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THE BREAKDOWN OF POTASSIUM FELDSPAR, KAISigOS

AT HIGH TEMPERATURES AND HIGH PRESSURES'

Y6rAno SBr<t2 aNn GBonco C. KorqNalv, Institute of Geophys'ics

and. Planetary Physics, Uniaersity of California,
Los A ngeles, Coli lornia.

Assrnecr

Experin.rental studies ol sy'nthetic pure sanidine and natural orthoclase, at high tenrper-

atures ancl pressures, shorv that potassium feldspar is transformed into a hexagonal phase

KAlSisOs'HrO at high lr'ater pressures by the follon'ing chemical reaction:

KAlSirOs I HzO = KAlSi3O8' HrO

Under dry conditions, horvever, potassium {eldspar is apparently stable even at 1000'C'

and 60 kilobars.

hqtnooucrroN

There are four major groups of feldspar minerals in nature: potassium

feldspar (KAlSiaO8), sodium feldspar (NaAISiaOs), caicium-feldspar
(CaAlzSizOr) and barium feidspar (BaAlrSizO)' Among these, sodium

feldspar, calcium-feldspar and barium feldspar are easilv broken down

into other phases or phase assemblages either at high solid pressure or at

high water pressures.
It is well known that sodium feidspar is transformed into the assem-

blage jadeite plus quartz at high pressure by the following chemical reac-

tion (Birch and Le Comte 1960; Robertson el al., 1957)'.

albite ---. 
jadeite 

_Lqvartz
NaAlSirOs NaAlSizOo 

' 
SiOz

At higher pressures, albite transforms into the assemblage of jadeite

and coesite b1' the reaction (Boyd and England, 1960; MacDonald,

1e56 ) :

albite jadeite , coesite

NaAlSiaOs NaAlSizOe 
- 

SiO,

Pistorius et al. (1962) and Newton and Kennedv (1963) showed that

calcium-feldspar would be transformed into lawsonite at high water pres-

sures by the following chemical reaction:

anorthite 2 water lar'r'sonite

caAlrSiros* 2 Hro 
. 

caAlzsizos'2 Hzo

Barium feldspar also undergoes mineralogical change into cvmrite

when subjected to high water pressures (Seki and Kennedy,1964a).

1 Publication No. 306, Institute of Geophysics and Planetar5' Physics, University of
California, Los Angeles, California.

2 Department of Earth Sciences, Saitama University, Urawa, Japan.
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Early reconnaissance experiments showed that orthoclase undergoes a

phase change at water pressures somewhat in excess of 10 kilobars. In

this paper we present results of experimental work on the stabil ity of

potash feldspar at high temperatures and high confining pressure as well

as at high partial pressures of water.

ExpnnrnBwrAl TECI{NTQUES

Runs were made in both piston-anvil and piston-cylinder devices.
The behavior of a piston-anvil device (simple squeezer) has been dis-

cussed several t imes (Griggs and Kennedy, 1956; Pistorius et al., t962).

In "wet" runs water is added to the starting materials in order to make

confining pressures and water pressures as equal as possible. In "dry"
runs, however, the starting materials were kept atleast 24 hours at 110o

C. in an air bath in order to eliminate all but the most t ightly absorbed

water from the starting materials. The samples were kept at the required

temperature and pressure in the piston-anvil device for 2 hours above

500o C., 4 hours at 400o, and 8 hours or more below 400o C.
Our piston-cylinder apparatus has been described previously by New-

ton and Kennedy (1963). In wet runs in this apparatus, the starting ma-

terial was sealed with water in platinum capsules, but in dry runs the

starting material was kept at 110o C. in an air bath for 24 hours before it

was sealed in the platinum capsules. The samples were kept at the re-

quired temperature and pressure in the piston-cylinder apparatus for 1

hour above 700o C., for 2 hours at 500-700' C., and, below 500o C., for

18 hours.
Recently, Newton and Kennedy (1963) have shown that results ob-

tained by simple squeezer on the stabil ity relations between lawsonite

and anorthite plus water are much difierent from those obtained from the

piston-cylinder apparatus. However, in the present system the results ob-

tained from the two methods are almost identical.
Mineral phases in our experimental products were identified using both

a Philips c-ray diffractometer and a petrographic microscope.
Even though identification of the new mineral phases, made at high

