
Dear Editor, 

We thank Anonymous Referee #2 for investing additional time to evaluating our revised manuscript. We are 

appreciative of this positive evaluation and are very happy to discuss the remaining points here and in a revised 

manuscript. 

 

The new version of the manuscript by van der Weijst et al. is definitely improved in that additional data have been 

generated and included, Mg/Ca and stable oxygen and carbon isotopes, into the study. This makes the picture of 

a deepening of the eastern tropical Atlantic thermocline (TAT) during the warmest part of the Pliocene very 

convincing. Interestingly, the thermocline shoals again with the intensification of Northern Hemisphere 

Glaciation. My main point of review on the previous version was that the discussion was not very well developed. 

And though this has significantly improved I feel this can still be improved. The three possible options that are 

presented to explain why the TAT shows the same behaviour as in the Caribbean are related to closing of the 

Panamanian Gateway, temperature changes in the source areas of the thermocline waters and changes in 

cyclone activity. But the discussion stops with mentioning that neither of these fits very well. I think, however, 

that the data are convincing enough to make a choice on which explanation the data point to, i.e. related to the 

closing of Panama and the formation of warm pool-like conditions in the western Atlantic that may have well had 

their impact as far as the eastern Atlantic. You show in figure 1 the thermocline tilt from the Caribbean to the 

eastern Atlantic. It would seem very likely to me that a big change like the closing of Panama occurs, that this 

affects the whole tropical Atlantic.  

 

Author reply: 

We thank the reviewer for their positive evaluation of our revised version and acknowledge the push towards 

more firm conclusions. We discuss two potential mechanisms for vertical movements of the tropical thermocline: 

CAS closure, and source water temperature changes, with the latter potentially amplified by a positive feedback 

with tropical cyclones. To clarify, we do not state that neither of the described scenarios fits well, but rather that 

the actual mechanisms remain speculative (e.g. lines 24-25 and 281). The reason for this is that data from proxy 

records and model simulations are currently too limited to confirm or refute the hypothesized mechanisms. 

However, we prefer the source water/tropical cyclone feedback mechanism over CAS closure, as we express in 

lines 25-29 and 282-288. That is because climate models simulate a global shallowing of the tropical thermocline 

in response to CAS closure (Steph et al., 2010; Zhang et al. 2012). The mechanism that drives regional warming 

in the Caribbean Sea as simulated by Steph et al. (2010), e.g. reduced inflow of cool Pacific surface waters, may 

not apply to the tropical central and east Atlantic, but this could further be explored in future studies. Likewise, 

the source water/tropical cyclone hypothesis should be tested in model simulations, and could additionally be 

supported or refuted by better proxy records from mid-latitudes. As we describe in lines 256-261, available data 

seems generally consistent with our hypothesis, but it reasonable to believe that currently unknown/undiscussed 

mechanisms were involved as well. Our mechanistic understanding of oceanic and atmospheric heat transport 

in relation to thermocline depth is limited, as are our understanding of the geographical and climatological 

boundary conditions of the Pliocene, including the timing of CAS closure (e.g., Montes et al., 2015; O’Dea et al., 

2016). 

 

Because it is clear that much more work is needed to confidently assign a mechanism to the documented tropical 

thermocline changes in the Atlantic, we would like to refrain from expressing stronger conclusions. Instead, we 

prefer to present our discussion as a framework for further research. In a revised version, we will more explicitly 

address what further steps are needed to identify the mechanisms involved in Pliocene thermocline adjustments. 

 

 



A second point that I still find not very well developed is the global comparison with other sites. To identify 

common trends in different basins is a good idea to place the records in a global perspective. But then include 

some of the compilations that are present, also for the Atlantic like Karas et al. (2017), Bell et al. (2015) or De 

Schepper et al. (2013, 2014). The location of Site 959 is a great addition to these paper as it indeed shows that it 

is filling in a blank spot on Pliocene data.  

 

Author reply: 

We thank the reviewer for these suggestions. We carefully reviewed the data presented in these papers and 

found two southern hemisphere SST records in Karas et al. (2017) that are helpful in the comparison with the 

thermocline records. These will be included in a revised version of Figure 7. Data from other regions was 

unfortunately less useful due to limited age ranges and absence of SST data. The additional records further 

support the discussion in lines 256-261, which will be updated accordingly.  

 

I’m still a bit confused on why you chose to use Site 1000 for the comparison with Site 959 rather than Site 999. 

