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The effects of magnesium-to-calcium ratios in artificial seawater, 
at different ionic products, upon the induction time, and the 

mineralogy of calcium carbonate: a laboratory study 

By A. I. RUSHDI, Sana'a, R. M. PYTKOWICZ, Corvallis, E. SUESS, Kiel and C. T. CHEN, Kaohsiung*) 

With 4 figures and 2 tables 

Zusammenfassung 

Die Wirkung der Mg2+-Ionenkonzentration und 
des Ionenprodukts yon Karbonaten wurde in Abh/in- 
gigkeit v o n d e r  Induktionszeit ffir den Beginn der 
Ausf~illung und der unterschiedlichen Mineralogie 
von Kalziumkarbonaten untersucht. Es konnte ge- 
zeigt werden, dab Mg2+-Ionen die spontane Ausf~il- 
lung von Kalziumkarbonat aus einer tibersfittigten 
L6sung (z. B. Meerwasser), im Vergleich zu Kalzi- 
umkarbonatmineralien derart verz6gert, dab nur 
noch der biogene Entzug ftir skelettbildendes Kalzi- 
umkarbonat aus dem Meerwasser m6glich ist. Nied- 
rige Konzentrationen yon Magnesiumionen in der 
L6sung f6rdern die Kalzitbildung, w/ihrend Aragonit 
bei hohen Magnesiumkonzentrationen gebildet wird. 
Die Mol% MgCO3 in Magnesiumkalzit steigen mit 
der Zunahme von (Mg 2§ und mit der Zunahme von 
(CO32-) bei Gegenwart von (Mg 2+) in der L6sung. 

Daher wfirde man erwarten, dab Hochmagnesi- 
umkalzit in erwfirmten Ktistengebieten gebildet wird, 
wo hohe Temperaturen, und/oder die Zunahme der 
Photosyntheseaktivitfit dazu ffihren, dab CO2 frei 
wird, und damit die Obersfittigung ansteigen lassen. 
Niedrigmagnesiumkalzit wird bevorzugt in meteori- 
sche-vadosen Gebieten mit niedriger Magnesium- 
ionenkonzentration oder in Versenkungsgebieten ge- 
bildet, wo die Respiration und die Oxidation hoch 
ist, bei sinkender Ubers~ttigung. 

Abstract 

The effects of the Mg 2+ ion concentration and 
the ionic products of carbonate upon the induction ti- 
me for the onset of precipitation and the different mi- 
neralogies of calcium carbonates were studied. It was 
shown that Mg 2+ ions delay the spontaneous preci- 
pitation of calcium carbonate from supersaturated 
solutions (e.g. seawater) with respect to calcium car- 
bonate mineral to such an extent that only biogenic 
removal of skeletal calcium carbonate is possible 
from the open ocean. Low concentrations of magne- 
sium ions in solution favor calcite formation while 
aragonite is formed at high magnesium concentra- 
tions. The mole % of MgCO3 in magnesian calcite 
increases with the increase of (Mg 2+) in solution 
and with the increase of (CO32-) in the presence of 
(Mg 2+) in solution. 

Therefore, one would expect that high Mg-calcite 
is formed in wormed coastal regions, where high 
temperature and or the increase of photosynthesis ac- 
tivities tend to expel CO2 and increase supersatura- 
tion, and low-magnesian calcite is favored in 
meteoric-vadose environment where low concentra- 
tion of magnesium ions or in burial environment 
where respiration and oxidation is high and decrease 
supersaturation. 
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R6sum6 

Une 6tude a 6t6 mende sur l'effet de la concentra- 
tion en ions Mg 2+ et des produits ioniques des car- 
bonates sur le temps d'induction du ddbut de la cris- 
tallisation et sur la nature min6ralogique du carbo- 
nate de calcium form& On a pfi montrer que les ions 
Mg 2§ retardent la prdcipitation spontan6e du carbo- 
nate de Ca h partir de solutions sursatur6es par rap- 
port aux min4raux de CaCO3 (par exemple l'eau de 
mer) et ce 5 un point tel que seule la prdcipitation 
biog6nique du carbonate de Ca dans les squelettes est 
possible h partir de l'eau de mer. Les faibles concen- 
trations en ions Mg 2+ dans les solutions favorisent la 
formation de calcite, l'aragonite se formant pour des 
concentrations plus dlev6es. Le pourcentage molaire 
de MgCO3 dans la calcite magn6sienne augmente 
avec la teneur, darts la solution, de Mg 2§ et de C032 
en pr6sence de Mg 2+. 

