
SUPPLEMENTARY INFORMATION 5 

6 

The present-day global alkalinity mass balance 7 

A present-day, global mass balance for carbonate alkalinity was established from various 8 

literature sources under the assumption of steady state. For riverine alkalinity delivery through 9 

continental weathering (Fweathering), we use silicate weathering (Fsilw) and carbonate weathering 10 

(Fcarbw) estimates from Gaillardet et al. (1999), adjusted from mol C yr-1 to mol HCO3- yr-1 11 

equivalents. We use the estimates from Hu and Cai (2011) to constrain alkalinity generation 12 

from anaerobic processes in organic-rich sediments deposited along continental margins 13 

(Fanaerobic), representing the sum of net denitrification and sulfate reduction associated with 14 

pyrite burial. We set the global alkalinity output flux associated with carbonate burial (Fcarbb) 15 

equal to the sum of Fweathering and Fanaerobic. Notably, we do not include reverse weathering as an 16 

additional sink, because present-day alkalinity removal through this process is much smaller 17 

than removal through carbonate burial (Mackenzie and Morse, 1992; Isson and Planavsky, 18 

2018). Following Boudreau and Luo (2017), we derive present-day estimates for the pelagic 19 

carbonate burial flux (Fpelagic) from Davies and Worsley (1981) and Mackenzie and Morse 20 

(1992). We assume that Fpelagic represents net burial rates, which implies that the amount of 21 

alkalinity removed from the pelagic oceans should be matched by alkalinity delivery from the 22 

continental margins – hence Ftransfer is set equal to Fpelagic, as in Boudreau and Luo (2017). 23 

Finally, we calculate the marginal carbonate burial flux (Fmargins) as the difference between Fcarbb 24 

and Fpelagic. See Supplementary Table 1 for an overview of these present-day parameters and 25 
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Supplementary Figure 1 for a graphical representation of the present-day global carbonate 26 

alkalinity mass balance. 27 

 28 

Cenozoic alkalinity fluxes associated with weathering 29 

We estimated changes in the total carbonate alkalinity delivery to the oceans associated with 30 

weathering based on inverse modelling of the marine strontium (Sr) and osmium (Os) isotope 31 

records, two well-established proxies for tracing weathering inputs to the global ocean (Ravizza 32 

and Zachos, 2003). Both the 87Sr/86Sr ratio and the 187Os/188Os ratio of seawater are controlled 33 

by inputs from continental and mantle-derived sources, with relatively well-constrained 34 

isotopic compositions at present-day. Sr is delivered to the oceans via silicate weathering, 35 

carbonate weathering, hydrothermal activity and, to a lesser extent, by diagenetic fluxes, while 36 

Os is sourced by silicate weathering, organic-rich sediment weathering, hydrothermal activity 37 

and extraterrestrial fluxes. No isotopic fractionation is associated with Sr and Os burial and 38 

consequently, changes in the 87Sr/86Sr and 187Os/188Os isotope ratios of seawater over time are 39 

governed entirely by changes in the sizes or isotopic compositions of the inputs. Building on 40 

previous studies (Delaney and Boyle, 1988; Richter and Turekian, 1993; Li and Elderfield, 41 

2013), we use the following equations to model the 87Sr/86Sr and 187Os/188Os isotope ratios of 42 

seawater: 43 
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 50 

where N represents the total inventory of Sr or Os in the oceans, F represents the fluxes of Sr 51 

or Os to the oceans from various sources, R represents the 87Sr/86Sr or 187Os/188Os composition 52 

of these sources and the subscripts sw, silw, carbw, orgw, hyd, dia and ext represent seawater, 53 

silicate weathering, carbonate weathering, organic-rich sediment weathering, hydrothermal, 54 

diagenetic and extraterrestrial sources, respectively. For a complete derivation of the equation 55 

for the 187Os/188Os ratio of seawater, we refer to Van der Ploeg et al. (2018) – the derivation for 56 

the 87Sr/86Sr of seawater is analogous. The factors of 9.43 and 7.4 are respectively used to derive 57 

isotopic compositions that are normalized for the natural abundances of 87Sr and 86Sr, and 187Os 58 

and 188Os (Li and Elderfield, 2013). 59 

This system of two equations allows us to numerically solve for two unknowns – silicate 60 

and sediment weathering fluxes, in this case – if the other parameters can all be constrained. To 61 

this end, we follow a simplified version of the approach taken by Li and Elderfield (2013). The 62 

evolution of the 87Sr/86Sr and 187Os/188Os isotopic composition of seawater across the Cenozoic 63 

is well documented: for the 87Sr/86Sr ratio we use the compilation of existing data by McArthur 64 

et al. (2012), and for the 187Os/188Os ratio we use a smoothed fit to the data published in Klemm 65 

et al. (2005) and Burton (2006), updated to the age model of Nielsen et al. (2009). We force the 66 

hydrothermal Sr and Os fluxes (Fhyd) with a range of seafloor spreading and/or degassing rate 67 

reconstructions. We explore the use of the reconstructions of Berner (1994), Rowley (2002), 68 

