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Recent sub-ice topography investigations have imaged—with greatly

improved detail—a set of low-elevation V-shaped basins hidden beneath a
very large sector of the East Antarctic Ice Sheet. Here we jointly interpret
sub-ice topography and geophysical data and show that these basins forma
semi-continental-sized, fan-shaped physiographic unit that radiates froma
focal point near the South Pole. We name this the East Antarctic Fan-Shaped
Basin Province. We propose that the fan-like landscape is the product of
distributed intraplate rotational extension before the breakup of Gondwana,
with three continental-scale consequences. Laterally, to the west, it caused
compression and the consequent uplift of the Gamburtsev Mountains. To
the east, the northernmost Transantarctic Mountains segment was rotated

clockwise by ~20°, overriding the West Antarctic Rift System’s hot lithosphere
and causing segmentation of the mountain chain into three blocks and their
differential uplift due to thermal buoyancy. To the north, the transcurrent
edge of the fan formed the lithospheric weakness that controlled the breakup

of Gondwana by driving the propagation of Antarctica-Australia separation
and shaping the resulting semi-circular passive continental margins. These
processes have influenced the present-day East Antarctica sub-ice landscape
and the evolution of the overlying ice sheet, including the development of
glacial troughs and outlet glaciers.

Antarcticbedrockislargely obscured by the Antarctic Ice Sheet, which
covers more than 99% of the continent. Recently, international compi-
lations of radio-echo sounding data' > have resolved large-scale sub-
glacial topographic features in increasing detail, revealing awide and
low-elevation sector of East Antarctica extending from Prydz Bay (70° E)
to the Transantarctic Mountains (160° E) and from the coast inland to
85°S (Fig. 1). In this region, most of the large subglacial basins are V
shaped and aligned along the north-south direction. Moreover, the
2,000-km-long Antarctic coastline and continent-ocean boundary

margin, delimiting the sector to the north, has a distinct semi-circulararc
geometry. Atasemi-continental scale, the topography resembles a hand-
heldfan, convergingtoapointlocated close tothe South Pole (Fig.1). We
propose that the entire regionis asingle physiographic unit and nameit
the East Antarctic Fan-Shaped Basin Province (EAFBP). Inthis Article, we
document the geometry of the EAFBP, demonstrate its internal coher-
ence and propose that it formed through large-scale rotational exten-
sional tectonics associated with the breakup of Gondwana. Because
these basins underlie about half of the East Antarctic Ice Sheet, they
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Fig.1|Fault-controlled basins and interpreted structural frame in the newly
identified EAFBP. a, Sub-ice topography, corrected for isostatic rebound

due toice removal®, with sharp topographic features enhanced by nonlinear
filtering (Methods). The light grey lines are detected topographic lineaments
interpreted as longitudinal normal faults forming the structural edges of the
basins. The magenta and cyan lines represent detected topographic lineaments
interpreted as either transverse strike-slip faults or associated normal faults
that characterize the two circular shear belts shown inb (that is, the southern
and northern TSCBs). The acronyms of the basins are listed in Extended Data
Table 1. The yellow bands in the Ross Sea outline highly extended crust (mapped
from depth to basement) and gravity anomalies*’. The black contour line
represents 1,500 m elevation. b, Main structural features of the EAFBP. The
error ellipse of the Euler pole estimated from the edges of the basins is shown
inlight grey. CoopA, CoopB and CoopC (black dashed lines) represent mapped
major lithospheric discontinuities in the Ross Sea™. a represents a clockwise
Transantarctic Mountains (TAM) rotation angle of -20°. sTAM, cTAM and nTAM
represent southern, central and northern TAM blocks, respectively, formed by
the offset along the southern and northern TSCBs. The orange dots indicate
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outcrops of the Jurassic Ferrar Supergroup* that appear offset in three sectors
corresponding to the three TAM blocks. The grey contour line represents 1,500 m
topographicelevation. The mapsinaand b use the Universal Polar Stereographic
coordinate system based on the WGS84 ellipsoid. cASB, central Aurora subglacial
basin; cEP, central Euler pole; cTAN, central transantarctic annulus; c(WSB, central
Wilkes subglacial basin; DAZ, discovery accommodation zone*’; DP, deflecting
point of the Transantarctic Mountains, indicating rotation with respect to their
southern original trend; DX, dextral; E-MS, magnetic and gravimetric signature
of the Eastern Mawson Suture'®”; EP, Euler pole; Gl., glacier; MM, Mount
Melbourne; nASB, northern Aurora subglacial basin; nEP, northern Euler pole;
nTAN, northern transantarctic annulus; nWSB, northern Wilkes subglacial basin;
RG, Rennick Graben; RI, Ross Island; sASB, southern Aurora subglacial basin;

SB, subglacial basin; sEP, southern Euler pole; sTAN, southern transantarctic
annulus; sWSB, southern Wilkes subglacial basin; SX, sinistral; WARS, West
Antarctic Rift System; W-MS, inferred Western Mawson Suture'?. ADV, Adventure
Subglacial Trench; EAB, CEB, WEB, Eastern, Central and Western Basins; SH,
Subglacial Highlands. Data fromrefs. 3,14,40,41,43. Figure generated with Oasis
Montajand Corel Draw.

arelikely to heavily influence both ice-flow and landscape evolution*’,
making them essential to Antarctic glacialand hydrological processes.

