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Foreword

he paper is dedicated to Fabrizio Innocenti, Pro-
fessor of  Petrology at the Pisa University. Fabrizio,

passed away at 29 January 2009, for more of  40 years
was friend of  Piero Comin-Chiaramonti and worked
together on the petrogenesis and geodynamics of  the
volcanic rocks from Iranian country.

Introduction

SiO2-undersaturated alkaline magmatic rocks of  potas-
sic to ultrapotassic affinity, particularly leucite norma-
tive rock-types (e.g., Group i, ii and iii of  Foley 1992),
often show euhedral (trapezohedral) megacrysts of
analcime or pseudoleucite (sensu Gittins 1980) usually
associated with nepheline. The former two minerals
tend to cluster along the analcime-leucite tie line of  Pet-
rogeny’s Residua System (Fudali 1963, Comin-Chiara-
monti and Gomes 1996). It is well known that nepheline
may alter to analcime during subsolidus interactions
with deuteric and/or hydrothermal fluids (Deer et alii
1992, 2004; Wilkinson and Hensel 1994) and that leucite
readily changes to compositions approaching analcime

through similar processes (Cundari 1979, Comin-Chia-
ramonti et alii 1979, Cundari and Comin-Chiaramonti
1996, Prelević et alii 2004, Moradian 2008). Particularly,
Karlsson and Clayton (1991), while discussing the prob-
lem of  origin of  analcime phenocrysts, suggested that
this mineral either resulted from subsolidus oxygen iso-
topic exchange or it was formed from preexisting
leucite (cf. also Putnis et alii 2007).

Although there are many papers dealing with the
problem of  pseudoleucite genesis (e.g., Knight 1906;
Bowen and Ellestad 1937; Larsen and Buie 1938; Fudali
1963; Seki and Kennedy 1964; Hamilton and McKenzie
1965; Davidson 1970; Taylor and MacKenzie 1975;
 Gittins et alii 1980, and the enclosed references), we here
examine some interesting occurrences of  analcime and
pseudoleucites where phenocryst-like analcime ex-
hibits complex intergrowths of  alkali-feldspar-anal-
cime-leucite/plagioclase or nepheline-alkali-feldspar
intergrowths, which may have been derived from an
original leucite-bearing igneous rock through sub-
solidus processes.

Preliminary description of  rare analcime and
pseudoleucite occurrences from the Upper Cretaceous
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Abstract

The controversial origin of  potassic rock suites (lava flows and dykes) containing analcime and pseudoleucite, which may occur as gi-
ant trapezohedra {211}, has remained for several decades a hot topic in petrological research. This controversy still persists and as a
contribution to the genesis of  these minerals, we here examine a few interesting occurrences of  analcime and pseudoleucite exhibit-
ing complex intergrowths of  alkali-feldspar-analcime-leucite or nepheline-alkali-feldspars in potassic rocks of  Iran (North-Eastern
Azerbaijan volcanics), Brazil (Poços de Caldas and Banhadão) and Paraguay. Our study supports the view that the phenomenon of
ion exchange involving Na+ and H2O, and K+ diffusion in presence of  Na-rich water results in the conversion of  leucite to analcime.
Under hydrous conditions alteration or interaction takes place between pre-existing Na-rich phases, such as, nepheline, feldspar and
glass. Also, at lower temperatures below the solidus, and at high CO2 activity, sodium-rich leucite breaks down to a complex inter-
growths of  orthoclase and nepheline resulting in the development of  pseudoleucite, which may retain the original trapezohedral form
of  leucite. We describe several typologies corresponding to the processes leading to the formation of  analcime and complex inter-
growths in pseudoleucites occurring in rare potassic suites found in widely separated localities. The study of  various topologies cor-
roborates the conclusions drawn from experimental petrology, which indicates that the replacement of  leucite by analcime is a solid-
state reaction involving cation exchange by volume diffusion.
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to Miocene volcanism of  Iranian Azerbaijan (Alberti
and Comin-Chiaramonti 1979, Comin-Chiaramonti
1979, Comin-Chiaramonti et alii 1979) and from the
Lower and Upper Cretaceous magmatic complexes in
Southern Brazil and Eastern Paraguay, have been de-
scribed in earlier work (Hussak 1890; Valença and Edgar
1974; Comin-Chiaramonti and Gomes 1996, 2005; Sgar-
bi et alii 2000; Ulbrich et alii 2005; Ruberti et alii 2010,
and included references). From a few other localities in-
dividual trapezohedral phenocrysts of  pseudoleucite
attaining very large dimension, up to 15 cm long, have
been reported from Montana, usa (Larsen and Buie
1938) and the Panwad-Kawant sector of  the Chhota
Udaipur alkaline subprovince in the Deccan Traps of
West-Central India (Sukeheswala and Sethna 1967,
Gwalani et alii 1993).

