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trattasi;
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“Delega temporanea in materia di contratti pubblici di lavori, servizi e forniture ai Direttori
delle Sezioni e dei Centri di ricerca e delle Strutture Tecniche e ai Dirigenti
Amministrativi.”;

la deliberazione del CdA n. 12 ADW adottata nella seduta del 31.01.2025 avente ad
oggetto: “Procedura di valutazione comparativa per l'individuazione del Direttore della
Sezione di Geofisica: nomina del Direttore.” con la quale si € disposto la nomina a Direttore
della Sezione di Ricerca Scientifica Geofisica, del dott. Fausto Ferraccioli con decorrenza
15.02.2025 e termine massimo 14.02.2029;

sulla base delle premesse di cui sopra,

DETERMINA

1. di procedere, per i motivi esposti in premessa, all’affidamento diretto alla societa Springer Nature
Customer Service Center GmbH, di Heidelberg (Germania), VAT Number DE209719094, del servizio
di pubblicazione in open access dell’articolo scientifico al titolo: “Discovery of cenozoic magmatic
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ridges and tectonics off Northern Victoria land provides new insights into the geodynamics of the
Antarctic margin”, sulla rivista “Scientific Reports”, ai sensi dell’art. 50, comma 1, lettera b), del
Codice, al prezzo complessivo di € 2.445,00, IVA esclusa;

per le ragioni sopra descritte e per quanto previsto dall’art. 53, comma 4, del Codice, di non
richiedere all'affidatario la prestazione della garanzia definitiva;

di autorizzare la stipula del contratto mediante scambio di corrispondenza;

di dare atto che per la spesa complessiva pari ad € 2.982,90 IVA compresa, ¢ stata effettuata la
registrazione anticipata su U.O. GEO n. ID DG 46025, n. registrazione 66/2025, CODICE PROGETTO
FARNETO _comm.5154 art.222 n23 FARNETO(c.5154 a.222 n23), CUP n. B47118075860006;

di dare atto che, ai sensi di quanto disposto dall’art. 15 del Codice, la Responsabile Unica del
Progetto in oggetto & la sottoscritta mentre la sig.ra Simona Cassaro funge da Responsabile
dell’lstruttoria;

di pubblicare il presente provvedimento sul profilo del committente nella Sezione Amministrazione
Trasparente/ Bandi di gara e contratti e di trasmettere il relativo avviso di aggiudicazione alla Banca
Dati Nazionale dei Contratti Pubblici mediante la piattaforma di approvvigionamento digitale.
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Fausto Ferraccioli
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Discovery of cenozoic magmatic
ridges and tectonics off Northern
Victoria land provides new insights
into the geodynamics of the
Antarctic margin

Dario Civile**", Laura Crispini*“, Antonia Ruppel®, Giulia Matilde Ferrante?, Danilo Morelli?,
Daniela Accettella?, Flavio Accaino?, Michele Locatelli?, Valentina Volpi', Martina Busetti?,
Egidio Armadillo? & Andreas Laufer?

The remote Pacific side of northern Victoria Land (NVL) lies at the boundary between East and West
Antarctica and represents the area where the final continental breakup between the Antarctic and
Australian conjugate margins occurred, leading to the opening of the Tasman Gateway since the
Eocene-Oligocene boundary. Understanding the tectonic evolution of this area is crucial for the
geodynamics of the Australian-Antarctic separation and the formation of the independent Antarctic
plate in the Late Mesozoic-Cenozoic. This study, based on new multibeam data and multichannel
seismic profiles combined with aeromagnetic data, presents an updated picture of the structural
architecture of the NVL offshore area. The main novelties of this picture include the discovery of two
large active submarine magmatic ridges in the southern sector and an isolated rifted crustal block in
the north. The tectonic interpretation supports a NW-oriented, intraplate right-lateral megashear
zone with associated magmatism that was active in the Pliocene-Quaternary and was accompanied by
thinning of the continental crust. This deformation zone likely represents the intraplate continuation
of the Balleny Fracture Zone off NVL and developed along the previous transform plate boundary
between the Antarctic and Australian margins, characterized by left-lateral kinematics in the late
Eocene-early Oligocene.

Keywords Northern Victoria land, Antarctica-Australia separation, Active submarine volcanic ridges,
Morpho-bathymetric data, Multichannel seismic profiles, Aeromagnetic data

The Pacific coast of northern Victoria Land (NVL), at the termination of the Transantarctic Mountains
along the northwestern end of the Ross Sea, is a remote, underexplored area that is covered by sea ice most
of the year (Fig. 1). It lies at the boundary between the East Antarctic craton and the younger, hot and thin
lithosphere of the West Antarctic Rift System (WARS)"? (Fig. 1). The WARS is characterized by late Meso- to
Cenozoic extension, Cenozoic alkaline magmatism and a strongly uplifted western rift shoulder forming the
Transantarctic Mountains, and a less pronounced uplift of its eastern shoulder in Marie Byrd Land (MBL in
Fig. 1A) (e.g. Refs>®). Magmatism along the western margin of the WARS occurs in NVL, where it is divided
into the Hallett (Fig. 1), Melbourne and Erebus volcanic provinces (the Cenozoic McMurdo Volcanic Group),
and in the northwestern Ross Sea region (e.g. Ref®).

New offshore geophysical data, consisting of multibeam morpho-bathymetric data, multichannel reflection
seismic (MCS) profiles and marine magnetic data, were acquired in February 2023 and 2024 (38th -39th Italian
Antarctic Expeditions) along the Pacific coast of the NVL (i.e. Pennell Coast) (Fig. 1) as part of the Italian PNRA
(National Antarctic Research Program) BOOST project (Bridging Onshore-Offshore STructures at the Pacific
Coast of northern Victoria Land, Antarctica: an integrated approach) on board the OGS R/V “Laura Bassi”. This

INational Institute of Oceanography and Applied Geophysics — OGS, Borgo Grotta Gigante, 42/c, Sgonico (Trieste)
34010, ltaly. 2Department of Earth, Environmental and Life Sciences, University of Genova, Genova 16132, Italy.
3Federal Institute for Geosciences and Natural Resources (BGR), Stilleweg 2, 30655 Hannover, Germany. “Dario
Civile and Laura Crispini contributed equally to this work. email: dcivile@ogs.it
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dataset is combined with vintage aeromagnetic data acquired from the offshore region of NVL (GANOVEX IX
campaign 2005-2006) and the multichannel seismic line BGR80-100.

