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The “Greenhouse World” of the early Cenozoic (~65-34 Ma) was characterized globally by warm climates. Warming 
reached a broad Cenozoic maximum between ~56 and ~50 Ma during the late Palaeocene through Early Eocene, 
when e.g., crocodiles and palm trees flourished around an Arctic Ocean covered with warm, brackish to fresh surface 
waters (Sluijs et al., 2006; Brinkhuis et al., 2006). However, from the beginning of the Middle Eocene (~48.6 Ma) 
onwards, the deep waters of the oceans started to cool through an as yet not understood mechanism (Zachos et al., 
2008). Eventually, ice sheets expanded to reach the coasts on the Antarctic continent by the beginning of the Oligo-
cene (Zachos et al., 1992). 

Much information on the warm oceans of the Greenhouse World has been gained using material recovered from the 
sea floor by the various ocean drilling programs, incl. the present Integrated Ocean Drilling Program (IODP). Despite 
all efforts, we still do not fully understand the reasons for these warm climates, the amplitude of climatic variability 
during warm climates, or the processes by which high latitudes could have been kept as warm as indicated by proxy 
data and biota, let alone the onset of global cooling. Atmospheric CO2 levels may have been very high (>2000 ppmv) 
during the Paleocene and early Eocene (Pagani et al., 2005); associated feedbacks of elevated greenhouse gas concen-
trations may have been important in keeping the Greenhouse World warm. 

 

 

Figure 3.13. Kennett and others (Kennett, 1978) assumed that low latitude surface currents could reach and 
warm the Antarctic coastline. However, through advances in general circulation modeling, it is now shown that 
clockwise gyre systems prevented the low latitude surface currents to reach Antarctica (Sloan and Rea, 1995;Huber 
et al., 2004).  

Indeed, climate modeling results suggest that the concentration of greenhouse gases (principally CO2) in the atmos-
phere has been the main influence on paleoclimate and the development of the Antarctic ice sheet (DeConto and 
Pollard, 2003). According to these modeling results the Antarctic ice sheet started to form when the concentration of 
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greenhouse gases (for unknown reasons) dropped at some time in the early Oligocene (Pagani et al., 2005). Back in 
the 70’s, Kennett (1978) and colleagues proposed that relatively warm surface ocean waters flowed southwards along 
Australia, reaching the Antarctic continent, keeping that continent warm (Figure 3.13). Recent biogeographical data 
and climate modeling deny such southward low latitude derived currents in the Eocene (Figure 3.13). Instead, a 
clockwise gyre existed in the southern Pacific ( Figure 3.14; Huber et al., 2004; Stickley et al., 2004). Overall, there 
has recently been less acceptance of the hypothesis that Cenozoic cooling of Antarctica was mainly caused by changes 
in oceanic circulation, while the role of decreasing CO2 levels in the atmosphere and associated feedbacks is seen 
more and more as a significant climate forcing factor. Temperature reconstructions from high latitudes are crucial in 
improving knowledge of ancient greenhouse climates. Existing sea surface temperature (SST) reconstructions are 
primarily based on oxygen stable isotope analysis of surface dwelling planktonic foraminifera and/or fine fraction 
carbonates, which are notoriously prone to superposed, often local effects of salinity and differential biotic fractiona-
tion. On top of this, considering the near absence of pelagic carbonates at high latitudes, from these, climatologically 
truly critical regions, information is lacking altogether.  

 

Figure 3.14. Middle Eocene compilation of Antarctic biogeography in the Southern Ocean, overlain by the mod-
eled surface current configuration (Modified from (Francis et al., 2009); Bijl et al., in prep.). The sites with ab-
undant endemism are situated in regions either at the Antarctic Margin or in regions with strong Antarctic influ-
ence. Hence, the field evidence of biogeography corroborate with the modeled ocean current configuration. 

 

Recent years have seen the development of alternative ‘palaeothermometers’, e.g., the UK’37 and TEX86 techniques 
based on organic biotic molecular ratios (Schouten et al., 2002). Notably in combination with supporting evidence 
coming from the quantitative analyses of organic remains of surface dwelling organisms like dinoflagellates, which are 
abundant at high latitudes, reliable quantification of SSTs derived from TEX86 have been achieved for e.g., the early 
Eocene Arctic Ocean (Brinkhuis et al., 2006;Sluijs et al., 2006). No such data are however as yet available for the 
Southern Ocean, presumed to be the dominant domain of deep water production during the early Cenozoic (e.g., 
Thomas et al., 2003). 
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We analyzed sediments retrieved from the East Tasman Plateau, within Ocean Drilling Program Leg 189 at Site 
1172. It contains an expanded section of lower Paleocene to upper Eocene marginal marine siliciclastic sediments. 
The combination of detailed dinocyst biostratigraphy and magnetostratigraphy allows for tight age control on the 
section, and indicates that the record at Site 1172 is quasi continuous. 

  

Figure 3.15. TEX86 and Uk’37 from Site 1172 at the East Tasman Plateau. From (Bijl et al., in press) 

The TEX86 record at Site 1172 indicates subtropical (~34ºC) SSTs for the Early Eocene; SSTs before and after the 
Early Eocene are cooler, ~23ºC (Figure 3.15). The Middle Eocene Tasman SST record shows a similar gradual cool-
ing trend as in New Zealand (Hollis et al., 2009).  

With ever growing numbers of Paleogene sections analyzed for TEX86, we can begin to see the contours of latitudinal 
SST gradients through the Paleogene. The organic geochemical proxies further strengthen suggestions that Eocene 
latitudinal temperature gradients were much lower than at present day (Figure 3.16).  

The remarkable finding of such low latitudinal gradients in the Eocene is even more special in the light of GCM 
experiments suggesting no increased oceanic heat transport in a high CO2 world. In the absence of increased ocean 
heat transport, how can latitudinal temperature gradients be so low? Importantly, general circulation models (GCMs) 
are not capable of reproducing these low gradients, also with high levels of CO2. Apparently, these GCMs lack polar 
climate feedbacks, required to accurately predict future climates in a high CO2 world. IPCC predictions might there-
fore underestimate high latitude climate change.  

 

Figure 3.16. Compilation of 
latitudinal TEX86 and Uk’37 
SST gradients through the 
Early Eocene (orange) and 
Middle Eocene (blue), relative 
to present day (black). upper-
most left data points (a) 
represent bivalve shell data 
from Seymour Island, and are 
much cooler than those from 
organic palaeothermometry. 
From (Bijl et al., in press). 
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Conclusions 

Field data and GCM experiments suggest clockwise gyres in the Paleogene Southern Ocean, preventing low latitude 
currents to reach and warm Antarctica. Novel techniques to reconstruct ancient SST (such as TEX86) have proven 
their worth in the recent past; we applied this method to sediments retrieved from the Southern Ocean. Despite the 
isolating gyre systems reconstructed by GCMs, sub-Antarctic SSTs were subtropical in the Early Eocene, and gradu-
ally decreased in the Middle Eocene, to still warm temperatures of ~23ºC. A compilation of Eocene organic paleo-
thermometry from sections throughout the world indicates a low SST gradient in the Early Eocene, and increased 
Middle Eocene gradients. Mechanisms explaining such low latitudinal temperature gradients have yet to be resolved, 
in order to accurately predict future climate change. 
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