Müller et al. (2008) and Van Der Meer et al. (2014), but these different forcings for Fhyd have a 69 

relatively minor impact on modelled changes in the various weathering fluxes (Supplementary 70 

Figure 2) and consequently we adopt the subduction zone length-based reconstructions of Van 71 

Der Meer et al. (2014) in the main text. As in previous studies (Li and Elderfield, 2013), we 72 

assume that the diagenetic Sr flux (Fdia) and the extraterrestrial Os flux (Fext) have remained 73 

invariant over the timescale of the Cenozoic (Peucker-Ehrenbrink, 1996; Pegram and Turekian, 74 



1999). Finally, although the seawater Sr and Os inventories have likely changed over time, on 75 

timescales of millions of years these changes are of negligible importance in comparison to the 76 

sizes of the various inputs (Li and Elderfield, 2013) and hence we assume NSr and NOs to be 77 

constant. 78 

We assume that the 87Sr/86Sr and 187Os/188Os compositions of the hydrothermal, 79 

diagenetic and extraterrestrial Sr and Os fluxes (Rhyd, Rdia and Rext respectively) have remained 80 

constant at present-day values. However, the 87Sr/86Sr and 187Os/188Os compositions of the 81 

various weathering fluxes (Rsilw, Rcarbw and Rorgw) have most likely varied through time due to 82 

changing contributions from different source rock types. Because the quantitative evolution of 83 

these parameters is difficult to constrain independently (Ravizza and Zachos, 2003), we have 84 

developed several scenarios to explore the sensitivity of our results to different assumptions 85 

regarding these parameters. In Scenario 1, we assume that present-day Rsilw, Rcarbw and Rorgw 86 

values have remained unchanged during the Cenozoic, with uniform uncertainty distributions. 87 

However, this default assumption is most likely too simplistic given the range of studies that 88 

report variable isotopic compositions of weathering fluxes related to plate tectonic processes or 89 

climate events during the Cenozoic (Raymo and Ruddiman, 1992; Zachos et al., 1999; Lear et 90 

al., 2003). Therefore, we test for the effects of a progressive evolution in each of these 91 

parameters in additional scenarios. In Scenario 2 – 6, we assume a linear increase in one or 92 

more parameters from a minimum at 70 Ma towards present-day values, reflecting the impact 93 

of weathering fluxes with progressively more radiogenic 87Sr/86Sr or 187Os/188Os isotopic 94 

compositions over time. Such increases in Rsilw, Rcarbw and Rorgw would – to a first 95 

approximation – be compatible with the gradually increasing 87Sr/86Sr and 187Os/188Os isotopic 96 

compositions of seawater that have been reported for the Cenozoic (Ravizza and Zachos, 2003; 97 

Lear et al., 2003), and could potentially be related to Himalayan uplift (Colleps et al., 2018). In 98 

Scenario 2, we increase the 87Sr/86Sr composition of silicate weathering linearly from 0.7183 at 99 



70 Ma to 0.7203 at present-day, while in Scenario 3, we increase the 87Sr/86Sr composition of 100 

carbonate weathering increase linearly from 0.7057 at 70 Ma to 0.7077 at present-day. In 101 

Scenario 4, we increase the 187Os/188Os composition of silicate weathering linearly from 0.60 102 

at 70 Ma to 1.05 at present-day, and in Scenario 5, we increase the 187Os/188Os composition of 103 

organic-rich sediment weathering linearly from 1.00 at 70 Ma to 1.78 at present-day. Finally, 104 

in Scenario 6, we combine the increase in the 87Sr/86Sr composition of silicate weathering as in 105 

Scenario 2 with the increase in the 187Os/188Os composition of organic-rich sediment weathering 106 

as in Scenario 5, because these parameters are thought to have a large impact on weathering 107 

flux estimates (Peucker-Ehrenbrink and Ravizza, 2000; Li et al., 2009). Together, Scenarios 1 108 