Representative whole rock chemical analyses are in-
cluded in the Appendix.

Analcime and complex Intergrowths
in potassic Suites

The origin of  potassic rock suites containing analcime
is a controversial subject. Multiple stages of  igneous ac-
tivity and low-grade metamorphism (not considered
herein) have been responsible for the formation of  anal-
cime-bearing potassic rocks occurring as lava flows as
well as dykes. Analcime and the complex intergrowths
in the alkaline rock suites of  Iran, Brazil and Eastern
Paraguay may occur in various typologies summarized
in Appendix and briefly described below.

1. Conspicuous phenocryst-like icositetrahedra,
which are occasionally enveloped by potassium-rich
anisotropic rims (Fig. 1, Pls. i-A-B-C).

2. Euhedral to subhedral or subrounded analcime
phenocrysts occurring in a cryptocrystalline to glassy
groundmass (Fig. 1, Pl. ii).

Fig. 1. Typology I. (cf. Table 1): A, macrocrysts of  analcime in analcimite; B: phenocryst-like analcime in lava flow. Crossed Nicols; the
square represents the Fig. I-C: analcime (Anl) with K-rich rims (Table 1); S, sanidine. Typology II. (Table 1): Phenocryst-like analcime
in a glassy groundmass (Gl).
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3. Wedge-shaped analcime interfaced predominantly
with large plagioclase crystals, which may be associat-
ed with metasomatic Ca-K feldspar (Fig. 2: Pls. iii-A
and iii-B).

4. Subhedral to subrounded analcime interfaced with
plagioclase laths and comparatively fine-grained
groundmass. In Figure 2 (Pls. ivA and ivB), plagioclase
is enclosed in analcime and is partially to completely
 resorbed.

5. Complex intergrowths comprising analcime, alka-
li-feldspar, leucite, plagioclase, glass and kalsilite.

6. Pseudoleucite occurring as large polygonal crystals
or as phenocryst and crystals with irregular outline
commonly exhibit coarse-grained intergrowths, which
are mainly composed of  alkali-feldspar-nepheline /
kalsilite intergrowths.

Pseudoleucite, described as an association of  nepheline
and alkali feldspar, suggests ion-exchange where potas-
sium-rich magma, initially crystallized potassic leucite

that later changed into a more sodic chemistry with
falling temperature (Gittins 1980, and enclosed refer-
ences). Subsequent cooling caused exsolution of
nepheline and alkali feldspar where the leucite struc-
ture is destroyed, but retaining the leucite crystal mor-
phology.

Notably, leucite (pseudoleucite) and analcime tend to
cluster along the analcime-leucite tie-line of  the Pet-
rogeny’s Residual System and fall in the primary leucite
field, coexisting with analcime rich compositions
(Comin-Chiaramonti et alii 1992).

Processes of Analcime Formation

During late or post-magmatic stages analcime may be
formed by one of  the following processes:

a) Ion exchange in leucite. If  sufficient Na-rich water so-
lutions are present (e.g., K+/Na+ as low as 0.3), the con-
version of  leucite to analcime may occur up to surface
temperature in two different ways through diffusion in-

Fig. 2. Typology III. (cf. Table 2): A, B macrocrystals of  analcime (Anl) in phonolitic lava HK-1, Iran, including leucite (Lc) and
nepheline (Neph); Note Ca-K feldspar (Ca-K) and glass at the contact with plagioclase (Pl) and Anl (B). Parallel polars. Typology IV.
Phenocryst-like analcime in a microcristalline groundmass; Crossed polars. The numbers correspond to the analyses in Table 3. Note
the ghost of  plagioclase (12) enclosed in Anl in Fig. IV-B.
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volving Na+ and H2O, and K+ along the original leucite-
groundmass interfaces (Gupta and Fife 1975). The ex-
perimental data presented by Taylor and MacKenzie
(1975) also supports the view that sodium in plagioclase
may be replaced by potassium by ion exchange forming
a metastable series of  K-Ca feldspar (cf. Viswanathan
1970, Comin-Chiaramonti 1979).

b) Alteration or interaction between pre-existing Na-rich
phases. The Na-rich phases, such as nepheline, feldspars
and glass at subsolidus temperatures may react in the
presence of  water-rich fluids to form analcime (Hen-
derson and Gibb 1977 and Wilkinson and Hensel 1994).

