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The West Antarctic Rift System is a series of largely ice-covered rift valleys extending over ~3000 × 750 km, from the Ross Sea to the base of the Antarctic Peninsula (Fig. 1). Several phases of extension have affected the region: rifting initiated during the Jurassic and continued until the Neogene (~23–3 Ma), with evidence for possible Quaternary (<3 Ma) activity in the southern Terror Rift (Fielding et al., 2006; Martin et al., 2010). Antarctic rifting has been associated with the emplacement of alkaline volcanic edifices, ranging in age from the Oligocene (~33–23 Ma) to the present day, located along the western shoulder of the rift and in the foothills of the Transantarctic Mountains (Fig. 1a).

As in many alkaline volcanic provinces, mantle fragments are entrained as xenoliths within ascending magmas (e.g., Martin et al., 2023). These xenoliths provide key constraints on the physico-chemical properties of the upper mantle, offering valuable insights into mantle structure, magmatic processes, and regional tectonic evolution.

Current understanding of active tectonic and volcanic processes in the Terror Rift (Fig. 1b) relies primarily on onshore data, including geophysical observations and studies of subaerial volcanoes (e.g., Beaufort and Franklin Islands in the Ross Sea). However, most active processes occur offshore. Recent mapping and sampling have revealed two branches of N–S-aligned submarine seamounts in the Ross Sea (Tominaga et al., 2025), explored during the NBP25-01 expedition aboard the R/V Nathaniel B. Palmer (February–April 2025).

Results from this interdisciplinary expedition indicate that volcanism in this region is predominantly explosive, producing lithologies such as lava fragments and volcaniclastic materials including agglomerates, breccias, tuffs, and volcanic bombs (Tominaga et al., 2025). Preliminary geochemical and geochronological data suggest a south-to-north propagation of volcanic activity, synchronous across both branches, with a more pronounced alkaline signature in the eastern branch (pers. comm. K. Panter). The youngest edifices, located in the Flapjack Field (Fig. 1b), display both explosive and effusive eruptive styles, as observed at Feather Top and Squid Ridge seamounts, respectively.

Among the 50 dredges recovered during NBP25-01, around half contain mantle xenoliths, providing a unique opportunity to investigate the spatio-temporal evolution of mantle composition, thermal structure, and physico-chemical properties beneath this active rift segment. Constraining these properties is particularly important in a region where lithospheric processes interact strongly with ice and ocean dynamics. Mantle composition, grain size, volatile content, and thermal structure exert primary controls on surface heat flow and mantle rheology, and therefore influence ice shelf dynamics and glacial isostatic adjustment.
This PhD project aims to study this exceptional suite of mantle xenoliths in order to:
(1) reconstruct their magmatic, metasomatic, and deformational histories and the conditions under which these processes occurred, and
(2) better constrain magmatic and tectonic processes within the Terror Rift, including the evolution of its plumbing system, thermal structure, and the origin of compositional and eruptive variability.
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Figure 1. (a, left) Simplified map of Antarctica showing the major normal faults bording the West Antarctic Rift System (WARS) sparating East and West Antractica, and the distribution of associated volcanoes (b, right) Bathymetric map of the Terror Rift volcanic field (Ross Sea) showing the location of dredges collected during cruise NBP25-01 (Tominaga et al., 2025). Green circles indicate dredges that recovered mantle xenoliths; dredge 03 is shown as example in inset B.
(1) Spatio-temporal variations in mantle composition and petrological history

A comprehensive petrological study will be conducted, including major and trace element analyses of whole rocks and constituent minerals. These data will help characterize spatial variations in mantle mineralogy and document processes such as melt depletion, refertilization, and fluid-rock interaction, as well as constrain the composition and origin of interacting melts and fluids.

Thermobarometric estimates will be obtained using mineral equilibria (e.g., clinopyroxene in lavas; clinopyroxene-orthopyroxene and olivine-spinel pairs in mantle xenoliths). In situ or mineral separate geochronology (e.g., Re-Os on clinopyroxene, K-Ar on amphibole and mica) will be used to date magmatic and metasomatic events. These data will constrain the pressure-temperature-time conditions recorded by the xenoliths and provide insights into the geometry and evolution of the rift plumbing system and thermal structure.

(2) Relationships with volcanism, mantle rheology, and regional tectonics

Isotopic analyses of mantle xenoliths will be performed to better constrain the origin of the alkaline and radiogenic signatures observed in the lavas, as well as the compositional differences between the western and eastern branches of the Terror Rift volcanic field. Radiogenic isotopes will be analyzed alongside non-traditional systems if required (e.g., Fe isotopes), in collaboration with K. Panter (BGSU, USA), who is currently investigating the composition of associated volcanic products.

Comparative analysis of xenoliths from Feather Top (DR34) and Squid Ridge (DR03) will help identify the factors controlling explosive versus effusive volcanism in the volcanically active Flapjack Field region.

Finally, deformation histories derived from petrological observations will be integrated with microstructural analyses (in collaboration with A. Cross, WHOI, USA) to constrain mantle rheology and viscosity beneath the Terror Rift, and to better understand grain-scale processes involved in glacial isostatic adjustment.
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