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SUBSOLIDUS PHASE RELATIONS IN THE
ARAGONITE-TYPE CARBONATES :

I .  THE SYSTEM CaCOTSTCO3-BaCOa

Luro L. Y. CnaNc, Department oJ Geology, Miami Un,iaersity,
Orford., Ohio 45056.

Ansrnecr

Subsolidus phase relations in the systems SrCOrBaCOs, CaCOa-SrCO:, CaCO:-BaCOr,
and CaCO5STCOTBaCOT were studied in the temperature range between 4000 and 750oC
and at pressures from 10 to 35 kbars using high-pressure, opposed-anvil apparatus.

A complete series of aragonite-type solid solutions exists in the system SICO3-BaCO:,
and variation of lattice parameters as a function of composition shows a linear relationship.

In the system CaCO:-SrCOg, there is a two-phase region consisting of both aragonite-
and calcite-type solid solutions. Its range diminishes with increasing pressure in the tem-
perature range studied, and no calcite-type phase was found in the system at 25 kbars.
The larger strontium ion tends to stabilize the aragonite-type phase to a higher temper-
ature at a constant pressure.

Mutual solubilities between the end members of the system CaCOTBaCOT are very
limited, but the binary compound, barytocalcite, is stable over a large range of composi-
tions and can take as much as 12.5 mole percent excess CaCOa at 660oC and 9.0 mole per-
cent excess BaCOs at 750oC without losing its nonoclinic character.

In the ternary system, the aragonite-type solid solution forms aII the way from BaCOr
through SrCOg to CaCO: at 15 kbars and 550oC, and is separated from the barytocalcite-
type solid solution by a large two-phase region. At 10 kbars and 550oC, disordered calcite-
type solid solution appears in the system and occupies the central part of the ternary sys-
tem.

INrnooucrroN

Extensive investigations of the stability relations in the subsolidus
region among calcite-type carbonates have been made in recent years,
and complex phase relationships have been revealed. Binary systems of
CaCOa with aragonite-type strontianite and witherite were also studied,
showing complicated behavior in the subsolidus regions of the systems.
However, very l itt le quantitative work has been done to date on the
subsolidus phase relations in the systems of aragonite-type carbonates. It
is evident that three major problems in carbonate mineralogy can be
answered through such a study. They are: (1) the extent of solid solutions
among aragonite-type carbonates, (2) the efiect of the solid solution on
the calcite-aragonite phase transition, and (3) the formation of multiple-
cation carbonates and their order-disorder relations.

As the first part of a study on the subsolidus phase relations in the
aragonite-type carbonates, the phase relations in the system CaCOs-
SrCOs-BaCO3 w€r€ investigated in detail and results are reported in this
paper.
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M,tromar,s, Arrenarus, a,uo ExprnrurNTAr PRocEDuRES

The starting materials were prepared from reagent grade carbonates. Binary and ter-
nary samples of desired proportions were produced at room temperature by reacting mixed
nitrates of the appropriate cations with sodium carbonate solution. The nitrate solutions
were prepared by dissolving the carbonates in nitric acid, evaporating to dryness, and mak-
ing a 0.1 molal solution. The precipitated carbonates were washed with distilled water to
remove the remaining solutions and dried at 110oC under COz atmosphere for about two
hours.

Mechanical mixtures of binary and ternary compositions rvere also made. For runs at
at 15 kbars, BaCOr, SrCO., and calcite-t1pe CaCO; were used as starting materials, while
aragonite-type CaCO, was mixed with Ba and Sr carbonates for runs at 10 kbars.

The apparatus used was the opposed-anvil, high-pressure system (Griggs and Kennedy,
1956); Goldsmith and Newton (1969) have discussed the suitability of this apparatus for
research on carbonates.