While normative nepheline appears in variable
amounts in all rock samples containing pseudoleucite,
only a few samples contain normative leucite varying
between 0.9 to 36.3 wt% (cf. Appendix; Table i). It is,
therefore, interesting to study the phases from which
analcime may have developed in these rocks. A possible
explanation may be based on the assumption of  a
 complete transformation of  an earlier highly potassic
phase (e.g., leucite) to analcime through metasomatic
processes.

Typology i and ii (Development
of Analcime Compositions from Leucite)

In our samples of  phonolites traces of  original mineral
leucite were found in the potassic rims developed
around analcime (Typology i) containing K2O up to
about 21 wt% (Table 1; cf. Figure 1, Pls. i A-C). The

analcime phenocrysts are present in the granular
groundmass. This occurrence of  analcime in the
phonolite is quite different from Typology ii (Fig. 1, Pl.
ii), where the mineral occurs as phenocrysts in a glassy
groundmass. The whole-rock data plot along the line of
the leucite stability at 0.1 kb H2O in the Petrogeny’s
Residua System (prs). The data for both analcime and
groundmass appear on the same Anl-Lc tie line (Fig. 3).

Typology iii
(with Ca-K Feldspar solid Solution Series)

The representative examples of  Typology iii are ob-
served within both the samples of  a phonolite dyke
(sample number HK-D1 from Azerbaidjan province of
Iran, and of  a kamafugite flow occurring in the Presi-
dente Olegario (po, Alto Paranaíba) in Brazil (cf. Sgarbi
et alii 2000, Comin-Chiaramonti and Gomes 2005).
Whole rock analyses of  these rocks are shown in the Ap-
pendix, whilst Table 2 gives their microprobe mineral
analyses of  “K-Ca-feldspar”, analcime, plagioclase,
glass, nepheline and leucite, and their textural and
chemical relationships are shown in Figure 2 (Pls. iii-A-
B) and Figure 4. Although accurate optical and X-ray
structural determinations were not possible, however
the component marked as Ca-K in Figure 2 (Plate iii-B)
represents an anisotropic mineral having a composition
close to Or35Ab7An58, consistent with the results of  back
scatter images (not shown). The K- and Ca-feldspars do
not form stable mixed crystals, and their solid solution
series usually do not occur in nature. However,
Viswanathan (1970), produced a K-Ca feldspar solid so-
lution series with feldspar containing 60 to 20% An, both
of  ‘ordered’ and ‘disordered’ state, by ionic exchange
methods. It seems therefore possible that the analyzed
anisotropic material of  Typology iii belongs to the K-Ca
feldspar solid solution series and that the formation of
these metastable phases is favoured by metasomatic re-

Fig. 3. Typology I-II. Part of  the phonolite pentahedron with the
ternary feldspar plane rotated into KAlSiO4-NaAlSiO4-SiO2
plane. Phase relationships between nepheline, alkali feldspar and
leucite are represented at 1 bar, solid line, and at 1 Kb, dashed line,
water-vapor pressure; x, ternary minimum (cf. Schairer, 1957;
Fudali, 1963; Carmichael et alii, 1974). WR, whole rocks, CM,
chilled margin (see Appendix);gm, groundmass (cf. Fig. 1 and
Table 1). PC-NS: nepheline syenite, whole rock nephelinite from
Poços de Caldas (in Appendix).

Fig. 4. Typology III. Sketch map in Fig. 2, Plate III-B (inset) and
chemical analyses of  the phases present in HK-D1 (Iran) and PO
(Brazil) samples plotted in the PRS and Or-Ab-An diagrams (cf.
Fig. 3). Numbers as in Table 2. Whole rock compositions, HD-1
and BN-42, as in Appendix.
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actions involving nepheline, alkali-feldspar, analcime
and plagioclase.

Typology iv (Plagioclase Contribution
in the Formation of Analcime)

The Typology iv is characterized by a large plagioclase
contribution to the analcimization process (Fig. 2, Pls.
iv-A-B and Fig. 5), up to the complete resorption of  pla-
gioclase inclusions (Fig. 2, Pl. iv-B, point 12) indicated
by ghost structures. Compositional variation across the
phenocrysts of  analcime-plagioclase and groundmass
interfaces were determined in detail by microprobe
analyses (Fig. 5 and Table 3). Interstitial glass (point 4
on Figure 5) occurring along the margin of  the anal-
cime phenocryst shows a composition approaching Q
= 34%, Ne = 15% and Ks = 51%.

