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PHASE RELATIONS BETWEEN CYMRITE, BaAlSiaOr(OH),
AND CELSIAN, BaAlzSizOal

Y6r.q.n6 Srn2 aNo Gnoncl C. KBNNBnv, Institute oJ Geophysics
anil Planetary Physics, Uni:tersity oJ CaliJornia, Los Angeles, CatiJ.

Aesrnacr
The chemical reaction: celsianfsanbornite+2 quartzfwater32 cymrite, has been

experimentally studied in the temperature range of 200" to 850'c. and at pressures up to
35 kb by the simple squeezer. Hexagonal celsian forms a complete solid solution series with
cymrite by substitution of Al3+ for [Si(OH)]3+ with increasing water pressure (and/or de-
creasing temperature). Some interpretations of the natural occurrence of monoclinic cel-
sian, cymrite and sanbornite are presented.

IrttnooucttoN

The potassium and barium feldspars have been studied at length in
this laboratory at high temperatures and pressures. Data on the potas-
sium feldspars are appearing in a separate paper. The general relation-
ships between the potassium and barium feldspars are shown in the
following diagram.
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Sanidine plus water goes to a new phase, KHAISLOs.OH at high pres-
sure. This new phase is an analog of cymrite and an end member of a
solid solution series involving cymrite. Cymrite, in turn is part of a solid
solution series of which hexagonal celsian is the other end member.
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1408 Y. SE:,KI AND G. C. KENNEDY

Hexagonal celsian is the high pressure-low temperature poiymorph of

monoclinic celsian. Monoclinic celisan is an end member of a solid solu-

tion series of which sanidine is the other member.
Cymrite was described as forming a vein within the manganiferous

ore deposit of the Benallt mine in Wales b;" Smith et al. (1949). They re-
ported the results of their microchemical tests and r-ray study and con-

cluded that this mineral with the chemical composition BaAlSirOs(OH)
probably had a very simple hexagonal framework tvpe structure.

Hexagonal celsian was artif icially prepared by Ditt ler and Lasch
(1930), Yoshiki and Matsumoto (1951) and Davis and Tuttle (1952).

Yoshiki and Matsumoto (1951) found two modifications (a and 0) of
hexagonal celsian. Tak6uchi (1958) reexamined the cr1'stal structure of
these two types of "hexagonal celsian" in detail and showed that B-"hexa-
gonal" celsian, which is stable below 300" C., is truly orthorhombic;and
a-hexagonal celsian, which is stable above 300o C., is hexagonal (D46h).

No significant difference can be observed between the r-ray powder
patterns of the a- and the B-form except peak shifts owing to lattice

expansion. The similarity of r-ray patterns demonstrates the similarity
of the basic frameworks of these two kinds of celsian. Neither hexagonal
nor orthorhombic celsian has been found in nature.

X-ray powder data of natural cymrite are almost identical to those of

synthesized hexagonal celsian as shown in Columns D and E in Table
1. This similarity is believed to show that these two materials have al-
most the same fundamental structure.

Another kind of barium-aluminum silicate, monoclinic celsian, has

been described, particularlv in manganiferous ore deposits (Bauer and
Palache, 1926; Larsen et al., l94l; Meier, 1939; Schaller, 1929; Segnit,
1946; Spencer, 1943; Vermaas, 1953; Vil l iers, 1951; Yoshimura, 1936,
1939). The stabil ity relation between hexagonal celsian and monociinic

celsian has never been clarifi.ed.
It is well known that monoclinic celsian and monoclinic potassium

feldspar form a complete or partial solid solution through the mineral

hyalophane, which is intermediate both in chemical composition and in
phvsical properties (Strandmark, 1903, 1904; Taylor et ol.,1934;Vermaas,
1953 ) .

The present writers have recently succeeded in synthesizing a new
phase, KAISiaOE'HzO, from potassium feldspar under high water pres-

sure conditions (Seki and Kennedy, 1964). The r-ray powder patterns

and unit-ceil dimensions calculated for this new phase are quite similar
to those of cymrite presented by Smith et al. (1949a).