Generally, a period of eight hours was used for runs above 700oC, forty-eight hours for
runs in the range 500"-700oC, and ninety-six hours for runs below 500oC. Runs up to two
weeks duration at each temperature range produced results similar to these in the shorter
runs. A small amount of LirCO, was added as a flux in some low-temperature runs, a pro-
cedure known to be effective in promoting reactions in carbonates (Goldsmith and Graf,
1957; Chang, 1965). The uncertainties in the individual runs are estimated to be * 5"C and
less than 0.5 kbars.

The attainment of equilibrium was checked bv reversing experiments in the following
manner: Two runs of the same composition were treated at the same P-T conditions for a
certain period of time depending on the temperature desired. Then one of the runs was
quenched. and the other was held in the furnace but with either the temperature or the
pressure lowered. After another period of time, this run was quenched. The change of phase
assemblage in these two runs as a function of changing pressure or temperature was ex-
amined by X-ray difiraction. For example, two samples of composition Ca3eSr2e, were run
at 550oC and 15 kbars for 48 hours. One of them was quenched and found to contain a
single-phase of the aragonite-t)4)e structure. The other was held in the furnace at 550oC
but the pressure was lowered to 10 kbars. After another period of ninety-eight hours, this
run was quenched and was examined by X-ray difiraction. A two-phase assemblage con-
sisting of aragonite- and calcite-type solid solutions was found. This is the same phase as-
semblage produced when the precipitates were treated at 550.C and 10 kbars. Thus the
two-phase assemblage can be produced from the decomposition of the aragonite-type solid
solution by decreasing the pressure as well as from the conversion of the precipitates by in-
creasing the pressure at 550oC. This procedure was used because of the difficulties en-
countered in recovering enough sample after quenching for the second period of equilibra-
tion at different P-? conditions. Pertinent data of experiments are listed in Table I.

Identification of the products was made by X-ray diffraction. Ni-filtered Cu-radiation
was used throughout this work. It was found that reflection lines of both rhombohedral and
orthorhombic structures in the region 20:25o-55o were the most reliable. The (110) Iine of
metallic tungsten (from General Electric, Lamp Metalg and Components Department,
Cleveland, Ohio, highly purified) at 4).260 (a:2.1648, Swanson and Tatge, 1953) was
used as an internal standard. Scanning was done at a rate of lo/minute and a chart speed of
1 inch/degree was used. Reflection lines (022) , (110), (108), and (1 16) of calcite-type struc-
ture and (221) , (132), (ll3) , (ll2), (220), and (202) oI aragonite-type structure were used
in the measurement of lattice parameters. For the construction of tie lines in the two-phase
region, the displacements of the strongest lines of calcite-type structure (104), aragonite-
t'?e structure (111), and barytocalcite-t)?e structure (201) were employed. Six oscilla-
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T A B L E  I .  P e l t i n e n t  d a t a  o n  r u n s  l e l a t e d  t o  t h e  r e v e r s i b i l i t y  o f

reacl ions in the system CaC03-SrC03-BaC03

Composit ion Fi lst  Pel iod of Second Period of Resu1ts,
hole% Equi l ibr iun Equi. l ibr ium Phases*

CaC0^ SrC0^ BaC0^ Pres .  Temp. Tine Pres .  Tenp. Timer i l  
Kbur oc_ Hrs, Kbar oc_ Hrs.

