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Ansrnecr

synthetic dolomite has been formed by precipitation from a solution of Mgclu, caclz,

and urea subjected to elevated temperatures and COg pressures. The CO: pressure is not

critical above two or three atmospheres but the temperature must be in the range 200" C.-

250' C. to obtain dolomite. At lorver temperatures basic magnesium carbonate and arag-

onite are formed, and at higher temperatures the formation of calcite and magnesite is

favored. If the temperature is controlled to within +10'of 220' c., pure doiomite is pre-

cipitated.
The presence of NaCl in the solution extends the range of temperatures over which

dolomite can be precipitated. Several other salts have the same efiect, and the salt con-

centration influences the relative amounts of calcite, magnesite, dolomite, elc. r,vhich are

formed in the precipitates The influence of the salt is believed to be associated with

changes in the activities of the various carbonates in solution.

The pH at which the dolomite precipitations occurred was not measured, but the pH's

of the solutions which remained after precipitation were measured at ordinary temperature

and pressure and found to be in the range 6'5-7.5.

INrnooucrroN

The synthesis of dolomite has been of interest for many years because

of the widespread occurrence of the mineral in nature, both in meta-

morphic and sedimentary environments. Dolomite has been synthesized

by laboratory methods which involve the dry, solid-state, and hydro-

thermal diffusion of cations in magnesian-calcite mixtures (Graf and

Goldsmith, 1955; Graf and Goldsmith, 1956) but there have apparently

been no successful attempts to precipitate dolomite directly from solu-

tion.* A stud.y has been made of the problem at this Laboratory in con-

nection with efforts to produce pure samples of carbonate minerals for

thermoluminescence studies.

D or,olttrB PnBcrprterroN

Il was found that either calcite or magnesite could be crystail ized

from chloride solutions under the same conditions of temperature and

co2 pressure (120. C. 350' C. and 60 atmospheres) by a method similar

to that described by Jantsch and Zemek (1949) for the synthesis of

magnesite. A CaClz or l{gClz solution is made slightly acidic (pH:4-5)

* A method described by Chiliingar (1956) for precipitating dolomite from sea water

under 4 atmospheres of co2 pressure rvas duplicated by this author rvithout success. The

product obtained by this technique contained mostly calcite with a trace of basic mag-

nesium carbonate (SMgO.4COr.sHrO) but rhere wefe no traces of dolomite. The r-ray

powder pattern for basic magnesiu.m carbonate rnight be easily mistaken for a poorly

crystallize{ dolomite pattern since two of the principal dolomite peaks nearly coincide with

two of the basic magnesium carbonate peaks.

979



980 W. L. MEDLTN

urea added. At a temperature of 350o c. magnesite or calcite is com-

precipitations suggested that a mixture of CaClz and MgCl2 might result
in the formation of dolomite under similar conditions.

when the procedure was carried out with a mixed ca and Nrg ion solu-
tion dolomite precipitation was found to occur over a narrow range of
temperatures near 22a" c. rn the temperature range from 120o c. to
200' C. poorly crystall ized samples of basic magnesium carbonate (5MgO
'4CO2.sHrO) were obtained, while at temperatures above 250o C. mix_

Variations in the CO2 pressure had very little effect on the quality
(purity, crystall inity, etc.) of the dolomite obtained. precipitates of welt
crystall ized, pure dolomite were obtained at coz pressures as low as 2
atmospheres and as high as 60 atmospheres.

The composition and crystall inity of all of the precipitates were deter-
mined on the basis of their x-ray powder diffraction putt.rrrr.

Elrrcrs ol N,q.Cr eNo Orunn Salrs
To determine what efiect the presence of Nacl might have on the clolo-

mite precipitation various concentrations of the salt were added. to the
initial solution. fn general, the effect was to improve the quality of the
dolomite crystals and to extend the range of temperaturei over which
they could be formed. In very dilute and very concentrated salt solutions
the precipitation of calcite and magnesite was enhanced.



SYNTHETIC DOLOMITE

Frc. 1. X-ray powder difiraction patterns for synthetic and natural dolomite samples.

All patterns were made with a 4.6 mm. Phillips camera using CuKa radiation'

(a) Synthetic sample precipitated without salt.

(b) Synthetic sample precipitated in presence of NaCl.

(c) Synthetic sample precipitated in presence of CdClr.