pressures, has been by both Phil ips r-ray diffractometer and petrographic

microscope, we relied almost wholly on the r-ray data for the positioning

of the various phase boundaries shown in this paper. A few minute high

index particles could always be found in the sample bv careful micro-

scopic examination even though the sample had never been to excessively

high pressures or near the position of the suspected phase transition. This

minute amount of high index material could either result from contamina-

tion or possibly very local high stresses on the sample. Thus, microscopic

work could not be relied upon exclusively to give the lower pressure posi-

tions of the phase boundary.
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Results from r-ray examination were much more unequivocal. Runs
spaced no more than f kb apart near the transition boundary normally
showed either very l itt le new phase or a very large amount of the new
high index phase. For this reason we have relied almost exclusively on the
r-rav data in the selection of our phase boundary.

SranrrNG Merrnrers

Two kinds of starting materials were used:
(1) Pure sanidine crystall ized from KAlSiaOs glass in the simple

s0ueezer.

Tl.vtx,2. X-nav Pownrn Dar.q or Na:runar- Onruocla.sn
Usen as e Srenrtl+c Marrnrer-

hkr I
o20
T11
201
t n
130\
130J
T31
221
t t2
202
002
131
041
132
241
310\
31oJ

The KAlSiaOs glass was prepared by Dr. Schairer of the Geophysical
Laboratory and supplied to us through the courtesy of Dr. F. R. Boyd.
X-ray powder data for the sanidine are shown under Column A of Table
1 .

(2) Natural orthoclasel was obtained from the mineral collection of the
Geology Department of UCLA. X-ray powder data of the orthoclase are
shown in Table 2. NazO and KzO contents of the orthoclase are as follows:
Na2O : 4.407o, KrO : ll.l7 7a

l "Orthoclase," as defined by Laves (1951), is a mineral that deviates from a truly
monoclinic sanidine but that appears to be monoclinic because of triclinic domains too
small to be resolved by the microscope or even by *-ray diffraction.

4 1 7  i

hkr d(A)

2 .050

1 .958
1 . 7 9 4
1 621

I

A

l . )

8

30

6
4

10
53

100
18
1 a

9
18

6

t . ) l

242
060
152

061

JJJ

043
3-34

2.416
2.320
2 .274
2 .114

4
3

t3
I

3
34
3

3 . 9 2

3 . 7 5

3 . 6 2 7
J , J I /

3.461
3.269
3 . 2 2 1
2.982
2.903
2 . 7 5 r
2 568

2 . 5 4 0
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ExppnrMriNter RBsurrs

(1) Results obtained by the simple squeezer-using sanidine as a start-
ing material under high water pressures are summarized in Fig. 1.

Sanidine*H2O changed into a hexagonal phase at very high water
pl essures. X-ra1. diffraction patterns, unit-cell dimensions, unit-cell
volume, optical properties and densitv of this nerv phase are represented

TEMPERATURE CC}

.!'rc. 1. Diagram showing the synthesis fields of sanidine and KAISi:Os.H:O deter-
mined by the sinrple squeezer

O sanidine + \Yater --. KAlSiaOs.HzO

A sanidine f lvater . sanidine * water

X-ray powder data often show the presence of small amount of sanidine associated with
KAISLO8.HTO crystals. The presence of the sanidine must be due to either deficiency of
water in these runs or to incomolete chemical reaction.

under Column A in Tabie 3. Refractive indices \vere measured by the im-
mersion method. Density was measured by means of suspension method
using methylene iodide l iquid. The measured value of density agrees well
with the value calculated from unit-cell dimensions and the assumed
chemical composition of KAlSiaOa'HzO. The *-ray powder data and
other physical properties corresponded closely with those of cymrite
(BaAlSiaOs(OH), (Col. B, Table 3), a naturall l '  occurring barium analog
of our mineral.

Thus the new phasel the assumed chemical composition of which is

KAlSrsOE.HzO

a a  S A N I D I N E + a
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Tearr 3. X-nav Powoen Dera, UNrr-CrrL DTMENSToNS AND Orr{ER Prrvsrcar,
Pnoprnuss ol KAlSirOa.H:O Syn:rnrsrzeo lnou KAlSirOs Gr.nss Prus

Warrn., AND or CyMRrrn, BaAISirOr(OH)

A
KAlSi3Os.HrO (35 kb,640o C.)