5 0 . 0 0  5 0 . 0 0

5 0 . 0 0  5 0 . 0 0

8 0 . 0 0  2 0 . 0 0

8 0 . 0 0  2 0 . 0 0

8 0 . 0 0  2 0 . 0 0

8 0 . 0 0  2 0 . 0 0

9 0 . 0 0  1 0 . 0 0

9 0 . 0 0  r 0 . 0 0

9 0 . 0 0  r 0 . 0 0

9 0 . 0 0  I 0 . 0 0

9 5 . 0 0  5 . 0 0

9 5 . 0 0  5 . 0 0

4 5 . 0 0  I O . 0 0  4 5 . 0 0

4 5 . 0 0  1 0 . 0 0  4 5 . 0 0

3 0 . 0 0  4 0 . 0 0  3 0 . 0 0

3 0 . 0 0  4 0 . 0 0  3 0 . 0 0

3 0 . 0 0  4 0 . 0 0  3 0 . 0 0

3 0 . 0 0  4 0 . 0 0  3 0 . o 0

7 0 . o 0  2 6 . o 0  4 . 0 0

7 0 . 0 0  2 5 . 0 0  4 . 0 0

4L.24  L ' l .50  4 I .25

4 L . 2 s  I 7 . 5 0  4 L . 2 5

1 7 . 5 0  6 5 .  O 0  r 7 . 5 0

1 7 . 5 0  6 5 . 0 0  1 7 . 5 0

2 0 . 0 0  6 0 . 0 0  2 0 . 0 0

2 0 . 0 0  6 0 , 0 0  2 0 . 0 0

1 5  5 5 0  4 e  I 0  5 5 0

1 5  5 5 0  4 a

1 5  5 5 0  4 8  1 0  5 5 0

t0  700 24

r0  700 24  15  550

1 5  s 5 0  4 e

1 5  5 5 0  4 e  I 0  5 5 0

ro  550 4a

1 0  5 5 0  4 8  1 5  5 5 0

t s  ( q n  4 e

15 550 48  r0  550

1 5  5 5 0  4 A  r 0  5 5 0

1 5  5 5 0  4 8

15 550 4S I0  550

lo  550 48

l0  550 48  15  sso

15 550 4S

1 5  5 5 0  4 g  I 0  5 5 0

2 0  5 5 0  4 A

2 0  5 5 0  4 a  1 5  5 5 0

25 550 48

2 5  5 5 0  4 A  1 5  5 5 0

2 5  5 5 0  4 8  1 5  5 5 0

9 A

9 6

9 6

1 6 8

9 8

2 ! 2

r02

9 6

t - | 2

A + C

c

D

B + A

D + A

D + A

B + A

D + C +

B + A

A + B

A + B

A + B

* A: aragonite-t ]4pe sol id solut ion

Br barytocalci te-type sot id solut ion

C3 calci te-type sol id solut ion

D: disordered calci te-type sol id solut ion
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tions were made for measurement, and the precision of the 20 values is believed to be
within 0.01o.

BrNany Svsrnus

The System SrCoyBaCOr. Subsolidus phase relations in the system SrCOa-
BaCOa at one atmosphere C02 pressure have been studied (Chang, 1965).
In the temperature range bet\r/een 400oC and 1000oC, SrCOa and BaCOa
form complete series of solid solutions in both orthorhombic, aragonite-
type and rhombohedral, disordered calcite-type structures, and these two
series are separated from each other by a narrow two-phase region. The
rhombohedral solid solution becomes stable at lower temperature toward
the central part of the binary system, and there is a minimum tempera-
ture of transition at 745"C near the composition Ba7eSr36.

In the present study, the phase relations were determined at 15 kbars
and in the temperature range between 400o and 750oC, which is the upper
limit of the high-pressure apparatus used. The orthorhombic, aragonite-
type phase is the only stable structure encountered in this range.

Variation of lattice parameters as a function of composition shows a
Iinear relationship. This confi.rms the previous findings (Chang, 1965).

900

800

?oo

T t

600

500
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ro lo !o .ro to ao ?0 to co
&@E CoEo(COgrz CoCOA