The location of the study area is crucial for understanding the interaction between the tectonic evolution
of the WARS and the rift-to-drift transition between NVL and Tasmania during the final continental breakup
between the Antarctic and Australian conjugate margins (Fig. 1). This process began at the Eocene-Oligocene
boundary (~35-32 Ma) and led to the opening of the deep-water Tasman Gateway!'®!!. This event, together
with the opening of the Drake Passage between South America and the Antarctic Peninsula, led to the formation
of the Antarctic Circumpolar Current (ACC) around 30 Ma (e.g. Ref'?). The ACC thermally isolated Antarctica
and caused its progressive cooling with the onset of permanent glaciation (e.g. Refs'>!4). Continental breakup
between Australia and Antarctica began in the Cretaceous, followed by a west to east seafloor spreading and
associated with the development of a dense array of fracture zones such as the Tasman and Balleny fracture
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«Fig. 1. Geodynamic and tectonic map of the Tasman Gateway and northern Victoria Land. (A) Morpho-
bathymetric map of the seafloor around the Macquarie Triple Junction, which marks the point where the
Australian Plate, Pacific Plate and Antarctic Plate interact. The red lines are the plate boundaries between
the Australian, Antarctic and Pacific plates; the white lines are the fracture zones that offset the segments of
the mid-ocean ridge. In particular, the major dextral NW-SE Balleny, Tasman and George V fracture zones
between the Australian and Antarctic plates are highlighted. The black dashed rectangle indicates the location
of northern Victoria Land (NVL). The DEM was made using GMRT, version 4.3.0 (www.gmrt.org), and the
software GeoMapApp, Version 3.7.4 (www.geomapapp.org; CC by Ryan et al.??). Abbreviations: GVL, George
V Land; LTZ, leaky transform zone; MBL, Marie Byrd Land; QML, Queen Mary Land; TA, Terre Adélie; TAM,
Transantarctic Mountains; WL, Wilkes Land. (B) Tectonic sketch map of NVL and its offshore area, which
includes the Adare Basin and the Adare Trough (modified and redrawn after®®??). The location of the main
Neogene onshore volcanic fields (orange zones) of NVL (modified after Smellie and Rocchi®) and volcanism
in the Adare Basin and Adare Trough (red circles and bodies) (modified after Granot et al.%) is also indicated.
The volcanic fields forming the Hallet Volcanic Province are indicated. These features are superposed onto the
IBSCO (International Bathymetric Chart of the Southern Ocean?®*) morpho-bathymetry and topography of
NVL. The black dashed rectangle is the location of the area investigated by the BOOST Project. Inset: Location
of Figure B on the Antarctic continent. It is located in the northernmost part of the Transantarctic Mountains,
which separate West and East Antarctica.

zones and the formation of the Adare Trough as a failed rift arm of a rift-rift-rift triple junction between ~43
and 26 Ma®!>16 (Fig. 1). Several regional-scale geodynamic models proposed that the continuation of these
fracture zones through the continental crust of NVL to the Ross Sea is represented by NW-SE striking, Cenozoic,
intraplate dextral strike-slip fault systems interacting with N-S normal faults*'7-2! (Fig. 1).

The main objectives of this study are to document and characterize the significant Cenozoic submarine
magmatism along the Pacific coast of NVL, provide a detailed analysis of the structural architecture of its
offshore region, and develop a geodynamic model to enhance the understanding of the tectonic evolution of this
crucial sector of the Antarctic Plate.

Results

Morpho-bathymetric features

As illustrated in Fig. 2, multibeam mapping of the seafloor delineates the primary morpho-bathymetric elements
of the study area. The seafloor morphology was also analyzed using eight bathymetric profiles (Fig. 2) and 3D
views (Fig. 3).

The study area is defined by a wide continental shelf that extends for about 70 km to the south and narrows to
about 50 km to the north, with depths between 180 and 400 m below sea level (bsl) (Fig. 2). The shelf morphology
is relatively flat, with a maximum slope of ~2°. At both ends of the continental shelf there are two U-shaped,
approximately ENE-WSW oriented glacial troughs (already identified by?®) (Figs. 2 and 3a). These troughs
exhibit varying depths, with the southern trough measuring between 750 and 500 mbsl and the northern trough
between 1250 and 550 mbsl (bathymetric profiles 1 and 2). The northern trough is notably asymmetric, with
a steeper southern flank (up to 30°); the southern steep flank of the southern trough shows an abrupt change
in orientation from WNE-WSW to NNE-SSW (Fig. 2). The bottom of both troughs shows parallel, mega-scale
lineations (MGPL in Fig. 2) (e.g. Refs?®?’). , which indicate the ice flow direction in the past towards NE.

The continental slope displays sharp changes, characterized by pronounced variations in orientation (Figs. 2
and 3A and B). The northern sector has a N130° orientation, with slopes between 10°-12° and a prominent
outward-bulging at the end of the cross-shelf glacial trough, which is incised by a gully network. The central
sector has a N110°-115° orientation and slopes up to 18° with a less pronounced outward bulging at the southern
glacial trough, which is incised by scattered gullies (Fig. 2 and bathymetric profiles 1 and 2). These sectors are
separated by an indentation at the shelf-break (Figs. 2 and 3A), which shows a right-lateral displacement. The
two outward-bulging features are trough mouth fans (TMFs) adjacent to the troughs and indicate sediment
processes related to shelf propagation in front of ice streams (e.g. Refs?®%). In the southernmost sector of the
study area, the continental slope has a N-S trend and a maximum inclination of 10°.

On the continental slope and on the inner continental rise, between the two TMFs, channel-levee systems
develop orthogonally to the slope, converging into a single channel with a depth exceeding 100 m (CH in
Figs. 2 and 3B,C). This channel marks the northern boundary of a large sedimentary wedge likely composed of
turbiditic and hemipelagic sediments (Fig. 3A,B). The most significant systems of channel-levee are located at
the shelf-break indentation zone. Here, the channels converge seaward and form a single well-carved, roughly
N-S oriented channel (CH in Figs. 2 and 3A and B) that is more than 100 m deep and terminates at the northern
end of a prominent morpho-bathymetric high (PMH, Figs. 2 and 3A,B).

The sedimentary wedge is bounded to the south by a steep, NE-SW oriented escarpment that is over 15 km
long and up to 150 m high and incised by channels (Figs. 2 and 3A and B; bathymetric profile 3 in Fig. 2).
Turbiditic levees are visible in the northern part of the continental rise. They consist of broad, kilometer-long
ridges separated by channels up to 50 m deep (Figs. 2 and 3A).