The main reason is that the later part of Site 1000, due to its much shallower waterdepth, is heavily affected by 

diagenesis (Groeneveld et al., 2006). Especially the Mg/Ca-related temperatures but probably also the isotopes 

are strongly biased by inorganic precipitates. Site 999 on the other hand comes from a greater waterdepth where 

diagenesis is not issue, and continuous high-resolution Mg/Ca and d18O records are available. Regarding the 

number of specimens used for isotopes and Mg/Ca. Were these coming from the same pool of 60 specimens and 

separated after crushing for either isotopes or Mg/Ca? Or were these separate batches? 

 

Author reply: 

We selected Site 1000, because in contrast to Site 999, there are δ18O records available of both surface and 

subsurface-dwelling foraminifera, generated on the same samples. This is needed to calculate the vertical δ18O 

gradient (Δδ18O) for direct comparison to the complete Pliocene interval at Site 959. 

 

Foraminiferal preservation at Site 1000 was discussed at length by Groeneveld et al. (2008). They conclude that 

the δ18O record was not influenced by diagenesis. Instead, amplified δ18O variability between 4.5-5.6 Ma is 

interpreted to reflect fluctuating salinity on precessional timescales. They speculate that the Mg/Ca might have 

been affected by diagenetic overgrowth, but LA-ICP-MS analyses do not support this. Alternatively, they suggest, 

atypical Mg/Ca values might have been affected by salinity fluctuations. In conclusion, we have no reason to 

distrust the δ18O records at Site 1000, especially because we are interested in variability on >20 kyr (precessional) 

timescales. In a revised manuscript, we will discuss the conclusions of Groeneveld et al. (2008) on the quality of 

the δ18O records at Site 1000. 

 

Lines 132-135: According to Dekens an Atlantic correction is not necessary until 2.8 km waterdepth. 

 

Author reply: 

The data presented in Dekens et al. (2002) was predominantly generated on deeper core tops. The relationship 

between Mg/Ca and depth above 2.8 km could not directly be determined, and had instead be extrapolated from 

deeper data. According to Dekens et al. (2002), there are three possible dissolution scenarios in shallower water 

(see their Figure 8), and they cite evidence from plankton tows that supports dissolution is shallower waters 

(scenario in Figure 8c). Based on their own data, they can only claim that a dissolution correction is needed in 

waters >2.8 km. They do, however, not explicitly advice against correction in shallower water. Furthermore, more 

recent studies do explicitly support a dissolution-correction at shallower tropical Atlantic sites (e.g. Hertzberg 

and Schmidt, 2013). Regenberg et al. (2014) determined that the critical Δ[CO3
2-] threshold for Mg/Ca correction 

is 21.3 μmol kg−1, which is presently located at <2.0 km depth in the east equatorial Atlantic. The communities’ 



understanding of Mg/Ca calibration and correction is continuously evolving, and the correction factor used in 

this study could someday be deemed inappropriate. Therefore, we provide raw Mg/Ca values in the supplement 

so that the records can be recalibrated according to new insights in the future. 

 

Line 170-172: I agree that propagated errors are getting pretty large, but which alternative do we have? It’s the 

main reason absolute salinities are usually not calculated but we rather stick with relative changes. 

 

It would be helpful in the figures to indicate the present-day characteristics, e.g. what is the present salinity 

difference between surface and thermocline? 

 

Author reply: 

As explained in lines 173-176, we use a semi-quantitative method to calculate relative changes in the vertical 

salinity gradient. We consider the reconstructed trends reliable, although the magnitude of variation is strongly 

affected by the assumption of the δw-salinity slope, as illustrated in Figure 5. We cannot indicate the present-

day salinity gradient between surface and thermocline in Figure 5, because the y-axis is not calibrated (lines 176-

179) and can only be used to infer relative salinity changes through time. We further elaborate on this in lines 

181-191, where discuss the possible meaning of the Pliocene Δsalinity record in the context of present-day 

hydroclimate conditions in the east equatorial Atlantic. For detailed information on the modern situation, the 

reader is referred to Figure 1 (line 187). In a revised version, we will further elaborate on our choice to calculate 

relative salinity changes through time. 

 

Supplement: Put the species names in italics and the isotope numbers in superscript. 

 

Author reply: 

We will do so. 

 

In conclusion, I think the manuscript still needs more discussion but the addition of new data has improved the 

story a lot. Along with a clear structure and easy reading I recommend moderate revisions to make this a good 

contribution to Climate of the Past. 