mola .l

Frc. 1. Subsolidus phase relations in the system CaCOTBaCOg at 25 kbars. The regions
in this and following diagrams are labelled with symbols representing stable phases, A:
aragonite-type solid solution, B: barytocalcite-type solid solution, C: calcite-tlpe solid
solution, and D: disordered calcite-type solid solution.
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The System CaCOyBaCO3. Subsolidus phase relations at 25 kbars are
shown in Figure 1. The most characteristic feature, compared with
phase relations in the system at low pressllre (100 lb/in' COz pressure)
(Chang, 1965), is the greatly enlarged stabil ity region of barytocalcite, a
monoclinic CaBa(COa)z (Alm, 1960). It is stable for the entire tempera-
ture range of this investigation and can take as much as 12.5 mole percent
excess CaCOa at 660"C and 9.0 mole percent excess BaCOr at 750oC into
its solid solution without losing its monolcinic character. In a similar
fashion as in the system at relatively low pressure (Chang, 1965), there
is no apparent two-phase region existing in the monoclinic-rhombohedral
phase transition. The change of intensity of ordering reflections of
barytocalcite can be detected only at the transition temperature. This
monoclinic barytocalcite-rhombohedral, disordered-calcite phase change
was also found in the unmixing region of the Ca-rich part of the systenr.
Runs at 650oC from compositions in this part gave equilibrium assem-
blages consisting of orthorhombic aragonite and monoclinic barytocalcite,
whereas those made at 660'C produced orthorhombic aragonite and
rhombohedral disordered calcite.

The rhombohedral phase was not found in the range between BaCOa
and CaBa(C03)2. Barytocalcite is in equil ibrium with witherite over the
entire temperature range of this investigation.

The System CoCOz-SrCOa. Subsolidus phase relations in the system at one
atmosphere CO2 pressure have also been studied (Chang, 1965). A com-
plete series of solid solutions forms above 9t2"C, which is the temperature
of the orthorhombic-rhombohedral phase transition in SrCOs. The solu-
bility of CaCOr in the aragonite-type strontianite decreases with in-
creasing temperature.

Froese and Winkler (1967) studied a part of this system under pres-
sures up to 20 kbars and in the temperature range between 500oC and
700"C. They established the boundary curve separating the orthorlrom-
bic solid solution from the two-phase region of orthorhombic and
rhombohedral phases. Froese and Winker stated that they could not
determine the boundary curve between the rhombohedral form and
the two-phase region because of quenching difficulties.

In the present study, subsolidus phase relations in the system were
investigated at three pressures and in the temperature range between
400o and 750"C. At 25 kbars, the system shows a very simple phase rela-
tionship, consisting of a complete series of solid solutions of the orthor-
hombic, aragonite-type structure. There is no omission or addition of
X-ray diffraction lines throughout the entire series. The variation of lat-
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Frc. 2. Variation of lattice parameters of aragonite-
type solid solution in the system CaCOTSTCO;.

tice parameters as a function of composition shows linear relationships
( F i g . 2 ) .

At 15 kbars, the system does not change much in its phase relations,
except in the Ca-rich side at relatively high temperatures. As shown in
Figure 3, calcite is present, coexisting with aragonite-type solid solutions
in a very l imited region.

The effect of SrCOa cor4ponent on the phase change between rhom-
bohedral, calcite-type and orthorhombic, aragonite-type phases is better
i l lustrated at 10 kbars (Fig.  ). The range of the orthorhombic solid solu-
tion decreases with incr'easing temperature from a complete series below
420"C to a limited series between Srroo and CaosSrst, at 750oC, while the
solubility of SrCO9.'in calcite increases up to nearly 15 mole percent at
750'C. The tw9-phase region is bounded by two smooth curves without
any apparent inflection in their slopes. Calcite II is a non-quenchable
phase (Bridgman, 1939), it can not be present in quenched sample. There
is, therefore, no Indication of a phase change in the rhombohedral solid
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Fro. 3. Subsolidus phase relations in the system CaCOTSTCOa at 15 kbars.

