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AN EXPERIMENTAL STUDY ON THE LEUCITE-
PSEUDOLEUCITE PROBLEM1

Y6rrn6 SBrr2 ann Gnoncr C. KaNNnoy, Institute of Geophysics and
Planetary Physi.cs, Uniaersity of California, Los Angeles, California.

Arsrnecr

Experimental works on leucite using a piston-anvil device shows the following chemical
reaction is favored by increasing pressure and/or decreasing temperature:

2 leucite+sanidinef hexagonal kalsilite

The genesis of pseudoleucite is discussed and it is concluded that the breakdown of leucite
into a mixture of sanidine and hexagonal kalsilite-nepheline solid solution caused by falling
temperature under a substantial partial pressure of water is one of the most important
mechanisms by which pseudoleucite is formed in some igneous rocks.

INtnonucrron

The formation of pseudoleucite, a mixture of potash-feldspar and
nepheline-kalsilite solid solution, in potash-rich igneous rocks has been
studied for the last half century by many authors. The explanations pro-
posed by these authors can be divided into three groups:

(1) Unmixing breakdown of leucite into potash-feldspar and nepheline-kalsilite solid
solution (Knight, 1906; Scharizer, 1928; Larsen and Buie, 1938; Larsen et ol.,1939,1941;
Yagi ,1954).

(2) Chemical reaction between leucite crystals and magmatic or hydrothermal residual
solutions (Bowen and Ellestad, 1937; Schairer and Bowen, 1955; Zies and Chayes, 1960).

(3) Decomposition of Ieucite into potash-feldspar and nepheline-kalsilite solid solution
(Larsen et al., 1938, 1939,1941; Tilley, 1957; Fudali, 1957, 1963).

There is much petrographic evidence to indicate that pseudoleucite
was usually formed after the magma reached its present position, after
intrusion or extrusion, but before complete cooling of the rock. Hence the
process of formation of pseudoleucite must have occurred within a cooling
magma.

Though many geological, petrographical and mineralogical descriptions
have been published, and many diverse opinions about the genesis of
pseudoleucite have been presented, no experimental study-over a wide
range of temperature and pressure conditions has been published. In this
paper we present the results of our experimental study on the stabil ity of
leucite over a temperature range of 200-850' C. and pressures up to 40
kilobars.

I Publication 1303 Institute of Geophysics and Planetary Physics, University of
California, Los Angeles, California.

2 Department of Earth Sciences, Saitama University, Irawa, Japan.
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ExpnnruBsr.q.r- Mnrnons eNp Sr.q.nrnlc MernnrA.ts

Our experiments were performed using the "simple squeezer" piston-

anvil device, which has been already described b1' Griggs and Kennedl' '
(1956 and Pistorius et al. (1962). Samples to be subjected to high pressure

in the "simple squeezer" were placed in platinum foils in the form of a wet
powder. Water, acting as a flux, accelerates the reaction rate even though

it does not participate in the reaction. In all runs, pressure was first raised

to the desired value and then temperature was raised. The duration of

our runs in the "simple squeezer" was 2 hours for temperatures above

500" C., 4 hours at 400-500" C. and 12 24 hours below 400" C.
Our starting material was a natural leucite obtained from the mineral

collection of the Geology Department of the University of California,
Los Angeles. NarO content of this leucite was less than0.5/6, i.e., it has

almost pure KalSi2Ob composition. X-ray powder data, unit-cell dimen-
sions, and unit-cell volume of the leucite are shown in Table 1. These

data also indicate that the leucite has almost pure leucite end member

composition (Bannister, 1931; Prider and Cole, 19'12).
Identif ication of materials formed in the experimental works was b,v r-

ra1, diffractometer and the polarizing microscope. Quartz powder was

used as an internal standard in detailed:r-rav studv.

Rnsur-rs

Results obtained from our experimental work are summarized in Fig. 1'

