > 0 and RMSE > 

~14 mGal (e.g. Lake 

Vostok, Adélie 

Land) 

Bouguer anomaly 

increases with 

elevation but 

displays large 

dispersion around 

the regression 

relationship. 

Suggests localized 

density 

heterogeneities, 

sedimentary basins, 

or complex crustal 

structure. 

Negative intercept 

and positive 

correlation 

(Fig. 6 and Fig. 4) 

East Antarctica 

interior (e.g., Wilkes 

Land, Coats Land) 

Negative intercepts 

coincide with 

positive correlation 

values. 

May indicate dense 

lower-crustal 

domains or 

lithospheric density 

contrasts influencing 

the gravity field 

independently of 

local topography. 

Negative intercept 

and negative 

correlation 

(Fig. 6 and Fig. 4) 

Ross Sea Basins Negative intercepts 

associated with 

negative correlation. 

Consistent with 

deep-seated, 

laterally extensive 

density contrasts, 

potentially related to 

rifting and crustal 

thinning. 
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Negative intercept 

and low R² 

(Fig. 6 and Fig. 5) 

Wilkes Land, Coats 

Land, Weddell Sea 

Pronounced 

intercept offset with 

poor regression fit. 

Indicates variable 

crustal density or 

non-linear response 

where local 

geological 

complexity reduces 

the 

representativeness a 

simple gravity–

topography 

regression model. 

Positive slope and 

positive correlation 

(Fig. 7 and Fig. 4) 

Knox Subglacial 

Basin, Aurora 

Subglacial Basin, 

Weddell margin 

Both gravity and 

topography increase 

together. 

May reflect 

departure from local 

Airy-type 

compensation, 

possibly associated 

with localized 

density contrasts or 

thermal effects in the 

crust or upper 

mantle. 

High R², strong 

negative correlation 

and residuals ≈ 0 

(Fig. 5, Fig. 4 and 

Fig. 2) 

Antarctic Peninsula, 

southern 

Transantarctic 

Mountains 

Strong linear fit and 

near-zero residuals. 

Gravity–topography 

relation consistent 

with large-scale 

Airy-type or 

thermally influenced 

density structure, 

reflecting a stable 

long-wavelength 

relation between 

gravity and 

topography. 

High R² + low 

RMSE (Fig. 5 and 

Fig. 3) 

R² > ~80% and 

RMSE < ~6 mGal 

Strong linear 

relationship between 

Bouguer anomaly 

and filtered 

topography with 

small dispersion 

around the 

regression. 

Consistent with 

large-scale 

compensation 

mechanisms such as 

Airy-type crustal 

roots or lithospheric-

scale density 

variations 

Low to moderate R², 

positive correlation 

and/or large 

residuals (Fig. 5 and 

Fig. 2) 

Lake Vostok, Knox 

Subglacial Basin, 

Adélie Land 

Weak statistical fit 

and anomalous 

gravity–topography 

relation. 

Indicates local 

departures from 

Airy-type 

compensation, 

reflecting lateral 

density contrasts, 

incomplete isostatic 

adjustment, or 

thermally perturbed 
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lithospheric 

domains. 

    

 832 

4.7 Comparison with probabilistic basin likelihood models 833 

The regression-based results presented here show convergence with the probabilistic mapping 834 

of subglacial sedimentary basins by Li et al. (2022) (their fig. 2; Fig. 8 in this study), whose 835 

decision tree model integrates multiple geophysical and geological inputs such as gravity, 836 

magnetic anomalies, crustal thickness, and seismic data to estimate basin likelihood. The 837 

present analysis relies solely on the statistical relationship between Bouguer anomaly and 838 

topography, providing an independent assessment of subsurface density contrasts. 839 

Despite these methodological differences, regions identified as likely basins by Li et al. (2022), 840 

including the Aurora Subglacial Basin (ASB), Knox Subglacial Basin (KSB), and Vincennes 841 

Subglacial Basin (VSB), coincide with areas where the regression results show a clear signal. 842 