(d) Synthetic sample precipitated in presence of BaCL.

(e) Natural dolomite from Ellenburger formation (Texas) '

(f ) Natural dolomite from Edwards formation (Texas).
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rn samples which contained no Nacl, dolomite precipitation was only
observed over a range of temperatures between 210" c. and 230" c. At
Nacl concentrations of 6-7 per cent, dolomite precipitation was observed
over the range 150"-350' c. Below 150" c. the formation of aragonite
and basic magnesium carbonate was sti l l  observecl and there was again
no trace of dolomite. The high temperature precipitates (230.-350. C.)
contained magnesite, calcite and dolomite, and the low temperature pre-
cipitates (150-210' c.) contained dolomite and traces of basic masnesium
carbonate. Pure dolomite could be precipitated only at or near 220" c.
Temperatures above 350' c. were not investigated. The time required
for complete precipitation at 220" C. was 6-8 hours.

rn order to obtain a better understanding of the observed efiects of
Nacl the precipitations were carried out in the presence of other salts.
Dolomite was obtained in the presence of LiCl, KCl, CsCl, CuCl2, BaCl2,
CdCl2, ZnCl2, NaNOa, NaBr, and NarCrzO? but could not be precipitated
in the presence of I,InClz, SrCl2, Naf, and CdIz. To avoid the confusion
of mixed ion efiects the magnesium and calcium ions were put into solu-
tion by dissolving their carbonates in the acid corresponding to the anion
of the salt usedl for example, when NaBr was used CaCO3 and MgCO3
were dissolved in HBr to form I{gBr2 and CaBrz in solution.

rn rirost cases the salts which prevented dolomite precipitation also
prevented the formation of calcite or magnesite; the precipitates ob-
tained were usually poorly crystallized forms of basic magnesium carbon-
ate (5MgO.4COz xHzO). Apparently the effects produced by these salts
are not associated with the crystal structure favored by the salt since
NaCI and NaI both have cubic structures, for example, and NaNO3 has a
rhombohedral structure l ike dolomite. nrloreover, neither the type of salt
added (i 'e., uni-univalent, uni-divalent, etc.) nor the size of the cation
and anion involved appear to be important in influencing the identity of
the precipitation products.

The most reasonable explanation Tor these variations in composition
of the precipitate seems to be that they are associated with the changes,
caused by the presence of the added salt in the activit ies (and hence the
solubil it ies) of the various carbonates (calcite, dolomite, magnesite, etc.)
in the solution. For it was observed that the composition of the precipi-
tates varied not only with the kind of salt present but arso with its con-
centration. For example, in a group of samples precipitated at 270" C., a
solution containing 1.5 per cent Nacl resulted in a precipitate of basic
magnesium carbonate; a solution containing 3 per cent Nacl yielded a
mixture of the basic magnesium carbonate, calcite and doromite, while a
7 per cent Nacl solution resulted in a similar mixture with a much
greater abundance of dolomite. A solution saturated with Nacl resulted
in a mixture of dolomite and magnesite.
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The results obtained in NaCl solutions indicate that other salts or salt

mixtures might improve the conditions for dolomite precipitation even

more. This possibil i ty has not been investigated but it has been observed

that of the few salts mentioned above, both BaClz and CdCi: improve

the quality of the dolomite precipitate a l itt le more effectively than NaCI.

Figure 1 compares Lhe r-ray diffrar:tion patterns of dolomite prepared in

a solution free of added salts with those for samples obtained in NaCI,

BaClz, and CdClz solutions. Patterns for two natural dolomites are also

shown.

Emocr ol VARTATToNS rN rHE Ce:l 'Ic R,q.rro rN SoLUTToN

It was found that the relative concentrations of calcium and mag-

nesium ions in the original solutions had important effects on the products

obtained. The Ca:l{g ratio in solutions which yielded the best dolomite

varied with the temperature and the kind of salt present, but was inde-

pendent of the COz pressure over the range studied. For example, at 220"