Leucite has been broken down into an assemblage of sanidine and hexag-

onal kalsil i te under reiatively high pressures. The assemblage of sanidine
and hexagonai kalsil i te formed from leucite in the "simple squeezer" was

aiso reacted and transformed into leucite at decreased pressure andfor
with increasing temperature. Thus the boundary between the field of

leucite and that of sanidinethexagonal kalsil i te presented in Fig. 1is

believed to be an equil ibrium boundary.
Neither the breakdown of leucite into sanidinef hexagonal kalsilite

nor the chemical reaction of sanidine and hexagonal kalsil i te to form leu-

cite occurred with dry starting materials even with experiments of 2 to 5

days duration and high temperatures and pressures. This suggests that

water plavs a very important role in accelerating the breakdown or the

chemical reaction.
X-ray powder patterns, unit-cell dimensions and unit-cell volumes of

sanidine and hexagonal kalsil i te formed as breakdown products of leucite

are shown in Tables 2 and3. Judging from these data, the sanidine and

kalsil i te are almost pure KalSi3Os and KalSiO4 respectivelv, and are verv

low in soda (Sahama et al., 1956; Smith and Sahama 1954; Smith and
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Tuttle, 1957), further proof of the low soda content of the starting leucite.
As shown in Fig. 1, leucite and the mixture of sanidine and hexagonal

kalsil i te made f rom leucite were transf ormed into the assemblage of hexag-
onal kalsil i te and a new phase of the chemical composition of KalSirOs
.HrO under very high water pressures.

The r-ray data and other physical properties of the new phase,
KalSiaOs' HrO, made from KalSiaOs glassf H2O in the "simple squeezer",
and the data for the hexagonal kalsilite in the breakdown products of
leucite are shown in Table 4. The stabil itv relations between the new
phase and sanidine have been described in detail in another paper (Seki
and Kennedy,1964).

d(A)
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An assemblage of hexagonal kalsil i te and KalSisOg'HzO formed from
ieucite was also easily and completelv transformed intoamixtureof hexag-
onal kalsil i te and sanidine at water pressures lower than the upper pres-
sure l imit of sanidine. Thus, we believe that the boundary between the
sanidinef hexagonai kalsilite field and KalSisOa. HzO* hexagonal kalsil-

TEMPERATURE fC}

Frc. 1. Diagram showing the stability fields of leucite, sanidine*hexagonal kalsilite,
and KAISLOs.H2Ofhexagonal kalsilite determined by means of the simple squeezer under
wet condition.

O leucitef water-leucitef water
A sanidine*hexagonal kalsilitefrvater-leucitef water
t leucite*ivater-sanidinefheiagonal kalsilite-|water

ll KAlSi308' HeOf hexagonal kalsilite-sanidinef hexagonal kalsilitef water

O leucitef s'ater-KAlSi303. HzO-|hexagonal kalsilite

ite field in Fig. 1 is an equilibrium boundary for the chemical reaction
sanidine * HzO?KaISiaO s. HzO.

Schairer and Bowen (1955) found in their experimental study of the
system KrO-AlrO3-SiO2 that sanidine and hexagonal kalsil i te are incom-
patible at high temperature (700-1700" C.) and atmospheric pressure. It
is clear from this study, however, that these phases can coexist at high
pressure.

Drscussror.r

Knight (1906) reported that leucite can have a moderate content of Na
replacing K. The formation of pseudoleucite has often been thought as

LEUCITE +WATER
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1 Ill-defined peaks by association with kalsilite.
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Terl.e 2-(continued.)

Sanidine synthesized from
KAlSiaOs glass

(20 kb, 600" C.) (this paper)
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(this paper)
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Taer,B 3. X-nnv Pomnn Dlra, UNrr-Crr,r, DnrBrsrons lNo
Umrr-CBr-r, Voluue, or llnxecoNal Kalsrr,rtos

Hexagonal kalsilite formed by breakdown
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(this paper)
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Synthesized kalsilite
Ne : Ks: 0: 100

(Smith & Tuttle, 1957)
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due to unmixing of a "soda-leucite" (Larsen and Buie, 1938; Larsen
et al., 1939). However, Bowen and Ellestad (1937) suggested that leucite
can contain no more than t-15/6 by weight NazO. The average Na:K
ratios for leucite from Africa (Sahama, 1952) and for leucite from Vesu-
vius (Tschirwinsky, 1931) are 8.5:91.5 and 15.4:84.6 respectively. Thus,
leucite is believed to be generally very poor in soda.

The pseudoleucite is also believed to be derived from unmixing break-
down of a potash-analcite into potash-feldspar and nepheline (Fudali,
1957,1963) Larsen and Buie, 1938; Larsen et al., 1939, 1941; Til ley,
1957). Larsen and Buie (1938) have given the chemical analysis of a
potash-rich analcite (NazO:8.4870,K2O:4.487a wt) which formed a
primary phenocryst in basaltic rock of the Highwood Mountains in Mon-
tana. Barrer (1950) concluded from his experimental work that svnthe-
sized analcite may readily exchange Na for K in KCl-bearing aqueous
solution. However, potash-rich analcite is very rare, and most natural
analcites are very rich in soda and have only minor amounts of KzO.