Measured Calculated

B
Cymrite

(Smith el d.1., 1949)

d(A)

7 . 7

4 6

3 . 9 5

2 . 9 5

2 . 6 7
z , J l

2 5 3

2 3 2

2 . 2 4

2 . 2 1

2 . 1 1
1 .990
| 920
| .849
1  . 7 8 3

d(A)

001
010\
100]
r01\
011J
o02
102\
0r2)
110
003
1 1 1
200\
0201
103
201\
02r l

202
004
I I J

211

2r2l
tt4
oosl
300f
ffi0J
IUJ

213
220\
1 lsJ
033 |
303J

7  . 6 7

4 . 6 1

3 . 9 6

3  . 8 5

2 . 9 5 7

z  oo l

2 . 5 1 8

2 .308

2 . 2 4 1

2 . 2 1 1

1 . 9 2 4
1 .848

| . 7 4 6

I .  /  I J

1 .703

7 .69

4 . 6 r

3 . 9 6

3 . 8 4

3 956

2 667

2 . 5 1 8

2 .308

2 . 2 4 r

2 . 2 1 2

1 . 7 4 6

S

WW

VS

VS

S
VW
vw
W

M

M

VW
w
MW
M
VW

MW

MW

w

w

w
VW

VW

VW

1 . 5 9 1

1 . 5 6 0

1.468
1 .452

r .341

1 .324

1 334

1.32r

5

30

30

33

100

89

10

15

+

t J

7

1 .334
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A
KAlSi3O8.HrO (35 kb,640. C.)

Calculated

B
Cymrite

(Smith eJ aJ., L949)

006
222
1 l rJ
312l
3041
u4!
223

d (A)

| 283
1.260

1 2t6

1 .203

1. t84

d(A)

1 . 2 8 3
1 . 2 6 0

1.216

8
3

3

o:s .33  (s )  A
c :7 .70  (O)  A
Hexagonal
Unit-cell volume: 189 . 8 A3

' : j - : : : f+o  oo3
e: r  .  JJJ]
Uniaxial negative
Elongation positive
Calculated density: 2 fg
Measured density:

2  5 8 + 0 . 0 2

a : 5 . 3 2  A
c :7  . 67  f r
Hexagonal
Unit-cell volume:

188 .0  A3
,. , :  |  6??()

. :  i . i ; ; ;1*o'oot
Uniaxial negative

Measured density:
3 .413+0 .005

KAlSiaOs'H:O; is  bel ieved to have been formed by the fo l lowinq chem-
ical leaction:

potash feldspar*water hexagonal new phase

KAlSisOs H:O --. KAlSi3O8.HrO

molecular volume l82f\3 3043
\__ /

I
2t2L3

The volume relation shows that a high partial pressure of water should
promote the formation of the new phase.

Unfortunately we did not establish by direct analysis that our new
phase was of the assumed composition, potash feldsparf water. However,
anhydrous runs at 1300' C. and 60 kilobars failed to make this phase
directly from orthoclase, presumptuous evidence that the phase cannot
be made from pure orthoclase. The exact structural identity of our phase

total volume

19043

19043

l,u, _l '_
r .283 I  w
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and the barium analogue is further striking evidence that it is indeed a

h1-drate. Perhaps the strongest evidence, however, is the close agreement

of our measured density, 2.58+0.02 and the calculated density of 2.6O.

This agreement of the two densities, within to/6, is compelling. If our

new phase had either none or two waters of hydration, disagreement

should be approximatell' 8a/6 between the measured and calculated den-

sit l ' .
The boundary shown in Fig. 1, for the formation of the dense h,vdrate

of orthoclase, corresponds closely to the boundary reported b1'Kennedl'
(1961) for the transition of orthoclase to orthoclase II. In the earlier

work Kennedy (1961) added small amounts of water to orthoclase to flux

the reaction. He did not suspect that the new formed dense phase was a

hydrate and consequentll ' labeled this phase Orthoclase II '