C. in the presence of NaCI the optirnum Ca: NIg ratio (by weight) in solu-

t ion was 1.4.  The Ca: I {g rat io  in  the best  synthet ic  dolomite samples
prepared here was 1.67 (as delermined by thermogravimetric analysis) in

agreement with tfe theoretical value, but in the presence of NaNOr it

was 1.9. At 300" C. with NaCI present the optimum ratio was 2.1 but

it was only 1.2 aL I70o C. At temperatures above 200o C. the formation of

calcite was observed when the Ca:NIg ratio was greater than optimum

and magnesite r'vas found when the ratio was less than this. Below 220" C.,

Ca: X,Ig ratios greater than optimum favored the f ormation of basic mag-

nesium carbonate rather than calcite, and Ca:l '{g ratios less than opti-

mum favored the formation of both magnesite and basic magnesium car-

bonate. Lt 220' C. variations in the Ca: \ ' Ig ratio over a f airly wide range

did not appreciably afiect the quality of the product obtained, which was

pure dolomite. These results add significance to the fact that dolomite

was obtained at temperatures near 220" C. whether NaCl was present or

not, and indicate that the changes in the activit ies of the carbonates in

solution resulting from the difierent CaClz and I{gClz concentrations

might be more important than the relative amounts of calcium and mag-

nesium ions in solution.
It was observed from the powder patterns that the d-spacings for the

calcite and magnesite in high-tem;rerature precipilates were appreciably

different from their normal values. These shifts in the d-spacings (to

smaller values for caicite and largr:r values for magnesite) are probably

the result of magnesium substitution in the calcite lattice and calcium

substitution in the magnesite lattice (Goldsmith and Graf, 1958). How-

ever, there was very l itt le correlal. ion between shifts in the calcite and

magnesite spacings and the Ca:I'Ig ratio in the originai solution' In
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general, the shifts in the calcite spacings were greater than those in
magnesite and the precipitates in which dolomite was found exhibited
smaller shifts in the calcite and magnesite d-spacings than those which
contained only calcite and magnesite (obtained by precipitation at high
temperatures without the addition of NaCl).

Elrncr or UnBa CoxcnNrn.q.rroN
'fhe quality of the dolomite was found to be a rather crit ical function

of the amount of urea added to the system. The optimum urea concentra-
tion varied with CO, pressure (increased with increasing pressure) but
not with lemperalure. It was not possible to measure the pH of the solu-
tions during precipitation in the autoclave, and the pH of the soiution
which remained after precipitation (measured at room temperature and
pressure with a Beckman pH meter) was probably a very poor indication
of the pH which existed in the autoclave under high CO: and NH3 pres-
sures.

The final pH values of all of the solulions which contained the best
dolomite precipitates were in the range 6.5-7.5. Final pH values which
fell within this range were observed over a wide range of original urea
concentrations and original acidit ies, but for a given COz pressure the
best dolomite samples were always found in solutions of the same urea
concentration. For example, at 60 atmospheres CO2 pressure the best
dolomite precipitates were obtained from solutions conlaining 3 per cent
urea with final pH values in the 6.5-7.5 range. Solutions containing as
litt le as 1 per cent or as much as 6 per cent urea yielded final pH values
in this same range (perhaps due to the buffering action of CaCOa in the
presence of ammonium chloride), but the dolomite in these samples was
of much poorer quality and contained other products.

To i l lustrate the effects of variations in the temperature, salt concen-
tration, Ca:n{g ratio, and urea concentration, some representative re-
sults have been selected from the 200 samples which were prepared and
these are presented in Table 1. The relative amounts of each product in
the precipitate have been roughly estimated from the r-ray powder pat-
terns. The Ca++ concentration (0.023 g./mL) and the total volumes (35
ml.) of the original solutions were constant for the samples shown in
Table 1.

TBlrpBnetunp Errncrs

Fairly conclusive evidence is provided by these experiments that ele-
vated temperatures are necessary for dolomite to be the thermodynami-
cally stable product in the system used here. The lowest temperature at
which dolomite could be precipitated was approximately 150' C. and
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Tenln l

Original Solution Precipitate

Dolo-
mite

%
NaCl -7 Temp.