The PMH of the northern continental rise, which extends over 25 km, is characterized by landslide scars
and an asymmetrical shape (Figs. 2 and 3B, bathymetric profile 4). An arcuate seafloor depression surrounds its
northern flank, probably formed by the action of bottom currents (current-eroded moat), which separates the
PMH from a sedimentary body over 20 km long with the same shape, interpreted as sediment drift (e.g. Ref*°).
and affected by an 8 km wide landslide scar (Figs. 2 and 3A).
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Fig. 2. Morpho-bathymetric map of the area covered by the multibeam data collected in the BOOST Project
along the Pacific side of northern Victoria Land. The BOOST morpho-bathymetric data are superposed onto
the digital bathymetric and topographic model of IBSCO?* to fill the areas not covered by the BOOST data.
The black segments indicate the five BOOST multichannel seismic lines, while the seismic profile BGR80-100
shows a non-linear trend (processed seismic data of Cruise BGR80 1980 is available at: https://resource.bgr.de/
describe/?url=https%3 A//resource.bgr.de%2FMetadata%2FDataset%2F68d180de-f9c6-242f-e8d8-716bba000a
36&graph=https%3 A//resource.bgr.de/Metadata/&distinct=0).

The dotted white segments show the traces of the eight bathymetric profiles reported in the top left of the
figure, which cross the main morpho-bathymetric features of the area. The yellow segment is the marine
magnetic profile (AB) acquired along the southern part of the line BOOST 3. Abbreviations: CH, major
channel of the study area; NGT, north glacial trough; MGPL, mega-scale parallel lineations; PMH, prominent
morpho-bathymetric high; SGT, southern glacial trough; TMEF, trough mouth fan. The morpho-bathymetric
map of Fig. 2 was created with the software Global Mapper, version 18.2.2, Blue Marble Geographics (www.
globalmapper.it).

The southern sector of the continental rise is characterized by two broad, linear ridges that are roughly
oriented in a north-south direction. The major ridge (MAMR) extends for over 45 km and is 10 km wide, with
elevations reaching up to 1600 m above seafloor. The minor ridge (mMR) is at least 16 km long and 12 km wide,
with elevations of up to 800 m. Both ridges consist of cone-shaped seamounts with subcircular or horseshoe-
shaped craters on their summits (Figs. 2 and 3; bathymetric profiles 5, 6, 7 and 8 in Fig. 2).

Finally, it is important to emphasize that there is a considerable difference between the resolution of the
bathymetric data acquired in the BOOST project and the data published in IBSCO?*as shown in Fig. 4.

Seismo-stratigraphic framework
Given the location of the study area at the northwestern end of the Ross Sea, the main unconformities identified
along the acquired seismic lines in the Cenozoic sedimentary sequence were tentatively correlated with those
recognized at DSDP (Deep Sea Drilling Project) Site 274 (250 km NNE of Cape Adare)*'*? and in particular
with the six Ross Sea unconformities (RSU1-6) identified by the Antarctic Offshore Acoustic Stratigraphy
(ANTOSTRAT) project (Fig. 4), and later additions (e.g. Refs*'~*%). The origin of the Ross Sea unconformities
includes tectonic events, climate and ice sheet variations (e.g. Refs**-3%). (Fig. 5).

The detection of the main unconformities is based on reflection terminations such as onlap, downlap and
truncation, as well as on the separation between seismic units characterized by distinctive seismic facies.
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Four Cenozoic unconformities were identified and labelled U4 to U1 from the oldest to the youngest (Figs. 5
and 6). The Ul to U3 unconformities were correlated with major climatic events, while the U4 unconformity
was associated with the final separation between the Antarctic and Australian margins that occurred around the
Eocene-Oligocene boundary (Fig. 5), in the sector linking NVL and Tasmania, and the onset of the ACC.

The high-amplitude U4 reflector is interpreted as the top of the breakup sequence (BS) (e.g. Refs**0). ,
which consists of seaward-dipping, semi-transparent to locally high-amplitude, high-frequency, discontinuous
reflectors (seismic facies SF1 in Fig. 5) likely associated with the opening of the Tasman Gateway and thus dated
to the late Eocene?-early Oligocene. The BS generally exhibits a variable type of sedimentation, with mass-
wasting deposits at the base topped by hemipelagic and fine turbidites and is seismically associated with an
offlapping sequence (e.g. Ref™").

The drift sequence (DS) associated with the activation of the ACC lies with onlap terminations on the U4
and includes the U3 and U2 unconformities (Fig. 6). This sequence is seismically characterized by an alternation
between high to low amplitude seismic packages thinning towards the continental slope, and consists of slightly
seaward-dipping, high frequency, parallel and generally continuous reflectors (seismic facies SF2 in Fig. 5).

The U3 unconformity is identified in the central part of the DS within a thin seismic package consisting of
high-amplitude reflectors separating two thicker seismic sequences made of low-amplitude reflectors (Fig. 6).
U3 is locally characterized by onlap relationships with the overlying sequence and truncates the underlying
sediments.

This surface can be associated with the mid-Miocene onset of the restoration of a polar-glacial regime (Fig. 5),
marked by significant cooling of the Southern Ocean and the expansion of the Antarctic ice sheet, following the
Miocene Climate Optimum (~ 17-14.6 Ma) and the Middle Miocene Climate Transition, ~ 14.6-13.9 Ma) (e.g.
Refs*!=#3). In particular, the U3 unconformity approximately corresponds to RSU4, which is dated to ~14.6-
15.8 Ma*%. The U2 unconformity, located in the upper part of the DS, marks the base of a well-layered seismic
unit that extends to the seafloor and consists of continuous, high frequency, low- to high-amplitude reflectors
(Fig. 6). The U2 is not identified along the continental shelf, while it can be tentatively interpreted along the
continental slope (Fig. 6). This unconformity, which roughly corresponds to RSU2, is associated with the end
of the Mid-Pliocene Warm Period (~3-3.3 Ma) (Fig. 5), when parts of Antarctica and notably West Antarctica
were not covered by ice?>~7.

The youngest unconformity Ul is only recognized on the continental shelf at the base of a thin sequence
that reaches the seafloor (Fig. 6). This high-amplitude surface truncates the underlying reflectors and shows
downlap and onlap relationships with the overlying deposits (Fig. 5). It has similar characteristics to the RSU1
unconformity identified by Granot et al.® on the southern continental shelf of the Adare and Northern basins.
Ul approximately corresponds to RSU1 (Fig. 5), and a Pleistocene age of ~0.7 Ma is associated with this
unconformity>!*,

Other key reflectors identified along the seismic lines are: (i) the top of the continental crust (CC); (ii) the top
of the potential continent-ocean transition (COT); (iii) the top of the pre-rift deposits (Fig. 6).