The relation betr,veen the new phase and cymrite wil l be discussed later

in some detail.
(2) Figure 2 shows the stabil ity of sanidine and its hvdrate determined

in the piston-cylinder apparatus, using pure sanidine as a starting ma-

terial with added water.
The boundary between sanidine and hexagonal phase KAISiBO8'HrO

previousll '  determined b1' means of the simple squeezer (Fig. 1) shows

close agreement with that determined b.v the piston-cylinder method

(Fig. 2). We could not f ind any evidence showing the formation of micro-

cline from sanidine in any of our experiments.
Petrographic studies of potash-feldspars in metamorphic and igneous

rocks show that order-disorder transition in monociinic and tricl inic

potash-feldspar takes place verv close to the granulite-amphibolite facies

transition (Heier, 1957). Laves (1952) and Tuttle and Bowen (1958) esti-

mated the transition temperature between monoclinic and tricl inic potas-

sium feldspar to be 650 700' C. and 650' C. respectivel.v.

Attempts to synthesize microcline or to convert sanidine to microciine

have been unsuccessful (Goldsmith and Laves, 1954) '

Recentll' Tomisaka (1962), placed natural monoclinic potash feldspar

and water in the simple squeezer for 5 to 1000 hours (400 hours in aver-

age) and found some evidence showing the transformation of the ortho-

clase into microcline. The transition temperatures at various water pres-

sures as estimated from his data, are as follows:

+70' C. at 4 kilobars
460" C. at 2.4 kilobars
450' C. at 1.5 kilobars
400o C. at 1 kilobar

Any appreciable transformation from monoclinic form into t.ricl inic form
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TEMPERATURE TC)

Frc 2. Diagram showing stability fields of sanidine and KAISi:Oa'HzO determined

by piston-cylinder high pressure apparatus.

O Sanidine f HzO + KAli3Os'HrO

A Sanidine * H:O - Sanidine f HuO

I KAISiIOE'H:O + Sanidine * HzO

did not take place when the starting material was dry. This implies that

the soiution-recrystall ization action of water or aqueous solution is very'

important in the order-disorder transition in potash-feldspar.
(3) Completely dry sanidine was held at 60 kb and 1300o C. for two

hours in the piston-cylinder apparatus and showed no change. This con-

trasts sharpll '  with the fact that dry albite is easily transformed into the

assemblage jadeitef quartz or coesite at the same physical conditions.

Potassium feldspar must be stable under the range of temperatures up to

1300' C. and pressures up to 60 kilobars when it is kept in the absence of

water.
(4) Figure 3 shows the phase relations of naturai orthoclase deduced

from the experimental work with wet samples in the simple squeezer'

Natural orthoclase was transformed into the assembiages sanidine

+ jadeite+ quartz, sanidine{ jadeite{ coesite, and KAISiTOs' HzO* ja-

deite*coesite with increasing water pressure.
Columns C and D in Table 4 represent r-ray powder diffraction pat-

terns of jadeites associated with sanidine*coesite and KAlSiaOa'HrO

f coesite in the breakdown products of natural orthoclase under high

r,vater pressure. The x-ray data of these jadeites are similar to those of

r697
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.E=
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o
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KArSi igo! .Heo

SAi l tD tXE +  H2O
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qelE!3IgE ec,

lirc. 3. Diagram sho{'ing the stability field of natural orthoclase, sanidine*jadeite
*quartz, sanidine*jadeitef coesite and KAlsiaos.Hrefjadeitelcoesite determined by
the simple squeezer using natural orthoclase pius rvater as starting material.

f orthoclase f water ---. orthoclase + water

A orthoclase f water ---. sanidine f jadeite * quartz * water

fl orthoclase + water - sanidine f jadeite f coesite

O orthoclase * water - KAlSi3Os.HzO * jadeite f coesite

X-ray porvder data of some of these runs shorv the presence of sanidine crystals as u,ell as
KAlsLo8'Hro. r'his is believed to be either due to deficiency of water or to incomplete
chemical reaction.

natural jadeite (Col. E, Table 4) except d-value of the former are gen-
erally a l itt le smaller than those of the iatter.

(5) Natural orthoclase was transformed into the assemblages sanidine
*jadeitef quartz, ar'd sanidinefjadeitelcoesite without water in the
piston-cylinder apparatus (Fig. a).

X-ray powder data of sanidines associated with jadeite and quartz or
coesite synthesized from natural orthoclase are shown uncler columns c
and D in Table 1.

