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Abstract 

Recent sub-ice topography investigations have imaged with greatly improved detail a set of 

enigmatic low-elevation V-shaped basins hidden beneath a very large sector of the East Antarctic 

Ice Sheet. Here we show that these basins form a semi-continental sized fan shaped physiographic 

unit which radiates from a pin point near the South Pole and name it the East Antarctic Fan-shaped 

Basin Province. By jointly interpreting sub-ice topography and geophysical data, we demonstrate 

that the fan-like landscape originated from a distributed intraplate rotational extension before 

Gondwana breakup which had three continental-scale consequences. i) Laterally, to the west, it 

caused compression and the consequent uplift of the Gamburtsev Mountains. ii) To the east, the 

northernmost Transantarctic Mountains segment was rotated clockwise of ~20° overriding the 

West Antarctic Rift System’s hot lithosphere, causing segmentation of the mountain chain into 

three blocks and their differential uplift due to thermal buoyancy. iii) To the North, the transcurrent 

edge of the fan formed the lithospheric weakness that controlled the break-up of Gondwana by 

driving the propagation of Antarctica/Australia separation and shaping the resulting semi-circular 

passive continental margins. These processes have substantially influenced the present-day East 

Antarctica sub-ice landscape and the evolution of the overlying ice-sheet. 

 

MAIN 

Observation and measurement of Antarctic bedrock is hindered by the Antarctic Ice Sheet, which 

covers more than 99% of the continent. Recently, international compilations of radio-echo 

sounding investigations1,2 have resolved large-scale subglacial topographic features at increasingly 

high levels of detail revealing a wide and low-elevation sector of East Antarctica extending from 

Prydz Bay (70° E) to the Transantarctic Mountains (160° E) and from the coastlines to 85° S (Fig. 

1). In this region, most of the large subglacial basins and trenches, containing sediments of variable 

estimated thickness3-5, present an enigmatic spatial V-shape and are intriguingly aligned along the 

north-south direction, converging approximately towards the South Pole (Extended Data Fig. 1). 

Moreover, the 2000 km long Antarctic coastline and continent-ocean boundary margin, delimiting 

the sector to the north, has a distinct semicircular arc geometry. Consequently, at a semi-continental 

scale, the topography resembles a ‘handheld fan’, converging to a pin point located close to the 

South Pole (Fig. 1). We propose the whole region to be a single physiographic unit and name it the 



East Antarctic Fan-shaped Basin Province (EAFBP). We reveal how the EAFBP formed within 

the context of Gondwana breakup. As the V-shaped basins underlie almost half of the East 

Antarctic Ice Sheet, they will influence heavily both ice-flow and landscape evolution3-6, making 

them important to Antarctic glacial and hydrological processes. 

 

Sub-ice topographical observations 

By detailed analysis of the subglacial morphological features (Methods), we identified 30 basins 

comprising the EAFBP (Extended Data Tab. 1), all of which are elongated along the north-south 

direction and many exhibit an approximately V-shape (Fig. 1). Together, the basins form a fan with 

an axis of symmetry passing through the Belgica Subglacial Highlands, approximately aligned 

along the meridian 130°E, here named the Belgica bisector. This bisector divides the EAFBP into 

the sinistral (SX) sector to the west and the dextral (DX) sector to the east.  

To quantitatively define the geometry of the fan and estimate its pivot point location, we fitted the 

detected main longitudinal edges of the basins to great circles on the globe (Extended Data Fig. 2 

and Methods), which in planar view are represented by straight lines converging to the pivot point 

EP located at 86.4°S, 129.9°E (Fig. 1).  

The EAFBP consists of two first-order symmetrically arranged V-shaped subglacial basins, the 

Wilkes (WSB) and Aurora (ASB) basins, which extend southward from the coastline for more than 

1500 km with a predominantly north-south oriented main axis. However, east-west trending 

tectonic structures are also observed. The two main basins appear to be dissected by a system of 

transverse faults arranged along two circular belts, which we interpret as intraplate strike-slip shear 

belts7, hereafter referred to as the southern and northern Transantarctic Circular strike-slip Shear 

Belts (Fig. 1). Along these belts, the Wilkes basin displays an apparent dextral offset  whereas the 

Aurora basin shows an apparent sinistral offset. These features may reflect genuine strike-slip 

motion, or alternatively, a displacement of the extensional locus along pre-existing transverse 

structures. The two circular belts may be approximated on the Earth sphere by two small circles 

(Extended Data Fig. 2 and Methods) whose pole locations (sEP: 84.2°S, 130.8°E; nEP: 83.1°S, 

129.5°E) are situated close to the fan pivot point EP, suggesting they were generated by the same 

process. Moreover, the Wilkes and Aurora basin bed elevation appears to be vertically offset across 



the location of the two proposed strike-slip shear belts (Extended Data Fig. 3), suggesting a vertical 

component of displacement as well.  

The coastline marking the northern limit of the EAFBP forms an arc of a circle. On average, it may 

be interpolated from Cape Adare to Prydz Bay by a small circle (Extended Data Fig. 2 and 

Methods) whose pole cEP is located at coordinates 81.7°S, 115.1°E, again close to the previously 

estimated poles EP, sEP, nEP. Consequently, the two shear belts and the coastline divide the EAFBP 

into three annuli that we name as the southern, central and northern Transantarctic Annuli. The two 

main Wilkes and Aurora basins cross all three annuli, while the other basins are confined within 

them. 

The EAFBP is laterally delimited by two of the most least understood mountain ranges on Earth 

(Fig. 1). To the west, the Gamburtsev Mountains are an intraplate subglacial range of uncertain 

origin8-11 that exhibit unexpectedly youthful Alpine topography8. To the east, the Transantarctic 

Mountains are the largest non-compressional mountain belt in the world12 separating East 

Antarctica from the West Antarctic Rift System13,14. The Transantarctic Mountains are considered 

to be the uplifted shoulder of the West Antarctic Rift System, originating by thermal buoyancy of 

debated origin and timing and are divided into multiple deeply dissected tectonic blocks12,21. 

The structural connection between the EAFBP and the Transantarctic Mountains is clearly 

reflected in their topography.. Approximately at the same latitude of the southernmost vertex of 

the V-shaped Wilkes basin, between the Nimrod and Byrd glaciers, the Transantarctic Mountains 

exhibit a ~20° clockwise deflection relative to their southern linear trend. In addition, they appear 

segmented and right-laterally offset along both the Transantarctic Circular strike-slip Shear Belts 

forming three main distinct blocks (Fig. 1). Correspondingly, the West Antarctic Rift System 

grabens in the Ross Sea appear rotated clockwise22 and right-laterally offset along the offshore 

continuation of the shear belts, even if there is no clear indication of effective right displacement 

along them.  

The EAFBP onshore structure is also intriguingly reflected in the facing oceanic structures along 

the Southern Ocean between East Antarctica and Australia (Fig. 2). In fact, the oceanic fracture 

zones are more closely spaced and prominent in correspondence with the main onshore structural 

lineaments in the EAFBP: the Transantarctic Mountains and the Wilkes basin to the east and the 

Lambert rift, SB1, Sabrina and Aurora basins to the west. Analysis of ridge offset variations versus 



longitude along the ridge (Fig. 2) confirms this observation and allow us to identify five oceanic 

ridge segments: i) the Transantarctic Mountains – Wilkes basin segment, showing the strongest 

offsets in correspondence with the Balleny (continuation of the discontinuity between the 

Transantarctic Mountains and the West Antarctic Rift System), the George V (in continuation of 

the western Wilkes basin margin) and Tasman (eastern Wilkes basin margin) fracture zones; ii) a 

central ‘quiet’ segment with very limited ridge offsets facing the Belgica bisector area; iii) the 

Sabrina-Aurora segment with a relevant but smoother distribution of the ridge offsets facing the 

two basins; iv) a second minor ‘quiet’ segment separating the westernmost v) Lambert-SB1 

segment with increased fracture zone spatial density and offsets. 

 

Geophysical observations 

The different rheological properties of distinct intracontinental blocks19,20,23 may have controlled 

the rotational extension within the EAFBP. The Lake Vostok trough is formed by a major 

geological boundary24,25 apparent in magnetic and Bouguer gravity anomalies that is partially 

coincident with the proposed Mawson continent western flank19 (Western Mawson Suture) that 

appears to delimit the Aurora basin to the west. The western flank of the Wilkes basin features a 

sharp magnetic26,27 and gravimetric28 break that defines the boundary (Eastern Mawson Suture) 

between the thick and highly magnetic Mawson continent19,23,27 of the East Antarctic Cratonic 

Assemblage29 and the thinner and weakly magnetic Ross Orogen Belt23,26,27 (Fig. 2). 