In these regions, the regression analysis is characterized by positive Bouguer–topography 843 

correlation, negative residuals, low coefficients of determination (R² < 30%), negative intercept 844 

values, low RMSE values (< 6 mGal), and slopes close to ~0.1123. The correspondence 845 

between basin candidates identified by the regression analysis and the probabilistic basin 846 

likelihood model of Li et al. (2022) is summarized in Table 3. 847 

 848 
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 849 

Figure 8: Candidate sedimentary basins identified from the regression analysis between 850 

Bouguer anomaly and filtered equivalent topography. The background image shows bed 851 

elevation from Morlighem et al. (2020). Basins 1–5 coincide with regions classified as 852 

moderate- to high-likelihood sedimentary basins in the probabilistic model of Li et al. (2022), 853 

whereas Basins 6 and 7 represent additional candidates highlighted by the present analysis. 854 

 855 

In addition to these previously recognized regions, both approaches also highlight several new 856 

areas with high basin likelihood. The regression maps delineate additional candidate zones 857 

(Fig. 8) that were also classified as high-likelihood (>0.6) basins by Li et al. (2022), including 858 

Adélie Land (Basin 1, Fig. 8), portions of the Polar Gap (Basins 2–4, Fig. 8), and part of Queen 859 

Maud Land (Basin 5, Fig. 8). Finally, two additional basin candidates emerge from our 860 

analysis. One of these areas (Basin 6, Fig. 8) is classified as low likelihood (<0.3) in the 861 
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probabilistic model, whereas the other, located at Siple Dome (Basin 7, Fig. 8) corresponds to 862 

an intermediate basin likelihood (~0.5).  863 

 864 

Table 3: Regression basin candidates and probabilistic basin likelihood 865 

Basin / Region 
 

Status in this 

study 
 

Corresponding 

region in Li et al. 

(2022) 
 

Basin likelihood in 

Li et al. (2022) 
 

Aurora Subglacial 

Basin (ASB); Knox 

Subglacial Basin 

(KSB); Vincennes 

Subglacial Basin 

(VSB); 

 

Previously 

recognized basin 

highlighted by 

regression maps 

Aurora Subglacial 

Basin (ASB); Knox 

Subglacial Basin 

(KSB); Vincennes 

Subglacial Basin 

(VSB); 

High (>0.6) 

Basin 1 – Adélie 

Land 

Candidate basin 

identified by 

regression analysis 

High-likelihood 

basin region 
 

Basins 2–4 – Polar 

Gap 

Candidate basin 

identified by 

regression analysis 

High-likelihood 

basin region 
High (>0.6) 

Basin 5 – Queen 

Maud Land 

Candidate basin 

identified by 

regression analysis 

High-likelihood 

basin region 
High (>0.6) 

Basin 6 – Siple 

Coast 

Candidate basin 

identified by 

regression analysis 

Intermediate-

likelihood basin 

region 

Intermediate (~0.5) 

Basin 7 – Queen 

Maud Land 

Candidate basin 

identified by 

regression analysis 

Low-likelihood 

basin region 
Low (<0.3) 

 866 

Note that the major basins used here as reference parameters to identify the criteria applied to 867 

propose new sedimentary basins (i.e., the Aurora (ASB), Knox (KSB), and Vincennes (VSB) 868 

Subglacial Basins) may represent a different geological and tectonic context compared to other 869 

previously identified basins that are not captured by the regression model. ASB, KSB, and VSB 870 

correspond to major sedimentary basins of Wilkes Land whose geometry is structurally 871 

controlled by regional faults and rift-related tectonic features (Aitken et al., 2014). These basins 872 

are interpreted as preserved sedimentary basins forming large subglacial depressions within 873 
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East Antarctica (Aitken et al., 2023). In contrast, the Wilkes Subglacial Basin, an example of 874 

a major basin not captured by the model, represents a structurally more complex system 875 

composed of distinct northern and southern subbasins with different sediment distributions and 876 

geological histories (Frederick et al., 2016). It has been interpreted as a possible retro-arc basin 877 

associated with the Ross Orogen and lies across a major tectonic boundary marked by the Mertz 878 