Sub-ice topographical observations

By detailed analysis of the subglacial morphological features (Methods)
on the rebounded topography? (Extended Data Fig. 1), we identified
30 basins comprising the EAFBP (Extended Data Table 1), all of which
are radially elongated along the north-south direction, with many
exhibiting an approximate V shape (Fig. 1). Together, the basins form
afanwith anaxis of symmetry passing through the Belgica Subglacial
Highlands, aligned approximately along the meridian 130° E, here
named the Belgica Bisector. This bisector divides the EAFBP into the
sinistral sector to the west and the dextral 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), represented in plan view by straight lines converging to the
pivot point (thatis, the Euler pole) located at 86.4° S, 129.9° E (Fig. 1).

The EAFBP comprises two first-order symmetrically arranged
V-shaped subglacial basins—the Wilkes and Aurora basins—that extend
southward from the coastline for morethan 1,500 km. They appear to
bedissected by asystem of transverse east-west faults arranged along
two circular belts, which we interpret as intraplate strike-slip shear
belts®, hereafter referred to as the southernand northern transantarctic
strike-slip shear circular belts (TSCBs; Fig. 1). Along these belts, the
Wilkes and Aurora basins show apparent dextral and sinistral offsets,
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respectively. These features may reflect genuine strike—slip motion or
anapparent 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 Meth-
ods) whose polelocations (the southern Euler pole: (84.2°S,130.8° E)
and northern Euler pole (83.1°S, 129.5° E)) lie close to the fan pivot
point, suggesting acommon origin. The Wilkes and Aurora basin bed
elevation also appearsto be vertically offset across the two proposed
strike-slip shear belts (Extended Data Fig. 3), consistent with a vertical
component of displacement.

The coastline marking the northern limit of the EAFBP forms an
arcof acircle. On average, it may be interpolated from Cape Adare to
Prydz Bay by asmall circle (Extended Data Fig. 2 and Methods) whose
Euler pole is located at the coordinates 81.7° S, 115.1° E, close to the
three Euler poles previously estimated from the edges of the basins,
the structures associated with the southern TSCB and the structures
associated with the northern TSCB. Consequently, the two circular
shear belts and the coastline divide the EAFBP into three annuli that
we name the southern, central and northern transantarctic annuli.
The Wilkes and Aurorabasins cross all three annuli, whereas the other
basins are confined within them.

The EAFBP is laterally delimited by two of the least understood
mountain ranges on Earth (Fig. 1). To the west, the Gamburtsev Moun-
tains are anintraplate subglacial range of uncertain origin’® that exhibit
unexpectedly youthful Alpine topography’. To the east, the Transan-
tarctic Mountains are the largest non-compressional mountain belt
in the world’, separating East Antarctica from the West Antarctic Rift
System'®and dissected into multiple tectonic blocks" ™,

The structural connection between the EAFBP and Transantarctic
Mountainsis reflected in their topography. At approximately the same
latitude of the southernmost vertex of the Wilkes Basin, between the
Nimrod and Byrd glaciers, the Transantarctic Mountains exhibit a
clockwise deflection of ~20° relative to their southern linear trend. In
addition, they appear segmented and right-laterally offset along both
TSCBs, forming three main distinct blocks (Fig. 1). Correspondingly,
the West Antarctic Rift System grabensinthe Ross Seaappear deflected
clockwise'* andright-laterally offset along the offshore continuation of
the shear belts, although thereis no clear available evidence of dextral
displacement along them.

The EAFBP onshore structure is also reflected in the facing oce-
anic structures along the Southern Ocean between East Antarctica
and Australia (Fig. 2). Oceanic fracture zones are more closely spaced
and prominent in correspondence with the main onshore structural
lineaments in the EAFBP (that is, the Transantarctic Mountains and
Wilkes Basin to the east and the Lambert Rift, SB1 and Sabrina and
Aurorabasins to the west). Ridge offset variations (Fig. 2) identify five
oceanicridge segments: (1) the Transantarctic Mountains-Wilkes Basin
segment, showing the strongest offsets in correspondence with the
Balleny (continuation of the discontinuity between the Transantarctic
Mountains and West Antarctic Rift System), George V (western Wilkes
Basin margin) and Tasman (eastern Wilkes Basin margin) fracture
zones; (2) a central quiet segment with very limited ridge offsets fac-
ing the Belgica Bisector area; (3) the Sabrina-Aurora segment with a
relevant but smoother distribution of the ridge offsets facing the two
basins; (4) a second minor quiet segment; and (5) the westernmost
Lambert-SB1 segment with increased fracture zone spatial density
and offsets.

Geophysical observations

The different rheological properties of distinct intracontinental
blocks'" may have controlled rotational extension within the EAFBP.
The Lake Vostok troughis formed by amajor geological boundary that
is partially coincident with the proposed Mawson Continent western
flank™ (Western Mawson Suture) and appears to delimit the Aurora
Basinto the west. The western flank of the Wilkes Basin features asharp

magnetic'®” and gravimetric'® break that defines the boundary (East-
ern Mawson Suture) between the thick and highly magnetic Mawson
Continent of the East Antarctic Cratonic Assemblage and the thinner
and weakly magnetic Ross Orogen Belt'>** (Fig. 2).

The fan-shaped structure is also recorded in the lithosphere. A
crustal depth model®®, based on integrated seismic and gravimetric
data, indicates thinned crust corresponding to the major basinsin the
EAFBP (Extended Data Fig. 4). At the same time, previously unrecog-
nized, low-velocity anomalies under the Wilkes and Aurora subglacial
basins have recently been imaged?®, suggesting a radial pattern of
thinner-than-expected lithosphere, thermally perturbed upper mantle
and anomalous geothermal heat flux.