The fan-shaped structure is also recorded in the lithosphere. A crustal depth model30, based on 

integrated seismic and gravimetric data, indicates thinned crust corresponding with the major 

basins in the EAFBP (Extended Data Fig. 4A) that we interpret as due to extension. At the same 

time, thinner lithosphere31 (Extended Data Fig. 4B) has been observed in association with the 

identified basins, which result located between spoke-like structural culminations of the 

Lithosphere Asthenosphere Boundary linked to thicker lithosphere4. 

 

The kinematic model 

Candidate processes that may have operated in the study area and generated the semi-continental 

scale fan-like structural pattern of the EAFBP include glacial erosion and extensional tectonic 



deformation (e.g., rotational extension32,33,34, rift propagation35 and structural control by inherited 

structures36. We discount glacial erosion as the primary mechanism shaping the observed 

topography because contemporary ice surface velocities37 across the study area (Extended Data 

Fig. 5) are widely low (<10 m/yr) and geomorphological evidence suggests that glacial erosion by 

earlier ice sheets in the East Antarctic interior was selectively focused through existing valleys on 

a smaller scale than the features comprising the EAFBP38. We also consider rift propagation 

mechanisms unlikely here because they typically affect spreading centres at mid-ocean ridges and 

back-arc basins39. Finally, we regard a deformation model relying exclusively on the guidance of 

inherited structures as unlikely as well, given that the well-defined north-south oriented radial 

patterns, extensively distributed over at least half of East Antarctica and converging unmistakably 

toward a single, well-defined pivot point, demand a fundamental genetic explanation. 

We have therefore developed a conceptual kinematic model for the evolution of the EAFBP 

explaining the observations presented (summarized in Extended Data Tab. 2) based on the 

rotational extension mechanism, which has been extensively used to account for similar structural 

patterns widely observed elsewhere in the world32-34,40-43. In planar view, the process is analogous 

to the opening of a folding fan and so requires a pivot point and a fixed central arm from which 

the two sides of the fan are moved away (Extended Data Fig. 6). The resultant kinematic model is 

simplified in two phases sketched in Fig. 3.  

At the initial stage (Fig. 3A), counter-clockwise fan-shaped extension around the pivot point EP 

formed the Aurora basin, while simultaneous clockwise extension formed the Wilkes basin. Both 

basins, with their characteristicV-shape, together defined a large sphenocasm43 within the 

continental crust.  

The fanning out (i.e., the rotational extension) propagated from the Belgica bisector, that represents 

its fixed arm while the basins master faults’ locations were controlled by the existing lithospheric 

discontinuities made by the Eastern and Western Mawson sutures. In our model, the increasing 

deepening towards the north of the two basins along their master faults (Extended Data Fig. 6) was 

accommodated brittlely by two main east-west normal faults in the basement, possibly in 

coincidence with pre-existing east-west lithospheric discontinuities in the Neoproterozoic rift 

margin20. The western side of the Wilkes basin coincided partially with the Eastern Mawson Suture 

and remained unaffected by the following dextral offset. The eastern side of the Aurora basin 



matched partially with the Western Mawson Suture and was likely affected by the following 

sinistral offset. As result, the Mawson continent evolved from an elongated stripe-shape to the final 

present-day V-shape.  

Within the rotational extension framework, the ~20° deflection observed in the Transantarctic 

Mountains is interpreted as a rotation consistent with the position of the fan pivot point (EP). The 

deflection point is located between the Nimrod and Byrd glaciers, which likely coincide with the 

location of inherited main fault structures that accommodated the rotational extension by both 

vertical and strike-slip movements. The area corresponds to a previously observed but unexplained 

lithospheric discontinuity22 in the Transantarctic Mountains and Ross Sea. 

At a later stage (Fig. 3B), as the fan extension grew, the increasing basement lowering in the 

northernmost sectors of the fan was compensated by secondary basins/trenches opening in the 

central and northern annuli. The secondary basins/trenches opened between the two intraplate 

strike-slip deformation belts that were forming along the original east-west lithospheric breaks in 

the Wilkes and Aurora basins.  Our model proposes that the original east-west lithospheric breaks 

in the Wilkes and Aurora basins acted, during this second phase of deformation, as zones of 

weakness along which transverse strike-slip movements developed, induced by the rotational 

extension itself. We have compiled a list of evidence (see Supplementary Information) suggesting 

that these east-west strike-slip movements, transverse to the basins, are likely, though not certain. 

We consider the conversion from normal to strike-slip deformation along the two belts necessary 

to accommodate the different amounts of extensional strain across the three annuli, which increase 

from south to north, likely differentiating them as observed in similar contexts44,45. Alternatively, 

the observed transverse offsets could be interpreted as transfer faults that shift the focus of 

extension without actual strike-slip motion, although we consider this explanation less probable. 

The increasing extensional strain towards the North, accommodated along the shear belts, likely 

caused the segmentation of the Transantarctic Mountains into the three observed blocks (Fig. 1) 

and the corresponding segmentation of the extensional features in the West Antarctic Rift System. 

The three Transantarctic Mountains blocks overrode the West Antarctic Rift System hot 

lithosphere, and underwent additional differential uplift in time and space due to differential 

thermal buoyancy12 (Extended Data Fig. 7). The southern Transantarctic circular strike-slip shear 

belt offsets the Transantarctic Mountains north of the Skelton Glacier, whereas the northern belt 



offsets them in the area between David and Tucker glaciers. The locations of two major seismic 

low velocity zones detected in the mantle46,47 appear to be likely controlled by these 

discontinuities. 

To the west, rotational extension has only weakly affected the area beyond the Western Mawson 

Suture likely due to the originally thicker crust and lithosphere, as shown by crustal and 

Lithosphere-Asthenosphere Boundary depth maps30,31 (Extended data Fig. 4). In this area 

extension was focused along deep and narrow trenches such as  Lake Vostok and the East Antarctic 

Rift System. However, the fanning out likely reactivated the Lambert Rift and, in the later stage, 

offset the East Antarctic Rift System. We propose that the rotational extension in the EAFBP was, 

at least partially, accommodated by compression in the Gamburtsev Mountains region causing 

additional uplift and, thus, their observed youthful Alpine topography8. 

To the north, the EAFBP fanning out originated the semi-circular lithospheric weakness line that 

controlled Antarctica-Australia separation. In fact, in our model, the inferred EAFBP transcurrent 

releasing fault system representing the fan northern limit evolved from a semi-circular wide diffuse 

principal displacement zone to a set of strike-slip faults disposed en-èchelon (Fig. 4). The most 

prominent of these faults originated from the bending in the principal displacement zone of 

existing major lithospheric discontinuities (like the Eastern and Western Mawson sutures and the 

Transantarctic Mountains - West Antarctic Rift System discontinuity) and/or of the major 

longitudinal coastal basins’ normal master faults.  

At a later stage, all along the northern EAFBP edge, approximately east-west pull-apart basins 

developed between the consecutive overlapping strike-slip faults and might have evolved into 

short seafloor spreading segments with large offset between them. During the subsequent 

Antarctica/Australia rifting phase of the Gondwana breakup, the pull-apart basins drove the west 

to east propagation of the oceanic ridge causing the formation of the transfer faults that originated 

the present-day fracture zone distribution and the corresponding partitioning of the Southeast 

Indian Ridge in the five observed segments (Fig. 2). The final effect was the semi-circular trend 

of the present-day coastlines and ocean-continent boundaries at the conjugated 

Antarctic/Australian margins. The evident deviation towards north-west of the Eastern Mawson 

Suture at the coastline and a set of inferred strike-slip faults marked by canyons and scarps in the 

continental slope and platform facing the main fracture zones in the oceanic crust (Fig. 2) at both 



the Antarctic/Australian margins may be considered the remaining evidence of the whole proposed 

process. We have compiled a comprehensive list of supporting evidence for the proposed 

mechanism in the Supplementary Information. 