Shear Zone (Aitken et al., 2014). Accordingly, it is tentative to suggest that the basins proposed 879 

here, especially the newly identified ones (i.e., Basin 6 and Basin 7), may share geological 880 

characteristics with the Aurora, Knox, and Vincennes subglacial basins. However, more 881 

detailed geophysical investigations would be required to confirm whether these regions indeed 882 

correspond to sedimentary basins with comparable tectonic and geological configurations. 883 

 884 

5. Conclusion  885 

The gravity–topography regression analysis presented here provides a continent-scale 886 

assessment of the relationship between Bouguer anomaly and equivalent topography across 887 

Antarctica using satellite gravity data. The use of equivalent topography enables a consistent 888 

treatment of continental, marine, and ice-covered regions within a unified regression 889 

framework. The spatial distribution of the regression parameters reveals contrasting gravity–890 

topography relationships associated with distinct lithospheric domains and compensation 891 

regimes across Antarctica. Regions such as the Antarctic Peninsula, Marie Byrd Land, and the 892 

southern Transantarctic Mountains are characterized by strong negative correlation, high R² 893 

values, and low residuals, indicating coherent long-wavelength coupling between gravity and 894 

topography. Although this behavior is compatible with Airy-type compensation within the 895 

adopted framework, comparison with seismic observations suggests that thermal anomalies 896 

and density variations within the lithospheric mantle may generate a similar gravimetric 897 

response. In contrast, large sectors of East Antarctica exhibit positive Bouguer–topography 898 
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correlation, low to moderate R² values, negative intercepts, and localized residual anomalies. 899 

Together with independent seismic evidence for thick and cold lithosphere, these patterns 900 

indicate that the gravity field is controlled not only by local crustal compensation, but also by 901 

lithospheric rigidity, regional compensation, and lateral density heterogeneities . The combined 902 

distribution of correlation, R², slope, intercept, residuals, and RMSE further differentiates 903 

regions characterized by coherent gravity–topography coupling from areas dominated by 904 

localized density anomalies and complex lithospheric structure.  Several regions identified by 905 

the regression analysis coincide with previously proposed subglacial sedimentary basins, 906 

including the Aurora, Knox, and Vincennes basins, while additional candidate regions are also 907 

highlighted by the analysis. In these areas, the regression parameters consistently combine 908 

positive Bouguer–topography correlation, negative residuals, low R² values, negative 909 

intercepts, low RMSE values, and slopes close to +0.1123 mGal m⁻¹. Overall, the results 910 

indicate that the large-scale gravity field of Antarctica reflects the coexistence of distinct 911 

compensation mechanisms, lithospheric rigidity contrasts, and crustal density heterogeneities. 912 

These findings provide new constraints on the lithospheric and tectonic framework of the 913 

Antarctic continent. 914 
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Supporting information 1 

Section 1: Calculation of Bouguer disturbance from layered mass model 2 

The gravity effect of eleven distinct mass layers was computed using a prism-based forward 3 

modeling approach, implemented with the Harmonica package (Fatiando a Terra Project, 4 

https://doi.org/10.5281/zenodo.3628741). The calculations consider all relevant mass 5 

contributions within the study area using standard density values of 2670 kg/m³ for crustal 6 

rocks (ρ_c), 1030 kg/m³ for seawater (ρ_c), and 917 kg/m³ for ice (ρ_i). 7 

Bed topography, ice thickness, geoid and masks for grounded and floating ice were obtained 8 

from BedMachine Antarctica v3 (Morlighem et al., 2020), and all geometries were referenced 9 

to the WGS84 ellipsoid. The mass distribution was discretized into a set of layers defined 10 

relative to the ellipsoid in order to correctly account for both grounded and floating ice 11 

conditions. 12 

These configurations are schematically illustrated in Fig. S1, and the corresponding equations 13 

are presented below. The maps representing each step of the calculations are shown in Figs. 14 