– 6 provide solutions for these weathering fluxes under a range of probable isotopic 109 

compositions. 110 

Finally, we adopt the assumption that carbonate weathering (Fcarbw) and organic-rich 111 

sediment weathering (Forgw) are proportional to each other on a global scale, and that these two 112 

fluxes can be combined as global sediment weathering (Fsedw) (Derry and France-Lanord, 1996; 113 

Li and Elderfield, 2013). This leaves us with only two remaining unknowns, Fsilw and Fsedw, 114 

which can be solved numerically for the Cenozoic with the above equations. The total carbonate 115 

alkalinity flux from continental weathering (Fweathering) is then given by: 116 

 117 

𝐹3N;-AN<1SK = 𝐹0123 + 𝐹0N,3   (3) 118 

 119 

in which the fluxes are calculated relative to their present-day values. 120 

See Supplementary Table 1 for an overview of all present-day parameter values used 121 

for Sr and Os cycle modelling and Supplementary Table 2 for an overview of the different 122 

scenarios described above. The model results for these scenarios are shown in Supplementary 123 



Figure 3 – 5. We use minimum, mean and maximum estimates based on the full range of these 124 

scenarios (Supplementary Figure 6) for our main Fweathering estimates shown in Figure 1. 125 

 126 

Cenozoic alkalinity fluxes associated with anaerobic processes in marginal sediments 127 

Because alkalinity addition from Fanaerobic is much smaller than Fweathering (Hu and Cai, 2011) 128 

and the temporal evolution of Fanaerobic is difficult to constrain, we assume that Fanaerobic has 129 

remained constant over the Cenozoic. To accommodate associated uncertainties we use the full 130 

range of estimates reported by Hu and Cai (2011), including alkalinity inputs from organic 131 

carbon preservation and pyrite burial in coastal vegetated sediments. The resulting estimates 132 

are shown in Figure 1. 133 

 134 

Cenozoic alkalinity fluxes associated with pelagic carbonate burial 135 

The alkalinity output flux associated with carbonate burial in the pelagic oceans (Fpelagic) is 136 

calculated following Boudreau and Luo (2017). Here, we take the retrodicted pelagic carbonate 137 

burial rates of Boudreau and Luo (2017) (in mol CaCO3 / Myr) that were driven by the global 138 

Cenozoic CCD curve of Lyle et al. (2008) and the Pacific CCD curve for the last 50 Myr of 139 

Pälike et al. (2012), and adjust their values to alkalinity equivalents (in mol HCO3- / Myr). We 140 

also incorporate uncertainties in the size of the present-day pelagic carbonate burial flux by 141 

using minimum and maximum estimates based on Davies and Worsley (1981) and Mackenzie 142 

and Morse (1992). The resulting estimates are shown in Figure 1. 143 

 144 

Cenozoic alkalinity fluxes associated with marginal carbonate burial 145 

With Fweathering, Fanaerobic and Fpelagic constrained, the alkalinity output flux associated with 146 

carbonate burial along continental margins (Fmargins) can be calculated using a mass balance for 147 

global carbonate alkalinity: 148 
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 151 

in which NAlk represents the total inventory of carbonate alkalinity in the oceans. 152 

We calculate Fmargins values with propagation of the uncertainties for Fweathering, Fanaerobic 153 

and Fpelagic described above using the root of the mean square errors. We assess the impact of 154 

potential temporal changes in NAlk using the Cenozoic carbonate alkalinity reconstructions of 155 

Boudreau et al. (2019) to account for any imbalances in the global inputs and outputs of 156 

carbonate alkalinity (Supplementary Figure 7). We convert these modelled carbonate alkalinity 157 

concentrations from mmol HCO3- kg-1 to a total carbonate alkalinity inventory in mol HCO3- 158 

by assuming a seawater density of 1.035 kg L-1 and a global ocean volume of 1.33 x 1021 L 159 

following Charette and Smith (2000). Importantly, the maximum imbalance calculated from 160 

the reconstructions of Boudreau et al. (in revision) is up to two orders of magnitude smaller 161 

than the sizes of the alkalinity fluxes, so the effect of any changes over time in NAlk on Fmargins 162 

is negligible (Supplementary Figure 7). Hence, we assume Nalk to be constant and dNalk/dt to 163 

be zero for our main Fmargins estimates shown in Figure 1. 164 

 165 
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Supplementary Table 1: Overview of all parameters used in alkalinity, Sr and Os cycle 280 