The top of the CC was recognized on the structural high in the northern part of the continental rise as
a faulted, undulated, discontinuous reflector with low- to high-amplitude (Fig. 6). The CC shows an opaque
seismic facies with a chaotic aspect and local incoherent low- to high-amplitude internal reflections (seismic
facies SF3 in Fig. 5). The top of the COT is a composite faulted seismic package consisting of discontinuous,
low- to high-amplitude reflectors with contorted to chaotic geometry (Fig. 5). The COT seismic facies consists
of discontinuous low- to high-amplitude reflectors with no internal coherence, possibly representing a stretched
and thinned transitional crust made of a mixed volcano-sedimentary sequence (seismic facies SF4 in Fig. 5).

The erosional unconformity at the top of the pre-rift deposits is visible as a continuous high-amplitude
reflector in the upper part of the structural high (Fig. 6). The pre-rift deposits exhibit chaotic-to-poorly stratified
semi-transparent seismic facies consisting of low- to medium-amplitude, high frequency reflectors (seismic
facies SF5 in Fig. 5). Finally, two additional seismic facies were identified, associated with the continental slope
and seamounts that form the two ridges visible in the study area (seismic facies SF6 and SF7 in Fig. 5).

Seismic line interpretation

The BOOST 3 and 5 seismic lines (Fig. 6) provide a good example of the seismo-stratigraphic setting and the
main structural features of the study area. In addition, the line BOOST 3 is the only one crossing the two N-S
oriented ridges identified by the morpho-bathymetric data (Figs. 2 and 6). Five seismic units were identified,
including continental crust (CC), transitional crust (COT), pre-rift deposits, breakup sequence (BS), and drift
sequence (DS).

Seismic line BOOST 3

The NW-SE oriented line BOOST 3 (Fig. 6) crosses the easternmost part of the study area (Fig. 2), along
which a northern and a southern sector with different features can be recognized. The northern sector, which
is characterized by very good seismic signal penetration (up to 5 s TWT), comprises a deep-sea zone down
to 2300 mbsl and the prominent morphological high identified by the multibeam data (PMH). The basinal
area consists of a well-layered DS that is up to 1.2 s TWT thick and consists of turbidite and contourite drift
deposits gently dipping to the NW. The part of this sequence that lies between the basal Early Oligocene U4
unconformity and the Late Pliocene U2 unconformity thickens to NW. The reflectors show onlap terminations
against the U4 unconformity and modest folding (drag folds, see inset A in Fig. 6) along the faults bounding
the PMH structural high. The Late Pliocene-Quaternary uppermost part of the DS is up to 0.3 s TWT thick
and shows onlap relationships to the SE against the U2 unconformity. The DS overlies the wedge-shaped BS,
which is up to 0.6 s TWT thick in its SE part and consists of upward concave-shaped discontinuous reflectors
truncated by the U4 unconformity. The inclination of the reflectors gradually increases towards the structural
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high. The high-amplitude, contorted reflectors within the BS could be associated with the presence of mass-
wasting deposits. The BS lies on a seismic unit characterized by a highly articulated top morphology formed by
several fault blocks. This is interpreted as possible evidence for a COT that was stretched and thinned during the
rifting phase. The structural high consists of an acoustically impenetrable seismic facies associated with CC. This
isolated crustal block (CB), which coincides with the PMH shown in Fig. 2, is bounded by buried extensional
faults that were active at least until the Middle Miocene, as indicated by the induced drag folds observed in
the DS. The buried fault that bounds the CB to the south (SF fault in Fig. 6) may have a significant strike-slip
component along which the CC is in contact with the Neogene sedimentary succession of the basin between the
CB and the MAMR. The CB is covered by a thin (up to 0.25 s TWT in its central part), well-layered sedimentary
mounded body containing the U2 unconformity and interpreted as a sediment drift.
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«Fig. 3. The 3D views of the BOOST morpho-bathymetric data. (A) 3D view from NNE showing the major
morpho-bathymetric features. The continental shelf is crossed by two glacial troughs located at both ends. The
shelf-break is characterized by trough mouth fans adjacent to the glacial valleys and a prominent indentation
(see the inset at the top). An isolated, NW-SE oriented, prominent morpho-bathymetric high (PMH) with
a summit at 1400 mbsl is visible in the northern part of the continental rise. Between the PMH and the
slope is located a thick sedimentary wedge of triangular shape bounded by steep scarps. The southern part
of the continental rise includes two broad, roughly N-S oriented ridges of magmatic origin: the major ridge
(MAMR) and the minor ridge (mMR). (B) 3D view from SE showing the asymmetrical shape of the PMH
characterized by a steeper and shorter SW flank, and the 15 km long, 150 m high escarpment that bounds the
thick sedimentary wedge to SE. A small basin that narrows towards the NE is located between the sedimentary
wedge and the MAMR. The MAMR has a maximum height of 1600 m above the seafloor in its central part,
where the summit lies at 550 mbsl. The mMR appears to merge with the continental shelf at its southern end.
Its maximum height is 800 m above seafloor and reaches a minimum of 750 mbsl. It consists of cone-shaped
seamounts and small ridges. The tops of several seamounts exhibit subcircular craters or horseshoe-shaped
craters that may contain secondary cones (see inset on the left). (C) 3D view of the major ridge (MAMR) from
SSW. It consists of hundred meters high individual cone-shaped seamounts and small ridges of coalescing
seamounts up to 3 km long with sharp summit and variable orientations from NE-SW to NNW-SSE. The
northern and southern ends of the MAMR are mainly formed by scattered seamounts and ridges, while the
central part corresponds to a swell mainly consisting of ridges at the top. Several seamounts show subcircular
(see inset top right) or horseshoe-shaped craters at the top. The 3D views of the BOOST morpho-bathymetric
data of Fig. 3 were created with the software Global Mapper, version 18.2.2, Blue Marble Geographics (www.
globalmapper.it).

The basin between the CB and the MAMR shows a considerable thickening of the uppermost part of the
DS, which shows Late Pliocene-Quaternary deposits up to ~0.6 s TWT thick and with onlap terminations
against the U2 unconformity. The Miocene unconformity U3 was not identified. Here, the well-layered seismic
facies associated with the DS is disturbed by the presence of a sub-vertical body interpreted as magmatic
rise generating a young volcano, as well as two buried, overlapping landslide deposits (Fig. 6 and inset B). In
addition, two mound-shaped bodies, characterized by semi-transparent chaotic internal reflectors, a convex
top and potential magmatic sills at the base, are located below the landslides and above the Late Pliocene U2
unconformity (Fig. 6 and inset B). They were interpreted as possible hydrothermal vent complexes (HTVC in
Fig. 6) formed by the upward migration of gases and fluidised material associated with the emplacement of
magmatic sills (e.g. Refs**=1).