The kinematic model

Candidate processes that may have operated in the study areaand gen-
erated the EAFBP’s semi-continental-scale fan-like structural pattern
include glacial erosion and extensional tectonic deformation (for exam-
ple, rotational extension®**, rift propagation® or structural control
by inherited structures®). We discount glacial erosion as the primary
mechanism shaping the observed topography because contemporary
ice surface velocities” across the study area (Extended DataFig. 5) are
generally 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 asmaller scale than
the features comprising the EAFBP*®, We also consider rift propagation
mechanismsto be unlikely here because they typically affect spreading
centres at mid-ocean ridges and back-arc basins®. Finally, although
inherited structures may have influenced fault localization, the coher-
ent continent-scale radial pattern argues against structuralinheritance
alone and instead requires a broader genetic mechanism. This inter-
pretationis supported by the spatial coincidence between the inferred
radial focal point and the pole of the small circle approximation of the
present-day continent-ocean boundary (Fig. 1), as well as by the link
betweeninland lineaments and major oceanic fracture zones (Fig. 2).

We therefore developed a conceptual kinematic model
that interprets the observations presented (summarized in
Extended Data Table 2) in terms of rotational extension—a mecha-
nism widely invoked to explain similar large-scale radial structural
patterns elsewhere in the world***. In plan view, the process is analo-
gous to the opening of a folding fan and thus requires a pivot point
and afixed central arm, fromwhich the two sides of the fan move away
(Extended Data Fig. 6). The resultant kinematic model is simplified
into two phases sketched in Fig. 3 (additional details are given in Sup-
plementary Sections1and 2).

Attheinitial stage (Fig. 3a), counter-clockwise fan-shaped exten-
sionaround the pivot point (thatis, the Euler pole) formed the Aurora
Basin. Simultaneous clockwise extension formed the Wilkes Basin,
creating a large sphenochasm within the continental crust.

The fanning out propagated from the Belgica Bisector, whereas
the basins’ master fault locations were controlled by the existing
lithospheric discontinuities made by the eastern and western Maw-
son sutures. In our model, northward deepening of the Wilkes and
Aurorabasins (Extended Data Fig. 6) was accommodated by two major
east-west normal faults, possibly reactivated from Neoproterozoic
lithospheric discontinuities™. The western side of the Wilkes Basin
coincided partially with the Eastern Mawson Suture and remained unaf-
fected by the subsequent dextral offset, whereas the easternside of the
AuroraBasin partly matched the Western Mawson Suture and was prob-
ably affected by the subsequent sinistral offset. Asaresult, the Mawson
Continentevolvedintoits present-day wedge-shaped geometry. 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. The deflection point, between
the Nimrod and Byrd glaciers, probably coincides withinherited main
fault structuresthat accommodated the rotational extension through
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Fig.2| Offshore fracture zone distribution relative to the onshore location of
thebasinsin the EAFBP. a, Present-day configuration of the Antarctica-Australia
rifted margin and main fracture zones**** superimposed on the ETOPO Global
Relief Model*. The correspondence of the offshore fracture zones (FZ) with the
onshore coastal EAFBP basins’ margins is obtained, prolonging the fracture zones
towards the Antarctic passive continental margin. Fan1D-Fan5D and Fan1S-Fan8S
are canyons and scarps in the East Antarctica continental slope with a different
trend from the maximum slope direction. FaulD-Fau5D and FaulS-Fau8S are
tentatively inferred continuations on the Australian margin of the Antarctic
strike-slip Fan fault system. The thick white lines represent oceanic ridges*,

the white thin lines represent main fracture zones**, the orange lines represent
isochrons*® (values given in Ma) and the thick grey lines represent continental
oceanboundaries”. Note that the relationships between the faults Fan7S and
Fan8S and the SEIR fracture zones at 100° E and 96° E, respectively, are more
uncertain than other fault-fracture zone relationships due to the greater distance
between them. This map uses the Universal Polar Stereographic coordinate
system based on the WGS84 ellipsoid. b, SEIR offsets* along the fracture zones
versus distance along the ridge (blue line; the zero of the offset scale is arbitrary,
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whereas values for distance along the ridge represent distance from the Belgica
Bisector (BB)). The histogram (dark red lines) represents the sum of the absolute
values of the ridge offsets computed over a running window of 100 kmin

length with 50% overlap between consecutive windows. The bars are therefore
proportional to the SEIR offset for unit distance. Note the larger offsets of the
SEIRin correspondence with the onshore EAFBP basins’ limit in the continental
crust. Also note the large difference in the offsets’ trend for fracture zones to face
the onshore East Antarctic Cratonic Assemblage (EACA) and Ross Orogen belt
(ROB) domains and the consequent difference in the curvature of the coastline
and continent-ocean boundary (COB). BaFZ, Balleny fracture zone; BiFZ, Birubi
fracture zone; EFZ, Euroka fracture zone; ESR, extinct spreading ridge*’; GVFZ,
GeorgeV fracture zone; HFZ, Heemskerck fracture zone; mts., mountains; S96FZ,
SEIR fracture zone at 96° E; SIOOFZ, SEIR fracture zone at 100° E; S106 FZ, SEIR
fracture zone at106° E; S120FZ, SEIR fracture zone at 120° E; SEIR, Southeast
Indian Ridge; SVFZ, St Vincent fracture zone; TFZ, Tasman fracture zone; WFZ,
Warringa fracture zone; ZFZ, Zeehaen fracture zone; SB, Subglacial Basin; SSB,
Sabrina Subglacial Basin. Data from refs. 44-50. Map in agenerated with Oasis
Montajand Corel Draw.

both vertical and strike-slip movements. This area corresponds to a
previously observed but unexplained lithospheric discontinuity™ in
the Transantarctic Mountains and Ross Sea.