750

\ \ cctcttt-tygr
r .o l l ,  roh t lo

o D o o

o o o  o  o \  o o \ o  o

o o o

o o

A . C  q  o o

o o o o d o o o
Arctoilfa-ttrp. $lld aolollcn

o o Q o o

o o o \ o o

o o

o o o

650

SICOgSrCOg ml. r CoCOg

Frc. 4. Subsolidus phase relations in the system CaCOTSTCOT at 10 kbars.
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solution. This is not in conflict with previously established results

(Jamieson, 1957; Boettcher ahd Wyllie, 1967; Goldsmith and Newton,

1969) that show the calcite I-calcite II transition near 500oC and 10

kbars. High-temperature X-ray diffraction (Chang, 1965) shows that

even though the calcite I-calcite II transition can be determined in the

system CaCOr-SrCOa at one atmosphere CO2 pressure, no break in slope

was detected.
A comparison between the results of Froese and Winkler (1967) and

the current study is shown in Figure 5. In general, phase relations estab-

lished at 650oC agree better than those at 560"C. There is no problem in

this study in quenching single rhombohedral, calcite-type phases from

Ca-rich samples. Thus, the phase boundary between rhombohedral,

calcite-type solid solution and the two-phase region is well defined.

o
CoCO3 11;9t.a SrCO3

Frc. 5. A comparison of results of Forese and Winkler (1967) and the present study for

thi: system cacoa-Srcor. solid lines denote results of Froese and winkler, and bar-and-

dot lines denote those obtained in the present study.

Arogo0lta-ttp. rolld !ol0f lcn

- \

\
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BoCO3 Iol. I SrCOg

Frc. 6. Subsolidusphase relations in tJre system CaCOa-SrCOrBaCOa at 550oC and 10
kbars. Possible phase assemblages, BlD, A+B+D, and Cf B*D, are also shown in the
diagram. Tie lines are represented by dashed lines.

Tpnrqany SysrBu

Al 550"C and 10 ftDors. Subsolidus phase relations are shown in Figure 6.
Two single-phase regions were found experimentally in the s1'stem. The
orthorhombic, aragonite-type phase is the extension of the solid solution
along binaries into the ternary system. Within this solid solution, the
solubility of barium in the Ca-rich part has the least range with less than
3 mole percent, the solubility of CaCOr in the Ba-rich part is limited to 5
mole percent, and SrC03 can take approximately 30 mole percent of com-
bined Ca and Ba carbonates. The rhombohedral, disordered calcite-type
phase is stable-in the central part of the system and-transforms to the
monoclinic barytocalcite when the Sr-content is less than 5 mole percent.
The rhombohedral-monoclinic transition in the ternary system is similar
to that in the binary system, that is, no detectable two-phase coexisting
assemblage is involved in this transition.

A large two-phase region consisting o{ orthorhombic, aragonite-type
and rhombo.dhedral, disordered calcite-type solid solutions extends
throughout much of the diagram, whereas a smaller field in which calcite

CoCO3

{ii
,bl,
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and disordered calcite coexist is restricted to the Ca-rich part. Several tie
Iines in the two-phase regions are shown in Figure 6. They were con-
structed by comparing d-spacings of both calcite-type reflection (104) and
aragonite-type reflection (111) of coexisting phases in the two-phase
regions with the d-spacings of the single phases in the related solid
solution series. There are three minor two-phase regions, between calcite-
and barytocalcite-type solid solutions, aragonite- and barytocalcite-type
solid solutions, and, calcite- and aragonite-type solid solutions.

A three-phase region was detected experimentally in the system, and is
defined by a calcite with small amount of SrCOe, an aragonite-type phase
with a composition close to CarzSrzoBar, and a disordered calcite-type
phase with a composition of CasoSrzoBazE.

At 550"C ond 15 kbors. Figttre 7 represents the phase relations at 550'C
and 15 kbars. Under these conditions, aragonite is the stable form of
CaCOa, and the interrupted series of aragonite-type solid solutions along
the join CaCOa-SrCOs at 10 kbars becomes a continuous one, which gives

a complete series from BaCOa through SrCOa to CaCOs. This aragonite-

Id. .f

Frc. 7. Subsolidus phase reiations in the system

CaCOa-SrCOrBaCbr at 550"C and 15 kbars.
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type solid solution is separated from another single-phase area in the
system, monoclinic barytocalcite, by a huge two-phase region, which
almost takes the entire ternary field. The solubility of strontium in
barytocalcite increases with increasing pressure, an amount of 16 mole
percent under these conditions as compared with 5 mole percent at 10
kbars and 550'C.