On the other hand, the upper part of  the rim (point
10 in Figure 5) has a composition corresponding to anal-

cime 83% and leucite 17%, which may represent in-
complete analcimization. Therefore, the resorption of
plagioclase (point 12 on Figure 5) and potassium con-
centration at the analcime borders may be significant as
a general trait.

Typology v (Role of exsolved leucite
in analcime formation)

These types very well correspond to the typology rep-
resenting ‘greatly- and lightly exsolved leucite’ as indi-
cated by the experimental results of  Wilkinson (1968,
1977). If  we accept that the illustrated intergrowths
among the involved phases (Fig. 6, Table 4) originated
by ion exchange processes producing metastable sodi-
um-rich leucites, at subsolidus temperature, a possible
reaction may be explained as shown below:

Fig. 5. Typology IV. Compositional relationships for the anal-
cime and coexisting phases (cf. Fig. 3): numbers as in Table 3.
WR, whole rock; cf. Analyses AZ-172 (phonolite) of  the Appen-
dix. Numbers 1-11 as in Plate IV-A of  Fig. 2; numbers 12-15 as in
Plate IV-B of  Fig. 2.

Fig. 6. Typology V. Compositional relationships for the anal-
cime and coexisting phases (cf. Fig. 3): numbers as in Table 4.
WR, whole rock composition of  AZ-117 (trachyphonolite) given
in the Appendix.

NaxCa1-xAl2-xSi2+xO8 +↑1/2[4y(1-x)-x+z(3x-2)]Na2O+1/2[4(1-x)(1-y)+(3x-2)(1-z)]K2O↓
→
←
4(1-x)NayK1-yAlSi2O6+(3x-2)NazK1-zAlSi3O8 + ↑(1-x)CaO↓

where the arrows indicate the reversible exchange of
 alkalies and calcium between crystal and glass phases,
in the presence of  water to form analcime.

Typology vi (Formation of alkali
Feldspar-Nepheline Intergrowths)

A few dykes of  tinguaites containing pseudoleucite
phenocrysts have been reported from the Deccan Trap

lava flows of  the Chhota Udaipur alkaline subprovince
(Panwad-Kawant sector) in Gujarat, India (Sukheswala
and Sethna 1967, Gwalani et alii 1993). Phenocrysts of
pseudoleucite are also present within the orthoclase-
nepheline syenites associated with Banhadão complex,
Brazil (Ruberti et alii 2010).

The pseudoleucites from both localities are distinc-
tive for their occurrence and size, measuring 1 to 10 cen-
timetre across. They may exhibit characteristic leucite
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Table 1. Representative microprobe analyses of  Typology i and ii. Anl, R-1, R-2 (sample AZ 151) and Anl, Gl (sample S2) as in  Figure
1. Host rocks: samples AZ151 and S2 of  the Appendix.

Typology i Analcime i Rim Rim Typology ii Analcime Glass
(AZ-151) Anl R-1 R-2 (S2) Anl Gl

SiO2 51.39 47.61 61.35 55.0 57.1
Al2O3 23.48 24.96 19.81 22.9 22.9
Fe2O3 1.55 0.40 0.28 0.7 1.6
MgO 0.21 - 0.04 - 0.9
CaO 0.20 0.21 0.15 0.9 1.7
Na2O 12.78 1.46 1.02 12.1 7.5
K2O 1.92 20.86 14.59 0.6 6.8
H2O+ 8.20 - - - -
Sum 99.73 95.50 97.24 92.2 98.5

Q 26.7 18.4 42.8 33.0 30.7
Ne 66.0 7.1 5.0 64.6 42.0
Ks 7.3 74.5 52.2 2.4 27.3

Table 2. Representative microprobe analyses of  Typology iii. Compositions of  the host rocks HK-D1 and BN-42 are given in the
 Appendix.