The BOOST 3 line crosses the MAMR for ~9 km at the southern end of its central bulge, which consists of
a sequence characterized by chaotic seismic facies in which potential vertical conduits feeding volcanoes can
be recognized. Numerous recent volcanic cones of varying elevation and near each other can be seen on the
seafloor (Figs. 3 and 6). The largest cones are in the central part of the ridge, where a minimum water depth
of 1400 mbsl is reached. Some normal faults affect the MAMR. The southeastern volcanic cones show semi-
transparent layered seismic facies, possibly due to the presence of an alternation of lavas, pyroclastic and inter-
eruptive sedimentary deposits. In the filling of the basin between MAMR and mMR, the main unconformities
are not recognizable, except for the possible U2 surface along the margins. An evident magma ascent that has
produced a volcanic cone is visible in the south-eastern part of this basin. Instead, the small cone in the central
part is the result of lateral reflections. In addition, two dome-shaped bodies ~ 5 km long and up to ~0.4 s TWT
thick, characterized by a semi-transparent chaotic seismic facies, are visible near the seafloor beneath a thin
sedimentary cover. They appear to be fed by vertical conduits consisting of low amplitude chaotic reflections.
Based on this evidence, these bodies could be HTCVs. Possible strata-concordant sills, which are highlighted by
the presence of high amplitude reflectors (e.g. Refs.’>>2). , have been interpreted at depth of ~3.8 s TWT.

The mMR is crossed by the line BOOST 3 for ~16 km. It consists of a prominent, smooth relief with a
minimum water depth of ~800 m along which several recent volcanic edifices are visible. This ridge does not
appear to consist entirely of magmatic rocks, as it is interrupted by sedimentary sequences. Finally, a series of
possible magmatic intrusions characterizes the southeasternmost part of the seismic line (Fig. 6). The magmatic
intrusions consist of narrow zones with chaotic acoustic character or convex-upward reflectors that interrupt the
continuity of the seismic reflections that can be tilted around this intrusion. These features are also clearly visible
in the buried part of the young volcanoes indicated in Fig. 6.

Seismic line BOOST 5

The N-S oriented line BOOST 5 (Figs. 2 and 6) crosses a broad part of the continental shelf along which the
seismic penetration is low (less than 0.5 s TWT). It consists of glacial depositional systems characterized
by a sub-horizontally layered sequence in the inner part and by prograding reflectors to the outer shelf. A
distinct cross-shelf glacial trough has incised the southern part of the shelf. The Late Pleistocene Ul erosional
unconformity is visible along the entire shelf and ends at the shelf-break. It has eliminated part of the Pliocene
to Quaternary sequence as evidenced by the toplap termination of the late Pliocene U2 unconformity against
this overlying erosional surface. The Middle Miocene U3 unconformity is clearly recognizable along the outer
shelf and represents the base of a prograding seismic unit. The continental slope consists of seaward prograding
reflectors, including the U2 and U3 unconformities, which form a thick (over 0.6 s TWT) wedge-shaped glacial
sedimentary sequence that developed between ~ 600 and ~ 1800 mbsl. The northern part of the line crosses the
CB, which, as seen in line BOOST 3, is bounded by a series of buried normal faults and is surrounded by the
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Fig. 4. Difference between BOOST and IBSCO bathymetry data. There is a considerable difference between
the bathymetric data acquired in the BOOST project and those published in IBSCO?*. This difference is
illustrated by the comparison between two matching bathymetric profiles: IBSCO data in A and BOOST data
in B (bathymetric profile 5, location in Fig. 2).

wedge-shaped BS. BS lies on a faulted transitional crust (COT) on the southwestern and northern flanks of CB.
A thick (~1.25 TWT) DS rests on the BS showing onlap terminations against the U4 unconformity.

The tectonic activity of the main fault bounding the northern side of CB seems to be sealed by the U2
unconformity, as indicated by the modest folding (drag folds; see inset C in Fig. 6) of the reflectors at the fault
planes. This indicates that the fault was probably active until the Pliocene. A Pliocene-Quaternary tectonic
activity of the main fault at the southeastern boundary of CB can be inferred both from the evidence that the U2
unconformity and DS are cut by the fault plane and from the presence of a steep scarp characterizing this side
of CB (see Figs. 2, 3B and 6).

In addition, it is possible to observe the presence of a thin (up to 0.25 TWT) sedimentary cover on the top of
the CB, interpreted as pre-rift deposits of uncertain age.

The northern part of the basin, situated between the CB and the continental slope, exhibits distinct
characteristics that differ from those observed in the southern part. Here, the BS sequence and the COT are not
visible, while the DS is thickened, as previously observed along the line BOOST 3. However, here the thickness
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of the Late Pliocene-Quaternary sequence is constant, while the Middle Miocene-Pliocene part of the DS is
thickened. It is inferred that the two parts of this basinal area may be separated by the western extension of the
SF fault, which is located at the southeastern end of the CB along line BOOST 3. This tectonic structure, which
deformed the BS, the COT and partially the drift sequence, may have a significant strike-slip component, as
suggested by the abrupt contact between sequences of different ages visible across the fault. Notably, a possible
right-lateral component of movement along the SF and a Quaternary activity cannot be excluded, as it appears
to control the observed shelf-break indentation (Figs. 2 and 3A). Finally, this basin is characterized by the
widespread occurrence of sub-vertical, narrow, low-amplitude chaotic features interpreted as pipes associated
with vertically focused fluid flows.

Marine magnetic data

The magnetic profile AB, which runs parallel to the southern part of the seismic line BOOST 3 with a horizontal
offset of 1.3 km to the south-west (Fig. 2), is shown in Fig. 6. This deviation influences the magnetic anomaly
along the MAMR as the profile crosses its southern end, which consists of scattered volcanic cones rather
than the main magmatic body, as is the case for line BOOST 3. Marine magnetic data are often helpful for
discriminating the magmatic affinity of outcropping or buried geological bodies. The magnetic anomaly profile
shows the presence of two distinct peaks associated with the two recognized magmatic ridges. The northern
magnetic anomaly peak is associated with the MAMR. It is broad, symmetrical and has higher amplitude values,
in contrast to the southern peak associated with the mMR, which is narrower and sharper. In addition, it does
not encompass the entire mMR crossed by the line BOOST 3 and shows an asymmetric shape with a maximum
positive value of ~ 290 nT along the SE part and negative values up to over — 180 nT along the NW part, probably
related to the presence of zones composed of sedimentary sequences. The steep gradient on both sides of the
anomaly associated with the mMR could be related to a localized or shallow magmatic source. The bell-shaped
peaks associated with the MAMR cover the entire ridge with values between 100 and 330 nT. The highest value
is located along the southern continuation of the axis of the MAMR and could indicate the deep termination
of the largest magmatic body visible along line BOOST 3. The higher values also include a large part of the
basin between the two magmatic ridges. The broad magnetic anomaly associated with the MAMR suggests the
presence of a deep magmatic source.