Tie l ines in the two-phase region are also plotted in Figure 7.

AT 550"C and Pressures Between l0 and, t5 kbars. A few runs between 10
and 15 kbars were made along joins Ca6sBaso-CaaoSrgo, CasoBaao-CaroSrso,
and Ca6sBa6s-Sr1ss to illustrate the change of field configuration in the
ternary system.

With pressure increasing from 10 to 15 kbars, the three-phase region
decreases in range as a result of the diminishing unmixing gap along the
binary system CaCOa-SrCOa, and it moves toward the Ca-apex. The
three-phase region disappears when aragonite becomes the stable phase of
CaCOr above 12 kbars at 550"C. In the central part, the single-phase
region of disordered calcite-type solid solution, in like fashion, diminishes
in range with increasing pressure. In Figure 8, probable phase relations,
as deduced from the equilibria established at 10 and 15 kbars and experi-
mental data obtained at 13 kbars. are shown.

BoCO3 mole o/o SrCO3

Fro. 8 Schematic representation of phase relations in the system CaCOTSTCOT-BaCO3 at
550oC and 13 kbars. Results of a few experimental runs are also shown in the diagram
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TABLE 2 . High-pressure runs along the join caBa(c03)2-Src03

t67l

Composition, mole%

CaCO3 SrC03 BaCO3

Tenp. ,

oc

Pressure,

Kba ra

Time, Results,

Hrs .  Phases*

4 5 .  O O  I 0 . 0 0

4 3 . 7 5  1 2 . s O

4 2 . 5 0  1 5 . 0 0

4 L - 2 5  1 7 . 5 0

4 0 . o 0  2 0 . 0 0

4 3 . 7 5  1 2 . s 0

4 2 . 5 0  1 5 . 0 0

4 L . 2 5  1 7 . 5 0

4 0 . o 0  2 0 . o 0

4 2 . 5 0  1 5 . O 0

4 L . 2 5  1 7 . 5 0

4 0 . o 0  2 0 . o o

3 4 . 1 5  2 2 . 5 0

37.50  25-OO

4 0 . 0 0  2 0 . o o

3 8 . 7 5  2 2 . 5 0

3 7 . 5 0  2 5 . O O

2 0 . 0 0  5 0 . o 0

1 8 .  ? 5  6 2  .  5 0

1 7 .  5 0  6 5 , 0 0

L 0 . z a  o / . 5 u

1 5 .  o o  7 0 . 0 0

2 0 . 0 0  6 0 .  o o

1 8 . 7 5  6 2 . 5 0

1 7 . 5 0  6 5 .  O 0

L 6 . 2 5  6 7 . 5 0

1 5 . 0 0  7 0 . 0 0

2 r . 2 5  5 7 . 5 0

2 0 . 0 0  5 0 . o o

1 8 .  7 5  6 2  .  s 0

I 7 . 5 0  6 5 .  O O

2 L . 2 5  5 7 . 5 0

2 0 . 0 0  6 0 . o 0

45.  O0

4 3 . 7 5

42 -50

4L.25

40.  o0

43.75

42.50

4L.25

4 0 . 0 0

4 2 . 5 0

4L.25

4 0 . 0 0

J ' . 5 U

2 0 .  o o

3 7 . 5 0

2 0 . 0 0

1 7 . 5 0

1 5 .  O O

2 0 . 0 0

I  / . 5 U

1 5 .  o o

2 L . 2 5

2 0 . 0 0

1 7 . 5 0

2 0 . 0 0

5 5 U

5 5 0

5 5 0

5 5 0

5 5 0

5 5 0

5 5 0

5 5 0

5 5 0

5 5 0

f t u

5 5 0

s 5 0

5 5 0

5 5 0

5 ) U

5 5 0

B

B + A

B

B

B

B + A

B

B

8 + A

B + A

B

B

B + A

B + A

B + A

B1 8

18

IA

1 8

I B

2 5

3 0

3 0

3 0

3 0

J 5

J 5

l 8

I 8

1 8

I E

2 5

3 0

3 0

3 0

4 8

4 A

4 A

48

48

4A

4e

4A

40

40

40

40

40

24

24

48

4A

4A

4 8

4 g

48

4 e

48

4A

40

4 0

4 0

4 0

2 4

A

r A! aragonite-type Eolid solution

B: barytocalcite-tlpe solid solution
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At 550"C anal Pressures higher than 15 hbars. At pressures higher than 15
kbars, the system does not change much in its configuration although
the single-phase regions of both barytocalcite- and aragonite-type solid