modelling. All values are present-day values taken from the literature or fitted to match the 281 

present-day steady state observations. 282 

Parameter Parameter description Value Reference and Comments 
    
Alkalinity    
Fsilw Silicate weathering flux of alkalinity to oceans 11.7 x 1018 mol/Myr Gaillardet et al. (1999) 
Fcarbw Carbonate weathering flux of alkalinity to oceans 24.6 x 1018 mol/Myr Gaillardet et al. (1999) 
Fweathering Continental weathering flux of alkalinity to oceans 36.3 x 1018 mol/Myr Calculated by adding Fsilw and Fcarbw 
Fanaerobic Alkalinity production through anaerobic processes 

along continental margins  
4 – 6 x 1018 mol/Myr Hu and Cai (2011), taken as the sum of net 

denitrification and pyrite burial fluxes 
Fcarbb Carbonate burial flux of alkalinity from oceans 41.3 x 1018 mol/Myr Calculated by adding Fweathering and Fanaerobic, 

assuming steady state 
Fpelagic Pelagic carbonate burial flux of alkalinity from 

oceans 
24 – 30 x 1018 
mol/Myr 

Boudreau and Luo (2017), following Davies and 
Worsley (1981) and Mackenzie and Morse 
(1992) 

Fmargins Marginal carbonate burial flux of alkalinity from 
oceans 

11.3 – 17.3 x 1018 
mol/Myr 

Calculated by subtracting Fpelagic from Fcarbb, 
assuming steady state 

    
Sr    
N Sr inventory in oceans 1.25 x 1017 mol Palmer and Edmond (1989) 
Fsilw Silicate weathering flux of Sr to oceans 1.05 x 1016 mol/Myr Li and Elderfield (2013) 
Fcarbw (Fsedw) Carbonate weathering flux of Sr to oceans 2.35 x 1016 mol/Myr Li and Elderfield (2013) 
Fhyd Hydrothermal flux of Sr to oceans 1.46 x 1016 mol/Myr Li and Elderfield (2013), taken as the sum of 

the island basalt weathering and hydrothermal 
fluxes 

Fdia Diagenetic flux of Sr to oceans 7.80 x 1015 mol/Myr Calculated to arrive at steady state of Rsw = 
0.709175 

Rsilw 87Sr/86Sr composition of silicate weathering flux 0.7203 Li and Elderfield (2013), following Li et al. 
(2009) 

Rcarbw 87Sr/86Sr composition of carbonate weathering flux 0.7077 Li and Elderfield (2013), following Li et al. 
(2009) 

Rhyd 87Sr/86Sr composition of hydrothermal flux 0.7037 Li and Elderfield (2013), following Bach and 
Humphris (1999) 

Rdia 87Sr/86Sr composition of diagenetic flux 0.7084 Li and Elderfield (2013), following Elderfield 
and Gieskes (1982) 

Rsw 87Sr/86Sr composition of seawater 0.709175 McArthur et al. (2012) 
    
Os    
N Os inventory in oceans 6.83 x 107 mol Oxburgh (2001) 
Fsilw Silicate weathering flux of Os to oceans 551 x 106 mol/Myr Li and Elderfield (2013), following Li et al. 

(2009) 
Forgw (Fsedw) Organic-rich sediment weathering flux of Os to 

oceans 
1119 x 106mol/yr Li and Elderfield (2013), following Li et al. 

(2009) 
Fhyd Hydrothermal flux of Os to oceans 710 x 106 mol/yr Li and Elderfield (2013), taken as the sum of 

the island basalt weathering and hydrothermal 
fluxes 

Fext Extraterrestrial flux of Os to oceans 260 x 106 mol/yr Calculated to arrive at steady state of Rsw = 
1.02 

Rsilw 187Os/188Os composition of silicate weathering flux 1.05 Li and Elderfield (2013), following Peucker-
Ehrenbrink and Jahn (2001) 

Rorgw 187Os/188Os composition of organic-rich sediment 
weathering flux 

1.78 Li and Elderfield (2013), following Li et al. 
(2009) 

Rhyd 187Os/188Os composition of hydrothermal flux 0.126 Li and Elderfield (2013), following Allègre and 
Luck (1980) 

Rext 187Os/188Os composition of extraterrestrial flux 0.126 Li and Elderfield (2013), following Allègre and 
Luck (1980) 