Aeromagnetic data

Aeromagnetic data are a useful tool to identify anomalies at a regional scale. The gridded aeromagnetic data
acquired during the BGR-expedition GANOVEX IX in 2005-06 covers the area of the BOOST bathymetric and
seismic survey and extends beyond the study area®® (Fig. 7A). A prominent pattern of high-frequency anomalies
can be traced from Coulman Island, the Daniell Peninsula, the Hallett Peninsula and especially the Adare
Peninsula further along the shelf into the BOOST survey area (Fig. 7A). Superposition of mapped volcanic rocks
from the Hallett volcanic suite on each island perfectly matches the calculated analytical signal and provides
an estimate of the complete outline of the magnetic source bodies (Fig. 7B). Within the survey area, this high-
frequency signal is attenuated by a positive long wavelength magnetic anomaly associated with CB (Fig. 7C),
whereas the analytical signal provides a much clearer response (Fig. 7D). The positive long wavelength anomaly
is indicative of a deeper-seated magnetic source body, and its position corresponds well with the outline of the
isolated CB seismically imaged along the lines BOOST 3 and 5 (Fig. 6). This anomaly was not described by
Damaske et al.>® but was later interpreted as a possible granitic body of Palaeozoic age and thus of continental
crust origin?.

The bathymetric high of the mMR correlates more closely with the outlines of the magnetic bodies obtained by
the analytical signal than the MAMR, which appears to be divided into two distinct parts (Fig. 7B, D). However,
it is important to note that the resolution of the airborne magnetic data is not as high as that of the bathymetric
data. Consequently, individual features such as craters and cones observed in bathymetry are not resolved in
detail. In addition, the magnetic anomalies over the MAMR, which are rather patchy or indicate dissection,
may be the result of the wide and sharply angled line spacing of the flight lines covering this ridge (Fig. 7C, D).

Damaske et al.>*who had previously associated the high-frequency signal with rocks from the Hallett
Volcanic Province, suggested that these extend north-northwestward across the continental shelf and slope at
least 130 km into the ocean. However, the new bathymetric data allow the high-frequency anomalies to be
assigned with greater clarity to the newly imaged magmatic ridges and separate linear volcanic centers, rather
than a single one extending oceanward from Cape Adare.

Discussion

In the present study, high-resolution multibeam data, bathymetric profiles and 3D views were used to analyze
the seafloor characteristics of the Pacific coast of the NVL. The results were combined with the interpretation of
new multichannel seismic reflection profiles, marine magnetic measurements and offshore aeromagnetic data
to define the structural setting and geodynamic evolution (Fig. 8) of this underexplored area, which lies at the
northern end of the East-West Antarctica boundary.

The continental shelf is incised by two ENE-WSW oriented glacial troughs, which terminate at the shelf-
break with trough mouth fans (TMF; Figs. 2 and 3). These troughs have an asymmetrical profile with steep
southern flanks, with the southern trough in particular showing an abrupt change in orientation. These features
suggest a possible interaction between past ice streams and tectonics. Moreover, a network of incised gullies is
visible on the northern TME indicating large volumes of meltwater at the base of the former ice tongue. These
glacial morphologies highlight the considerable retreat of the glaciers in this area (several tens of kilometers
from the coast).
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Morpho-bathymetric and geophysical data revealed three prominent kilometer-scale features in the deeper
part of the study area (Figs. 2 and 3). The northern one is a structural high of continental crust (CB in Figs. 6, 7
and 8) interpreted as a relict and rotated block formed during the continental rifting phase, which preceded the
Antarctic and Australian plates breakup that started around the Eocene-Oligocene boundary (U4 unconformity,
Figs. 5 and 6) and led to the opening of the Tasman Gateway. The CB is bounded by normal faults (Fig. 8A) that
were probably active at least until the Pliocene (Fig. 6). The roughly E-W SF fault, which affects the southeastern
end of the CB (Figs. 6 and 8) and deforms the shelf-break, shows clues of a younger right-lateral component of
motion. A large positive long wavelength magnetic anomaly is located at the CB (Fig. 7) and can most likely be
interpreted as a remnant of a Paleozoic granitic continental basement, e.g. Granite Harbour-type or Admiralty

intrusives®’.
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«Fig. 5. Main Cenozoic unconformities and seismic facies identified along the BOOST seismic lines.
Unconformities U4 to U1 identified along the BOOST seismic lines in the Cenozoic sedimentary sequence
correlated and dated by the time-distribution of the DSDP-274 site stratigraphy, ANTOSTRAT Ross Sea
Unconformities RSU6 to RSU1?3-3, The variations in the Antarctic climate and ice sheet are reported as well as
geodynamic and tectonic events recorded in the Ross Sea area (see text for references). The age of the volcanic
fields forming the Hallett Volcanic Province® is also indicated. Seismic facies: Description of the seven seismic
facies recognized in the multichannel seismic reflection profiles and their interpretation. The representative
boxes are extracted from the seismic lines BOOST 3 and 5. Seismic facies SF1 and SF2 are associated with
the Cenozoic sequences of breakup and drift, respectively, while SF3 and SF4 are associated with continental
crust (CC) and transitional crust (COT), respectively, and SF5 with pre-rift deposits. Seismic facies SF6 is
characterized by seaward-prograding reflectors that form the continental slope sequence, while SF7 is the
seismic facies associated with the seamounts that form the MAMR and mMR and interpreted as volcanic
edifices. The average seismic velocity of each box is also reported.

The southern sector of the study area is characterized by the presence of two roughly N-S oriented active
magmatic ridges (MAMR and mMR in Figs. 2, 3, 6 and 8), which were identified for the first time as the CB.

