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The zonal circulation in the Southern Ocean (SO) is dominated by the Antarctic Circumpolar 
Current (ACC), the largest current in the world, flowing eastward, all around the Antarctic 
continent. The ACC main flow is divided by several hydrological fronts that represent physical 
boundaries between its water masses. Recent studies in the modern SO have shown that the ACC 
fronts play a major role on oceanic drawdown of anthropogenic CO2 and on nutrients distribution, in 
particular where the ACC flow is deviated by topographic highs (volcanic plateaus and rises, 
subantarctic islands or submarine ridges). At these locations, frontal migrations in the past may 
have influenced the water column structure and primary productivity, with feedback on atmospheric 
CO2 concentration (atm CO2). Although the concept of latitudinal shifts of fronts, related to climate 
variations has been proposed in the literature, very few studies linked the latitudinal extent of those 
shifts to specific climate conditions and assessed their potential role on glacial-interglacial cycles and 
global climates. 
In the modern SO, each front is defined by a specific sea surface temperature (SST) range and is 
associated to the northern extent of a sub-surface isotherm at 200 m (θmin), with the latter metric 
being considered more robust. Estimations of past ACC fronts positions were, however, mostly based 
on SST estimations, as it is the only metric possible to reconstruct from the biogenic content of 
sediments (diatoms, foraminifera, alkenones…). In this work, a new approach to estimate 
subsurface temperatures (sub-ST) from fossil radiolarian assemblages is developed using transfer 
functions (TF) and the recently published Southern Ocean RADiolarian (SORAD) dataset. SORAD 
is the largest compilation of radiolarian census data in surface sediments of the SO, comprising over 
220 samples with countings for ~ 240 radiolarian species. With this method, subsurface 
temperatures at 200m depth in three sediment cores of the Southern Indian Ocean (SIO) are 
predicted from radiolarian fossil assemblages. 
The new results are used to track locations of the main ACC fronts’ corresponding θmin in the past. 
The results are compared to published data, especially SST records, from several marine cores in the 
same region to robustly constrain ACC fronts positions in the SIO over the last 360 kyrs. First 
interpretations of these latitudinal shifts’ impacts at both a basin- and a more regional scale are 
hereby provided. New and published results presented in this thesis, congruently point to a 
relocation of the Antarctic Polar Front (APF), and the ACC main branch, north of the Kerguelen 
Plateau (KP) and Crozet Plateau (CP) during glacial periods. Due to cooler climates and northerly 
fronts during the MIS 3 – MIS 2 period (42 – 24 kyrs), the Agulhas gateway south of the African 
continent closed, increasing the influence from lower latitudes on the surface waters east of 
Kerguelen Islands (KI) by strengthening the Agulhas Return Current (RC). In this glacial 
configuration, the ACC main flow had reduced interactions with bathymetric features of the SIO, 
resulting in the weakening of eddy hotspots located downstream of the CP and KP. This process may 
have participated in isolating Antarctic Surface Waters (AASW) from subsurface waters at a basin 
scale, possibly lowering CO2 outgassing from the ocean interior to the atmosphere. Conversely, 



during warmer-than-modern early interglacials, the APF shifted south of the CP, nearby Conrad 
Rise and to the Fawn Trough (a deep sill in the KP). In this configuration, the fronts opened the 
Agulhas gateway south of the African continent, reducing the RC influence east of KI. During these 
periods, the fronts and main flow of the ACC probably had stronger interactions with bathymetric 
highs of the SIO, increasing Eddy Kinetic Energy (EKE) generation downstream of the CP and KP. 
This process participated in re-ventilating the water column post-deglaciations and, thus, to the 
outgassing of CO2 to the atmosphere. 
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