 

Timing of the rotational extension 

The extensive glacial coverage preventing direct observations in the inner continent and the 

uncertainties about both the age and evolution of the Transantarctic Mountains and the West 

Antarctic Rift System13,16-21 make it difficult to estimate when and how long the EAFBP was 

active. The rotational extension might have occurred during known tectonic plate re-arrangements 

or major extension episodes possibly triggering vast intracontinental sedimentary deposition 

across the East Antarctic interior (i) in the Late Paleozoic–Triassic when a major denudation event 

occurred48, (ii) during Gondwana breakup in the Jurassic–Cretaceous and early Cenozoic49 and/or 

(iii) the Eocene with possible transcurrent sinistral offsets along the eastern rift margin50. It must 

also be considered that the fanning out may have been superimposed on the intra-Gondwana 

Mesozoic Victoria Basin16 and the possibility of multiphase asynchronous extension. 

However, in the classical view that considers the modern Transantarctic Mountains uplift occurring 

mostly in the late Mesozoic and early Cenozoic as result of partially coeval extension in the West 

Antarctic Rift System13,18-21 it is possible to constrain the timing of the EAFBP onset, at least for 

its dextral sector. In this scenario, the southern and northern Transantarctic Circular strike-slip 

Shear Belts are basement structures that offset late Mesozoic rift-graben axes in the West Antarctic 

Rift System13,19,20 and similar age mountain topography along the Transantarctic Mountains20,21, 

setting the oldest time limit for the process (≲ 150 Ma?). At the same time, the EAFBP fanning 

out slightly preceded the propagation of the southern Australian - East Antarctic margin separation 

that broke up Gondwana progressively from West in the late Mesozoic to the East in the early 

Cenozoic36,49,50 setting the youngest time limit for the process (≳ 30 Ma?).  

 

Implications for the subsequent tectonic and glacial evolution of East Antarctica 

According to the proposed model, the EAFBP large “handheld fan” shaped feature in the East 

Antarctic landscape originated by a single continental scale process driven by rotational extension. 



This composite process profoundly reworked pre-existing structures and influenced the 

development of later continental scale features. It triggered additional uplift of the Gamburtsev 

and Transantarctic mountains, segmented  the Transantarctic Mountains and the West Antarctic 

Rift System and guided the subsequent formation of the semicircular conjugated continental 

margins between Antarctica and Australia. As a result, it played a significant role in the Gondwana 

breakup, with major  implications for global tectonic reconstructions and geodynamic models that 

seek to explain genetic links between onshore structures and offshore fracture zones. Crucially, 

our interpretation identifies east-west rotational extensional movements as a fundamental 

precursor to the opening of the oceanic rift between Australia and East Antarctica. Furthermore, 

the approximate coincidence between the fan’s pivot pole and the Euler poles proposed for 

East/West Antarctica extension51 after ~34 Ma (Extended Data Fig 2), when uncertainties in pole 

location are taken into account, raises intriguing questions about the long-term stability of 

deformation poles and their potential role in linking continental rifting processes to subsequent 

plate motions.Since no evidence of the EAFBP continuation is found in Australia, the fan-like 

rotational extension must have been confined to the Antarctic plate. Consequently, this intra-plate 

deformation is expected to strongly affect new plate reconstructions of the Australia-Antarctica fit, 

potentially accounting for the anomalously large crustal overlaps reported in some models52,53 and 

for mismatches in the correlation of basement terranes and major faults across the two opposing 

conjugate margins49,54. 

Also, the proposed tectonic scenario may have significantly influenced the onset and evolution of 

the East Antarctic Ice Sheet that nucleated at about 34 Ma.  Over the EAFBP region, the volume 

of ice has a sea level equivalent of 28 m. Sedimentary basins interact with the overlying ice sheet 

through dynamic feedbacks that are known to impact ice-sheet retreat dynamics3,4. The 

segmentation of the Transantarctic Mountains along the east-west circular shear belts was likely 

subsequently exploited by major outlet glaciers (e.g., Byrd, Beardmore, Nimrod), incising 

particularly deep glacial troughs that in turn caused further isostatic uplift of the mountain peaks. 

Similarly, the major north-south fan shaped structural boundaries of the basins within the EAFBP 

appear to control the locations of major outlet glaciers around the East Antarctic margin (e.g., 

Totten, Vanderford, Denman, Frost, Amery). The implications of this association are the direct 

tectonic control on the behavior of the ice sheet throughout its existence, and the importance of 



geological processes that commenced ~ 150 hundreds million years ago in modulating ice sheet 

dynamics today and in the future.  
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FIGURES 

 

 

 

Figure 1. Fault-controlled basins and interpreted structural frame in the newly identified 

East Antarctic Fan Basin Province.  

(A) Sub-ice topography corrected for isostatic rebound due to ice removal55 with sharp topographic 

features enhanced by non-linear filtering (Methods). Light gray lines are detected topographic 

lineaments interpreted as longitudinal normal faults forming the structural edges of the basins. 

Magenta and cyan lines are detected topographic lineaments interpreted as either transverse strike-

slip faults or associated normal faults that characterize the two circular shear belts sTCSB and 

nTCSB shown in (B). The acronyms of the basins are listed in Extended Data Tab. 1. The yellow 

bands in the Ross Sea outline highly-extended crust mapped from depth to basement and gravity 

anomalies56. Black contour line represents 1500 m elevation. MM: Mount Melbourne. RI: Ross 

Island. RG: Rennick Graben. WARS: West Antarctic Rift System.  

(B) Main structural features of the East Antarctic Fan Basin Province. sTCSB, nTSCP: principal 

displacement zone of the southern and northern Transantarctic Circular strike-slip Shear Belts. 

sTAN, cTAN, nTAN: southern, central and northern Transantarctic Annuli. EP, sEP, nEP, cEP: 

estimated Euler pole from the edges of the basins (EP, error ellipse in light gray), from the 

structures associated to the sTCSB (sEP) and nTSCP (nEP) and from the coastline (cEP) between 



Cape Adare and Prydz Bay (Methods). CoopA, CoopB, CoopC: mapped major lithospheric 

discontinuities s in the Ross Sea22. DP: deflecting point of the Transantarctic Mountains (TAM) 

indicating rotation with respect to their southern original trend. : clockwise TAM rotation angle 

of about 20°. sTAM, cTAM, nTAM: TAM blocks formed by the offset along the sTCSB and 

nTSCP. E-MS: magnetic and gravimetric signature of the Eastern Mawson Suture26,27. W-MS: 

inferred Western Mawson Suture19,57. DAZ: Discovery accommodation zone58. Orange dots 

indicate outcrops of the Jurassic Ferrar Supergroup57 that appear offset and rotated in three blocks 

as the TAM. Grey contour line represents 1500 m topographic elevation. 

  



 

Figure 2. Offshore distribution and offsets of the fracture zones affecting the rifted margin 

between Antarctica and Australia with respect to the onshore location of the coastal basins 

forming the EAFBP.  

(A) Present day configuration of the Antarctica-Australia rifted margin and main fracture zones59,60 

superimposed on the ETOPO Global Relief Model61. The correspondence of the offshore fracture 

zones (FZ) with the onshore coastal EAFBP basins’ margins is obtained prolonging the FZ towards 

the Antarctic passive continental margin. Fan1D-Fan5D, Fan1S-Fan8S: canyons and scarps in the 

East Antarctica continental slope with a different trend than the maximum slope direction, 

interpreted here as indication of the remanence of the strike-slip faults forming the EAFBP 

northern transcurrent release fault system (Fig. 4). Fau1D-Fau5D, Fau1S-Fau8S: tentatively 

inferred continuations on the Australian margin of the Antarctic strike-slip Fan fault system. SEIR: 

Southeast Indian Ridge. ESR: extinct spreading ridge62. BaFZ: Balleny FZ; TFZ: Tasman FZ; 

SVFZ: St Vincent FZ; GVFZ: George V FZ; BiFZ: Birubi FZ; EFZ: Euroka FZ; WFZ: Warringa 

FZ; S120FZ: Seir120E FZ; HFZ: Heemskerck FZ; ZFZ: Zeehaen FZ; S106 FZ: Seir106E FZ; 

S100FZ: Seir100E FZ; S96FZ: Seir96E FZ. White thick lines: oceanic ridges63; white thin lines: 

main fracture zones59; orange lines: isochrons64, years reported in Ma; thick gray lines: continental 

ocean boundaries65. COB: continent-ocean boundary. TAM: Transantarctic Mountains. WARS: 

West Antarctic Rift System. EACA: East Antarctic Cratonic Assemblage; ROB: Ross Orogen belt. 

Note that the relationship between the faults Fan7S and Fan8S with Seir100E and Seir96E FZs is 

more uncertain due to the greater distance between them. 



(B) Blue line: SEIR offsets63 along the fracture zones vs. the distance along the ridge; the zero of 

the offset scale is arbitrary, the zero of the distance along the ridge is the Belgica bisector (BB). 