In order to study the relation between two possibie solid solution series:
c1'mrite (BaAlSiaOs(OH))-KAlSi3Os.HzO and monoclinic celsian
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CYMRITE-CELSIAN RELA:IIONS I4II

(BaAlzSizOs)-sanidine (KAlSisO8) and particularly to determine the
physical conditions under which cymrite and Ba-bearing monoclinic
feldspar are stable, we performed experimental work on the chemical
react ion shown below:

cels ian f  sanborni te l2quaf izf  water  -  2cymri te

BaAhSizOs BaSizOa SiOz HrO BaAISiaOe(OH)

under wide ranges of temperature and water pressure.
In the present paper, the solid solution relation between cymrite and

hexagonal celsian and the stabii ity f ield of monoclinic celsian wil l be
described and their geological applications wil l be discussed.

ExprnrltBlrrAr, TECHNTeuES AND Sr,tnrnrc Marnnrrlr,s

Most of the experimental work in the present study was carried out
in the piston-anvil, "simple squeezer," apparatus which has already been
described in detail by Griggs and Kennedy (1956) and by Pistorius el ol.
(1e60).

Three kinds of starting materials were used.
The first was a glass having the approximate chemical composition

of cymrite. The glass was made by heating a finely ground mixture of the
following materials to 1300" C. followed by rapid quenching in an air
b last :

Ba(oH)z.SHeo 51 .6% by weight
AlzOr.xHeO (x = 1) 9.8/6 by weight

SiOr.xHrO (x :. 1) 38.5/6 by weight

The second starting material was an unfired mixture of the above
hydrated materials. The mixture was ground under water and dried.
This procedure was repeated 8 to 10 times in order to completely homog-
enize the mixture.

The third was mixtures of (1) hexagonal celsian, sanbornite and di-
barium-trisilicate (Ba2Si3O) and (2) monoclinic celsian, sanbornite and
BazSiaOa. These mixtures were prepared in the simple squeezer from
oxide mixes having the chemical composition of cymrite.

Water was added to all mixes before subjecting them to pressure. The
pressure was raised to the desired value before heating in order to retain
the water in the sample. We failed to synthesize any cystalline phase
from the glass starting mixture even when the glass was kept at 700o and
30 kb pressure for 21 hours.

The oxide mixture of cymrite composition, on the other hand, readily
transformed into a crystall ine phase assemblage. At above 500o C.
crystallization of the oxide mixtures was complete within fifteen minutes.
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Mixtures of hexagonal or monoclinic celsian, sanbornite and dibarrum-

trisilicate formed from oxide mixture were used to confirm the reversi-

bility of the two modifications of celsian along the boundary between

the hexagonai celsian solid solution* sanbornite I qtartz and monoclinic

celsian* sanbornite* quartz fi elds.
The products were identified chiefly bv means of r-ra1' powder pat-

terns taken on a Phil ips diffractometer, using Cu radiation; as well as by

means of the polarizing microscope. The r-rav patterns of starting ma-

terials and synthesized minerai assemblages are verl' distinctive and

little difficultl' was encountered in identifying even relatively small

Frc. 1. Stability fieid of cymrite-celsian and their associated minerals formed by the

chemical reaction of 2 cymriteicelsianf sanbornite+2 qtartz+Hzo' Numbers represent

the duration (in hours) of the runs.

amounts of each phase. Quartz powder or sil icon powder was used as an

internal standard, in order to measure accuratelv the 20 CuKa values of

diffraction peaks.

RBsur-rs

Figure 1 shows the stabil ity f ields of some mineral assemblages asso-

ciated with the chemical reaction, celsian*sanbornite*2 quartzf H2O

32 cymrite.

Cymrite-heragonal celsion Column A in Table 1 shows the r-ray powder

data, unit-cell dimensions, unit-cell volume and optical properties of

cymrite synthesized from oxide mixture of cymrite composition. These

data are practically the same as those of natural cymrite (Col' D in

Table 1) .
With decreasing pressures and/or increasing temperatures' r-rav data

and optical properties of the mineral having the cymrite structure grad-

ually approach those of hexagonal celsian (Cols. B, C, E and G, Table

3
5l

EIpl
tl



CYMRITE-CDLSIAN RELATIONS 1413

1). A hexagonal mineral formed from the oxide mixture of cymrite com-
position at 725o C. under water pressure ol 2 kilobars and associated
with sanbornite and qvartz (Col. C, Table 1) shows practicaliy the same
ph.vsical properties as those of pure hexagonal celsian synthesized under
room pressure from an oxide mixture having the chemical composition of
cl.mrite and celsian glass (Cois. E, F, Table 1). Column G in Table 1
contains the r-rav data reported by Thomas (1950) for the "monoclinic
celsian" synthesized by him. A comparison between this column and
Table 2 clearll '  shows that his "monoclinic celsian" actually was not
monoclinic but was hexagonal celsian.