Typology iii Analcime Ca-K Felds Plagioclase Glass Nepheline Leucite
(HK-D1, BN-42) 1 2 3 4 5 6

SiO2 57.43 55.30 56.65 53.22 41.06 56.68
Al2O3 21.65 25.49 26.02 23.92 34.83 24.04
CaO 0.14 11.51 9.40 5.48 0.03 0.01
Na2O 13.21 0.79 6.16 6.35 14.51 6.87
K2O 0.30 5.79 0.87 3.22 10.08 11.76
Sum 92.73 98.88 99.10 92.19 100.51 99.36

Q 33.6 48.5 38.6 0.0 28.6
Ne 65.3 8.1 44.8 66.3 31.6
Ks 1.1 43.4 16.6 33.7 39.8

An 58.3 44.9 27.2
Ab 6.8 50.2 53.8
Or 34.9 4.9 19.0

Table 3. Representative microprobe analyses across analcime of  type iv (sample AZ-172 of  the Appendix). The numbers correspond
to those shown in Figure 2, Plates iv-A and iv-B. Pl, plagioclase; af, alkali feldspar; gl, glass; Anl, analcime; Ne, nepheline.

Typology Pl Pl af gl Anl Anl gl Pl Anl gl Anl Anl Ne Ne Ne
iv iv-1 iv-2 iv-3 iv-4 iv-5 iv-6 iv-7 iv-8 iv-9 iv-10 iv-11 iv-12 iv-13 iv-14 iv-15

SiO2 56.80 54.89 65.00 59.38 54.53 54.50 55.89 54.17 54.45 57.82 55.13 55.18 46.19 44.66 43.97
Al2O3 25.36 26.82 19.54 17.10 21.83 21.99 23.44 26.88 22.00 21.66 22.12 23.45 31.87 33.37 33.36
Fe2O3 0.59 0.51 0.34 4.07 0.20 0.16 2.20 0.77 0.18 0.15 0.51 - 1.06 0.41 0.51
MgO 0.06 0.05 0.08 3.43 - - 0.83 0.08 - 0.03 0.06 - 0.01 - -
CaO 8.06 8.83 1.62 0.23 0.11 0.16 5.66 10.03 0.12 0.08 0.14 1.64 0.05 0.10 0.06
Na2O 6.32 7.42 6.24 2.42 13.13 13.22 6.50 5.39 13.18 12.59 12.99 11.82 17.10 15.80 15.75
K2O 1.77 0.78 8.13 10.79 0.16 0.20 2.93 1.35 0.20 3.65 1.25 0.91 3.98 7.03 7.08
Sum 98.96 99.30 101.0 97.42 89.96 90.23 97.45 98.67 90.13 95.98 92.20 93.00 100.3 101.4 100.7

Q 40.6 33.7 31.9 31.4 31.4 28.8 30.2 32.5 6.3 4.0 3.5
Ne 30.4 15.5 67.5 67.9 67.9 58.7 65.1 63.9 80.0 72.0 72.8
Ks 29.0 50.8 0.6 0.7 0.7 12.5 4.7 3.6 13.7 23.6 23.7

Or 10.0 4.1 44.1 74.7 17.2 7.8
Ab 51.5 56.5 48.5 24.0 54.8 44.1
An 38.5 39.4 7.4 1.3 28.0 48.1
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Table 4. Representative microprobe analyses of  the phases present in the Type v analcime (from sample AZ-117 given in the
 Appendix). The numbers correspond to those reported in Figure 6. Pl, plagioclase; af, alkali feldspar; gl, glass; Anl, analcime; Ne,
nepheline.

Typology Anl Anl AF AF Sodic Sodic Pl Pl
v 1 2 3 3’ Lc 4 Lc 5 6 6’

SiO2 54.8 56.67 65.52 64.95 52.7 53.3 59.59 59.42
Al2O3 22.0 20.54 19.18 18.92 21.1 21.1 25.39 25.17
Fe2O3 0.9 0.17 0.23 0.15 0.2 0.4 0.39 0.47
MgO - - 0.02 0.02 - - 0.05 0.10
CaO 0.2 0.43 0.21 0.11 0.7 0.5 4.80 6.32
Na2O 12.9 9.25 4.21 4.41 5.5 4.0 8.61 7.21
K2O 0.7 4.20 10.28 10.56 9.9 13.3 0.62 0.77
Sum 91.5 91.26 99.65 99.12 90.1 93.3 99.47 99.32

Q 32.0 38.2 44.7 43.3 32.1 29.9
Ne 65.4 46.3 19.8 20.6 29.3 20.4
Ks 2.6 15.5 35.5 36.1 38.6 49.7

Or 62.4 62.2 3.6 4.7
Ab 36.6 37.2 72.6 63.0
An 1.0 0.6 23.8 32.3

Table 5. Representative analyses of  the phases present in the nepheline-alkali feldspar intergrowths (cf. whole rock BN-42 in Appen-
dix). Alkali feldspar is a disordered orthoclase and contains up to 0.50 wt% of  BaO.