Dark red lines: histogram representing the sum of the absolute values of the ridge offsets computed 

over a running window 100 km long with 50% of overlap between consecutive windows; bars are 

therefore proportional to the SEIR offset for unit distance. W-MS, E-MS: Western and Eastern 

Mawson sutures. Note the larger offsets of the SEIR in correspondence with the onshore EAFBP 

basins’ limit in the continental crust. Also note the large difference in the offsets’ trend for the FZs 

facing the onshore EACA and ROB domains and the consequent difference in the curvature of the 

coastline and COB. 

  



 

 

Figure 3. Cartoon showing the two-phase kinematic conceptual model of the EAFBP fanning 

out (not in scale).  

(A) Initial phase with the formation of the major ‘twin’ Aurora and Wilkes basins caused by 

rotational movements around the Euler pole EP, symmetrical with respect to the Belgica bisector. 

Tangential normal faults (thick red lines) are formed in the two basins to accommodate the 

northward increasing depth. The Transantarctic Mountains (TAM) and the West Antarctic Rift 

System (WARS) are rotated clockwise by an angle ’. The extensional strain is higher in the 

dextral sector than in the sinistral sector (edx>esx), resulting in the different curvature of the 

continent-ocean boundary (COB) and the coastline as shown in detail in Fig. 4. Secondary basins 

(V-shaped and rectangular basins, dashed lines) open in the external annuli of the fan, to maintain 

the basin distribution for unit area approximately constant. To the west, the extension is 

accommodated by compressional reactivation of the Gamburtsev Mountains (GSM) uplift, which 

also occurs in the later phase. To the east, the TAM are pushed over the hot WARS lithosphere and 

undergo differential uplift (Extended Data Fig. 7). In this phase the Western Mawson Suture (W-

MS) is bended anticlockwise; the Eastern Mawson Suture (E-MS) preserves its original orientation 

owing to its closeness to the Belgica fixed arm. EACA: East Antarctic Cratonic Assemblage; ROB: 

Ross Orogen belt; E-MS: Eastern Mawson Suture; W-MS: Western Mawson Suture; DP: TAM 

deflection point.  

(B) Later phase with increasing opening of additional secondary basins and start-up of the lateral 

offsets along the southern and northern Transantarctic Circular strike-slip Shear Belts (sTCSB and 

nTSCP). The fan is divided into two sectors with dextral (DX) or sinistral (SX) shear and three 

annuli (the southern, sTAN, central, cTAN, and northern, nTAN, Transantarctic Annuli). The 

additional extensional strain increases in the three annuli from south to north (es<ec<en). The shear 

along the three annuli segments the WSB and ASB in three parts (sWSB, cWSB, nWSB, sASB, 

cASB, nASB). Also, the TAM are segmented in three blocks (sTAM, cTAM, nTAM) and the same 

applies to the WARS (sWARS, cWARS, nWARS). To the north, the EAFBP is terminated by a 

dextral (in the SX sector) or sinistral (in the DX sector) transcurrent release fault system made up 

of en-èchelon strike-slip faults shown in Fig. 4. The final rotation angle of the TAM around point 

DP is   20°.  



 

 

 

Figure 4. Northern EAFBP transcurrent fault release system evolution explaining the semi-

circular asymmetric curvature of the Antarctic/Australian continent ocean boundary and 

coastlines and the observed present-day distribution of the oceanic fracture zones.  

(A) Simplified sketch showing in detail the proposed model for the early-stage evolution of the 

northern EAFBP transcurrent fault release system along the dextral EAFBP sector; in the sinistral 

sector a specular evolution is expected. I) Before the fanning out, the presence of pre-existing 

lithospheric discontinuities is assumed (the Eastern Mawson Suture at the edge of the EACA and 

the TAM-WARS discontinuities). II) During the incipient fanning out, pre-existing lithospheric 

discontinuities and/or newly forming longitudinal EAFBP normal faults are left laterally deformed 

along the sinistral principal displacement zone that accommodates the EAFBP rotational extension 

against the fixed future continental Australia. III) With increasing rotational extension, a set of 

overlapping en-èchelon left-lateral strike-slip faults (red lines: Fan1D, Fan3D, Fan5D) develop in 

the principal displacement zone along the lines of weakness originated by the bended pre-existing 

lithospheric discontinuities and the newly formed EAFBP longitudinal normal faults. Secondary 



strike-slip faults (not shown) are also expected to form. Pull-apart basins (cyan color in the figure) 

will develop between overlapping strike-slip faults, likely formed by many smaller coalescent pull-

aparts and eventually will evolve into short seafloor spreading segments. Note that the pull-aparts 

are expected to be asymmetric since the offsets of the strike-slip faults increase towards the outside 

of the fan.  

(B) Simplified sketch of the strike-slip fault system (red lines) that compose the whole northern 

EAFBP transcurrent fault release system in the final stage. The lateral offset along the faults 

increases towards east and west from the BB central arm of the fan. The overlapping strike-slip 

faults originate approximately east-west pull-apart basins that will drive the SEIR propagation 

(dashed thick brown lines), the correspondent orthogonal fracture zones (dashed thin brown lines) 

and consequently the location and shape of the future continent ocean boundary (COB, thick gray 

line) and coastline (thick black dashed line) at the conjugated Antarctic and Australian margins 

(see also Fig. 2). In the brittle crust, extension is expected to be accommodated at discrete steps by 

the sketched strike-slip fault system (red lines). At the central sector of the fan, around the BB 

bisector, strike-slip fault offsets are very low. At the dextral sector, the location of the strike-slip 

faults is controlled by lithospheric discontinuities marking the EACA-WSB, WSB-TAM and 

TAM-WARS limits. The offset along them is favored by the weakness due to the pre-existing 

discontinuities and to the thinner ROB lithosphere and is therefore higher than on the sinistral 

sector at the same distance from the Belgica bisector, generating an increase of the curvature of 

the future COB and higher extensional strain eDX in the dextral sector (eDX > eSX). Some remnants 

of the fault system are expected along the present-day (see Fig. 2) passive margin in the dextral 

(eastern) EAFBP sector as sinistral strike-slip faults clockwise rotated relative to the margin, with 

possible associated subsidiary shear faults, transtensional/transpressional basins along each fault 

and pull-apart basins in the overlapping regions between the faults. Similar structures with specular 

orientation are expected in the sinistral (western) EAFBP sector. 

  



EXTENDED DATA 

 

Acronym Name Shape Annulus Sector Bisector References 

WSB Wilkes Basin V-shaped s, c, n DX  74 

ASB Aurora Basin  V-shaped s, c, n SX  74 

ST1   c DX   

ST2   c DX   

ST3  V-shaped c, n DX yes  

ADV 
Adventure Subglacial 
Trench 

V-shaped c DX yes 75 

ST4  V-shaped c, n SX   

PEA Peacock Subglacial Trench  c SX  75 

AUR Aurora Subglacial Trench V-shaped c SX   

VOS 
Vostok Lake Subglacial 
Trench 

V-shaped c SX yes  

90E 
90°E Lake Subglacial 
Trench 

 c SX  76  

sEEARS 
Eastern East Antarctic Rift 
(southern segment) 

 s SX  9 

cEEARS 
Eastern East Antarctic Rift 
(central segment) 

 c SX yes 9 

nEEARS 
Eastern East Antarctic Rift 
(northern sector) 

 n SX  9 

WEARS Western East Antarctic Rift  s SX  9 

EAB Eastern Basin  n DX  26 

CEB Central Basin  n DX  26 

WEB 
Western Basin - Webb 
Basin 

 n DX  26 

AST Astrolabe Subglacial Basin  n DX  76 

FRO Frost Subglacial Basin V-shaped n DX yes 77 

ST5  V-shaped n DX yes  

SAB Sabrina Subglacial Basin V-shaped n SX yes 77 

ST6   n SX   

ST7   n SX   

ST8   n SX   

SHM Shmidt Subglacial Basin  n SX  25 

KNO Knox Subglacial Basin  n SX  77 

ST9   n SX   

SB1  V-shaped n SX yes  

LAM Lambert Graben  n SX  78 

 

Extended Data Table 1. 