At a later stage (Fig. 3b), as fan extension increased, progressive
northward basement lowering was partly relieved by the opening of
secondary basins or trenches within the central and northern annuli,
between the two strike-slip shear belts localized along the original
east-west lithospheric breaks in the Wilkes and Aurora basins. In our
model, theselithospheric breaks initially controlled basin subsidence,
but later evolved into zones of transverse strike-slip motion (Supple-
mentary Section 3) as rotational extension intensified, thereby parti-
tioning the northward increase in extensional strain, as observed in
similar settings®. Alternatively, the transverse offsets could represent
transfer faults that shift the focus of extension without true strike-slip
motion, although we consider this explanation less probable.

In our interpretation, the increasing extensional strain towards
the north,accommodated along the shear belts, probably 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 hot lithosphere of the West Antarctic
Rift System and underwent additional differential uplift in time and
space due to differential thermal buoyancy’ (Extended Data Fig. 7).

To the west, our model suggests that rotational extension has
only weakly affected the area beyond the Western Mawson Suture,
probably because of the originally thicker crust and lithosphere**
(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 probably reactivated the Lambert Rift
and, inthe later stage, offset the East Antarctic Rift System. We propose
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Fig. 3 | Proposed two-phase kinematic conceptual model of formation of the
EAFBP. 3, Initial phase with formation of the major twin Aurora and Wilkes basins
caused by rotational movements around the Euler pole, symmetrical with respect
to the Belgica Bisector. Tangential normal faults (thick red lines) are formed in the
two basins toaccommodate the northward increasing depth. The TAM and WARS
arerotated clockwise by an angle a’. Secondary basins (V-shaped and rectangular
basins; dashed lines) openin 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 Gamburtsev Mountains (GSM)
uplift, whichalso occursin the later phase. To the east, the TAMs are pushed over
the hot WARS lithosphere and undergo differential uplift (Extended Data Fig. 7). In
this phase, the Western Mawson Suture is bent anticlockwise, whereas the Eastern
Mawson Suture preserves its original orientation owing to its closeness to the
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Belgica fixed arm. b, Later phase with increasing opening of additional secondary
basins and start-up of the lateral offsets along the southern and northern TSCBs.
The fanis divided into two sectors with dextral or sinistral shear and three annuli
(sTAN, cTAN and nTAN). The additional extensional strainincreases in the three
annuli fromsouth tonorth (e, < e. < e,). The shear along the three annuli segments
the WSB and ASB into three parts each (that is, the SWSB, cWSB, nWSB, sASB,
cASB and nASB). Also, the TAMs are segmented into three blocks (STAM, cTAM
and nTAM) and the same applies to the WARS (sWARS, cWARS and 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-échelon strike-slip faults,
asshownin Fig. 4. The final rotation angle of the TAM around point DP is a = ~20°.
Note that the model shown here is not to scale.

that the rotational extensioninthe EAFBP was at least partially accom-
modated by compressioninthe Gamburtsev Mountains region, causing
additional upliftand contributing to their youthful Alpine topography’.

Tothenorth, observationsare consistent withascenarioinwhichthe
EAFBP fanning out generated the semi-circular lithospheric weakness line
thatcontrolled Antarctica-Australia separation. Inour model, theinferred
EAFBP’stranscurrent-releasing fault system, representing the northernfan
limit, evolved from a semi-circular, diffuse principal displacement zone
into a set of en-échelon strike-slip faults (Fig. 4). The most prominent of
these faults originated from the bending of existing major lithospheric
discontinuities, suchas the eastern and western Mawson sutures and the
Transantarctic Mountains-West Antarctic Rift System discontinuity, and/
or of the major longitudinal coastal basins’ master faults.

Atalater stage of the proposed scenario, approximately east-west
pull-apart basins developed along the northern EAFBP edge between
consecutive overlapping strike-slip faults and may have evolved into
short seafloor-spreading segments with large offsets between them.
During the subsequent Antarctica-Australia rifting, these pull-apart
basins may have driven west-to-east ridge propagation, producing
the transfer faults responsible for the present-day fracture zone dis-
tribution and the partitioning of the Southeast Indian Ridge into five
segments (Fig. 2). The final effect was the semi-circular geometry of
the conjugated Antarctic-Australian margins. The deviation towards
north-west of the Eastern Mawson Suture at the coastline, together
with inferred strike-slip faults marked by canyons and scarps in the
continental slope and the platformfacing the main fracture zonesin the
oceanic crust (Fig. 2), may preserve evidence of the proposed process.
We have compiled acomprehensive list of supporting evidence for the
proposed mechanismin Supplementary Section 4.

Timing of the rotational extension
The extensive ice-sheet cover preventing direct observations in the
inner continent, together with uncertainties about the age and evolution

of the Transantarctic Mountains and West Antarctic Rift System'*'>'*,

make it difficult to estimate when, and for how long, the EAFBP was
active. Rotational extension might have occurred during known tec-
tonic plate rearrangements or major extension episodes: (1) in the Late
Palaeozoic-Triassic, when a major denudation event occurred®; (2)
during the breakup of Gondwanain the Jurassic-Cretaceous and early
Cenozoic™; and/or (3) inthe Eocene with possible transcurrent sinistral
offsets along the eastern rift margin®’. The fanning out may have also
been superimposed on the intra-Gondwana Mesozoic Victoria Basin®
and may have been multiphase. Independent thermochronological
evidence fromthe continental interior of subglacial East Antarctica indi-
cates coolingand exhumation during the Cretaceous®* (-90-100 million
years ago (Ma)). In addition, Cenozoic reactivation of Antarctic rift
zones has been linked to localized upper-mantle thermal anomalies
beneath Antarctica®, suggesting that both lithospheric architecture
and mantle-driven processes may have contributed to the develop-
ment and reactivation of the inferred fan-shaped extensional system.