Rsw 187Os/188Os composition of seawater 1.02 Klemm et al. (2005), Burton (2006), Nielsen et 
al. (2009), obtained using a smoothing spline 
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Supplementary Table 2: Overview of the uncertainties incorporated in the weathering 285 

reconstructions and the different scenarios for the 87Sr/86Sr and 187Os/188Os compositions 286 

of the various weathering fluxes. Scenario 1 represents the default scenario, while in Scenario 287 

2 – 6 linear a linear increase in one or more parameter values is prescribed from 70 Ma to 288 

present-day. For these additional scenarios, only the parameters that are different with respect 289 

to Scenario 1 are listed. 290 

Scenario Parameter Present-day value Uncertainty Prescribed 70 Ma value Reference and Comments 
      
Scenario 1: all present-
day values unchanged 

    All other parameters as in 
Supplementary Table 1 

Sr Rsilw 0.7203 ± 0.001 0.7203 Uniform uncertainty 
 Rcarbw 0.7077 ± 0.001 0.7077 Uniform uncertainty 
      
Os Rsilw 1.05 ± 0.1 1.05 Uniform uncertainty 
 Rorgw 1.78 ± 0.1 1.78 Uniform uncertainty 
      
Scenario 2: increasing 
87Sr/86Sr of silicate 
weathering 

Rsilw 0.7203 - 0.7183 Linear increase from 70 Ma to 
0 Ma 

      
Scenario 3: increasing 
87Sr/86Sr of carbonate 
weathering 

Rcarbw 0.7077 - 0.7057 Linear increase from 70 Ma to 
0 Ma 

      
Scenario 4: increasing 
187Os/188Os of silicate 
weathering 

Rsilw 1.05 - 0.60 Linear increase from 70 Ma to 
0 Ma 

      
Scenario 5: increasing 
187Os/188Os of organic-
rich sediment 
weathering 

Rorgw 1.78 - 1.00 Linear increase from 70 Ma to 
0 Ma 

      
Scenario 6: increasing 
Rsilw 87Sr/86Sr and Rorgw 
187Os/188Os 

     

Sr Rsilw 0.7203 - 0.7183 Linear increase from 70 Ma to 
0 Ma 

      
Os Rorgw 1.78 - 1.00 Linear increase from 70 Ma to 

0 Ma 
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 293 

Supplementary Figure 1: Schematic representation of the present-day global carbonate 294 

alkalinity mass balance. Values are expressed as Tmol HCO3- yr-1 and sources are listed in 295 

Supplementary Table 1. 296 

  297 



 298 

Supplementary Figure 2: Sensitivity of the modelled continental weathering rates to 299 

different hydrothermal flux forcings. a, Seawater 87Sr/86Sr compilation of McArthur et al. 300 

(2012) (in black). b, Seawater 187Os/188Os records of Klemm et al. (2005) and Burton (2006), 301 

updated to the age model of Nielsen et al. (2009). The green line represents the smoothed fit 302 

used in our model calculations. c, Volcanic degassing rates relative to present-day values used 303 

as forcings for the hydrothermal Sr and Os fluxes (Fhyd). Shown are the reconstructions of 304 

Berner (1994) (in red), Rowley (2002), Müller et al. (2008) (in orange) and Van Der Meer et 305 

al. (2014) (in purple). d, Modelled silicate weathering rates (Fsilw) and e, sediment weathering 306 

rates (Fsedw) relative to present-day values resulting from the forcings in (a), (b) and (c) and the 307 

parameters of Scenario 1. f, Modelled total continental weathering rates (Fweathering) relative to 308 

present-day values, obtained by proportionally adding Fsilw and Fsedw as in (d) and (e). 309 
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 311 

Supplementary Figure 3: Sensitivity of the modelled continental weathering rates to 312 

changes in isotopic compositions of weathering sources. a, Seawater 87Sr/86Sr compilation 313 

of McArthur et al. (2012) (in black). b, Seawater 187Os/188Os records of Klemm et al. (2005) 314 

and Burton (2006), updated to the age model of Nielsen et al. (2009). The green line represents 315 

the smoothed fit used in our model calculations. c, Volcanic degassing rates relative to present-316 

day values, based on subduction zone length-based degassing rate reconstructions (Van Der 317 

Meer et al., 2014). d, Modelled silicate weathering rates (Fsilw) and e, carbonate and organic-318 

rich sediment weathering rates (Fsedw) relative to present-day values, resulting from the forcings 319 

shown in (a), (b) and (c) and the parameters of Scenario 1 (in black), Scenario 2 (in orange) and 320 