S2–S12. 15 

Grounded ice 16 

In regions where the ice is grounded, three layers were considered: 17 

1. The ice column, extending from the ice surface to the ellipsoid or to the ice base, where the ice 18 

base is above the ellipsoid (ρ_i) 19 

2. The crustal layer between bed topography located above the ellipsoid and the ellipsoid itself 20 

(ρ_c).  21 

3. The ice column, extending from the ellipsoid to the bed below the ellipsoid (ρ_i - ρ_c) 22 

 23 

Floating ice with surface above the ellipsoid 24 

In regions of floating ice where the ice surface lies above the ellipsoid, five layers were defined: 25 

https://doi.org/10.5281/zenodo.3628741


2 
 

4. Ice above the ellipsoid, from the ice surface to the ellipsoid, with density ρ_i.  26 

5. Ice below the ellipsoid, from the ellipsoid to the ice base, with density contrast (ρ_i − ρ_c).  27 

6. From the ellipsoid to the geoid lying below the ellipsoid (−ρ_c).  28 

7. From the geoid above the ellipsoid and the ellipsoid itself (ρ _w). 29 

8. The water column (ρ_w − ρ_c).  30 

Floating ice with surface below the ellipsoid 31 

In regions where floating ice lies entirely below the ellipsoid, three layers were considered: 32 

9. The layer between the ellipsoid and the ice surface (−ρ_c).  33 

10. The ice column (ρ_i − ρ_c).  34 

11. The water column between the ice base and the seafloor, with density contrast (ρ_w − ρ_c).  35 

Additional notes: All layer contributions were computed independently and summed to obtain 36 

the total gravitational effect of the modeled mass distribution, which was subsequently 37 

removed from the gravity disturbance field to derive the Bouguer disturbance. Lake Vostok 38 

was not considered in these calculations. There is no grounded ice witch the surface lies bellow 39 

the ellipsoid.  40 
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 41 

Figure S1. Schematic representation of the geometric configurations used to describe the 42 

vertical relationships between ice, sea water, bed topography, ellipsoid, and geoid. The three 43 

panels illustrate different scenarios depending on whether the ice and/or ocean are located 44 

above or below the reference surfaces. Numbered labels indicate the vertical components used 45 

in the formulation of the equations presented in the main text.  46 
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47 
Figure S2: Gravity effect of the layer 1, defined as the ice column, extending from the ice 48 

surface to the ellipsoid or to the ice base, where the ice base is above the ellipsoid (ρ_i). 49 

 50 
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51 
Figure S3: Gravity effect of the layer 2, defined as the ice column, extending from the ellipsoid 52 

to the bed below the ellipsoid (ρ_c - ρ_i). 53 
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54 
Figure S4: Gravity effect of the layer 3, defined as the crustal layer between bed topography 55 

located above the ellipsoid and the ellipsoid itself (ρ_c).  56 
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57 
Figure S5: Gravity effect of the layer 4, defined as the ice above the ellipsoid, from the ice 58 

surface to the ellipsoid, with density ρ_i.  59 

 60 

 61 

 62 

 63 

 64 

 65 

 66 

 67 

 68 
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69 
Figure S6: Gravity effect of the layer 5, defined as the ice below the ellipsoid, from the ellipsoid 70 

to the ice base, with density contrast (ρ_i − ρ_c) 71 
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72 
Figure S7: Gravity effect of the layer 6, defined from the ellipsoid to the geoid lying below the 73 

ellipsoid (−ρ_w). 74 

 75 
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76 
Figure S8: Gravity effect of the layer 7, defined from the geoid above the ellipsoid and the 77 

ellipsoid itself (ρ _w). 78 
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79 
Figure S9: Gravity effect of the layer 8, defined as the water column (ρ_w − ρ_c). 80 
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81 
Figure S10: Gravity effect of the layer 9, defined as the layer between the ellipsoid and the ice 82 

surface (−ρ_c). 83 

 84 
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85 
Figure S11: Gravity effect of the layer 10, defined as the ice column (ρ_i − ρ_c).  86 
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87 
Figure S12: Gravity effect of the layer 11, defined as the water column between the ice base 88 

and the seafloor, with density contrast (ρ_w − ρ_c).  89 

 90 

 91 

 92 

 93 

 94 

 95 

 96 

 97 

 98 

 99 
Section 2: Regression maps containing all data (i.e. without removing the outliers) 100 

 101 
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 102 
Figure S13: Regression residuals. WA = West Antarctica; EA = East Antarctica. The 103 

continental shelf edge (in green) is from Amblas (2018). LV = Lake Vostok (blue polygon); 104 

