Supplementary general circulation modeling data
This supplement contains a total of 7 figures presenting complementary general circulation modeling data. Figure S1 shows a detailed map of the implemented regional model bathymetry, along with a comparison to a previous study by Dummann et al. (2020). Minor adjustments to the Early Albian model bathymetry of the study area used in Dummann et al. (2020) were made to account for the reduced northward extent of the Angola Basin north of the Walvis Ridge (~30° S) and a more eastward position of the Falkland Plateau during the Aptian. Figure S2 shows a total of 6 time series of simulated upper (at a depth level of 5 m), and deep ocean temperatures (at depth levels of 1033 m and 3257 m) during model spin-up, averaged globally and over the study area (0°–90°S, 40°W–20°E). These data indicate that the model reached a quasi-steady state after about 2,000 yr during the 3,000 yr-long model spin-up. Figure S3 shows N–S depth transects of temperature and salinity across the South Atlantic and Southern Ocean basins, which are used to demonstrate the prevalent mode of deep water circulation during the Early Aptian. The results indicate nearly stagnant deep water circulation in the deepest parts of the Cape Basin (>2000 m), where warm and saline waters accumulated. More vigorous halokinetic overturning is simulated at intermediate water depths, as reflected in subsurface maxima in temperature and salinity between 400–800 m water depth. Figure S4 shows the surface wind fields and resulting patterns of wind-driven ocean upwelling in South Atlantic basins. In contrast to the modern location along the coast of SW Africa, which is strongly influenced by the Benguela upwelling system, our simulations indicate that no large-scale upwelling occurred along the SW African margin during the Aptian, neither at CO2 levels of 600 ppm nor 1200 ppm. Figures S5–S7 show detailed maps of annual and seasonal precipitation changes over southern Africa in response to a doubling in pCO2 (600 ppm and 1200 ppm) and variations in orbital configuration (“warm summer orbit” = 24.5° obliquity and perihelion during southern summer solstice; “cold summer orbit” = 22.0° obliquity and perihelion during southern winter solstice) at 600 and 1200 ppm pCO2, respectively.
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[bookmark: _Ref56178915]Figure S1: Regional ocean model bathymetry used in (a) this study and (b) in the Late Aptian/Early Albian simulations of Dummann et al. (2020). Changed grid points are highlighted in pink. Both studies use the same Kiel Climate Model. To account for the slightly older Aptian time interval investigated in this study, the northward extent of the South Atlantic was reduced and replaced by the early Aptian boundary conditions from Sewall et al. (2007) north of 30°S. Furthermore, the Falkland Plateau (∼55°S) is moved to a more eastward position to limit intermediate water exchange between the South Atlantic and Southern Ocean during the Early Aptian, consistent with the results of Dummann et al. (2020).
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[bookmark: _Ref56179087]Figure S2: Time series of simulated annual mean ocean temperatures averaged globally (left-hand side panels) and over the South Atlantic and Southern Ocean study region (right-hand side panels; 0°–90°S, 40°W–20°E) shown at model depth levels of 5 m, 1033 m and 3257 m. Simulations were initialized with the final state of the 6,000 year long integrations described in Steinig et al. (2020) using the same model with a slightly different paleo-bathymetry (Figure S1b).
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[bookmark: _Ref56354241]Figure S3: Simulated zonal mean ocean temperature and salinity sections across the South Atlantic and Southern Ocean sector. Annual mean fields are averaged between 30°W and 5°W. Ocean relief represents maximum water depth at each latitude. Warm and saline intermediate water masses are formed due to strong evaporation along the northern shelf regions of the South Atlantic basin. These water masses are exported southward into the Cape Basin and can be identified by the subsurface maxima in temperature and salinity above Site 361. Surface waters are characterized by the northward advection of cold and fresh surface waters from the Southern Ocean.
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[bookmark: _Ref56354558]Figure S4: Surface wind stress and ocean vertical velocity at 10 m water depth simulated by the KCM at 600 ppm CO2 (left-hand side panels), 1200 ppm CO2 (panels in the center), and their respective differences (right-hand side panels), implementing the present-day orbital configuration. Results are averaged over the whole year (top panels), the months December to February (middle panels) and the months June to August (bottom panels). Positive values indicate upwelling.
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[bookmark: _Ref56354714][bookmark: _Hlk48734038]Figure S5: Surface wind and total precipitation simulated by the KCM at 600 ppm CO2 (left-hand side panels), 1200 ppm CO2 (panels in the center) and their respective differences (right-hand side panels), implementing the present-day orbital configuration. Results are averaged over the whole year (top panels), the months December to February (middle panels) and the months June to August (bottom panels).
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[bookmark: _Ref56354728]Figure S6: Surface wind and total precipitation simulated by the KCM at 600 ppm CO2 for the “warm summer orbit” (left-hand side panels), “cold summer orbit” (panels in the center) and their respective differences (right-hand side panels). Results are averaged over the entire year (top panels), the months December to February (middle panels) and the months June to August (bottom panels).
[image: ]
Figure S7: Surface wind and total precipitation simulated by the KCM at 1200 ppm CO2 for the “warm summer orbit” (left-hand side panels), “cold summer orbit” (panels in the center) and their respective differences (right-hand side panels). Results are averaged over the entire year (top panels), the months December to February (middle panels) and the months June to August (bottom panels).
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