On pr6sume donc que la calcite fiche en Mg se 
forme dans des milieux c6tiers chauds dans lesquels 
la haute tempdrature et/ou la forte activitd photosyn- 
th6tique provoquent la libdration de COa, ce qui 
augmente la sursaturation. La calcite pauvre en Mg 
se forme de pr6f6rence dans des milieux m6t60riques 
vadoses h faible concentration en ions Mg 2§ ou dans 
des milieux d'enfouissement oh la respiration et 
l'oxydation importantes abaissent le degrd de sursa- 
turation. 

KpaTKOe coAepa~aune 

I/IccJ~e;loBaaH BOIH.qm4e KOHt~eHTpaKHH HOHOB 

Mg 2+ Ha HO~BJIeHHe HX B Kap6OHaTax B 3aBHCHMO- 

CTH OT BpeMeHH 14HRyKtlMH H a q a ~ a  BblHaRaHu.q U 

OT pa3Jmq~ Ml/IHepaJIbHOrO COCTaBa Kap6OHaTOB 
KaJIbI~14~l. ~OKa3aHO,  qTO HOHbI MaFHU~I HaCTOJIBKO 

3a3ep~2uBarOT CIIOUTaHHOe BbmajiaHHe Kap6oHaTa 
Ka~ban~ rI3 nepecbm~ennoro pacYBOpa, (~anp.: 
MOpCKOfi BO3bI), no cpasnenH~o c 3pyrHMn Mnne- 
pa~auri Kap6oHaTa KanburiZ, qTO CaCO3 Mo:~eT 
H3BJIeKaTbC~t 113 MOpCKOfi BO]~bI TOJIbKO 6HOFeHHO. 

[-IH3KHe KOUt l eHTpa t~m HOHOB MaFHH.q B paCTBOpe 

yCn~HBatOT o6pa3oBanne Ka~bRrrra, a aparonnT 
o6pa3yeTc~ TOabKO u p .  Bb~COKnX KonttenTpat~r~qx 
ero. B pacT~opax, B KOTOpblX HpI4CyTCTByIOT HO- 
HBI MaFHIT._SI, C yBeJIHqeHHeM UX qI4cg~a pI HOHOB 

CO3 co~epxarme MgCO3 B MarHneBOM Kasu, imTe 
BoupacTaeT. HO3TOMy c~IeJIyeT O>KI4JIaTb, qTO 
KaJIBII~T C BBICOKHM co~lep~aHueM MaFHH~ o6pa- 
3yeTe~ B npu6pe;4~-~b~x pernoHax, rJIe BoJla TeIt~a 
>i ycmmn~Ie qboTocm-ITe3a npnBOJIUT K OCBO60>rqle- 
H u m  C O 2  ~ Bo3paccTaHHrO HepeHaCb~tt~eHHOCTH. 

Kanb~I~T C HH3KHM Co)lep>KaHHeM MaFHH~ o6pa3y- 
ewcu r:L o6p. B perHoHax, r~e qacYbl JIO:;4edlH I4 
Komlel-I~alII~ HOHOB MarHn~ Hn3Ka, HJn4 ~ e  B pe- 
rHonax ocaw, jIeHu~, rjIe npn nonnx~aronlefic~ ne- 
peHacbmlermocTn rOCnO~ICTByeT BbICOKa~ OKHC•- 
fleMOCTB 14 pecn.patm~. 

Introduction 

The precipitation, conversion of minerals, and 
the cementation of carbonate rocks in an aqueous 
solution at the temperatures and pressures of the up- 
per crust are mainly affected by the dissolution and 
reprecipitation of different calcium carbonate min- 
erals due to the biogenic and inorganic factors. The 
rates of dissolution and reprecipitation are controlled 
by the nucleation and the growth of the solid phases. 
These, in turn, depend upon a large number of 
factors (PYTKOWlCZ, 1983). PYTKOWICZ (1965, and 
1973) studied the problem of spontaneous precipita- 
tion and found that Mg 2§ ions in seawater inhibit the 
precipitation of calcium carbonate. He concluded 
that the slow step was due to the adsorption which 
inhibited the nucleation. BISCHOFF (1968) and 
BISCHOFF & FYFE (1968) suggested that the presen- 
ce of Mg 2+ ions in solution retards the nucleation of 
calcite during the dissolution of aragonite and 
precipitation of calcite. MOLLER & RAJAGAPOLAN 
(1975) showed that the induction time increased with 
the increase of Mg 2+ ions in solution. 