List of the basins in the EAFBP, their acronyms and main characteristics. Shape: the term “V-

saheped” is used to describe the pronounced convergence of the basin bounding faults toward a 

pivot point or pole. Annulus: southern sTAN (s), central cTAN (c) and northern nTAN (n) 

Transantarctic Annulus of the EAFBP where the basin is located. Sector: dextral (DX) or sinistral 

(SX) EAFBP sector where the basin is located. Bisector: for the basins marked by ‘yes’, the 

bisector of the triangular basin has been used rather than the two longitudinal edges in the 



computation of the Euler Pole (Methods). SBn and STn acronyms (n integer number) are used for 

unnamed subglacial basins and trenches respectively. 

 
  



Evidence Acronym Evidence description 

  

T-EV01 
The basins forming the EAFBP are elongated along the north-south direction and many show an 
approximately V-shape, forming a fan (see Extended Data Tab. 1 for a complete list) 
 

T-EV02 
The fan appears to have an axis of symmetry passing through the Belgica Subglacial Highlands (at ~130°E) 
that divide the EAFBP in the dextral (DX) and sinistral (SX) sectors. 
 

T-EV03 Great circle fitting longitudinal basins’ edges intersect around the mean location EP at 86.4° S, 129.9° E 
 

T-EV04 

WSB and ASB are dissected and offset along two circular belts (sTCSB and nTCSB) that may be interpolated 
by two small circles whose Euler pole locations (sEP: 84.2°S, 130.8°E; nEP: 83.1°S, 129.5°E) situated close 
to the Euler pole EP. 
 

T-EV05 
Along sTCSB and nTCSB belts, the WSB appears systematically offset by dextral shear, the ASB by sinistral 
shear. 
 

T-EV06 
The WSB and ASB mean bed elevation shows three relevant variations in relation to the sTCSB and nTCSB 
belts. 
 

T-EV07 

The coast limiting the EAFBP to the north has a semi-circular shape with increased curvature along the DX 
sector. On average, it may be interpolated from Cape Adare to Prydz bay by a small circle whose Euler point 
cEP is located at coordinates 81.7°S, 115.1°E, close to the estimated Euler poles EP, sEP, nEP 
 

T-EV08 The sTCSB and nTCSB belts divide the EAFBP into three annuli sTAN, cTAN, nTAN 
 

T-EV09 The nTAN is delimited to the north by the coastline and by the continental passive margin 
 

T-EV10 
The cTAN and nTAN contain many secondary basins and trenches, some inside the larger WSB and ASB and 
some outside, with V or rectangular shape 
 

T-EV11 
WSB and ASB show an increasing apparent eastern and western offset towards the north, suggesting an 
increase in the extensional shear along the three annuli 
 

T-EV12 
Between the Nimrod and Byrd glaciers the TAM show a deflection in their trend of ~20° with respect to their 
southernmost linear trend 
 

T-EV13 
The TAM are segmented and apparently right lateral offset along the sTCSB and nTCSB shear belts forming 
three main distinct blocks sTAM, cTAM, nTAM 
 

T-EV14 The WARS grabens in the Ross Sea appear clockwise rotated 
 

T-EV15 
The WARS grabens in the Ross Sea appear lateral offset along two major lithospheric discontinuities that 
represent the continuation of the sTCSB and nTCSB into the Ross Sea 
 

T-EV16 The EARS is segmented and left lateral offset along the sTCSB and nTCSB belts 
 

T-EV17 

Off-shore, fractures zones (FZ) along the Southeast Indian Ridge (SEIR) are more closely spaced and 
prominent in front of the TAM and WSB to the east and of the SB1, SSB and ASB to the west with respect to 
the sector facing the symmetry axis BB of the fan. On the base of FZ spatial density and ridge offsets, the 
SEIR is segmented in: i) the TAM-Wilkes segment, ii) a central ‘quiet’ segment, iii) the Sabrina-Aurora 
segment, iv) another secondary ‘quiet’ segment, v) the Lambert-SB1 segment 
 

T-EV18 
The curvature of the semi-circular Antarctic coast line and COB is greater in the EAFBP dextral sector 
compared to the sinistral one 
 

G-EV01 
A crustal depth model based on integrated seismic and gravimetric data30 indicates thinned crust 
corresponding with the major basins in the EAFBP 
 

G-EV02 
The GSM are located on a thick crustal belt with lithospheric roots deeper than 200 km compatible with 
crustal/lithospheric horizontal shortening79 
 

G-EV03 
The Lake Vostok trough is formed by a major geological boundary24,25 apparent in magnetic and Bouguer 
gravity anomalies 
 

G-EV04 

The western flank of the WSB features a sharp magnetic26,27 and gravimetric28 break that defines the 
boundary (Eastern Mawson Suture) between the thick and highly magnetic Mawson continent of the East 
Antarctic Cratonic Assemblage29 (EACA) and the thinner and weakly magnetic Ross Orogen belt19,23,27 
 

G-EV05 
Two low velocity zones at upper mantle depth (∼150 km) have been imaged by Rayleigh wave phase 

velocities models46,47 beneath Ross Island and offshore Mt. Melbourne, along the sTCSB and nTCSB. 
 

 

Extended Data Table 2. 

Summary of the topographical and geophysical evidence that are explained by the proposed 

kinematic model. EAFBP: East Antarctic Fan-shaped Basin Province. GSM: Gamburtsev 

Subglacial Mts. TAM: Transantarctic Mts. sTCSB, nTCSB: southern and northern Transantarctic 

Circular strike-slip Shear Belts. WSB: Wilkes Subglacal Basin. ASB: Aurora Subglacal Basin. 

 

 

  



 

Extended Data Figure 1. 

Detail of the fault system composing the EAFBP. Enlargement of the main sector of the 

EAFBP including the main triangular basins. Note the north-south normal faults (light gray lines) 

and circa east-west strike-slip faults with associated transtensional conjugate faults (cyan and 

magenta lines).   

  



 

 

 

Extended Data Figure 2. 

Estimation of the Euler Pole (EP) of the EAFBP. The detected topographic lineaments, traced 

by the semiautomatic methodology applied to the filtered rebounded topography (color map, 

Methods), are interpreted as circa north-south normal faults (light gray lines) and circa east-west 

strike-slip faults with associated transtensional conjugate faults (cyan and magenta lines). The 

longitudinal normal faults forming the structural edges of the basins (light gray lines) have been 

fitted by segments of great circles (black straight lines) and their intersections have been computed 

(red and green small circles). For some basins the bisector (dashed black lines) of the longitudinal 

edges has been considered in place of the converging edges (see Extended Data Tab. 1). The pivot 

point EP (large white circle) has been estimated as the mean location of the green intersection 

points (red intersection points have been discarded). The error ellipse (light gray line) is the 



minimum area ellipse containing 68% of the green intersection points. The transversal east-west 

strike-slip faults or prevalent east-west normal faults associated to transtension (magenta lines) 

that identify the nTAN shear belt have been fitted by a small circle (dashed dark gray line) whose 

computed Euler Pole nEP is marked by a large magenta circle. The transversal strike-slip faults or 

prevalent east-west normal faults associated to transtension (cyan lines) that identify the sTAN 

shear belt have been fitted by a small circle (dashed dark gray line) whose Euler Pole sEP is marked 

by a large cyan circle. The coastline has been fitted by a small circle (dashed dark grey line) whose 

Euler Pole cEP is marked by a large violet circle. The locations of the three estimated additional 

Euler poles (sEP, nEP, cEP) are consistent within the EP error ellipse. GEP12o, GEP13o, GEP18o: 

best-fit rotation poles51 for relative motion between East (fixed) and West Antarctica for magnetic 

subchrons 12o (30.9 Ma), 13o (33.5 Ma) and 18o (40.1 Ma) respectively. 

 
  



 

 

 

Extended Data Figure 3. 

Wilkes and Aurora basins bed mean elevation pattern.  

Wilkes and Aurora basins bed mean elevation (red dots, rebounded topography) has been 

computed along circular running windows made by one-degree annuli centered at the mean 

location of poles sEP and nEP. The distance from the mean pole (in km) of the corresponding 

window is reported in the horizontal axis. The southern and northern Transantarctic Circular strike-

slip Shear Belts (sTCSB and nTCSB, pink areas) divide the Wilkes and Aurora basins in three 

main zones corresponding to the southern, central and northern Transantarctic Annuli (sTAN, 

cTAN and nTAN). The mean bed elevation over the three annuli shows three different levels 

(yellow stripes) rather than a linear trend. Note that for the Wilkes a third topographic step may be 

present at about 1500 km, possibly marking the northern EAFP transform fault limit; however, 

this interpretation might be biased by the strong ice erosion at the coastline. 
  



 

 

 

 

Extended Data Figure 4. 