Scenario 3 (in red). f, Modelled total continental weathering rates (Fweathering) relative to present-321 

day values, obtained by proportionally adding Fsilw and Fsedw as in (d) and (e). 322 
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 324 

Supplementary Figure 4: Sensitivity of the modelled continental weathering rates to 325 

changes in isotopic compositions of weathering sources. a, Seawater 87Sr/86Sr compilation 326 

of McArthur et al. (2012) (in black). b, Seawater 187Os/188Os records of Klemm et al. (2005) 327 

and Burton (2006), updated to the age model of Nielsen et al. (2009). The green line represents 328 

the smoothed fit used in our model calculations. c, Volcanic degassing rates relative to present-329 

day values, based on subduction zone length-based degassing rate reconstructions (Van Der 330 

Meer et al., 2014). d, Modelled silicate weathering rates (Fsilw) and e, carbonate and organic-331 

rich sediment weathering rates (Fsedw) relative to present-day values, resulting from the forcings 332 

shown in (a), (b) and (c) and the parameters of Scenario 1 (in black), Scenario 4 (in light blue) 333 

and Scenario 5 (in dark blue). f, Modelled total continental weathering rates (Fweathering) relative 334 

to present-day values, obtained by proportionally adding Fsilw and Fsedw as in (d) and (e). 335 
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 337 

Supplementary Figure 5: Sensitivity of the modelled continental weathering rates to 338 

changes in isotopic compositions of weathering sources. a, Seawater 87Sr/86Sr compilation 339 

of McArthur et al. (2012) (in black). b, Seawater 187Os/188Os records of Klemm et al. (2005) 340 

and Burton (2006), updated to the age model of Nielsen et al. (2009). The green line represents 341 

the smoothed fit used in our model calculations. c, Volcanic degassing rates relative to present-342 

day values, based on subduction zone length-based degassing rate reconstructions (Van Der 343 

Meer et al., 2014). d, Modelled silicate weathering rates (Fsilw) and e, carbonate and organic-344 

rich sediment weathering rates (Fsedw) relative to present-day values, resulting from the forcings 345 

shown in (a), (b) and (c) and the parameters of Scenario 1 (in black) and Scenario 6 (in purple). 346 

f, Modelled total continental weathering rates (Fweathering) relative to present-day values, 347 

obtained by proportionally adding Fsilw and Fsedw as in (d) and (e). 348 
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 350 

Supplementary Figure 6: Summary of scenarios for modelled continental weathering 351 

rates for the Cenozoic. a, Seawater 87Sr/86Sr compilation of McArthur et al. (2012) (in black). 352 

b, Seawater 187Os/188Os records of Klemm et al. (2005) and Burton (2006), updated to the age 353 

model of Nielsen et al. (2009). The green line represents the smoothed fit used in our model 354 

calculations. c, Volcanic degassing rates relative to present-day values, based on subduction 355 

zone length-based degassing rate reconstructions (Van Der Meer et al., 2014). d, Modelled 356 

silicate weathering rates (Fsilw) and e, carbonate and organic-rich sediment weathering rates 357 

(Fsedw) relative to present-day values. The shaded areas correspond to the minimum and 358 

maximum estimates based on the full range of Scenarios 1 – 6 as in Supplementary Figure 3 – 359 

5, with the red line representing the mean of these estimates. f, Modelled total continental 360 

weathering rates (Fweathering) relative to present-day values, obtained by proportionally adding 361 

Fsilw and Fsedw as in (d) and (e). 362 
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 364 

Supplementary Figure 7: Sensitivity of marginal carbonate burial to changes in the 365 

alkalinity inventory of the global ocean. a, Global carbonate alkalinity inventory (Nalk) as 366 

estimated by Boudreau et al. (in revision), based on the Lyle et al. (2008) CCD (in pink) or the 367 

Pälike et al. (2012) CCD (in purple). b, Imbalance in the global carbonate alkalinity inventory, 368 

obtained as dNalk/dt from the estimates in (a). c, Marginal carbonate burial rates (Fmargins) 369 

calculated by assuming constant Nalk (solid lines) or dynamic Nalk (dashed lines) following the 370 

estimates in (a) and (b). Total continental weathering rates (Fweathering) are based on the 371 

parameters of Scenario 1 and the pelagic burial rates (Fpelagic) are based either on the Lyle et al. 372 



CCD (pink) or the Pälike et al. CCD (purple). The difference between constant and dynamic 373 

Nalk is negligible and hence the solid and dashed lines overlap. 374 