It has been concluded that the magnesian content 
of calcite is dominantly influenced by the Mg:Ca 
ratio in the water from which it precipitates (MUCCI 
& MORSE, 1983). It has also been suggested that 
magnesian calcite composition is controlled by 
growth rates (BERNER, 1975, 1978; THORSTENSON 
& PLUMER, 1977). 

It was observed that aragonite is the polymorph 
that precipitates spontaneously from seawater at high 
supersaturation (KITANO et al., 1962; KITANO & 
HOOD, 1962; LEITMEIR, 1910; PYTKOWICZ, 1975; 
TAFT & HARBAUGH, 1964). KITANO et al. (1962) 
could synthesize pure aragonite at Mg:Ca ratios > 
3.82 and MOLLER & RAJAGAPOLAN (1975) found 
that aragonite precipitates when the Mg2+:Ca 2+ 
ratio > 4. Furthermore, Mg 2+ concentration affects 
the mineralogy of bulk solids or of overgrowth on 
calcite (MORSE et al., 1979; MUCCI & MORSE, 
1983, 1984). 

Crystallization of salts from supersaturated solu- 
tions, as in seawater, involves two steps: nucleation 
and growth. Nucleation is the process in which in- 
itially small clusters of ions or molecules build up to 



The effects of magnesium-to-calcium ratios in artificial seawater, at different ionic products 573 

a critical size beyond which growth can occur 
(NEWKIRK, 1957; DUFOUR & DEFAY, 1963; NAN- 
COLLAS & PURDIE, 1964; STUMM & MORGAN, 
1970; and PYTKOWlCZ, 1983). 

Spontaneous crystallization or precipitation is a 
process that occurs in the intentional absence of an 
initital solid phase which serves as nucleus. In 
theory, there are two steps: spontaneous nucleation 
which occurs in the body of solution and subsequent 
growth. Dust and other particles provide nucleation 
sites, so that nucleation usually is not homogeneous 
(STUMM & MORGAN, 1970 and PYTKOWICZ, 1983). 

There is often a delay between the preparation of 
supersaturated solution and the onset of crystal 
gewoth, that is, the time of nucleation. This delay is 
known as the induction period (KASHCHEIV, 1969). 
This period is generally due to the time required to 
reach a steady-state distribution of clusters, with one 
large enough to act as nucleus for continued growth 
(CHRISTIANSEN & NIELSEN, 1951). 

The purposes of the present work are: (a) to study 
the effects of Mg 2+ ions in solution upon the induc- 
tion time for spontaneous nucleation, (b) to show 
why near-surface oceanic waters can remain super- 
saturated with respect to calcium carbonate without 
spontaneous precipitation such as occurs in seawater 
rendered supersaturated, and (c) to study the 
mineralogy of calcium carbonate and its control by 
Mg 2+ ions in solution and by the degree of super- 
saturation. 

Methods 

Ten liters of Mg-free artificial seawater (ASW) 
were prepared using the method of KESTER et al., 
(1967). Air was bubbled through the solution for two 
days to equilibrate the solution with atmospheric car- 
bon dioxide. Varying quantities of Mg 2+ ion were 
added to test their effect upon the induction time, and 
upon the mineralogy of calcium carbonate. Different 
amount of 0.1 molar Na2CO3 from a freshly 
prepared stock solution were added to the artificial 
seawater to increase the rate of the reaction. 

Artificial seawater was used to avoid, in part, the 
presence of organic matter and the presence of the 
small particles which may serve as surface sites for 
calcium carbonate precipitation. Still, the nucleation 
was at least partly heterogeneous due to the glass 
of the container and to particles and because 
homogeneous nucleation requires an exceedingly 
long time. NaC1 was added to replace MgC12 .GHzO 
and to maintain the ionic strength at 0.7. This avoided 
in part the effect of the ionic strength on the rate of 

the reaction when Mg 2+ is reduced (BISCHOFF, 
1969 and SAYLES • FYFE, 1973). The artificial 
seawater corresponds roughly to natural seawater of 
35.00 salinity. The experiment was carried out in a 
water bath (Aminco Constant Temperature bath, 
# 4-8605) at 25.0 + 0.4 ~ 

