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SUMMARY

Seismic reflection and refraction data were collected in 2007 and 2012 to reveal the crustal
fabric on a single long composite profile offshore Prydz Bay, East Antarctica. A P-wave
velocity model provides insights on the crustal fabric, and a gravity-constrained density
model is used to describe the crustal and mantle structure. The models show that a 230-km-
wide continent—ocean transition separates stretched continental from oceanic crust along our
profile. While the oceanic crust close to the continent-ocean boundary is just 3.5-5 km thick, its
thickness increases northwards towards the Southern Kerguelen Plateau to 12 km. This change
is accompanied by thickening of a lower crustal layer with high P-wave velocities of up to
7.5 kms™, marking intrusive rocks emplaced beneath the mid-ocean ridge under increasing
influence of the Kerguelen plume. Joint interpretations of our crustal model, seismic reflection
data and magnetic data sets constrain the age and extent of oceanic crust in the research area.
Oceanic crust is shown to continue to around 160 km farther south than has been interpreted
in previous data, with profound implications for plate kinematic models of the region. Finally,
by combining our findings with a regional magnetic data compilation and regional seismic
reflection data we propose a larger extent of oceanic crust in the Enderby Basin than previously
known.
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mantle plume. Remnants of volcanism from this event are known

L INTRODUCTION onshore in the Prydz Bay region, from the western flank of the

The geometries and distributions of the present-day southern con-
tinents and oceanic basins are products of the breakup and disper-
sal of Gondwana since the Jurassic. The detachment of continents
from Antarctica (ANT) continued for more than 100 Myrs after
starting between Antarctica and Africa (AFR) about 165 Ma with
the formation of the oceanic Riiser Larsen Sea/Mozambique Basin
(Jokat et al. 2003; Konig & Jokat 2010; Leinweber & Jokat 2012;
Mueller & Jokat 2019). This separation was accompanied by mas-
sive volcanism both onshore Africa—Antarctica as well as in the
newly formed oceanic basins. During the separation of Antarctica
and Africa, India and Madagascar still were parts of the Antarctic
Plate. This plate further fragmented around 133 Ma, leading to the
separation of India—Madagascar from Antarctica to form oceanic
basins in the Bay of Bengal and Enderby Basin.

During the early part of this drift phase, the dispersal was accom-
panied by excess magmatism related to the arrival of the Kerguelen

Lambert Rift (Coffin et al. 2002; Sushchevskaya et al. 2018), and
from the Rajmahal flood basalts erupted onshore between 112 and
118 Ma in the conjugate parts of India (e.g. Mahoney et al. 1983;
Kent et al. 2002). Offshore, plume-related magmatism formed the
Kerguelen Plateau (KP, Fig. 1), the second-largest large igneous
province (LIP) preserved anywhere on Earth. The KP erupted dur-
ing several magmatic phases from south to north, as documented
by eleven ODP drill sites (Frey et al. 2003). Important for our
study are two results, which played an important role for any recent
kinematic model for the Antarctic—Indian breakup. First, the oldest
basalts drilled at the southern Kerguelen Plateau (SKP) have an age
of 121 Ma, at site 1136 (Jiang et al. 2021) Geochemical analyses
indicate that the SKP basalts from sites 738, 749, 750 and 1137
solidified from melts that contained small components (<5-7 per
cent) of continental lithospheric origin (Fig. 1; Mahoney et al. 1995;
Frey etal. 2000, 2002; Weis et al. 2001; Ingle et al. 2002). Secondly,
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Figure 1. Overview maps. (a) Bathymetric map of the area of interest (GEBCO Bathymetric Compilation Group 2021). Black numbers indicate the OBS
numbers along both profiles. (b) Helicopter borne magnetic data acquired along the profiles. The location of the magnetic profiles has been shifted to the right
to aid visibility of the seismic profile. Panels (c) and (d) show the positions of different COBs, extinct ridges and isochrons. Abbreviations: Ant, Antarctica;
COB, continent-ocean boundary; EB, Elan Bank; PB, Prydz Bay; PET, Princess Elizabeth Trough; NKP, Northern Kerguelen Plateau; SKP, Southern Kerguelen
Plateau.

coring at Site 1137, located to the northwest on Elan Bank (Fig. 1), Antarctica (Frey et al. 2003). Most of these studies concluded that
returned clasts of garnet-biotite gneiss from a fluvial conglomerate the continental-related volcanism occurred close to the drill sites
intercalated with basalts (Frey et al. 2000). Analyses of the clasts and that Elan Bank and parts of the SKP may therefore be isolated

revealed similarities to gneisses known from eastern India and East microcontinents.
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