The most distinct r-rav diffraction peaks of cymrite are (101), (102)
and (110). Among these three peaks, 20 values of (102) and (110) dif-
fractions should clearlv and regulariv shift with the transition from pure
cymrite to pure hexagonal celsian. Figures 2 and 3 show the shift of 2d
CuKa values of these two r-ray diffractions of cymrite-hexagonal celsian
mineral series synthesized under a wide range of physical conditions.

It is clear, from inspection of Figs. 2 and3, that the chemical poten-
tial of all components in this difficult and complex system are not chang-
ing as regulariy as might be desired. This probably stems from slight
non-homogeneity of our oxide starting mix and from failure to retain
water pressure exactly equal to confining pressure. More or less, the
trend in the system is clear, with cymrite forming at high water pressures
and low temperatures and hexagonal celsian forming at low water pres-
sures and high temperatures. In addition, increasing chemical potential
of sil ica with decreasing chemical potential of alumina would cause the
stable field of cymrite to expand to mr-rch lower water pressures.

Monoclinic celsian. Monoclinic celsian was formed from the oxide mix-
ture of c1'mrite composition under relatively high temperature and low
pressure conditions (Fig. 1). Monoclinic celsian is associated with
sanbornite and quartz as in the case of hexagonal celsian. X-ray data,
unit-cell dimension and unit-cell volume of monoclinic celsian are shown
under Column A in Tabie 2. Column C is r-ray powder data
of "3AlzOr.2SiO: (mull ite)" synthesized by Thomas (1950) in his study
of BaO-AlzOrSiOu system. He said "the r-ray data lead to the conclusion,
though such a conclusion is open to question and deserves further study,
that all the points are probably mull ite." It is clear, however, that his
mullite is actually monoclinic celsian.

Sanbornite. Sanbornite (BaSizO) was formed in association with cymrite-
hexagonal celsian series, monoclinic celisan, dibarium-trisilicate and
qtartz in our experiments.
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Tl-rll 2. X-nnv Poworn Dara, UNrr-Cnlt DrltowsroNs aNl

Uxrr-Crr,r VoruMss or MoNocrrNrc CnsI.tl+s

Synthesized monoclinic Celsian
800', 9 kb
(this paper)

Natural
monoclinic Celsian

(Vermaas, 1953)

Measured

Synthesized

"3AlzO:'2SiOz"
(Thomas, 1950)

d(A)Calculated
d(A)

o . . ) l

4 6 0
3 . 7 9
3 . 5 6
. t . J l

3 .336
J . J Z I

J . Z I O

3 -262
3 . 0 1 4
2.916
2.836
2 . 7 9 4
2.602
2 589
2.404
2 . 3 5 4
2 3r2
2 259
2 . 2 5 2
1  1 1  A

z - \ l J

2 -122
2.082
2.O22

o20
o2l
130
221
112

6 5 1
4.  59
3 . 7 9
3 . 5 s
J .  J I

d(A)

6 . 3 9
4 . 5 7

3 . M

3 . 0 0
2.901

2 . 7  5 8

2 . 5 7 4
2.406

2 . 3 1 6
2 . 2 6 3

2 . 1 6 7
2.104
2.056

4 . 6
3 8 0

.t 4J

3  .33

3 . 2 5

3 .00
2 . 9 1

2 . 7 7

2 . 5 7

4 l
18
38
33
80

v.s.

S

m

40
20
3

60

70

70
40

50

r00
30

30
20

100
10
10

220\
2o2J
002
040
131
041
201
132
221
24r
203
T13
042
223
r32
152
060
T52
311
7 1 n

74

75
30
10
.ttt

30

Quartz (101)1

3 273
3 . 2 5 9
3 014
2 . 9 1 2
2.834
2 795
2.603
2.589
2.401
2 . 3 5 4
2.312
2.259
2.251
I  n 1  A

a  1 1 A

) , "

Isza

10
10
1 5
8

t 2
1 8
t . )

Quartz (200)1
2.080 10
2.021 20

o:  8.63 (1)  A
b : r3 .10  Q)  A
c :  7 . 2 9  @ )  A
B:116"
unit-cell volume 185.2 A3

o :  8 .63  A
b : 1 3 . 1 0  A
c:  7.2s i t
p:116"
unif.cell volume 185.0 A3

t Hidden by peaks of associated quartz.