The hypothesis of chemical reaction between leucite crystals and mag-
matic or hydrothermal residual solutions which was originally presented
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by Bowen and Ellestad (1937) has recently been supported with excellent
evidence by Zies and Chayes (1960). Pseudoleucite chiefly composed of
potash-feldspar and nepheline with minor kalsilite in solid solution may
be fully explained by the reaction theory.

The results of our experimental work as described above, on the other

T,q.sln 4. X-nlv Poworn Pnmrnr, Ur.rrr-Cer-r, DnrnNsroNs, UNrr-Crr,r, Voluun,
DrNsrrv eNo Rnrnecuve INonx ol KAlSieOs.IIzO Fonuro

lv rne BruxoowN ol Lnucrrr'
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1 Ill-defined peaks by association with kalsilite.

hand, are believed to show that the unmixing of leucite during the cooling
stage of a magma may be also a very important process in the formation
of pseudoleucite. From our data it is clear that pure leucite must be bro-
ken down into a mixture of sanidine and hexagonal kalsilite with increas-
ing pressure andf or decreasing temperature by the following chemical
reaction:

201\
02r)
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2 leucite + sanidine +
2KAlSizOs KAISLO8

molecular volume 146.7 La 181 .8 AB

1277

hexagonal kalsilite
KAISiOA

100.5 A3

total volume 293.4 A3 282.3  As

From the solid volume relations shown above (see also Table 5) increas-
ing pressure will strongly favor the breakdown of leucite.

Figure 1 also shows that this chemical reaction will be favored by fall-
ing temperatures.

Yagi (195a) stressed the fact that pseudoleucite of the Tzu Chin Shan
district of China is low in soda and high in potash and is chiefly composed
of sanidine and kalsilite (potash-rich nepheline). He presents such excel-

Talr,n 5. Pnvsrcer- Pnopnnrrrs ol Lnucrrr, SeNrnrNn,
Hoxlcoxu. Kansrr.rrn aNo KAlSirOs. HzO

Density
Refractive index
Hardness
Packing inder

Leucite

2 . 4 7
5 . 508-1 .509

5 .5-6
4 . 7

Sanidine

2 . 5 7
1 .520-1 . 53

6
4.9-5  .0

Hexagonal
Kalsilite

2 . 5 9
t .537-1 .542

o

1 . 9 3

KAISi3O8'H'O

2 . 6 0
1 . 5 4
n.d.
5 . 2 4

lent evidence that it is preferable to infer that the pseudoleucite was
formed by unmixing of leucite rather than by reaction of the original leu-
cite with a sodic residual magma.

It is certainly true that most pseudoleucite-bearing rocks have been
hydrothermally altered. For example olivine crystals in pseudoleucite-
bearing lavas were almost completely altered to chlorite or other ferro-
magnesian hydrous minerals (Balsillie, 1936; Prider and Cole, 1942;Wade
and Prider, 1940). On the other hand, when the leucite-bearing rocks are

-fresh, no transformation of leucite into potash-feldspar-bearing mineral
assemblages can be found (Davis and Fisset, 1947; Holmes, 1945;
Sahama. 1952).

We have noted in our work that Ieucite never alters into another phase
or phases under dry conditions even in the long, high temperature and
high pressure experimental runs. Barrer and Hinds (1950) and Barrer,
Hinds and White (1953) reported that synthesized pure leucite in the
aqueous solution of KzCOa and NazCOa was broken into a mixture con-
taining orthoclase after 6 hours at 195-200" C. in an autoclave. They also
succeeded in converting pure leucite into kalsilite by keeping the leucite
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saturated with 3N-KOH solution at 250-350' C. Ior 2 or 3 days in the
autoclave.

Thus, it is quite possible that the presence of water, aqueous solution or
vapor is necessary for the formation of pseudoleucite.

Throughout this paper we have treated our experimental results as
though total pressure and partiai pressure of water were the same. This
assumption is of no importance in locating the boundary between the
Ieucite-sanidine plus kalsilite field, but it is of importance in locating the
boundarybetl 'een thefieldsof sanidineand KalSisOs. HzO. Here thepartial
pressure of water is certainly not the total pressure on the system as un-
doubtedly large and nonstoichiometric amounts of potash, alumina and
sil ica are dissolved in the water, thus changing the chemical potential and
partial pressure of the water. We show the boundary, thus, for our experi-
mentai conditions with relativell. "small" amounts of fluid at high pres-
sures.
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