Tectonic and glacial legacy in East Antarctica
According to the proposed model, the handheld-fan-shaped fea-
ture in the East Antarctic landscape originated through a single
continental-scale process driven by rotational extension. This pro-
cess profoundly reworked pre-existing structures and influenced the
development of later continental-scale features. It may have triggered
additional uplift of the Gamburtsev and Transantarctic mountains,
segmentation of the Transantarctic Mountains and West Antarctic
Rift System and formation of the semi-circular conjugated margins
between Antarctica and Australia. It may therefore have played a key
roleasaprecursor of Gondwanabreakup, withimplications for tectonic
reconstructions and geodynamic models linking onshore structures
to offshore fracture zones.

Furthermore, the approximate coincidence between the fan’s
pivot point and the Euler poles proposed for East-West Antarctica
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Fig. 4 |Evolution of the northern EAFBP release-fault system and its

control on margin curvature and fracture zones. a, Proposed evolution

ofthe northern EAFBP transcurrent fault-release system along the dextral
sector (aspecular evolution is expected in the sinistral sector): (i) pre-existing
lithospheric discontinuities are assumed; (ii) during incipient fanning out, these
discontinuities and/or newly formed longitudinal normal faults are laterally
deformed along the sinistral principal displacement zone, accommodating
rotational extension against fixed future continental Australia; and (iii) with
increasing extension, overlapping en-échelon left-lateral strike-slip faults
(Fan1D, Fan3D and Fan5D) develop, generating asymmetric pull-apart basins

that may evolve into short seafloor-spreading segments. b, Final configuration
ofthe northern EAFBP transcurrent fault-release system. Increasing lateral
offset away from the Belgica Bisector generates east-west pull-apart basins,
guiding future rift propagation, orthogonal fracture zones and the geometry of
the future COB and coastlines at the conjugated Antarctic-Australian margins.
Inthe dextral sector, deformation is localized by lithospheric discontinuities at
the East Antarctic Cratonic Assemblage, Wilkes Subglacial Basin, Transantarctic
Mountains and West Antarctic Rift System boundaries. Combined with thinner
Ross Orogen Belt lithosphere, this produces greater offsets, higher extensional
strain and stronger COB curvature thanin the sinistral sector.

extension’® after -34 Ma (Extended Data Fig. 2), when uncertainties
in pole location are taken into account, raises 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 EAFBP continuation is found in Australia, the
fan-like rotational extension must have been confined to the Antarctic
lithosphere. Recognition of this intraplate deformation can therefore
inform new plate reconstructions of the Australia-Antarcticafit, poten-
tially accounting for the anomalously large crustal overlaps reported
insome models®?, as well as for mismatches in the correlation of base-
ment terranes and major faults across the two conjugate margins®-*’.

The proposed tectonic scenario may also have influenced the
onset and evolution of the East Antarctic Ice Sheet (additional details

inSupplementary Section 5), which nucleated ~34 Ma. Over the EAFBP
region, the volume of ice has a sea-level equivalent of 28 m. Sedimen-
tary basins interact with the overlying ice sheet through dynamic
feedbacks known to affect ice-sheet retreat dynamics®. Following
extension, cooling and subsidence, the resulting topographic surface
may locally lie below modern mean sealevel, potentially enhancing the
long-term sensitivity and vulnerability of the ice sheet. The segmenta-
tion of the Transantarctic Mountains along the east-west circular shear
belts was probably subsequently exploited by major outlet glaciers,
such as Byrd, Beardmore, Nimrod, David, Priestley and Tucker, incis-
ing 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
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the locations of major outlet glaciers around the East Antarctic mar-
gin, including Totten, Vanderford, Denman, Frost and Amery. This
associationimplies direct tectonic control of ice sheet behaviour and
highlights theimportance of geological processes initiated ~150 Main
modulatingice sheet dynamics today and in the future.

Online content

Any methods, additional references, Nature Portfolio reporting sum-
maries, source data, extended data, supplementary information,
acknowledgements, peer review information; details of author con-
tributions and competing interests; and statements of data and code
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Methods

Sub-ice topography isostatic adjustment

For the Antarcticbed topography, we used version 3 of the BedMachine
compilation*"'. 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 inter-
polate betweenradio-echo soundingline datain the slow-moving inte-
rior. The nominal resolution of the BedMachine grid is 500 m, but we
downsampled thisto 5,000 mto facilitate faster computation. We then
adjusted the topography for theisostatic effect of completely remov-
ingthemodernice sheet load (Extended Data Fig. 1). For this, we used
apre-existing calculation® that computes the flexural response to com-
plete removal of the modern grounded ice load” using an elastic plate
model with lateral variability in flexural rigidity, which also accounts
for the disequilibrium associated with the ongoing response toice 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 was
to detect slope changes associated with tectonic structures.