DML = Dronning Maud Land; AL = Adélie Land; KSB = Knox Subglacial Basin; VSB = 105 

Vincennes Subglacial Basin; WSB = Wilkes Subglacial basin; MBL = Marie Bird Land; SP = 106 

Siple Coast; sTM = Southern Transantarctic Mountains; WS = Weddel Sea. Tectonic plate 107 

boundaries from Bird (2003) in brown. SM = Shetland Microplate; PA = Pacific Plate; AN 108 

=Antarctic Plate; AU = Australian Plate, SC = Scotia Plate, SW = Sandwich Plate and SA = 109 

South American Plate. The Ross Orogen inboard boundary is represented by the dashed yellow 110 

line) and the West Antarctic Rift System by the dotted black lines. 111 

 112 

 113 
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 114 
Figure S14: Root Mean Square Error. Abbreviations of geological features are the same as in 115 

Fig. S13. 116 
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 117 
Figure S15. Correlation coefficient between Bouguer anomaly and filtered equivalent 118 

topography. Abbreviations of geological features are the same as in Fig. S13. 119 
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 120 
Figure S16. Coefficient of determination (R²). Abbreviations of geological features are the 121 
same as in Fig. S13. 122 
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 123 
Figure S17. Intercept map showing the spatial distribution of regression intercepts between 124 

Bouguer anomaly and filtered topography. Abbreviations of geological features are the same 125 

as in Fig. S13. 126 

 127 
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 128 
Figure S18. Slope of the regression between Bouguer anomaly and filtered topography, 129 

illustrating regional deviations from the theoretical Airy value (−0.1123 mGal m⁻¹). 130 

Abbreviations of geological features are the same as in Fig. S13. 131 

 132 

 133 
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 142 

Section 3: Regression residuals 143 

 144 

Figure S19. Map of mean residual values associated with each regression. Abbreviations of 145 

geological features are the same as in Fig. S13. 146 

 147 

 148 

Section 4: To facilitate the visualization of the residual calculation procedure, a sequence of 149 

schematic illustrations is provided. The figures show how regression parameters, estimated 150 

within overlapping circular windows (264 km diameter), are used to compute residuals 151 

pointwise within smaller, non-overlapping central tiles (66 × 66 km). The first panels illustrate 152 

window displacement along the x and y directions separately, while the final panel presents the 153 
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full two-dimensional configuration. In all cases, adjacent windows are shifted by 66 km, 154 

resulting in a 75% overlap. 155 

 156 

Figure S20: a) Schematic representation of the moving-window procedure used for residual 157 

calculation, showing displacement along the x direction. Regression parameters are estimated 158 

within circular windows (264 km diameter), which are shifted by 66 km between consecutive 159 

positions, resulting in a 75% overlap. Residuals are then evaluated pointwise within the central 160 

66 × 66 km square associated with each window. B) Same as Figure S20 a, but for displacement 161 

along the y direction. Circular windows overlap by 75% due to a 66 km step. For each window, 162 

residuals are computed pointwise within the corresponding central 66 × 66 km tile. C)Two-163 

dimensional configuration of the moving-window approach used for residual calculation. 164 

Circular windows (264 km diameter) are distributed on a regular grid with 66 km spacing, 165 

producing a 75% overlap in both directions. Each window provides a set of regression 166 

parameters that are used to compute residuals within its central 66 × 66 km tile, resulting in a 167 

spatially consistent residual field. 168 

 169 

Section 5: ADMAP-2 Magnetic anomaly 170 
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 171 

Figure S21: ADMAP2 dataset (Golynsky et al., 2018). 172 