Location of the main structural features of the EAFBP compared with the estimated crustal 

thickness distribution and the shear-wave (SH) velocity perturbations in the lithosphere. 

(A) Main structural features of the EAFBP superimposed on the crustal thickness map derived 

from joint analysis of gravity and seismic data30. We interpret the observed reduced crustal 

thickness in correspondence of the main EAFBP basins as indicative of the rotational extension. 

The proposed segmentation and offset of the TAM in the three blocks (sTAM, cTAM, nTAM) 

based on the topographical and geological evidence is confirmed in the crustal thickness map. E-

MS: Eastern Mawson Suture. W-MS: Western Mawson Suture. EP: EAFBP pole. sEP, nEP: poles 

of the southern and northern Transantarctic Circular strike-slip Shear Belts. White heavy lines: 

main basins in the EAFBP. 

(B) Main structural features of the EAFBP superimposed on the Lithosphere-Asthenosphere 

Boundary depth31.. 

  



 

Extended Data Figure 5 

Ice velocity and magnetic maps over the EAFBP. 

(A) Ice velocity map and and ice basins’ divides37. 

(B) Total Magnetic Intensity map27 

  



 

 

 

Extended Data Figure 6. 

Rotational extension kinematic  

(A) Folded fan before extension. Only the right sector is shown for simplicity. The fan angle 

between the fixed arm and the external arm is  and the length along the external arc is S. P and 

Q are points along the same stick b of the fan at a distance (along the arc) SQ and SP and angular 

distance  from the fixed arm. RP and RQ are the distance from the pivot point EP.  

(B) Folding out of the fan to the right, in the case of continuous deformation. The external moving 

arm is rotated clockwise by an angle  that corresponds to the length s along the arc. The ratio 

e=/=R/R=S/S defines the extensional strain of the fan. The internal stick b is rotated in 

b’ by an angle  such that e=/. The two points P and Q are displaced in P’ and Q’, following 

a trajectory along the arcs of radii RP and RQ (rule R1). The displacements SP and SQ are such 



that e=SP/SP=SQ/SQ (rule R2). Note that, along the same stick, the displacement increases 

moving away from EP: SQ>SP when RQ> RP (rule R3).  

(C) Folding out of the fan to the right, in the case of brittle deformation accommodated by a set of 

radial normal faults (only one is drawn) forming the longitudinal edges of the main basins. Each 

normal fault contributes to accommodate the total extension  by a small angle i. The 

increasing linear displacement Si moving away from EP implies an increasing vertical 

displacement h along the fault and a consequent increasing sinking of the hanging wall.  

(D) Analogy between the rotational extension model and opening of a handheld fan 

 

  



 

 

Extended Data Figure 7. 

Expected intensity and age trend of the additional TAM uplift caused by their overriding 

over the hot West Antarctic lithosphere due to their clockwise rotation and segmentation.  

(A) Pre EAFBP situation. NG: Nimrod Gl.; BG: Byrd Gl.  

(B) Post EAFBP fanning out. The fanning out of the EAFBP pushed the sTAM, cTAM and nTAM 

blocks eastward, overriding the hot West Antarctic Rift System lithosphere. Due to the rotational 

extension, the northernmost nTAM sector was the first to significantly override the WARS 

lithosphere and reached the easternmost location, with consequent greater thermal buoyancy. 

Additional uplift intensity is therefore expected to be older and more intense towards the coastal 

sector of nTAM, decreasing inland, as hypothesized by some interpretations of apatite fission-

track thermochronology80. At the same time, moving towards south along the coast, through the 

cTAM and sTAM blocks, the additional uplift intensity is expected to decrease and become 

younger. 

 

  



 

 

Extended Data Fig. 8. 

Sub ice topography before and after rebound.  

(A) BedMachine2 sub-ice topography.  

(B) Adjusted topography for the isostatic effect of ice sheet removal55, obtained computing the 

flexural response to the complete removal of the modern grounded ice load using an elastic plate 

model with a laterally variability flexural rigidity and accounting for the disequilibrium associated 

with the ongoing response to ice mass changes since the Last Glacial Maximum. The original grid 

has been down-sampled to 5000 m. Note the different color scales in the two maps. 

 

  



METHODS 

 

Sub-ice topography isostatic adjustment 

For the Antarctic bed topography, we used version 3 of the BedMachine compilation66. 

BedMachine derives bed elevation and ice thickness using a combination of mass conservation in 

regions of fast ice flow along the periphery of the ice sheet and streamline diffusion to interpolate 

between radio-echo sounding line data in the slow-moving interior. The nominal resolution of the 

BedMachine grid is 500 m, but we down-sampled this to 5000 m to facilitate faster computation. 

We then adjusted the topography for the isostatic effect of completely removing the modern ice 

sheet load (Extended Data Fig. 8). For this, we used a pre-existing calculation55, which computes 

the flexural response to the complete removal of the modern grounded ice load2 using an elastic 

plate model with a laterally variability flexural rigidity, that also accounts for the disequilibrium 

associated with the ongoing response to ice mass changes since the Last Glacial Maximum. For 

simplicity, we referenced our rebounded topography to modern global mean sea level. We did not 

make any adjustments for post-34 Ma erosion, sedimentation, or associated isostatic adjustments, 

since correcting for these processes tends to smooth the topography, whereas the focus of this study 

is detecting changes in slope associated with tectonic structures. 

 

Basin-edge detection 

In order to trace the edges of the topographic subglacial basins within the EAFBP, we first applied 

a non-linear terracing filtering procedure to remove smooth, low-amplitude signals from the 

topography while preserving the sharper and higher-amplitude topographic variations. For an 

original topography, t0, and a filtered output topography, t, covering an area A, the procedure is 

based on an iterative algorithm that minimizes the Tikhonov parametric functional 𝑇𝛼(𝑡), which is 

the weighted sum (by factor ) of two components: 

 

𝑇𝛼(𝑡) = 𝜑(𝑡) + 𝛼 ∙ 𝑆𝑚𝑔𝑠
𝛽 (𝑡) 

 



Where: 

𝜑(𝑡)  is a misfit functional determined as the norm of difference between true (t0) and output 

filtered (t) topography; it controls the closeness of the filtered output t to the original input 

topography t0: 

 

𝜑(𝑡) = ‖𝑡0 − 𝑡‖ 

 

𝑆𝑚𝑔𝑠
𝛽 (𝑡) is the minimum gradient support functional66 defined as 

 

𝑆𝑚𝑔𝑠
𝛽 (𝑡) = ∫

∇𝑡 ∙ ∇𝑡

∇𝑡 ∙ ∇𝑡 + 𝛽2
𝑑𝐴

𝐴

 

 

In this equation, the terms where the gradient t is much less than  have zero contribution, while 

terms where any gradient much larger than  exists have contributions equal to one. Thus, sharp 

boundaries in topography are promoted and, consequently, enhancement of the edges of the basins, 

which are associated with steep topographic gradients, are obtained. 

We then highlighted the strong variations in topography, that are expected to coincide with the 

flanks of the basins, by computing the magnitude of the horizontal gradient. The lineaments were 

then traced manually following the significative peaks. The process was assisted by automatic 

procedures such as the use of the phase congruency operator68 to trace the local positive picks and 

the Hough transform to trace the correspondent lineaments69. The final set of basin edges (Fig. 1) 

is the result of this automatic procedure mixed with careful visual inspection and manual 

corrections. On the basis of the results, we identified 30 basins that are listed in Extended Data 

Tab. 1. 

 

 



Estimation of the Euler poles 

The Euler pole describing the rigid rotations that formed the EAFBP was estimated from the 

longitudinal edges of the basins that are expected to align along great circles that intersect at the 

Euler pole, which can also be visualized as the pivot point of the fan. First, we fitted the 

longitudinal edges of the basins to great circles in a least square sense and computed all the 

intersections between the extrapolations of these circles on a 3D Earth (Extended Data Fig. 2). For 

some of the basins with triangular shape (see Extended Data Tab. 1), we interpolated a great circle 

along the bisector instead of the longitudinal edges. We considered 60 great circles and obtained 

1103 intersections (Extended Data Fig. 2), excluding those to the north of the EAFBP. Not all the 

intersections may be considered representative of the EAFBP Euler pole, since the direction of 

some of the basins’ edges may have been strongly affected by inherited discontinuities or some of 

the basins may have not been formed in association with the EAFBP. Therefore, we applied an 

iterative scheme to remove outliers defined as the intersections that are more than three scaled 

median absolute deviations (MAD) far from the pole, obtaining the final 1025 intersections after 

12 iterations. The Euler pole with coordinates 86.4°S, 129.9°E (WGS84) was estimated as the 

mean point of the final intersections. The ellipse error was computed as the area containing 68% 

of the intersections (resulting ellipse semiaxes: 750 and 330 km; azimuth of the major semiaxis at 

the EP: N8.9°W). 