The rune were made by placing 100 ml of ar- 
tificial seawater in Erlenmeyer flasks to which vary- 
ing amounts of MgC12 and NaC1 were added. Then, 
the desired amount of Na2CO3 was added with stirr- 
ing. The initial time was set when Na2CO3 was add- 
ed. The pH was followed with a Corning Semi-Micro 
combination pH-electrode, a research pH meter and 
strip Chart Recorder. The time ranges for the onset 
of the precipitation used in this work correspond to 
the interval between the addition of Na2CO3 and the 
time when cloudiness in the solution occurred. We 
detected the cloudiness by observing an applied light 
beam through the solution with a black background. 
We also used the discontinuity in the pH against time 
by an extrapolation of the initial horizontal segments 
and the pH decay curves segments to a common 
point. The time of this point is TN (Time of Nuclea- 
tion) and is also the onset of precipitation, which we 
illustrate in Figures la, b, c, d and e. The uncertainty 
of this method increase at low supersaturation where 
it is hard to determine the first appearance of the 
cloudiness. Then, the discontinuity of the pH against 
time is used primarily. All solutions are at least 
250% saturation like warm near surface oceanic 
waters even without the addition of Na2CO3. 

The precipitates were filtered, washed with distil- 
led water, dried, and identified by X-ray diffraction 
(XRD) immediately after the first massive precipita- 
tions. The mole % of MgCO3 in calcite was cal- 
culated from the empirical relationship (CHAVE, 
1952): 

Mole % MgCO3 = 376.6 X (3.303 - dl00) (1) 

where dloo is the d-spacing of the major reflector 
(100). It is directly proportional to the amount of 
substitution of the smaller Mg 2§ for Ca 2§ in the 
crystal lattice. 

Subsequent to XRD analysis each precipitate was 
dissolved in HC1 (0.10 mole 1-1) and the amount of 
Mg 2§ was determined by standard atomic adsorption 
spectroscopy (AAS). 

The wt % of calcite was calculated for each sam- 
ple from the following equation: 

wt % calcite = [(b X 84.32/24.31) + 
+ (b X 100.09/24.31)] X 

X [(100 - a)/a] (2) 
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Fig. 1. Visual (cloudiness) range and pH determination of the in- 
duction time when 4.72 mmole 1 1 Na2CO3 is added to a solu- 
tion with the (Mg2+):(Ca 2+) molar ratios of 0:1, 1:1, 2:1, 3:1, 4:1 
and 5:1. 

where a is the mole % MgCO3 in calcite, calculated 
from XRD using equation (1), and b is the wt % of 
Mg 2-- in the total sample, determined by AAS. 
Therefore, the wt % of aragonite is 100 - wt % 
Calcite. 

Results 

The addition of Na2CO3 to ASW with varying 
amounts of Mg 2+ caused changes in TN and lead to 
the formation of a different mineralogy (Table 1 and 
Fig. 2). The amount of Mg 2+ present are shown as 
(Mg 2+) :(Ca 2+) ratios, where the Ca 2+ concentration 
was 0.00993 mole.1-1 in all cases. The induction 
times are shown as a function of added amounts of 
carbonate ions from a Na2CO3 stock solution. 

Table 1 shows the effect of Mg 2-- on the time of 
nucleation, mineralogy, and composition of precip- 

,~0 itates. It can be seen that increasing (mg2+):(Ca 2+) 
ratios in ASW inhibits the precipitation and delay it 
from minutes to weeks. 

The data in Table 1 and Fig. 2 show two features. 
The induction time gets shorter with increasing ionic 
products of carbonate. Furthermore, the minimum 
time of nucleation decreases when the added 
Na2CO3 increases beyond 6.5 mmole 14 at (Mg 2+) 
= 0.01 mole 1-1 and beyond about 5.0 mmole 1-1 for 
(Mg 2+) = (0.02-0.05). These features will be dis- 
cussed later. 

X-ray diffraction results on the precipitates (Table 
1) show three different mineralogies of calcium car- 
bonate. These are pure calcite (at zero Mg 2+ ions in 

,;0 solution), mixtures of magnesian calcite and 
aragonite, and aragonite alone in solution. 
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Experiment Ratio Na2 CO3 TN Mole % Wt % 
Number (Mg2+):(Ca 2+) (mmole lq) (minutes) MgCO3 Calcite 

