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The CaCOs-oversaturated weakly basic water at around pH=8 was proved by the novel simple
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controlled mechanism for coupling among proton/hydroxide production/consumption
reactions (e.g. CaCOs; + H* «» HCO3" + Ca?*) in equilibrium with atmospheric carbon dioxide.
The cyclic/oscillating variation between pH=8.3 and 8.0 for marine calcifying organism-
inhabited paleo and preindustrial seawaters was elucidated by applying the improved proton-
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controlled mechanism to biochemical reactions in cytoplasts or host tissues of marine
calcifying phytoplanktons and phytosymbiont-bearing corals/zooplanktons. It was revealed
that photosynthesis enhances biogenic calcification and vice versa, as the thicker growth of
CaCOs-made outer casings causes proton production and photosynthesis continuously needs
protons to produce COz(aq) from major HCOs. The correlation between calcification and
photosynthesis creates a number of stationary states with respect to oscillating pH variation.
Marine biogenic calcification reaction releases no CO: to atmosphere and is no positive
feedback to rising atmospheric Pcoz levels.

Supplementary Materials

(a) Energetically controlled relative concentrations: stable major HCO3- species, compared with unstable minor CO:(aq)
and COs% species at physiological pH < ~8.5

Since the magnitude of [HCO3-]/[CO2(aq)] is controlled by material energetics, water/seawater COz uptake is around one hundred
times enhanced. The ratio is equal to ~40 at pH 8 for NaCl/NaNOs-dissolved waters at I = ~0.1M [S1], and ~120 at pH 8 for

seawaters at [ = ~0.7M [S2, S3].

Minor COs? is in equilibrium with major HCOs- via reversible acid-dissociation reaction, i.e. HCO3- <> CO3% + H* (AGo = 59.3 k] mol1):
[HCO3]/[CO32] is equal to ~2x102 at = ~0.1M and pH 8 [S1]), and to ~10 at I = ~0.7M at pH 8 for seawater [S2, S3].

(b) CaCOsz-oversaturated waters at pH < ~8.5

In CaCOs-supersaturated waters at less than around pH 9 and I = ~0.1M at 300 K and 1 atm

HCOs- + Ca?* = CaCOs + H,

AGo =11.7 kjmol-1 (1)

where AGo stands for Gibbs free energy difference and Ka = [H*]/{[HCOs-][Ca2*]}.

€02 (aq) + OH- = HCOs-

437 (2

where Knucl = [HCO37]/{[CO2 (aq)][OH]} = {[HCO3]/[CO2 (aq)]}{Kneut [H*]}.

H* + OH- = H20, 79.9

where Kneut =1/{[H*][OH-]} and

[Caz+] = [H*]/{Ka[HCO3]} = { Ka Knucl/ Kneut }-1 [H*]2 [CO2 (aq)].
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CO; = COx(aq), 85 (4)

where [COz (aq)] = knu Pcoz owing to Henry's Law and ks = 3.3810-2 M atm-! at 300 K and 1 atm.
Thus,

pCa = -log[Ca?*] = 2pH - pPCO2 - 9.94

[HCOs] =[H*]/{[Ca?*] Ka }

pHCO3 = -log[HCO3] = -pKa + pH - pCa = pH + pPCO2 + 7.88

pXsp = -log [HCO3-][Ca?+] = pHCO3 + pCa = pH - 2.03

pCO2 = -log [CO2(aq)] = pPCO2 + 1.47

Here pPCO2 = -log PCO2.

(c) Figure S1.
12 +

10 + 4

0 t f t f {
0 100 200 300 400 500

time/min

Figure S1 For the CO2/C02(aq)-HCO3-CO32--Ca2*-CaCOs3 system the time evolution of proton concentration was measured during the
0.05 M NaOH titration into 5 mM Ca*2-including 0.1M NaCl [S4]. An overbasic pH peak and CaCOs precipitation were appeared
between pH 8 and 9.5 during the sodium hydroxide titration. After the NaOH or HNOs addition was stopped at the up arrows, the
spontaneous recovery from basic to physiological or from acidic to physiological was observed. At a down arrow HNO3 was quickly
added to the solution until pH ~ 4.

(d) No real reactions somewhat different from material energetics-controlled proton production/consumption reactions

It has been sometimes recognized that acidification of waters/seawaters in equilibrium with atmosphere mainly originates from acid
dissociation reaction of dissolved carbon dioxide molecules CO2(aq) as follows,

CO2(aq) + H20 < HCO3 + H*. Ao =-36.6 k] mol-!
The forward reaction or proton formation is actually rejected from view of material energetics, e.g. negative standard affinity Ao
[S5]. The chemical nucleophilic reaction of hydroxide ion to COz(aq) is actual as mentioned in text, and the consumption of hydroxide

ions causes water acidification under dissociation reaction of water molecules.

It is now recognized in the published articles [S3, S6-S8] that dissolution of oversaturated CaCOs or thinner growth of outer casings
of calcifying organisms was caused by the decreased concentration of minor COs2- via a reaction,

CO2(aq) + CO3% + H20 <> 2HCOz-. Ao = 23.0 k] mol-!

The above discussion was, however, built up from incorrect identification that production and dissolution of CaCO3 are mainly
controlled by Ca2?* + CO32- «» CaCOs3 at pH < ~8.5. The chemical nucleophilic reaction for HCO3- production, COz(aq) + OH- <> HCOs3’, is
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major because of larger Ao = 43.6 k] mol, as mentioned in text. The production and dissolution of CaCOs are controlled by a chemical
reaction, as mentioned in text. Minor CO3% is produced via reversible acid-dissociation reaction of major HCO3- from view of material
energetics at pH < ~8.5.

(e) Evaluation of RCa by using the observed weight Wrora of fossil planktonic foraminifera.

Under equilibrium or stationary state of surface foraminifera-inhabited seawaters [Ca?+] is inversely proportional to the observed
weight Wrora of fossil planktonic foraminifera. Here RCa(model) was estimated from 11.6/Wfora because of the reference weight 11.6g
at PCO2 ~280ppm and pH ~8.15 (see Table 1 of [S9]). The data of Wrra were measured from average weight of 50 foraminifera
collected for identified age during the past 400kyr (private communication of Bérbel Honisch 2008).
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