Jadeites, synthesized without water, appearing in the breakdown
products of natural orthoclase show almost exactly the same r-ray dif-
fraction patterns as those of jadeites formed by the transformation of the
orthoclase under high water pressures. (Cols. A, B, Table 4).

The stable association of sanidine with jadeite and quartz or coesite
is believed to show that sanidine is stable even under verv high pressures,
providing no water is present.

v
SAXIDIT€+JAD€ITE +

tu QUAetZ
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TETPERATURE CCI

Fro. 4. Diagram representing the stability frelds of sanidinefjadeitefquartz- and
sanidine*jadeitel coesite- assemblages derived from natural orthoclase under completely
dry conditions. 

'l'he piston-cylinder high pressure apparatus was used.

O Natural orthoclase .-. sanidine f jadeite f coesite

O Natural orthoclase -'.. sanidine f jadeite I qtartz

Numbers shorv the ratio of

I (310) jadeite
x 100

I (310) jadeite + I (002) sanidine

DrscussroN

Solid, solulion zsi,th Lhe phase KAlShOs.H2O. We have alreadr. noted the
hexagonal phase of KAlSi3O8.HzO shows very similar r-ray diffraction
patterns to those of hexagonal cymrite (BaAISiaOs (OH)). This indicates
the phase KAISi3O8.HrO and cymrite have almost the same internal
framework, and have an isostructural relationship.

It is to be expected that the phase KAlSiaOs.HzO and cymrite form a
complete or partial solid solution because these two phases are isostruc-
tu ra l  and  the  i on i c  rad i i  o f  Ba  (1 .43  A )  and  K  (1 .33  A )  u r "  no t  g rea l l y
different.

e
5
HI
al
ol

HI



BREAKDOWN OF K-FELDSPAR 1701

Further, although we have written the formula for the new phase
as KAlSi3Os. H2O, we might perhaps have better written it as
KHAISi3Os(OH), a structural analog of cl,mrite BaAlSirOs(OH), the
substitution is K+*H+ for Ba2+.

We have succeeded in synthesizing a hexagonal phase which is be-
Iieved to have an intermediate chemical composition between KAlSi3Os
.HzO and BaAlSiaOs(OH) at 620 oC. and 30 kilobars water pressure by
the simple squeezer. The starting material was a 1: 1 molecular mixture
of sanidine and cymrite which had been synthesized from KAlSi3Os glass
and BaAlSiaOe oxide mixture respectively (Seki and Kennedy 1964a).
Resulting grain size was approximately .05 mm. As far as could be de-
termined by r-ray powder data and bv microscopic examination, the
product was homogeneous and sanidine did not appear. X-ray powder
data, unit-cell dimensions and optical properties of this hexagonal phase
are shown in Table 6 and are intermediate between the phase KAlSi3O8
"HzO and cymrite. Thus the following ionic substitution is presumed to
have occurred to form a solid solution between the phase KAlSi3O8.HrO
and cvmrite:

(.Ba)2+:= (K*) + (H+)

Tanro 5. X-ney Poworn Dara or. Coosrms.

Coesite formed by breakdown of natural
orthoclasel (28 kb, 810o C.) (this paper)

Synthetic coesite
(Boyd and England, 1960)

dtAr d(A)

6 .  1 9
4 . 3 6
3 . 4 3
Jadeite2
2 . 7 6 1
2.696
2.333
2.293
2.182
2.026
KAlSisOs.HrO'

4

26

6 1 9
+ . J /

3.436
3 099
2 . 7 6 5
2.698
2 337
2.295
2.186
2.033
1 .849
1 . 8 3 9
1.794
1 . 7 8 7
1.698
1 .655

3
2

52
100
18
1 l
3
6
A

6
.)
J

4
4

10
6

2
3
3
6
3
.5

.833

.795
1 . 7 8 8
KAlSi30s.I{rO'
1 .654

3
4

1 Associated with jadeite and KAISirOs.HzO.
'zHidden by x-ray difiractions of jadeite and KAISirOg.HzO.
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TeBr,r 6. X-nev Pomnn Dera, UNtr-Crrr. DruBNsroxs aNl Op:rrc.Lt Pnoprntrns

ol e Hoxecoltal Prresr Maln lnotr e 1:1 Mrxrunr ol Sar'trlrnn aNn

Cvlrnrr:a er 620o rtNo 30 Krr,osens Wnrtt Pnrssunn

50

40

100

100
27

35

25
23

7

t2

d(A)I
I

001
010\
1oOJ
101 \
01lJ
002
102\
0r2J
110
1 1 1

t 1 2
202\>
022J
004
113
120\
2roi
r 2 l \
21r)