F1 0:1 8.32 0.2 0 100 
F2 6.52 0.4 0 100 
F3 4.75 1.0 0 100 
F4 2.90 4.0 0 100 
F5 1.92 8.0 0 100 
F6 1.48 15.0 0 100 
M I - 1  1:1 8.30 18.0 10.4 90 
M 1 - 2  6.50 10.0 20.1 76 
M 1 - 3  4.74 5.0 11.2 96 
M 1 - 4  2.90 7.0 6.7 61 
M 1 - 5  1.95 14.0 3.0 33 
M I - 6  1.45 30.0 3.0 11 
M 1 - 7  0.99 72.0 ? ? 
M 1 - 8  0.79 168.0 ? ? 
M 2 - 1  2:1 8.20 60.0 17.1 78 
M 2 - 2  6.50 18.0 12.7 81 
M 2 - 3  4.70 8.0 12.7 66 
M 2 - 4  2.90 9.0 12.3 89 
M 2 - 5  1.90 i2.0 1.4 3 
M 2 - 6  1.50 60.0 1.4 3 
M 2 - 7  1.00 118.0 0 0 
M 2 - 8  0.80 168.0 2.1 ? 
M 2 - 9  0.70 380.0 0 ? 
M 3 - 1  3:1 8.10 123.0 19.3 59 
M 3 - 2  6.40 24.0 16.4 45 
M 3 - 3  4.70 10.0 11.4 65 
M 3 - 4  2.90 13.5 11.2 38 
M3 - 5  1.90 40.0 12.7 3 
M3 - 6  1.00 160.0 0 0 
M3 - 7  0.80 480.0 ? ? 
M 4 - 1  4:1 8.09 180.0 22.2 60 
M 4 - 2  6.40 48.0 19.3 44 
M 4 - 3  4.82 27.0 14.7 46 
M 4 - 4  2.82 39.5 12.7 3 
M 4 - 5  1.90 72.0 0 0 
M 4 - 6  1.40 96.0 0 0 
M 4 - 7  0.97 450.0 0 0 
M 4 - 8  0.78 1020.0 0 0 
M 5 - 1  5:1 8.10 480.0 0 0 
M 5 - 2  6.37 120.0 0 0 
M 5 - 3  4.64 57.0 0 0 
M 5 - 4  2.84 96.0 0 0 
M 5 - 5  1.91 120.0 0 0 
M 5 - 6  1.44 360.0 0 0 
M 5 - 7  0.78 3200.0 0 0 

T a b .  1. The  effect  o f  M g  2+ concent ra t ion  and  degree  o f  
saturat ion on the  t ime o f  nuclea t ion (TN) and the mine ra logy  of  
ca lc ium carbonate .  

Discussion 

The solubility of calcium carbonate minerals was 
shown to increase in the order from pure calcite, low- 
magnesian calcite, aragonite to high-magnesian 
calcite (CHAVE et al., 1962; PLUMMER & MACKEN- 
ZIE, 1974 and LAND, 1967). 

Our results demonstrate that the (Mg2+):(Ca z+) 
ratio and the initial ionic product of carbonate in 
solution control the time of nucleation and the 
mineralogy of the precipitate. Increasing the ionic 
product of the solution increases the number of colli- 
sions of ions so that the time to form nuclei of 
calcium carbonate with a critical size is shorter. An 

increase in Mg 2+ ions in solution lead to nuclei with 
a higher magnesium content and higher solubilities 
and, consequently, a longer time was required for 
precipitation. In other words, the formation of 
magnesian calcite nuclei of critical size, which serve 
as centers for growth, is slowed down. The effect of 
Mg 2§ ions on the time of nucleation is illustrated in 
Fig. 3 where the ratio of (Mg;+):(Ca 2+) is plotted 
against the time of nucleation for different ionic pro- 
ducts. 

The data in Table 1 and Fig. 2 show that high 
Na2CO3 added in the presence of Mg 2+ slows 
precipitation and that the high ionic products favor 
the formation of magnesian calcite minerals over 
aragonite for kinetic reasons. At low ionic products, 
aragonite is kinetically favored. High Mg contents in 
solution lead to favoring the formation of aragonite 
over that of magnesian calcite. The increase of 
aragonite rather than magnesian calcite at Mg 2+ 
concentration smaller than 0.03 mole 1-1 and at a 
low ionic product suggests that the nuclei of high Mg 
contents may be formed, but that they redissolve 
because they are more soluble and have a longer TN, 
thus providing time for the more stable aragonite to 
form. 

It is concluded that aragonite is formed when the 
ratio of (Mg2+):(Ca2§ is greater than 4. This agrees 
with the results of KITANO et al. (1962), PYTKOWICZ 
(1965), MOLLER and RAJAGAPOLAN (1975), and 
others. Magnesian calcite precipitation is favored at 
(Mg2§ ratios are smaller than 4. The in- 
crease of the time of nucleation upon addition of 
Na2CO3 to concentrations greater than 5.0 mmole 1-1 
(Fig. 2) may be due to a decrease in the degree of 
saturation with respect to the formation of very high 
magnesian calcite. Our results show that, at high 
CO32- in solution, high-magnesian calcite is kin- 
etically favored. 