X-ray powder data and other physical properties of our sanbornite are
represented in'fable 3. BaSizOs was first synthesized by Bowen (1918).
Eskola (1922) found that synthesized BaSizOs is orthorhombic. In 1932,



Teer,r 3. X-nav Pomnn Dera, UNrr-Cnn DnmNsroNs
eNo UNrr-Crr-r, Vor,ulrns ol. SA.NeonNrrBs

Synthesized Sanbornite
(This paper)

Natural Sanbornite
(Douglass, 1958)

d(A) d(A)

6 . 7 4
5 0 5

Hex. Cels ian (011,  101)r
16

60

Quartz (101
3 . 2 2 7

) r

3 . 8 1

3.419

3 .088
2.980
2 .883

(003)1
l2
1 2
8

20

to2

112

103
014
1 1 3
1 2 l

104

122

024
032
105
200

124
( tnc

\z r r
016

212
034
106
125
2r3
041
222

6 . 7 9
5 .08

3 . 9 7
3 . 8 2

3 . 4 2 2

3 . 3 4 2
3 . 2 2 6
3.O92
2.980
2 .888

2 . 7 2 0

2 . 5 7 4
2 . 5 4 1
2.394
z  . t z l

2 . 3 1 7
2.281

2 . 2 3 6

2 . 2 2 6

2.193

2 -162

2 130
2 109
2.O38
2.025

1 990

| .921
1 903

1 .850

30
30

100
10

50

70
20

.l

5

55

002
ot2

2 .723

2 .710

[Iex. Celsian
2 . 5 4 0
2 . 3 9 5
2 . 3 2 6
2 . 3 1 6

2 . 2 2 5

2.r92

2.160

Hex. Celsian (013, 103)t

a:  a .$  Q)  i r
6: 7.6e (o) A
c: 13 .50 A
Unit-cell volume 120.3 A3

l . )

t . )

10

30

t . )

t <

o :  4 . $  A
b :  7 .69  A
d : I J . 5 . t  A

Unit-cell volume 120.4 A3

36
100
20
1 6

40

60

28
16

t2
l . )

25
27

45

28

12

Quartz (200)l

2.  108
2.O38
2.026

.995

.991

.921
902

Hex. Cels ian (113)I

1 . 7 9 3

40
10
5

t . )

10

10
10

28

1 Peaks hidden by the presence of peaks of celsian and quartz crystals associated
with sanbornite.

hkr

o02
012

1 1 0
102

Itrz
l'004
022
103
014
1 1 3
t2 l

Itzz
| 104

tt4
023
032
105
200
201

i rso(
l 1  l s
r24

Izoz
l ) 1 1

016

132
2 t 2
034
106

(  r t <
)  r r  a

041
222

J2r4
\o+z
22s
126
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Frc. 2. X-ray difiraction peak of (110) of cymrite-hexagonal celsian solid solution serres.

Numbers represent the 29 CuKa value (example, 57:33'57 degrees).

Rogers discovered a natural occurrence of BaSizOs in association with
qxartz, monoclinic celsian, diopside, gil lespite and tourmaline forming a

vein in metamorphic rocks, and proposed a new name sanbornite.

Recentll, Douglass (1958) has studied in detail the crystal structure and

related solid solution of sanbornite and has found that this mineral,
previously described as tricl inic b-v Rogers (1932), is truly orthorhombic.
T'he presence of two polymorphic forms of BaSi:Os (high temperature

and low temperature forms) has been reported by Roth and Levin (1959).

They stated the transition temperature of these two forms to be 1350" C.

at room pressure. Sanbornite synthesized at 300-850" C. in our run is

believed to be their low temperature form.

-

GI

ol

HI'l
cl

al

Frc. 3. X-ray diffraction peak oI
Numbers represent the

EleE!4Mgfcl

(102) of cymrite-hexagonal celsian solid solution series.