7  . 6 7

4 . 6 2

3 .96

3 .84

z  .955

2 . 6 7 0
2 . 5 2 0

2.31O

2 240

2.2 t5

2 r90

2.980

1.923
1 847

1 . 7 4 5

1-704

t2

27

8

27

1 8

10

a:534 f t
c :7 .68  A
,r:1.570+0.003

The formation of a hexagonal crystal of the chemical composition of

KAISiBO8. HzO from sanidine requires very high water pressures (Figs. 1,

2). However, f ar less water pressure is necessarv to form cymrite from

monoclinic barium feldspar (celsian) (Seki and Kennedy, 1964a").

Monoclinic potash-feldspar and barium-feldspar form a partial solid

solution through the intermediate hyalophane series.
The phase KAISi3Os'H2O cannot be expected to be found in nature

because of the very high water pressure required for its formation even

at low temperatures (Fig. 5). However, cymrite has been found in nature
(Smith et al., 1949a, b). We believe it is not improbable to find, though

perhaps rarely, an intermediate member between cymrite and KAlSieOa
'HrO.
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We unsuccessfully attempted to synthesize a hexagonal phase from

albite glass plus water and albite crystal plus water by the simple squeezer

and by the piston-cylinder apparatus. Only the assembiages of jadeite

lquartz or jadeite{coesite have been obtained at temperatures of

500" C. and water pressures to 40 kilobars.

As was noted, natural orthoclase with some sodium usualiv decom-

posed into the assemblage KAlSiaOa.H2O, jadeite, and qtatlz or coesite

at very high water pressures. Thus there is no hexagonal phase of

NaAlSisOa.HzO which forms a solid soiution series with the hexagonal

phase of KAlSi3O8.HzO. Further study on the stabil ity relations between

nepheline, analcite, albite and jadeite however are necessar)-'

The swbstitwtion of K for No in jad.ei.te slructure. Sanidine alone is stable

even at verl 'high pressures and temperatures. At high water pressures,

however, it can be easil.v transformed into the hexagonal phase of

KAlSi3O8.HzO. The phase KAlsizoo, with a pyroxene structure that is

pure potassium jadeite was not found even at 62 kb and 1000o C'

We have studied the high pressure breakdown products of the natural

orthoclase (Fig. 3). Figures 4 and 6 show the intensity of r-ray peaks of

jadeite increase with increasing distance into the jadeite P-T field. How-

ever, the d-spacing of the jadeite shows no shift with change of pressure

or temperature. There is an equilibrium partition coefficient of sodium

between the jadeite molecule and between orthoclase. At successively

higher pressures the sodium is squeezed out of the orthoclase molecule

and into the jadeite with coesite or qlrartz appearing as an additional

product. We thus interpret the increased amounts of jadeite with in-

creasing pressure as the result of this equilibrium partition changing with

pressure. We do not see any evidence to suggest that appreciable amounts

of the potassium molecule are going into the jadeite structure inasmuch

as our 29 values of all r-ray peaks remain independent of pressures and

temperatures.
Figure 6 shows r-ray diffraction charts of some high pressure break-

down products of naturai orthoclase. These charts were taken by a

Philips r-ray diffractometer carefully controlled to keep all conditions

the same.
IIowever, it is not impossible that at high pressure some Na (ionic

radius:0.98 A; i.r laaeite structure ma1' have been partly substituted

for by the larger ion of K (ionic radius:1.33 A) which came from asso-

c iated potash fe ldspar.
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Frc. 6. X-ray powder data of high pressure breakdown products of natural orthoclase.
S: Sanidine; Jd: Jadeite; Qz: Qtaftz; Co: Coesite. AII of these three runs were done under
completely dry conditions by the piston-cylinder apparatus. These r-ray data were taken
under the same conditions of r-ray diffractometer (Fig. 5).
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