The two poles sEP (84.2°S, 130.8°E WGS84) and nEP (83.1°S, 129.5°E WGS84) for the southern 

and northern Transantarctic Circular strike-slip Shear Belts were estimated looking for the two 

small circles on the spherical Earth that are closer (in the least square sense) to the structural 

features defining the two belts shown in Extended Data Fig. 2. The pole cEP (81.7°S, 115.1°E 

WGS84) for the coast was estimated looking for the small circle on the spherical Earth that is 

closer (in the least square sense) to the coastline between Cape Adare and Prydz Bay (Fig. S2). 

 

  



SUPPLEMENTARY INFORMATION 

 

The rotational extension model 

Dynamics of rotational extension near a Euler pole has been recently investigated by numerical 

and analog studies and many examples of triangular basins and rifts have been recognized all over 

the world32-35,41,42,70,71. Rotational extension (Extended Data Fig. 6) is expected to be continuous 

in the lower crust and brittle in the upper crust and is controlled by some simple rules. i) During 

the fanning out, each stick of the fan is rotated rigidly around the pivot point and, therefore, each 

point of the fan describes an arc of circumference. ii) The displacement of any point is proportional 

to its original distance, along the arc, from the fixed arm, where the constant of proportionality is 

the extensional strain of the fan. iii) For each point along the same fan stick, the displacement 

increases moving away from the Euler pole. iv) In the case of rotational extension accommodated 

by brittle deformation along normal faults, it is expected that the strike of these faults aligns with 

radii from the pivot point, representing the plane projection of great circles passing through the 

Euler pole. v) Consequently, the vertical slip accommodating the increasing horizontal extension 

along a single fault plane must increase with distance from the Euler pole. To avoid the progressive 

sinking of a single triangular basin in the fan moving far from the Euler pole, secondary basins 

must open in the outermost region of the fan. In fact, in order to ideally maintain a constant 

subsidence of the crust caused by extension, it is necessary to have a constant number of radial 

faults (and consequently of triangular basins) per unit area of the fan. The expected final result is 

likely a combination of these two effects. Progressive sinking of the main triangular basins moving 

away from the Euler pole and a simultaneous increase in the number of basins and corresponding 

normal faults. This effect is clearly observed within the EAFBP, where progressive sinking moving 

to north is observed in all the basins and, at the same time, the number of secondary basins 

increases moving from the central to the northern annulus, where they also appear inside wider 

basins as predicted by some analogue models34. 

The asymmetry in the circular curvature of the EAFBP northern limit (and consequently in the 

future coastal line and continent-ocean boundary) between the sinistral and dextral sectors may be 

explained by i) the different rheological properties, in the sinistral sector, of the older and thicker 

lithosphere of the East Antarctic Cratonic Assemblage (Extended Data Fig. 4b) that limited strike-



slip offsets with respect to the Ross Orogen Belt lithosphere and ii) the pre-existence, in the dextral 

sector, of the two major lithospheric discontinuities, i.e. the Transantarctic Mountains - West 

Antarctic Rift System boundary and the Eastern Mawson Suture; these first order discontinuities 

accommodated locally most of the left-lateral offset, allowing for a higher extensional strain that 

caused the higher curvature of the dextral sector.  

 

Consequences of the EAFBP fanning out on older structures 

Older structures are expected41,42 to be deformed by the EAFBP fanning out in a complex manner 

that depends on their location and original orientation with respect to the location of the Euler pole 

and the fixed arm of the fan. The Western Mawson Suture and the Transantarctic Mountains are 

approximately previous linear features passing very close to the Euler pole and approximately 

parallel to the Belgica bisector fixed arm. Therefore, they are essentially affected by a rotation 

around a deflection point (Fig. 3). Due to the rotation, the Transantarctic Mountains override the 

hot West Antarctic Rift System lithosphere and underwent additional uplift caused by differential 

thermal buoyancy (Extended Data Fig. 7). The Eastern Mawson Suture is closer to the Belgica 

bisector fixed arm and is therefore less affected by the rotational extension. The late-stage strike-

slip deformation along the southern and northern Transantarctic Circular strike-slip Shear Belts 

caused the nowadays observed segmentation of the Transantarctic Mountains. The southern 

Transantarctic Circular strike-slip Shear Belt offsets the Transantarctic Mountains north of the 

Skelton Glacier, in correspondence with the Discovery accommodation zone58. The northern 

Transantarctic Circular strike-slip Shear Belt offsets the Transantarctic Mountains in the area 

between David and Tucker glaciers and coincides with other two previously observed lithospheric 

discontinuitiess22. 

Generally, reactivation of older structures accommodating the rotational extension41,42 and large 

transtensional deformation induced by the differential fanning out are expected over the whole 

EAFBP. Pre-existing discontinuities along Byrd and Nimrod glaciers were likely reactivated, 

accommodating Transantarctic Mountains deflection. The observed diffuse Cenozoic right-lateral 

strike-slip reactivations of older north-west/east-west faults, marking the main glaciers intersecting 

the Transantarctic Mountains72 and grabens like the Rennick Graben73 in Victoria Land and in the 

Ross Sea, may have been generated by the opening of the EAFBP dextral (eastern) sector. In the 



sinistral (western) sector, specular left-lateral strike-slip reactivations of possible older north-

east/east-west trending structures are expected, as observed for instance in the Lambert Rift11. 

 

Lines of evidence consistent with strike-slip displacement at the northern edge of the EAFBP 

The rotational extension model necessarily implies the development of strike-slip movements 

along the northern edge of the fan during its outward propagation. These were accommodated 

along sets of faults trending NW in the dextral sector and NE in the sinistral sector of the fan (red 

lines in Figs. 2 and 4), i.e. oblique to the overall N-S radial trend of the fan. This proposed en-

échelon fault system is inferred to have generated a series of approximately E-W trending pull-

apart basins that subsequently localized the rifting leading to the separation of Antarctica from 

Australia. The strike-slip faults, arranged en-échelon, defined the position of the main fracture 

zones in the oceanic crust, corresponding to the original offsets of the pull-apart basins (Fig. 4b). 

Direct remnants of these basins are not expected, as they would have been entirely obliterated by 

the younger rifting phase. However, evidence of the oblique strike-slip faults should be preserved 

close to the present-day Continent–Ocean Boundary (COB), on both the East Antarctic and 

Australian passive margins, facing the major oceanic fracture zones (Fig. 2b). Since these margins 

have been reworked by subsequent N-S rifting, buried beneath younger sediments and/or heavily 

modified by erosion, only limited traces of the proposed mechanism are likely to remain; 

additionally, it should also be emphasized that the Antarctic passive margin, where the EAFBP 

developed, is still very poorly explored. While future detailed investigations may further clarify 

these aspects, the following list summarizes the key lines of evidence supporting the model: 

1) Semicircular Arc Geometry of the Continent-Ocean Boundary 

The northern boundary of the EAFBP, coinciding with the Continent-Ocean Boundary, exhibits a 

pronounced arc-shaped geometry. This distinctive feature is accounted for by the proposed model, 

which predicts the formation of pull-apart basins aligned along the arc and necessarily controlled 

by the en-echelon strike-slip faults. 

2) Correlation between main fracture zones and onshore main basin boundaries  

According to our model, the en-échelon strike-slip faults derived from the bending of the onshore 

basin boundaries in the EAFBP and provided first-order structural templates that controlled the 

nucleation and propagation of the main oceanic fracture zones during subsequent seafloor 

spreading (Fig. 4b). The close correspondence between these oceanic fracture zones and the 

onshore basin boundaries in the EAFBP can be regarded as a remnant of this process and is clearly 

recognizable in Figs. 2a and 2b. 

3) Magnetic and gravity signature of the Eastern Mawson Suture 

On the Antarctic side, the prominent N-S trending magnetic and gravity lineament, interpreted as 

the signature of the Eastern Mawson Suture in the dextral sector of the EAFBP (Figs. 1 and 2), 



shows a clear deviation toward the northwest approaching the COB, consistent with the model 

predictions for the main lineaments of the EAFBP dextral sector (Fig. 4a). 