(. lrea
Magne-tTF|- o'"*-

site 
tilO 

onite

. 4  0  2 . 9  1 2 5 "  C

. 4  0  2 . 9  1 8 0 ' C
4 0 2.9 230. C
4 0  2 .9  270"  C

.6  0  2 .9  295.  C

0 0 0
0 0 0

10070 0 0
30% 0 6070
0 50% 3o7o

0
0
0

20%

0
0
0
0

0
2o7o
7s%
8070

10070
t0o7o
e0%
80%

soTo 70%
10070 o

0 0
ro% 0
20% o

l$o7o 0
60% o
s % 0
0 0

trace 0
0 0

l07o o
2070 0

0 0
0 0
0 0
0 0

50% o
trace 0
r0% o
2ovo 0

90% O r07o
100% 0 trace
100% o 0
80% 0 2070

1 9
)n
, ,1

22

2 . r  1 . 5  2 . 9
2 . t  3 . 0  2 . 9
2 . 1  1 4 . 0  2  9
2 . l  s a t .  2 . 9

270" C
270" C
270" C
270" C

220" C
220" C
220" C
220" C

220" C
220" C
2 2 0 ' C
220" C

220" C
220" C
220" C
220" C

trace
2o7o
20%
0

0
0
0
0

r78
179
181

1  . 5  2 . 9
3 . 0  2 . 9
7 . 1  2 . 9
sa t .  2  .9

33
48
50
52

qo

60
61
62

1 A

1 . 7
1 n

1 . 2

L . 4
1 A

1 . 4
l +

2 . 9
2 . 9
2 . 9
2 . 9

1 . 4
2 . 9

1 4 . 0

s o % O 0
r007o 0 0
607o 0 3070
o 4ovo 40%

this lower l imit appears to be independent of the COz pressure in the sys-
tem. This is well above the temperature required for the complete hy-
drolysis of urea (in the times involved here) at atmospheric pressure and
it has been demonstrated by at least two authors (Krase, 1930 and
Kawasumi, 1955) that increased COr pressures do not affect the hydroly-
srs rate.

This point is of interest in connection with attempts to precipitate
dolomite under conditions which might have existed during its natural
formation in sedimentary environments. The failure to observe its pre-
cipitation at temperatures below 150' C. in these experiments does not
provide conclusive evidence that it could not be formed at lower tempera-
tures in a different system or over much longer periods of time in this
system. The formation of dolomitic sediments in a number of saline lakes
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has recently been reported by Alderman and Skinner (1957) in southeast
Australia. An investigation of the thermodynamic equil ibrium constants
associated with the various components of the present system might sug-
gest means of precipitating doiomite in the laboratory at temperatures

and pressures more similar to earth-surface conditions.

AcxNowr-otGMENTS

The author wishes to express his appreciation to B. G. Hurd and J. L.

Fitch for helpful discussions, to W. R. Hornbuckle and H. G. Bufford
for assistance in the experimentai work, and to Nlagnolia Petroleum Com-
pany for perrnission to publish this paper.

RnrnnENcrs

1. Ar-oonuaN, A R. aNo S<rNNnn, H. C. W. (1957), "Dolomite Sedimentation in the

South-East of South Australia," Arner. Jow.9ci.,2251 561-567

2 Cnrr-r,rsc,q.n, G. V. (1956), "Relationship Between Ca/Mg Ratio and Geologic Age,"

Bul'l '. A A PG, 40, 2256-2266.

3. Gor.osrurtr, J. R. luo Gnel, D. L. (1958), "Relations Between Lattice Constants and

Composition of the Ca-Mg Carbonates," Am Mineral ,43' 84-101.

4. Gnar, D. L. .lNo Gor.nsrrnrru, J R. (1955), "Dolomite-Magnesian Calcite Relations at

Elevated Temperatures and COz Pressures," Geochhn. et Cosrnochim Acta,7,109-128.

5. Gnar, D. L. aNo Gor-nsumn, J. R. (1956), "Some Hydrothermal Syntheses of Dolomite

and Proto-Do1omite," Iour. Geol'., 64, 173-186.

6. Jerrscn, G. lNo ZnMm, F. (1949), "Preparation of Synthetic Crystalline Mag-

nesium Carbonate," Rod.er-Rundschau, 3 r 1 10-1 1 1.

7. Kawlsurtr, Scnonacnt (1955), "Equilibrium of the COrNHrUrea-HzO System under

High Temperature and Pressure," Bull. Chem. Soc. Japan,26, 218-227.

8. Knesr, H. J. (1930), "Equilibria in the Ammonium Carbonate-Urea-Water-Ammonia

System," J Am. Cltem. Soc.,52, 3088.

I'Ianuscript receitted December 1, 1958.