Basin-edge detection

To trace the edges of the topographic subglacial basins within the
EAFBP, we first applied a nonlinear terracing filtering procedure to
remove smooth, low-amplitude signals from the topography while
preserving the sharperand higher-amplitude topographic variations.
Foranoriginal topography ¢,and afiltered output topography ¢, cover-
ing an area A, the procedure is based on an iterative algorithm that
minimizes the Tikhonov parametric functional 7% (¢), which is the
weighted sum (by factor &) of two components:

T () = @ () + aShy s (©)

Where:

@ (¢) is a misfit functional determined as the norm of difference
betweenthetrue (¢,) and filtered output (t) topography; it controls the
closeness of the filtered output ¢ to the original input topography ¢,:

@O =Ilto -l

S"MGS (¢)is the minimum gradient support functional®” defined as:

\

S O=] cmom—
s (O vt -Vt + 2
A

Inthis equation, the terms where the gradient V¢is much less than
B have zero contribution, whereas the terms where any gradient much
larger than S exists have contributions equal to1. Thus, sharp bounda-
riesin topography are promoted and, consequently, enhancement of
the edges of the basins, which are associated with steep topographic
gradients, is 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 most prominent peaks. This process was
assisted by automatic procedures suchas use of the phase congruency
operator®to trace the local positive picks, as well as the Hough trans-
form to trace the corresponding lineaments®**. The final set of basin
edges (Fig.1) isthe result of this automatic procedure mixed with care-
ful visualinspection and manual corrections. On the basis of the results,
we identified 30 basins. These are listed in Extended Data Table 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 bevisualized as the pivot point of the fan. First, we fitted the lon-
gitudinal edges of the basins to great circles in a least squares sense
and computed all of the intersections between the extrapolations
of these circles on a three-dimensional Earth (Extended Data Fig. 2).
For some of the basins with triangular shape (Extended Data Table 1),
we interpolated a great circle along the bisector instead of the lon-
gitudinal edges. We considered 60 great circles and obtained 1,103
intersections (Extended Data Fig. 2), excluding those to the north of
the EAFBP. Not all of the intersections may be considered representa-
tive 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 not have been formed in association with the
EAFBP. Therefore, we applied aniterative scheme to remove outliers
defined as the intersections that are more than three scaled median
absolute deviations away from the pole, obtaining the final 1,025
intersections after 12 iterations. The Euler pole with the coordinates
86.4°S,129.9° E (World Geodetic System 1984 (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 Euler pole: N 8.9° W).

The two poles at 84.2°S, 130.8° E and 83.1°S, 129.5° E (both
WGS84), for the southern and northern TSCBs, respectively, were
estimated by looking for the two small circles on the spherical Earth
that are closer (in the least squares sense) to the structural features
definingthe two belts shownin Extended DataFig.2. The coastline Euler
pole (81.7°S, 115.1° E; WGS84) was estimated by looking for the small
circleonthespherical Earththatis closer (in the least squares sense) to
the coastline between Cape Adare and Prydz Bay (Extended DataFig. 2).

Data availability

Thefiltered rebounded topography and detected lineaments that sup-
portthefindings of this study are available at https://doi.org/10.6084/
m9.figshare.25450219 (ref. 55). The Antarctic bed topography is
available at https://doi.org/10.5067/FPSUOVIMWUBG (ref. 51). The
rebounded Antarctic bed topography is available at https://doi.org
/10.18739/A22805097Z (ref. 43). The ETOPO global relief model is
available at https://doi.org/10.25921/fd45-gt74 (ref. 46). The GEO-
MAP dataset is available at https://doi.org/10.1594/PANGAEA.951482
(ref. 56). The MEaSUREs Antarctic ice velocity dataset is available
at https://doi.org/10.5067/PZ3NJ5RXRHI0 (ref. 57). The MEaSUREs
Antarctic ice basin divides are available at https://doi.org/10.5067/
AXE4121732AD (ref.58). The aeromagnetic ADMAP2 dataset is available
at https://doi.org/10.1594/PANGAEA.892724 (ref. 59). The updated
CRUST 1.0 model with new data for Antarctica is available at https://
doi.org/10.17632/j58mf2wm9b.1 (ref. 60). The three-dimensional
shear-wave velocity model of Antarcticais available at https://doi.org
/10.17611/dp/emc.2025.anthansenemry2025.1 (ref. 61).

Code availability
Scripts used to support the analysis of topographic data are available
at https://doi.org/10.6084/m9.figshare.25450219 (ref. 55).
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Extended Data Fig.1| East Antarctic Fan-Shaped Basin Province subice
topography before and after isostatic rebound. (A) BedMachine**' sub-

ice topography. (B) Adjusted topography for the isostatic effect of ice sheet
removal**, obtained computing the flexural response to the complete removal
of the modern grounded ice load using an elastic plate model with a laterally
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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 5,000 m. Note the different color scales
inthe two maps. Data fromrefs. 2,3,43,51. Figure generated with Oasis Montaj
and Corel Draw.
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Extended Data Fig. 2| Estimation of the Euler Pole (EP) of the East Antarctic
Fan-Shaped Basin Province. Topographic lineaments identified by the
semiautomatic analysis of the filtered rebounded topography’ (color map;
Methods) are interpreted as approximately north-south normal faults (light
gray lines) and approximately east-west strike-slip faults with associated
transtensional conjugate faults (cyan and magentalines). The longitudinal
normal faults (light gray lines) were fitted with great-circle segments (black
straightlines), and their intersections were calculated (small red and green
circles). The pivot point EP (large white circle) was estimated as the mean
location of the green intersection points, whereas the red intersection points
were discarded. The error ellipse (light grey line) is the minimume-area ellipse
containing 68% of the green intersection points. The east-west transverse
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strike-slip faults, or dominant east-west normal faults related to transtension,
defining the nTAN shear belt (magentalines), were fitted by asmall circle (dashed
dark gray line), whose Euler Pole (nEP) is shown by a large magenta circle. The
corresponding faults defining the sTAN shear belt (cyan lines) were also fitted by
asmall circle (dashed dark gray line), whose Euler Pole (SEP) is shown by a large
cyancircle. The coastline was fitted by asmall circle (dashed dark gray line),
whose Euler Pole (cEP) is marked by alarge violet circle. The three additional
Euler poles (sEP, nEP, and cEP) fall within the EP error ellipse. GEP120, GEP130,
and GEP18o denote the best-fit rotation poles™ for relative motion between East
Antarctica (fixed) and West Antarctica at magnetic subchrons 120 (30.9 Ma),

130 (33.5Ma), and 180 (40.1 Ma), respectively. Data from refs. 3,36,43. Figure
generated with Oasis Montaj and Corel Draw.