The new detailed bathymetry presented in this study allowed a more accurate interpretation of the high-
frequency aeromagnetic anomalies reported in previous studies of this region (e.g. Refs?>>?). These anomalies
were interpreted as the result of a single volcanic linear feature connecting with and extending at least 130 km
oceanward from Cape Adare. The new data (Fig. 7) show that these anomalies are clearly associated with the
two distinct magmatic ridges and with another offshore magmatic ridge north of Cape Adare (OCAMR in
Figs. 7D and 8), which is also recognizable by morpho-bathymetric data (see Supplementary Material). They
likely represent the extension of the alkaline magmatism recognized onshore at Daniell, Hallett and Adare
peninsulas into the oceanic realm (Fig. 1). This indicates a close connection between on- and offshore structures
at the coastal margin of NVL, which is clearly imaged by the superposition of the magnetic anomalies with
the maximum horizontal gradient (MHG, Fig. 8B). The pronounced volcanic ridges exhibit a left-stepping en-
echelon pattern (Fig. 8), a structural configuration associated with NW-SE trending right-lateral fault zones.
Due to the genetic link between faulting and magmatic array, the timing of magmatism and right-lateral
strike-slip kinematics should be coeval. A similar tectonic connection between N-S Neogene magmatic bodies
and extensional structures within a NW-SE right-lateral fault zone has already been documented onshore of
NVL320:56,57

The geophysical data presented here show that the northern and southern sectors of the study area have
recorded different tectonic events that occurred during the geodynamic evolution of the offshore NVL. The
northwestern sector, where the rifted crustal block CB is located, has recorded the Cenozoic tectonic evolution
since the Eocene-Oligocene boundary, which led to the opening of the Tasman Gateway. The seismic data
allowed the identification of a thick drift sequence containing several unconformities (U1-U3, Figs. 5 and 6)
related to climatic events and resting on the wedge-shaped breakup sequence, which in turn lies on transitional
crust. During the initial phase of the opening of the Tasman Gateway, a NW-oriented, left-lateral transform plate
boundary developed between the Antarctic and Australian margins (Fig. 8C), which caused NVL and Tasmania
moving away from each other in the study area.

The south-eastern sector is formed by recent strike-slip tectonics, likely active since the Pliocene (e.g.
Ref®). , which led to the formation of the two large magmatic ridges. These are thought to be associated with
the development of roughly N-S oriented extensional faults that formed within a NW-trending, right-lateral
megashear zone that extends from the oceanic region to the continental shelf and possibly includes the magmatic
ridge located in the offshore of the Adare Peninsula (Fig. 8D). The rise of magma to the surface was also favored
by the thinned continental lithosphere present in this part of NVL,

The change in kinematics of pre-existing deformation zones is consistent with plate tectonic reconstructions
of the SW Pacific region, particularly in the Tasmania-NVL sector, and reflects the rift-to-drift evolution between
the Australian and Antarctic plates®%!, This plate tectonic reconstruction comprises three key stages (see Fig. 3
in Cande & Stock® and Fig. 34 in DeMets et al.®!): (1) Late Cretaceous-Eocene (70 —43 Ma)®?during which this
region experienced a slow seafloor spreading coeval with a left-lateral transform margin. There, this stage marks
the rifting phase and the incipient drift between Australia and Antarctica; (2) Eocene to Oligocene (43 —33 Ma),
during this stage spreading rates increased, leading to the onset of seafloor spreading in the Adare Trough and
the beginning of separation between the Australian and Antarctic plates in this sector; (3) 33 — 26 Ma, this period
was characterized by rapid separation of the plates, cessation of the Adare Trough spreading and the onset of
northward drift of the Australian plate along the Tasman-Balleny fracture zone corridor. In addition, Antarctica
began to act as an independent plate (e.g. Refs»1%6364) This stage also marks a significant change in the tectonics
of the SW Pacific (e.g. Ref*). , including the considerable southward migration of the Macquarie Triple Junction
and the possible separation of the Macquarie Plate (e.g. Ref!”). Moreover, a rotation of the direction of regional
extension from ENE-WSW to ESE-WNW occurred, triggering right-lateral shear in the sector comprising the
study area that is located within the Antarctic plate in the southward projection of the Tasman-Balleny fracture
zone corridor (Refs.»1060:61.6364) T this context, the right-lateral megashear zone in conjunction with the
thinning of the continental crust that developed in the study area during the Pliocene-Quaternary (Fig. 8E) fits
well with the geodynamic evolution described above. This deformation zone could thus represent the intraplate
continuation of the Balleny Fracture Zone (Fig. 1), as already proposed by several authors for NVL and the
western Ross Sea (e.g. Refs.»18:64),
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Fig. 6. Interpretation of the migrated seismic lines BOOST 3 and 5. Line BOOST 3 (position in Fig. 2) crosses
the north-easternmost and deepest part of the study area, along which can be recognized from NW to SE: a
basinal area filled by a breakup sequence overlying a thinned and faulted transitional crust (COT) and covered
by a thick drift sequence mainly consisting of contourite and turbidite deposits; the isolated faulted crustal
block (CB) of continental nature (CC) covered by a sediment drift; the two prominent major and minor

ridges consisting of seamounts interpreted as volcanic edifices. Possible buried magmatic intrusions were also
identified. The marine magnetic profile AB (position in Fig. 2) acquired along the south-eastern part of the
seismic line BOOST 3 is also reported below the line. Insets A and B respectively show the drag folds along the
fault bounding the CB to the north-west and a young volcano that crosses two buried landslide bodies. The
marine magnetic profile AB, which was acquired along the southern part of the line BOOST 3, is also reported
(see position in Fig. 2). Along the line BOOST 5 (position in Fig. 2) can be recognized: the southern and
central part of the continental shelf, in which a V-shaped glacial trough is located; the continental slope, which
consists of seaward glacial prograding sediments; the continental rise, which is divided into two basinal areas
by the presence of the isolated faulted CB surrounded by transitional crust; the deepest and northernmost part
of the line includes the same basinal area that was described along the line BOOST 3. It is inferred that the fault
at the southeastern end of the CB (SF) along the line BOOST 3 may cross the central part of the basin between
the CB and the continental slope visible along the line BOOST 5. This structure may have a significant strike-
slip component of movement as an abrupt contact between sequences of different ages is visible across the
fault, which could be also responsible for the indentation of the shelf-break (see Figs. 2 and 3A) characterized
by a right-lateral displacement. Insets C shows the drag folds along the fault that bounds the CB to the north.
Uninterpreted seismic profiles BOOST 3 and 5 are available in the Supplementary Material.

Methods
The analyzed dataset consists of multibeam swath bathymetry data, multichannel seismic reflection profiles
(MCS) and marine magnetic measurements acquired with the R/V OGS Laura Bassi and integrated by an
offshore aeromagnetic survey of the NVL conducted by the BGR (Federal Institute for Geosciences and Natural
Resources).