solutions are enlarged. At 35 kbars, 24 mole percent SrCOr in baryto-
calcite and 44 mole percent CaBa(COa)z in strontianite were found. The
increase in mutual solid solubilities between barytocalcite and strontian-
ite with pressure (Table 2) indicates that a complete series of solid
solutions between them is possible at higher pressures (above 35 kbars).
To form such a series there must be a phase transition between baryto-
calcite and strontianite. If such a change could occur in barytocalcite,
this would mean that at some pressures barytocalcite would transform to
an orthorhombic, aragonite-type structure, and thus produce alstonite
(Chang, 1965). Unfortunately, experimental proof of this proposal can
not be obtained with the high-pressure apparatus presently employed.

Suulranv AND CoNCLusroN

Three binary systems and one ternary system have been studied.
Among them, a complete series of solid solutions was found in the system
SrCOa-BaCO3, while large and limited ranges of solid solutions exist in
the systems CaCOa-SrCOa and CaCOg-BaCOg, respectively. In the system
CaCO3-SrCO3-BaCO3, the aragonite-type solid solution forms from
BaCOa through SrCOa to CaCOa at 15 kbars and 550oC, whereas the dis-
ordered calcite-type solid solution appears in the central part at 10 kbars
and 550"C.

The formation of ordered compounds under high pressures was found
in the systems CaCOa-BaCO3 and CaCOs-SrCOa-BaCO3, and it is very
unlikely in the other systems considering the small differences in ionic
size between the divalent cations involved. In general, increasing similar-
ity of ionic gize increases the range of solid solution, and decreases the
tendency to form an ordered phase.

The effect of solid solution on the calcite-aragonite transition is clearlv*
shown in the system CaCOa-SrCOa. The larger strontium ion tends to
stabilize the aragonite-type phase to a higher temperature at a constant
pressure. Application of this experimental conclusion to metamorphic
petrology is hindered by the fact that the amount needed for any
significant effect on the equilibrium is far above that found in natural
aragonite. In the system CaCOr-SrC03, more than 5 mole percent SrCOs
is necessary in order to reduce the equilibrium pressure of the calcite-
aragonite transitibn by 1 kbar.

The lack of natural carbonates of an intermediate composition in the
system SrCOa-BaCOa has been noted (Deer, Ifowie, and Zussman, 1964;
Sidorenko, 1947; Ermilova and Sendervora, 1959; and Harden, 1964).
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This field evidence indicates that the complete series of solid solutions in
the system SrCOa-BaCOa would have a lower limit of stability.

The naturally occurring mineral, alstonite, has not been successfully
synthesized, so its stability relations in the system CaCOa-BaCOr or
CaCOa-SrCOa-BaCOs can not be defined. High-pressure data obtained
indicate the existence of a possible phase in the system CaCOa-SrCOs-
BaCOa having composition and crystal structure similar to that of
alstonite, but no direct proof has been obtained.
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