Nature Geoscience


http://www.nature.com/naturegeoscience

Article

https://doi.org/10.1038/s41561-026-01991-6

A 1000 T T T T
%o AURORA SUBGLACIAL BASIN
800 |- o ° (AUR) .
) e®
° S o o
600 Sel® e i 2 g -
—o =< i~
£~ = o o2
=g scee® e 2
S5 a00f g2 cec, g2 ]
= 50 e = %o
35 = ® 2o e0e, o °
w E ol e ¢ s ® ) PP
=S 200r £3 23 ° o ®00o%00°®®
oo = 5] = = ° )
=< =2 O SRINe
x €5 £ °
2 O 2 23 -
X 5w €5
southern o central 2 northern
200 - Transantarctic Annulus Transantarctic Annulus Transantarctic Annulus |
(sTAN) (cTAN) (nTAN)
-400 l l L l l L L l
0 200 400 600 800 1000 1200 1400 1600 1800 2000
South Distance (km) North
B 1000 T T T
WILKES SUBGLACIAL BASIN
800 [~ (WSB) n
2 o
G = P
600 - 8 3e, 7
— 0 =0
£~ 7 o=
c O ®e o>~ © =
SN - ° oo ) = northern |
B 400 ®00o00° ®e g © 235 Transantarctic Annulus
> 2 = m Sm TAN
33 == = (nTAN)
we 33 ®e0®eee 38 e
=5 200 SSSseecsy Co, :
5 £ £
= Ag Z 9 '; (3 e
o © = )
65  of =)o 29 -
S 5 % oo °
o S oo
southern @ central < © °
200 - Transantarctic Annulus Transantarctic Annulus O °. .o ° |
(STAN) (cTAN) °
-400 l l 1 L l l L L l
0 200 400 600 800 1000 1200 1400 1600 1800 2000
South Distance (km) North
Extended Data Fig. 3 | North-south pattern of mean bed elevationin the sectors, corresponding to the southern, central, and northern Transantarctic
Wilkes and Aurorabasins. A, B, Mean bed elevation (red dots; rebounded Annuli (STAN, cTAN, and nTAN). Mean bed elevation across these annuli defines
topography) was calculated in circular running windows defined by 1° annuli three distinct levels (yellow bands), rather than a linear trend. In the Wilkes Basin,
centered on the mean positions of the SEP and nEP poles. The x axis reports the athird topographic step may occur at -1,500 km, possibly marking the northern
distance (km) of each window from the corresponding mean pole. The southern limit of the EAFP transform fault, although this interpretation may be affected by
and northern Transantarctic strike-slip Shear Circular Belts (sTSCB and nTSCB; strong glacial erosion near the coastline.

pinkareas) subdivide the Aurora (A) and Wilkes (B) basins into three main
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Extended Data Fig. 4 | Location of the main structural features of the

EAFBP inrelation to crustal thickness and lithospheric shear-wave velocity
structure. (A) Main structural features of the EAFBP superimposed on the
crustal thickness map derived from joint analysis of gravity and seismic data”.
Reduced crustal thickness beneath the main EAFBP basins is consistent with
rotational extension. The segmentation and offset of the TAM into three blocks
(STAM, cTAM, nTAM) inferred from topographical and geological evidenceis also
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expressed in the crustal thickness pattern. E-MS: Eastern Mawson Suture. W-MS:
Western Mawson Suture. EP: EAFBP pole. sEP, nEP: poles of the southern and
northern Transantarctic strike-slip Shear Circular Belts. White heavy lines: main
basinsin the EAFBP. (B) Main structural features of the EAFBP superimposed on
the shear-wave velocity anomalies at 105 km depth derived from full-waveform
ambient-noise tomography?.. Data fromrefs. 20,21,60,61. Figure generated with
Oasis Montajand Corel Draw.
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the pivot point EP. (B) Folding out of the fan to the right, in the case of continuous
deformation. The external moving armis rotated clockwise by an angle Aa that
corresponds to thelength As along the arc. The ratio e = Aa/a=RAa/Ra = AS/S
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following a trajectory along the arcs of radii RP and RQ. The displacements AS,
and ASqare such thate = AS,/S, = AS,/S,. Note that, along the same stick, the

displacement increases moving away from EP: AS, > AS, when Ry, > R;. (C) Folding

outof the fan to the right, in the case of brittle deformation accommodated by
asetof radial normal faults (only one is drawn) forming the longitudinal edges
of the main basins. Each normal fault contributes to accommodate the total

extension Ax by asmall angle AB,. The increasing linear displacement AS, moving

away from EP implies an increasing vertical displacement h along the fault and
aconsequentincreasing sinking of the hanging wall. (D) Analogy between the
rotational extension model and opening of a handheld fan.
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Uplj

Pre EAFBP opening Post EAFBP opening
Extended Data Fig. 7 | Expected intensity and age trend of the additional TAM  and reached the easternmost position, resulting in greater thermal buoyancy.
uplift caused by eastward overriding of the hot West Antarctic lithosphere Accordingly, the additional upliftis expected to be older and more intense
during clockwise rotation and segmentation. (A) Pre EAFBP configuration. toward the coastal sector of the nTAM, and to decrease inland, consistent with
NG: Nimrod Gl.; BG: Byrd Gl. (B) Post EAFBP fan opening. The fanning out of the some interpretations of apatite fission-track thermochronology®’. Southward
EAFBP displaced the sSTAM, cTAM and nTAM blocks eastward, overriding the along the coast, across the cTAM and sTAM blocks, the additional upliftisinstead
hot West Antarctic Rift System lithosphere. Due to the rotational extension, expected to become progressively weaker and younger.