The curves in Fig. 2 must approach the 100% 
saturation level asymptotically. Thus, extrapolation 
of the curves by lines which are tangent to the curves 
at about 0.79-0.69 mmole 1-I of added Na2CO3 will 
yield the minimum time for precipitation from 
seawater, when they intercept the 0.05 mmole 1.2 
line. This may be the lowest time for precipitation to 
occur in natural seawater if stayed in supersaturated 
near-surface layers for terms of thousands of years 
(PYTKOWICZ, 1965, 1973). The result of the intercept 
of the straight line extrapolation with the 0.05 mmole 
1-1 line in artificial seawater with varying amounts of 
Mg 2§ is shown in Table 2. The minimum time for 
artificial seawater with which has the same amount 
of Mg 2§ as natural seawater was found to be 38,000 
+ 8,000 years (Fig. 4), in agreement with PYT- 
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KOWICZ (1973). This means that the Mg 2+ can in- 
hibit the precipitation of calcium carbonate form 
supersaturated seawater to such an extent that spon- 
taneous precipitation will not occur in the open 
ocean. 

Our experimental results show that low-magne- 
sian calcite are dominant at low Mg:Ca ratios and 
low reaction rates. These conditions can be found in 
meteoric-vadose environments or in burial environ- 
ment where respiration and oxidation is high, and the 
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Ratio Time of nucleation 
(Mg 2+) :(Ca 2+) (onset) 

0:1 8.3 _+ 1.7 days 
h l  62.5 + 13.1 days 
2:1 15 +_ 3.2 years 
3:1 761 +_ 160 years 
4:1 21,000 _+ 4,000 years 
5:1 38,000 _+ 8,000 years 

Tab. 2. The estimated minimum times of the onset of precipita- 
tion in different ratios of (Mg 2+) : (Ca 2+) in artificial seawater at 
400% supersaturation. 

low supersaturation due to the abundance of CO2 
(LONGMAN, 1980; BINKLEY et al., 1980). High- 
magnesian calcite can be formed in shallow marine 
environments where higher degree of saturation per- 
sist because of CO2 degassing. The supersaturation 
is due to heat and net photosynthesis. All these 
factors depress the CO2 in shallow-marine environ- 
ments. 
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Fig. 4. Straight line extrapolation of the minimum time of spon- 
taneous onset at (mg2+):(C2 +) molar ratio of 5:1 in artificial 
seawater. The straight line is tangent at the time of nucleation 
when 0.79 mmole 1-1 Na2CO3 was added. Arrow at (A) cor- 
responds to natural surface seawater CO 2- concentration and m'~ 
row at (B) indicates the log time nucleation of natural surface 
seawater. 

C o n c l u s i o n s  

It has been shown that the Mg ~+ ions can prevent 
the inorganic homogeneous precipitation of  calcium 
carbonate f rom supersaturated seawater to such an 
extent that the removal of carbonate ion from the 
ocean is strictly biological, except in special en- 
vironments, when abundant nucleating surfaces are 
present. Then inorganic precipitation and abiotic 
cementation can occur. Results suggested that 
homogeneous inorganic precipitation does not play a 
significant role in an average marine environment.  
However, times for the onset of  precipitation would 
be expected in seawater containing recycling calcium 
carbonate seeds. Thus, oolites thrown into suspen- 
sion in the Bahamas could act as seeds for the 
precipitation of calcium carbonate. 

Rates of the reaction have significant effects on 
the kinetics of calcium carbonate formation in the 
presence of  Mg 2+ ions in solutions. There is an in- 
teraction between these two parameters (the rate of 
the reaction and the Mg 2-- concentration) and one 

will dominant over the other, depending upon its 
respective concentration and the conditions of the 
reaction. 

The mineralogy of inorganic homogeneous 
precipitation is a result of these two parameters (e.g. 
Mg 2-- ion concentration and reaction rate) at con- 
stant T and P conditions. Pure calcite is favored in 
Mg-free solution, low-magnesian calcite is favored at 
Mg:Ca < 2 and low reaction rate. These different 
mineralogies may affect the equilibrium condition of  
calcium carbonate, especially those of the surface 
coatings. These surface coatings of the minerals are 
known to be the interface where they are in contact 
with seawater. 
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