20 CuKq value (example 30:30.30 degrees).

TElTIPERATURE PC)

oS

ozf
o27

o a o a
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42 4t 40 39 3a 57 36 36 34 }r 32 3t n 
" 

28 - E-25-24-gd 2-l

28(CuKo)

Frc. 4. X-ray diffraction figures of 2 cymrite3hexagonal celsianfsanbornite*2
quartz+Hro reaction at various physical conditions as follows: (1) 410., 29 kb, (2) 52O.,
20 kb, (3) 630o C., 17 kb, (4) 500' C., 10 kb, (5) 560. C., 7 kb; Ba: Cymrite-hexagonal
celsian solid solution, Bd: Sanbornite, Bt: BarSi:Os, e: euartz.

It must be noted that the relative amount of sanbornite synthesized
in our runs, as estimated from the intensity oI fi-ray diffractions, grad-
uall l 'decreases with the increase of water pressure andfor decrease of
temperature (Figs. 4, 5 and 6).
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TEMPERATURE TC}

Frc. 5. Diagram showing the variation of the ratio

*am#Hs+fiih* ^- X 100
in the chemical reaction of 2 cymrite3celsian*sanbornitel2 quartztMza at various

physical conditions.

IgeEr4IgsE rcl

Frc. 6. Diagram shor,ving the ratio of

I (014) sanbornite
x 100

Y

c
E

I  (102) cym.-cel .  s .  s

in the chemical reaction of
physical conditions.

. + I (014) sanbornite + I (d:3.711) Ba2Si3Os

2 cymrite-celsian*sanbornitel2 qtartzlHzO at various
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Dibarium-lri,silicate (Bazsi^os). The appearance of dibarium-trisilicate
(BazSiaos) is l imited to higher pressure and lower temperature regions of
the field of cymrite-hexagonal celsian series*sanbornite in Fig. 1. X-
ray powder data of dibarium-trisi l icate associated with cymrite-hexag-
onal celsian series and sanbornite in our runs are shown in Table 4.

The intensitv ratio oI r-ray dif iraction peaks clearly show that in our
runs the amounts of sanbornite and dibarium-trisilicate vary inversely
with changing temperature and pressure. rt is also noteworthy that di-
barium-trisi l icate has never been found in association with quartz or
other sil ical minerals in our experimental work. Thus, with increasing
pressure and decreasing temperature the following chemical reaction
goes to the right:

2 Sanbornite (BaSLOs)=dibarium-trisilicate (Ba:Si:Os) *SiOz

The SiOz thus l iberated is used to form cymrite from hexagonai celsian.
winchell (1931) concluded from his interpretation of the data of Eskola
(1922) that BarSisOs and BaSirO5 form a continuous series of mix-crystals.
Levin and lJgrinic (1953) also said that Bau SiaOa and BaSizO6 form a com-
plete solid solution though the r-ray data did not conclusivery show a
solid solution series. Keler and Glushkova (1956), Glushkova and Keler
(1957) and Roth and Levin (1959) later denied the presence of a solid
solution relation between these two components. our experimental work
clearly shows several double peaks which indicate the presence of both of
these two phases in the same run and thus tend, to substantiate the latter
hypothesis.

Quortz. Quartz is always associated with hexagonal celsian, monocrinic
celsian and sanbornite formed at relatively low water pressures in our
runs. X-rav powder and microscope data show, with increasing water
pressure and/or decreasing temperature, the amount of quartz associated
with these minerals generally decreasesl and finally under high water
pressures quartz disappears and dibarium-trisilicate appears in associa-
tion with cvmrite-hexagonal celsian series, rich in cl.mrite molecule, and
sanbornite.

SutvrMqnv ol RBsulrs

Minerals or phases appearing in the chemical reaction: hexagonal or
monoclinic celsian*sanbornitef 2 qtartzfwaterj2 cymrite are as
follows:

hexagonal celsian
monoclinic celsian
sanbornite
quafiz
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Tllrr 4 X nev Po'woot Dera ol Ba2Si3O8

BarSisOs associated u'ith cymrite-

hex. celsian s.s and sanbornite

d(A)

