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Crystal Chemistry of Carbonate Minerals

Solid Solution

due 8 Oct 2014

1. The carbonates calcite, magnesite, siderite, rhodochrosite, and smithsonite all have the same
structure with the space group R3̄c; this means the unit cell is a rhombohedron with a 3-fold in-
version axis andmirror planes (point group 3̄2/m) with a glide in the c direction.Theseminerals are
said to be ISOTYPIC or ISOSTRUCTURAL. Sometimes these carbonates are called the rhombohedral
carbonates. The structure consists of layers of cations alternating with layers of carbonate anions.
Potentially, iron can substitute for magnesium in magnesite, for manganese in rhodochrosite, etc.
The ability of one cation to substitute for another within a crystal structure is called SOLID
SOLUTION. This is analogous to solutions likeH2O�NaCl brines.However, solid solution is possible
only under certain circumstances.
The substituting cations must be about the same size. Imagine trying to stu� a large cation
like Na+ into a small crystallographic site like Mg++ in magnesite; it cannot be done without
completely disrupting the structure. Empirically, complete solid solutions occur between cations
that have radii within less than 15% of each other. Cations that have size di�erences between 15
and 30% show limited solid solution. Cations with radically di�erent sizes show no solid solution.
A second factor is that crystals must remain electrically neutral. Thus Na+ will not substitute
for Ca++ in calcite because of the di�erent charges. Na+ does substitute for Ca++ in feldspars,
but charge balance is maintained by simultaneously substituting Al3+ for Si4+. This is called a
COUPLED SUBSTITUTION.
On the triangular diagramsCaCO3�FeCO3�MgCO3 and FeCO3�MgCO3�MnCO3�each corner
represents the composition of a pure carbonate end-member�show what you think the limits of
solid solution in carbonate minerals are. Why?

2. A carbonate mineral has the following composition:

FeO 32.0 wt%
MnO 19.4%
MgO 7.4%
CO2 40.3%

Calculate a mineral formula for the analysis. Determine the coordinates of this composition on
the FeCO3�MgCO3�MnCO3 triangle on a weight percent basis and on a molar basis. Is this
composition consistent with your determination of solid solution limits?

3. Some carbonate minerals show only limited solid solution because of relatively large di�erences in
cation sizes. The best example is the substitution of Mg in calcite. Ca and Mg have signi�cantly
di�erent sizes. For this reason, compositions in the systemCaCO3�MgCO3 form an intermediate
compound CaMg(CO3)2�dolomite. Dolomite has a di�erent structure from the other rhombo-
hedral carbonates because the Ca andMg are ordered into di�erent, alternating layers. The space
group is R3̄.
The compositions of calcite and dolomite occurring in the same rock de�ne the limits of the solid
solution of Mg in these carbonates. The amount of Mg that can substitute into calcite depends
on temperature. This is because the structure of calcite expands with increasing temperature and
can accommodate more Mg. Below is a table of calcite and dolomite compositions that formed
at di�erent temperatures. Plot the compositions versus temperature to see how the limit of Mg
solubility changes. The curve that limits the solubility with temperature is called the SOLVUS.
These data were obtained experimentally at a pressure of 200 MPa.
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Temperature Calcite Dolomite
(°C) xMgCO3

xMgCO3

300 0.009 0.500
350 0.014 0.500
400 0.020 0.500
450 0.029 0.500
500 0.040 0.500
550 0.052 0.500
600 0.066 0.500
650 0.081 0.500
700 0.098 0.499
750 0.116 0.498
800 0.136 0.495
850 0.156 0.492
900 0.178 0.489
950 0.200 0.484∗

1000 0.224 0.480∗

*metastable

The reason dolomite is metastable at temperatures greater than 900 °C at 200 MPa is because it
breaks down to a mixture of periclase and calcite. The reaction is:

CaMg(CO3)2 = CaCO3 + MgO + CO2

At a temperature of about 1350 °C at 200MPa, calcite melts incongruently to a CO2-rich liquid,
CaO, and CO2 gas.

4. The relationshipbetween the compositionof calcite in equilibriumwithdolomite and temperature
is useful for determining what the temperature was during metamorphism of limestone and
dolomite to form marble. Make a plot of lnxMgCO3

versus 1/T with T in kelvins (= °C + 273).
You should get a nearly straight line. The reason for this is that the slope of this line is related
to a thermodynamic quantity called the ENTHALPY, similar to the heat content, which is nearly
constant for most solid materials. The formal relation is written:

∂ lnKeq

∂(1/T )
= −∆H

R

in whichKeq is the equilibrium constant for the reaction

(MgCO3)calcite = (MgCO3)dolomite

∆H is the enthalpy change of the reaction, and R is the gas constant (8.314 J/mol .K). The
integrated form of this expression is

lnKeq = −∆H

RT
+

∆S

R

in which ∆S is the entropy change of the reaction. Determine the equation of the line by least-
squares regression (do this in an Excel spreadsheet). For the straight line y = mx+b, y is lnxMgCO3

and x is 1/T . The slope of the line is −∆H/R and the intercept is∆S/R.

5. Suppose a marble contains calcite and dolomite and was metamorphosed at a pressure of 200
MPa. The composition of the calcite is Ca0.966Mg0.034CO3, what was the temperature during
metamorphism?