A total of ~4290 km? of seafloor were mapped with a Kongsberg EM304 multibeam echosounder system
(512 equidistance-beams, operative frequency of 30 kHz). The morpho-bathymetric data were processed using
QPS Qimera software considering variations in sound velocity and applying quality control. The resulting Digital
Terrain Model (DTM), with a grid cell size of 50 X 50 m, was edited (removal of residual spikes) and filtered. Data
visualization and interpretation was done using the GlobalMapper’ software from Blue Marble Geographics.
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Fig. 7. Aeromagnetic data. Overview of the aecromagnetic anomaly data®® superimposed on ADMAP-2 data
onshore* and close-up maps of the study area. (A) Magnetic anomaly map of northern Victoria Land and
highlighted red outline of exposed rocks of the Hallett Volcanic Province at Coulman Island and the Daniell,
Hallett and Adare peninsulas (GeoMAP>). (B) Analytical signal of the magnetic anomaly data. The dashed
red lines refer to the interpreted causative magnetic sources. The outlines align reasonably well with the
mapped volcanic units and can be traced offshore into the BOOST survey area. Note the slightly different
orientation and dissection of the causative magnetic sources representing distinct volcanic ridges. (C) Close-up
of the magnetic anomaly map of the study area: The high frequency magnetic anomaly signal corresponds

to the major ridge (MAMR) and minor ridge (mMR) of magmatic origin and the northern tip of the Adare
Peninsula, that is Cape Adare (CA), and is attenuated by a positive long wavelength anomaly associated with
an isolated crustal block (CB; colorbar as in A). The red segment is the marine magnetic profile AB acquired
along the southern part of the line BOOST 3 (see Fig. 6). (D) The close-up of the analytical signal map shows
the imaged causative source bodies (red dashed outlines) that align with the newly mapped MAMR and mMR,
as indicated by the black counter lines of the bathymetric survey (colorbar as in B). An offshore magmatic
ridge (OCAMR) is visible at the northern tip of Cape Adare (CA). The maps of Fig. 7 were generated with the
geophysical software “Oasis montaj’, version 2023.1, (www.seequent.com/products-solutions/oasis-montaj/).

Five multichannel seismic profiles with a total of 353 km were acquired using a source consisting of 2 GI-
guns (i.e., TRUE-GI mode with a volume of 300 inch®) and a 1500 m-long streamer with 120 hydrophones
(i.e. Sercel Seal 428 system). A pre-stack Kirchhoff time migration was applied to all seismic lines in order to
correctly image the geometries of the reflectors. The techniques used to remove the multiples, also to preserve

Scientific Reports | _#######t##############_| https://doi.org/10.1038/s41598-025-06739-7 nature portfolio


http://www.seequent.com/products-solutions/oasis-montaj/
http://www.nature.com/scientificreports

www.nature.com/scientificreports/

~—L Normal fault
T strike-slip fault
~ == Inferred faults and

T~ Shelf-break

morphotectonic lineaments

I:] Magmatic ridge (offshore)

Adare volcanic fieldfs

Faults from
" Granot et al. (2010)

~—
Normal fault
— R
Strike-slip fault
S
Ay
S e
Boundaries of the
megashear zone

related to the
Balleny Fracture Zone

Submarine magmatic
ridge

Onshore magmatism

e

Shelf break

late Eocene - early Oligocene

Pliocene - Quaternary

Fig. 8. Tectonic map and geodynamic models of the study area. (A) Simplified structural map of the study
area (dashed yellow box) and the surrounding regions. Faults identified in the present work by multichannel
seismic lines and multibeam data are shown in red; in black are the inferred faults and morphotectonic
lineaments derived from the analysis of the multibeam data and the DEM created with GMRT, version 4.3.0
(www.gmrt.org), and the software GeoMapApp, version 3.7.4 (www.geomapapp.org; CC by Ryan et al.?%)

and integrated with literature information*?; in grey the faults of the Adare Trough by Granot et al.®. The
submarine magmatic ridges identified in this work (MAMR and mMR) are also shown, together with the
magmatic ridge (OCAMR) north of Cape Adare (CA), which was recognized on the basis of acromagnetic
and morpho-bathymetric data (see Supplementary Material). The map of (A) was created with Global Mapper,
version 18.2.2, Blue Marble Geographics (www.globalmapper.it), and Geo-Suite AllWorks, version 2024R1,
Geo Marine Survey Systems (ww2.geosys.nl/en/software/geosuite-allworks). (B) Tectonic structures and
magmatic ridges in (A) superimposed on the maximum horizontal gradient of the aeromagnetic anomaly
data. In general, the maximum value of the horizontal gradient is theoretically located above the edge of

its potential source and enhances the edges of the magnetic anomaly data to identify the boundaries of its
source. The maximum values indicated by red colours provide an approximate outline of the potential source
bodies, which align well with the mMR and MAMR. The map of (B) was generated with the geophysical
software “Oasis montaj”, version 2023.1, (https://www.seequent.com/products-solutions/oasis-montaj/). (C)
Simplified geodynamic reconstruction of the area shown in (A) (yellow box) during the late Eocene-early
Oligocene, when the initial phase of the opening of the Tasman Gateway was likely characterized by the
development of a NW-oriented, left-lateral transform plate boundary between the Antarctic and Australian
margins. (D) Simplified geodynamic reconstruction of the area shown in Fig. 8A (yellow box) during the
Pliocene-Quaternary. The magmatic ridges (MAMR, mMR, OCAMR) are associated with the development

of roughly N-S oriented extensional faults that formed within a NW-trending, right-lateral megashear zone.
This deformation zone is thought to be the result of intraplate continuation of the Balleny Fracture Zone in the
offshore area of northern Victoria Land. The megashear zone reactivated the former plate boundary. AP Adare
Peninsula, CB crustal block, NVL northern Victoria Land, SF buried fault at the south-eastern end of the CB.

the primary reflections, allowed to remove them only partially. The use of migration therefore produced
diffractions in the multiples that, although not aesthetically pleasing, do not affect the interpretation of the data.
Processing was performed using the open-source seismic processing package Seismic Unix and Echos™ software
from Aspentech’. The seismic interpretation was performed using the S&P Global Kingdom' seismic package.
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The magnetic survey was carried out with an Overhauser Proton Precession Marine Magnetometer, with
a maximum resolution of 0.001 nT and a sample rate of 1 Hz, towed from the back deck of the vessel with a
280 m-long cable to a depth of 2 m below sea level. Magnetic profiles were acquired discontinuously along
BOOST seismic lines 3 and 1. Magnetic anomaly data were corrected (i.e. IGRF 2020%) and processed with
low-pass filtered (30 min).

During BGR-expedition GANOVEX IX airborne magnetic data were acquired by using a Twin Otter aircraft.
The area was surveyed from a base camp on Edisto Glacier, with a line spacing of 5 km and tie line spacing of
25 km with a Scintrex CS-3 cesium magnetometer sensor and the survey was mainly conducted at a constant
altitude of 600 m above sea level. The magnetic data was corrected and processed using Geosoft’s Oasis Montaj
geophysical software (e.g. de-spiking, core field correction, diurnal variations and levelling procedures). The
analytical signal and maximum horizontal gradient are calculated and can be useful in the location of the edges
of magnetic source bodies.

Data availability
The data used to support the findings of this study are available from the corresponding author upon request.
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