4) Prominent canyons on the continental slope oriented obliquely to the maximum slope 

The continental slope exhibits several prominent canyons that cut obliquely across the direction of 

maximum slope (examples shown in Fig. 2, heavy red lines). These canyons most likely exploit 

pre-existing zones of crustal weakness, which may represent the preserved traces of the 

hypothesized en-échelon fault system, in line with the predictions of the proposed model.  

 

Lines of evidence consistent with strike-slip displacement along the northern and southern 

Transantarctic Circular belts 

Major strike-slip movements within the EAFBP predicted by our model are expected close to the 

point of deflection of the Transantarctic Mts. (e.g., Byrd and Beardmore glaciers), along the 

southern Transantarctic Circular strike-slip Shear Belt (e.g., Skelton Glacier) and along the 

northern Transantarctic Circular strike-slip Shear Belt (e.g., David, Priestley and Tucker glaciers). 

Unfortunately, even in the coastal areas along the Transantarctic Mts. the regional faults are hidden 

by the main glaciers, which make direct observations difficult. In fact, such direct 

geological/structural observations are very limited in number, sometimes ambiguous and, above 

all, difficult to date. In the following, we list the evidences that support the movements along the 

observed offset of the structural lineaments, upon which our model is based.  

1) Distribution of Ferrar volcanics outcrops 

The distribution pattern of Ferrar volcanics outcrops along the Ross Sea coast (Fig. 1b) strongly 

supports the hypothesis of the rotation of Transantarctic Mountains blocks together with dextral 

displacement. The Ferrar Supergroup is related to Middle Jurassic Gondwana-wide magmatic 

activity due to a large-scale extensional rift system81. Ferrar rocks (Kirkpatrick Basalt and Ferrar 

Dolerite) outcrop along the Transantarctic Mountains intruded into the Beacon Supergroup rocks 

of Devonian to Jurassic age and have been dated to around 176 Ma. Since they are older than the 

Transantarctic Mountains rotation and segmentation predicted by our model, they represent a good 

marker of any following displacement in this area. 

The Jurassic Ferrar Supergroup distribution57 is shown in Fig. 1b (Ferrar outcrops in orange). The 

Ferrar outcrops distribution is clearly rotated and offset in three blocks, strongly supporting the 

claimed rotation and the dextral strike-slip movement along the proposed southern and northern 

transantarctic circular strike-slip shear belts at their intersections with the Transantarctic 

Mountains. In our view, this is the strongest and clearest evidence supporting dextral movements 

and rotation within the dextral sector of the EAFBP. 

2) Structural observations along the Priestley fault 

Right-lateral strike-slip movements along the NW-SE trending Priestley fault has been observed 

from ground structural measurements82. The amount and age of the movement have not been 

directly measured. The Priestley fault is located along the northern Transantarctic Circular strike-



slip Shear Belt. Our model correctly predicts dextral strike slip movement along the shear belt in 

this area. 

3) 1 km vertical offset of the Kukri erosion surface across the Byrd Glacier 

The difference in elevation of the Kukri erosion surface across Byrd Glacier shows an apparent 

vertical offset of ca 1 km with south side up83. Assuming that horizontal movement caused the 

apparent vertical shift of the planar erosion surface this implies a dextral horizontal offset of ca 32 

km, given the inclination of 1.8° towards west of the erosion plane surface. This observation is in 

accordance with our model which correctly predicts dextral movements in proximity to the 

Transantarctic Mts. deflection point (DP in Fig. 1). 

4) Ross Sea observations 

Major structural and physiographic features imaged in the Ross Sea exhibit large horizontal dextral 

offsets aligned along three subparallel zones (labelled CoopA, CoopB, and CoopC in Fig. 1b), 

which were interpreted as major transverse strike slip (East-West) basement faults22. These 

observations are in agreement with our model which predicts right-lateral dislocations in the Ross 

Sea. In essence, basement fault CoopC corresponds to the discontinuity predicted by the model 

near the rotation point of the Transantarctic Mts (DP in Fig. 1), CoopA and CoopB instead 

correspond to the dislocations predicted along the northern Transantarctic Circular strike-slip 

Shear Belt. 

5) Regional right lateral strike-slip Cenozoic movements in northern Victoria Land 

Right lateral strike-slip tectonic in northern Victoria Land has been widely documented from 

structural observations in the published literature along major NW-SE trending Paleo/Mesozoic(?) 

reactivated trending faults72 interpreted as Cenozoic reactivation82,84,85. However, given the 

uncertainties in dating, older similar movements might have been the consequence of the EAFBP 

rotational extension. In fact, right lateral strike-slip shift is coherent with dextral shift along the 

Transantarctic Circular strike-slip Shear Belts. 

6) Inferred sinistral lateral strike-slip movements in the Aurora Basin area 

In the Aurora Basin area (sinistral sector of the EAFBP), an intraplate transtensional corridor has 

been proposed86 with a left-lateral movement component, on the grounds of geological/structural 

observations and numerical models. Such tectonic scheme is compatible with the expected sinistral 

offset along both Transantarctic Circular strike-slip Shear Belts in the sinistral sector of EAFBP. 

7) Statistical significance of distribution of direction of transverse offsets 

Trasversal offsets are not randomly distributed. First, they are particularly evident along the two 

semi-circular bands that are approximatively centered on the proposed rotation pole of the fan, 

indicating a clear relationship among them. Secondly, the radial structural pattern is systematically 

offset to the right in the dextral EAFBP sector and to the left in the sinistral sector. This systematic 

relationship between the sense of offset and its spatial position is unlikely to be coincidental. The 

proposed model offers the required explanation to account for such spatial consistency in the 

observed offsets. 



8) Inferred trasversal faults along the Transantarctic Mts. 

Many approximatively EW oriented faults that have been inferred to underlie the major TAM 

outlet glaciers20. They are hypothesized to have accommodated differential movements between 

major structural blocks on the TAM frontal fault system, and also be locally reactivated from 

Neoproterozoic transfer faults. These faults may have been reactivated as strike slip faults to 

accommodate the rotational tectonics predicted by our model. 

9) Distribution of the secondary basins within the EAFBP 

Whereas the two major Wilkes and Aurora basins transect all three Transantarctic Annuli, the 

smaller basins are confined within the central and northern annuli. This distribution indicates a 

differentiation in extensional kinematics over the three annuli, which is consistently explained by 

the proposed rotational extension model. 

10) Crustal thickness 

The crustal thickness map30 shown in Fig. 4a reveals a clear segmentation and dextral offset of the 

Transantarctic Mountains, bounded by the southern and northern Transantarctic Circular strike-

slip shear belts, in agreement with the predictions of the proposed model. 

 

Significance and Implications for East Antarctic Ice Sheet Dynamics 

The proposed tectonic scenario, through its role in shaping the present-day East Antarctic 

landscape, carries three major implications for the behaviour of the East Antarctic Ice Sheet 

(EAIS). 

First, there is strong evidence that the deep troughs generated by large-scale rotational extension 

exert a dominant control on basal hydrology and ice flow. This influence is manifested in two main 

ways: (i) by providing long-term storage for large volumes of water in vast subglacial lakes 

occupying the troughs, such as Lake Vostok87, and (ii) by enabling the periodic evacuation of 

subglacial lake water toward the margin, as documented in the Adventure Subglacial Trench where 

a major subglacial flood and subsequent downstream discharge have been measured88. Such 

features and processes would not exist in the same way without the imprint of deep geological 

structures. Moreover, the association between deep troughs and ice surface slopes can make water 

flow-paths highly sensitive to even subtle changes in ice thickness, allowing minor upstream 

adjustments to lubricate the beds of entirely different ice sheet sectorsError! Reference source not found.. 

Second, water may have begun to accumulate within these troughs soon after their formation (as 

proposed for Lake Vostok), offering the potential preservation of an ancient sedimentary archive 

of subaerial and later subglacial lacustrine environments89. Such records may uniquely capture the 

onset and subsequent evolution of Antarctic glaciation. 

Third, the divergent geometry of the Wilkes and Aurora basins results in ice margins at the coast 

that are more than 500 km wide, with large portions grounded hundreds of metres below sea level. 



This configuration makes extensive sectors of the EAIS margin particularly susceptible to rapid 

and irreversible retreat through marine ice-sheet instability processes90 in a warming climate. 

Taken together, these points highlight that, without the large-scale rotational extension that 

sculpted the sub-ice landscape, the evolution, behaviour, and climate sensitivity of the EAIS would 

likely have been fundamentally different. 

 