4.40

3 7r l
3  .651

Sanbornitel

Cym.-hexagonal celsianl

2 . 7 5 6
2.621
2.581

Cym.-hexagonal celsian

2.345
2.268

Cym.-hexagonal celsianl

Cym. hexagonal celsianl

2.r43
2.097
2.O43

Cym.-hexagonal celsianr
t .919

1 865
1  . 8 1 7
| . 7 8 4

Cym.-hexagonal celsianr

Cym.-hexagonal celsianl

Cym.-hexagonal celsianr

Cym.-hexagonal celsianl

1  514
I 504

25

25
J J

48

9
n A

25
2 l

25

10
20
9

l . )

14

10
8

BazSisOs
(Levin e l  a l . ,1953)

d(A)

a  1 1

6 . 0 6

3 9 3
3 . 7 9
3 . 7 r
3 . 5 1
3 4 4
J . J J

3 . 2 8
3 . 1 5

2 . 7 8

2 . 6 r

2 . 4 1
2 . 3 6
2 2 8
2 . 2 3
2 2 1
2 . r 4
2 . O 9
2 . 0 4
1 981
1 . 9 1 8
1 881

r .825
r . 7 8 9
1 . 7 6 0
l .  , / 4 J

1 654
| 636
1.617

1 557
1 . 5 1 8
1  . 5 1 3

l . )

l 1

l . l

100
/.)
10
10
87
76
48

8

8
35
45
J L

24
60
22
12
20
14
8

t4
25
1 1
1 1

22
10

a

1 l

Ba:SLOs
(Austin, 1947)

d(A)

7 0 0
6 . 0 5
5 .00
4 . 3 3

3 7 5
3 6 8

I

1 2
6
o
6

100
80

| , 0 ,
3 3 0
3 . 2 6
. ] . I J

2 . 9 9
2 . 7 8

2 6 0
2 . 5 5
2 4 0
2 . 3 5
2 . 2 7
2 2 3
2 . 2 1
2 t 4
2 . 0 8
2 . O 4
1 . 9 8
r 9 1
1  . 8 8
1 8 6
1 .83
| . 7 9
r 7 6

t . 7 r
1 .6s
1 6 3
1 . 6 2
1 . 6 0
1  . 5 8
| .)o

t 5 2
1 . 5 1

o

70
42
35

o

75

o

o

9
l +

23

13
4 l
18
t 2
1 n

l4
7
1

l 6
20
16

8
1 2
6
6
6
6
8
8
6

I Hidden by cymrite-hex. celsian and sanbornite'
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Pure cymrite was synthesized under high water pressure and/or low
temperatures, but p're hexagonal celsian was formed onl1, under low
water pressures (Fig. 1).

Figure 7 shows how the quantitative ratios of cl,mrite-hexagonal cel-
sian'series, sanbornite and dibarium-trisilicate vary under wide ranges of
temperature and water pressure. From this Fig. 7 it is clear that the
amount of cymrite-hexagonal celsian series formed in our runs generally
increases with increasing water pressure.

IEIPCNATUiE FCI

Irrc. 7 Diagram showing the variation of the ratio of

____I!g) cymrite - hexagonal celsian s.s.

I (102) cym.-hex.cel-.- + r (014);"b;it" +ld--7rt su,S;,O,
in the chemical reaction of 2 cymriteJcelsianfsanbornitel2 quartz*HzO at various
physical conditions.

Figures 8 and 9 represent the relations between the amount of cymrite-
hexagonal celsian series formed in our experimental work and 20 CuKa
values of (102) and (110) diffractions of this mineral series. Both of these
figures clearly show that the composition of cymrite-hexagonal celsian
solid solution becomes richer in the cymrite molecule with the increase of
the amount of the solid solution in the experimental products (Figs. 2, 3,
Table 1).

Drscussron

The volume relations in the chemical reaction are as follows:

hexagonal  fsanborni te l2quartz +water= 2 cymri te
ceisian
BaAlzSizOs BaSi:Os SiOz F{rO BaAISLOs(OF{)

molecularvolume 19043 120As (3gx2)As 30A3 (1g9x2) A3

total volume 416 A3 378 A3
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The chemical reaction, in going from the left to the right, involves the

addition of water. Thus high water pressure as well as high hydrostatic

pressure promote the formation of cymrite.
As previously noted, we found clear evidence showing a solid solution

relation between pure cymrite and pure hexagonal celsian by the follow-

ing substitution:

At3+= [Si(oH)]3+

With substitution of Al3+ by Sia+ a space between the (AlzSiz)Os sheets of

hexaqonal celsian must have been occupied by (OH)-'