the northernmost nTAM sector was the first to override the WARS lithosphere
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Extended Data Table 1| List of the basins of the EAFBP, along with their acronyms and main characteristics

Acronym Name Shape Annulus Sector Bisector References

WSB Wilkes Basin V-shaped s,c,n DX 62

ASB Aurora Basin V-shaped s,c,n SX 62

ST1 c DX

ST2 c DX

ST3 V-shaped c,n DX yes

ADV ’T\:’e":;':“'e Subglacial V-shaped ¢ DX ves 63

ST4 V-shaped c,n SX

PEA Peacock Subglacial Trench c SX 63

AUR Aurora Subglacial Trench V-shaped c SX

vos ‘T’f:r“‘;ﬁ Lake Subglacial V-shaped c SX ves

90E ??eschake Subglacial c sX 64

seears  Cosem Eastanirtc it s :

CEEARS fca:r:fr;’: f:gsr‘ng:g""“c Rift c sX ves 8

reears s Eostiniacte " :

WEARS Western East Antarctic Rift s SX 8

EAB Eastern Basin n DX 16

CEB Central Basin n DX 16

WEB Wesltem Basin - Webb n DX 16
Basin

AST Astrolabe Subglacial Basin n DX 64

FRO Frost Subglacial Basin V-shaped n DX yes 65

ST5 V-shaped n DX yes

SAB Sabrina Subglacial Basin V-shaped n SX yes 65

ST6 n SX

ST7 n SX

ST8 n SX

SHM Shmidt Subglacial Basin n SX 66

KNO Knox Subglacial Basin n SX 65

ST9 n SX

SB1 V-shaped n SX yes

LAM Lambert Graben n SX 67

Data are from refs. 8,16,63-68. Shape: the term ‘V-shaped’ 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 in which the basin is located. Sector: dextral (DX) or sinistral (SX) EAFBP sector in which the basin is located.
Bisector: for basins marked ‘yes’, the bisector of the triangular basin was used rather than the two longitudinal edges in the computation of the Euler Pole (see Methods). The acronyms SBn
and STn (where n is an integer) are used for unnamed subglacial basins and trenches respectively.
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Extended Data Table 2 | Summary of the topographic and geophysical observations explained by the proposed
kinematic model

Observation Acronym Observation description

The basins forming the EAFBP are elongated along the north-south direction and many show an
T-EVO1 approximately V-shape, forming a fan (see Extended Data Table 1 for a complete list)

The fan appears to have an axis of symmetry passing through the Belgica Subglacial Highlands (at ~130°E)
T-EV02 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

WSB and ASB are dissected and offset along two circular belts (sTSCB and nTSCB) that may be interpolated
T-EV04 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.

Along sTSCB and nTSCB belts, the WSB appears systematically offset by dextral shear, the ASB by sinistral
T-EVOS shear.

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

The coast limiting the EAFBP to the north has a semi-circular shape with increased curvature along the DX
T-EV07 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 sTSCB and nTSCB 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

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

WSB and ASB show an increasing apparent eastern and western offset towards the north, suggesting an
T-EVI1 increase in the extensional shear along the three annuli

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

The TAM are segmented and apparently right lateral offset along the sTSCB and nTSCB shear belts forming
T-EV13 three main distinct blocks sTAM, cTAM, nTAM
T-EV14 The WARS grabens in the Ross Sea appear clockwise rotated

The WARS grabens in the Ross Sea appear lateral offset along two major lithospheric discontinuities that
T-EV1S represent the continuation of the sTSCB and nTSCB into the Ross Sea
T-EV16 The EARS is segmented and left lateral offset along the sTSCB and nTSCB belts

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

T-EV17 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

The curvature of the semi-circular Antarctic coast line and COB is greater in the EAFBP dextral sector

T-EV18 compared to the sinistral one

A crustal depth model based on integrated seismic and gravimetric data® indicates thinned crust
G-EV01 corresponding with the major basins in the EAFBP. Shear-wave velocity perturbations in the lithosphere?'
exhibit a similar radial pattern, with lower velocities spatially coincident with these areas

The GSM are located on a thick crustal belt with lithospheric roots deeper than 200 km compatible with

G-EV02 crustalllithospheric horizontal shortening®

The Lake Vostok trough is formed by a major geological boundary® apparent in magnetic and Bouguer

G-EV03 gravity anomalies

The western flank of the WSB features a sharp magnetic’®' and gravimetric'® break that defines the
G-EV04 boundary (Eastern Mawson Suture) between the thick and highly magnetic Mawson continent of the East
Antarctic Cratonic Assemblage® and the thinner and weakly magnetic Ross Orogen belt'.17

Two low velocity zones at upper mantle depth (~150 km) have been imaged by Rayleigh wave phase
G-EV05 velocities models®"®2 beneath Ross Island and offshore Mt. Melbourne, along the sTSCB and nTSCB.

EAFBP: East Antarctic Fan-Shaped Basin Province. GSM: Gamburtsev Subglacial Mts. TAM: Transantarctic Mts. sTSCB, nTSCB: southern and northern Transantarctic strike-slip Shear Circular
Belts. WSB: Wilkes Subglacial Basin. ASB: Aurora Subglacial Basin.
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