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The magnesium content of limestone is of considerable interest from

an agricultural standpoint. The magnesium and calcium carbonate con-

tents of samples of Indiana limestones from over 80 quarries have been

determined (7).

The objective of this study was the determination of the relationships

between the d-spacings and x-ray diffraction intensities of the character-

istic peaks of dolomite and calcite and the composition of Indiana lime-

stones.

Introduction

Limestones are composed primarily of calcite (CaCO^) and/or dolo-

mite (CaMg(C03K). Calcite consists of alternating layers of Ca ++ and

C0 3
"~ ions (1). In dolomite the Ca ++ and Mg ++ ions are present in a 1:1

ratio. Cation planes populated entirely by Ca ++ alternate with those popu-

lated entirely by Mg++
; the C(V~ ions lie between these planes.

Ca' + has an ionic radius of 1.06 A., while Mg ++ has a radius of 0.78 A.

This sizable difference is reflected in the ordered nature of dolomite and

by the fact that only very limited solid solution exists between CaC0 3 and

MgCOa except at high temperatures (5).

Goldsmith, Graf and Joensuu (2) and Goldsmith and Graf (4) have

studied the relationship between the composition of calcite and dolomite

and lattice constants and d-spacings. Their work indicates that calcite

formed under equilibrium conditions near earth-surface temperatures

would' be quite low in magnesium. From the earlier work (2) it was con-

cluded that the Ca:Mg ratio of dolomite did not deviate significantly from
unity. More recently, however, Goldsmith and Graf (3) have described

the occurrence of dolomite fractions that deviate compositionally and

structurally from the ideal compound. These were found in Cretaceous

and younger rocks and usually have excess CaCOs in their structure; some
fractions contain approximately 55 mole percent CaC0 3 .

Experimental

Limestone samples having a wide range of MgCO :i contents were
obtained from Dr. Roy D. Bronson of the Purdue Soil Testing Laboratory.

These samples had been analyzed chemically for calcium and magnesium
carbonates.

The limestone samples were ground for one hour in an automatic

grinder having a mullite mortar and pestle. Slurries of the limestones

were prepared with a mixture of amyl acetate and collodion (6) and
allowed to dry on glass slides. Careful examination of diffractometer

tracings revealed no trace of aragonite; it was therefore assumed that

1 Journal Paper No. 1517, Purdue University Agricultural Experiment Station,

Lafayette, Indiana. Contribution from the Department of Agronomy.
2 Participant in NSF Program for Superior High School Students, Purdue Uni-

versity, Summer, 1959.

305



306 Indiana Academy of Science

the grinding treatment did not affect the d-spacings of the calcite or

dolomite.

X-ray diffractometer tracings of the dm spacings of the samples were
made on a General Electric XRD5 diffractometer using Cu radiation.

A standard quartz (Novaculite) slide was used to prepare a graph of 20
versus errors in d-values. This graph was then used to correct observed

carbonate d-values.

Diffraction angles were obtained from charts recorded at a rate of

0.2°/min. with a time constant of 2.0 seconds. Intensities were measured
as height in millimeters above background.

The mole percent MgCOs in the dolomite was estimated from the

relationship between d2u and composition as given by Goldsmith and
Graf (4).

Results and Discussion

The chemical composition and x-ray diffraction data are given in

Table 1. The samples are arranged in order of increasing MgCOs content.

The relationship between MgCOs content and intensity of the dolomite

line at 2.89 A. is shown in Fig. 1. It would appear that use of such a curve
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Fig. 1. Variation in the intensity of the d
211

line of dolomite as
function of the weight percent MgCO^ in limestone.

would give semiquantitative results for the MgCOs content of high purity

limestones.

The increase in slope of the curve with increase in MgC0 3 is probably

related to the difference in the mass absorption coefficients of Ca and Mg
for Cu Koc radiation. The mass absorption coefficient of calcium is 172 while

that of magnesium is only 41. Thus, as the calcium content of the lime-
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stone decreases the intensity of the dolomite diffraction line will increase

disproportionately. Taking the mass absorption coefficient of ideal dolo-

mite

(t)p ' cao.5Mgo.5co3

as a base an intensity correction factor for the 2.89 A. dolomite line may
be computed for limestones containing less than 0.50 mole fraction of Mg
by determining the ratio of the mass absorption coefficient of the high-

calcium limestone to that of the ideal 1:1 dolomite. Thus

(7) Cao.sMgo.2CO3
65.6

(7)
Cao.5Mgo.5CO3 49.9

1.31

When these corrections are applied, the relationship between intensity

and MgC0 3 content becomes more nearly a linear one. The correlation

coefficient for this relationship was 0.980 (Fig. 2).

150

100 _

50 _

_

-
.

-

-
Y =2.968X- 3.0

^"°

- ^

- Su K=0.980
- S'
- To

-

s^
-

-So
1 1 , 1 . 1 1 1 1 1 1 1

, | _i 1 1 \ 1 .

10 20 30

WEIGHT % MgC0
3

40

Fig. 2. Relationship between the adjusted intensity of the d
211

line of

dolomite and the weight percent MgC0
3
in limestone.

The mole percent MgCOs in the dolomite, as estimated from the d 2n

value (4), varies from 45.5 to 53 percent. That this is a real difference

is illustrated in Fig. 3 in which the dan peaks of two dolomites show a

difference of 0.020 A. The d 2n for sample No. 55, which contains 5.1 per-
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Fig. 3. A portion of the diffractometer tracing for samples No. 55 and No. 1289
showing a difference of 0.02 A. in the d

21]
values.

cent MgCOa, is 2.904 A., indicating the presence of Ca++ ions in the planes

of Mg++ ions.

The dm values for calcite indicate a maximum of 3 to 3.5 mole percent

MgCOs. This is in agreement with the results of Goldsmith, Graf and

Joensuu (2).
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