Inoa cvx.xex ctr ss x too

/
I

o

o

Itoa cvx'rer cer ss + kotr)selaonrnt + l(d'l ?n c oolsilot)

Frc. 8. Diagram showing the relation between 20 C:uKa of (102) and the amount of

cymrite-hexagonal celsian solid solution formed by the chemical reaction of 2 cymrite

*celsian*sanbornite*2 quartz*HrO at various physical conditions'

Thus with the increase of water pressure the mineral assemblages in the

chemical reaction we have studied change as f ollows:

(1) hexagonal celsian*sanbornitef quartz

(2) (cymrite-hexagonal celsian) f sanbornite+Ba2slo3 solid solution

(3) (cymrite-hexagonal celsian) f dibarium-trisilicate solid solution

(4) cymrite

Our experimental work shows that in an anhvdrous svstem or under

Iow water pressures hexagonal and monoclinic modifications of

BaAlzSizOa are stable at high and low temperatures respectively. At

atmospheric pressure, hexagonal celsian may be stable belorv about 700o

C. However, natural occurrence of hexagonal celsian has never been re-

ported.
Similar observations of hexagonal anorthite were made by Goidsmith
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and Ehlers (1952). Goldsmith and Ehlers (t952) and Donnay (1952)
stated that hexagonal anorthite would not be isostructural with hexag-
onal celsian. However, as shown in 'Iable 5 of the present paper, the
similarity of r-ray powder patterns suggests that these t*o hexagonal
phases are isostructural. The absence of an *-ray dif iraction peak corre-
sponding to (00a) of hexagonal anorthite in our hexagonal celsian may
suggest celsian has twice the unit-cell dimension c of the anorthite. The
experimental work of Goldsmith and Ehlers (lgsz) shows hexagonal

r ,  r , *

Frc' 9. Diagram shor'ving the relation between 20 C,tKa of (110) and the amount of
cymrite-hexagonal celsian solid solution formed by the chemical reaction of 2 cymrite
Scelsianf sanbornitef2 quartz*Il:O at various physical conditions.

anorthite to be stable below 350" C., but hexagonal anorthite has never
been reported to occur in nature.

It is noteworthy that monoclinic celsian is transformed into the hexag-
onal form, moderately rich in cvmrite, under more than 4 kb water pres-
sures in our experiments. Below 4 kb, monoclinic celsian does not change
into the hexagonal form even at 650o C. for 33 hrs. Thus it is quite prob-
able that monoclinic celsian persists into the low temperature field if
water pressure is not high.

Sanbornite is a rather rare mineral but is usually associated with mono-
clinic celsian and quartz (Rogers, 1932).

Only one occurrence of cymrite in nature has been reported (Smith
et al.,1949a). The high water pressure or high chemical potential of water
which is necessarv for the formation of cymrite is believed to be a reason
why this mineral is so rare in nature. The physical conditions which pre-



r424 Y, SEKI AND G. C, KENNEDY

Tasln 5. Srurr-arrrv ol X-na.v Powonn Dere ol Hnxacorer'
ANonrrrrrn ro Tsose or Hrx.qcoxer- CrrsraN

Synthesized hexagonal anorthite
(Davis el a1,.,1952)

Synthesized hexagonal celsian
(Takduchi, 1958)

hkI d(A)

7  . 3 7

4.43

3 . 8 0

hkl d(A)

7 7 e

3 .963

2.659
2.602

2.304

N2

100\
010.1

102\
or2)

004

104\
0r4)

110
006
t12

106\
016j

202\
o22J

008
t t6

108\
018,l

001

100\
010J

101\
011J

012\
1o2J

110
003
1 1 1
020\
2ooJ

103\
0131

201\
o2rJ

004
113

104\
0r4)

t 1 2

2 . 8 4

2 . 5 5 5
2.456
2.414

2.1r9

1 . 7 0 1

> 100

9
t4
3

> 100
9

22

.)

o : 5 . 1 1 0 + 0 . 0 2  A
c :D17 .369+0 .02  A

o : 5 . 3 1 3 + 0 . 0 5  A
c :7 .805+0 .05  A

1 Davis el al., noted 2.417 but is probably a misprint.

vailed in the formation of the cymrite in wales ma)r have been below

300" C. and above 5 kb water pressure.
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