Kalsilite Kalsilite Nepheline Nepheline Alkali Whole
core rim core core Feldspar Intergrowths

SiO2 37.44 36.60 41.65 41.83 63.87 55.84
Al2O3 31.47 32.76 33.77 34.09 18.19 24.12
Fe2O3 0.81 0.80 1.14 0.92 0.29 0.39
CaO - - 0.03 - - -
Na2O 0.09 0.08 15.36 15.56 0.12 5.78
K2O 29.40 29.20 8.10 7.84 16.76 13.64
Sum 99.20 99.43 100.05 100.25 99.23 99.77

Q 0.0 0.0 0.0 0.0 42.2 27.2
Ne 0.4 0.4 72.1 72.8 0.6 24.0
Ks 99.6 99.6 27.9 26.9 57.2 45.8

Table 6. Representative compositions of  Fig. 8, expressed in terms of  Quartz (Q), Nepheline (Ne) and Kalsilite (Ks). wr, whole rock;
Lc, Leucite; Ex, exsolutions; Or, orthoclase; Anl, analcime.

A (PS-530) B (PS-245) C (3153)

wr Lc Ex wr Ne Or wr Anl
Q 24.7 27.8 32.4 17.0 2.1 43.4 34.7 26.3
Ne 10.1 5.9 26.6 38.1 68.0 8.7 21.5 62.2
Ks 65.2 66.3 41.0 44.9 29.9 47.9 43.8 11.5
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crystal habit (polygonal or eight sided trapezohedral)
or appear as rounded to subrounded intergrowths (up
to 40 vol.%; Fig. 7) of  alkali feldspar-nepheline with
kalsilite segregations within the Brazilian samples.
Kalsilite may occur as a late-crystallized phase, proba-

bly formed as a subsolidus product of  exsolution-segre-
gation from a K-rich nepheline or a Na-rich leucite (cf.
Ferry and Blencoe 1978).

Other distinctive characteristics are the presence of
abundant primary carbonates of  carbonatitic affinity,
and the scarcity of  hydrated phases, mica occurring  only
as an accessory phase. Similar intergrowths are common
in the alkaline complexes of  Brazil having  carbonatitic
affinity (e.g. Alto Paranaiba kamafugites; cf. Sgarbi et
alii, 2000) and in the alkaline-carbonatitic dykes from
Eastern Paraguay (Comin-Chiaramonti and Gomes
1996). These vermicular, fingerprint-like intergrowths
of  nepheline-alkali feldspar are similar to those de-
scribed by Gittins et alii (1980), the chemistry of  the phas-
es overlapping in the phonolite pentahedron (Fig. 9).

Nepheline-syenites and tinguaites are also reported
from the Poços de Caldas alkaline-complex (Ulbrich et
alii 2005). We note in this case that:

a) The Poços de Caldas massif  is represented by mul-
tiple magma batches, mainly comprising nepheline-
syenites and tinguaites.

b) The nepheline syenites (loi = 3.3 ± 1.4 wt%,
K2O/Na2O = 1.0, H2O/CO2 = 3.77 ± 0.30, wt ratios)
are characterized by the presence of  euhedral analcime
(similar to the Typologies i and ii) and scarce primary
carbonate occurrence.

c) On the other hand, the tinguaites (loi = 1.7 ± 0.8
wt%, K2O/Na2O = 1.1, H2O/CO2 = 0.4 ± 0.1, wt ratios)
show the typical alkali-feldspar-nepheline intergrowths
(similar to those of  the Banhadão complex) and pri-
mary carbonates (cf. Costanzo et alii 2008).

In particular, in the alkaline and alkaline-carbonatitic
complexes from Eastern Paraguay. all the described ty-
pologies are present and also those described by Taylor
and MacKenzie (1975), even those referred to the
«slightly-exsolved leucite» (Fig. 8). The latter represents

Fig. 7. Pseudoleucite from Banhadão (Southern Brazil; Ruberti
et alii, 2010). A: Pseudoleucite “warts” in nepheline-syenites; B:
Intergrowths Alkali feldspar-nepheline (crossed polars). C:
Backscattered electronic image of  pseudoleucite. AF (light
grey), alkali feldspar; Ne, nepheline (dark grey); Ks, kalsilite
(very light grey).

Fig. 8. Plot of  part of  the Phonolite pentahedron for selected
whole rock compositions (stars) from Eastern Paraguay (Asun-
ción-Villarica rift; Comin-Chiaramonti and Gomes, 1996, 2005)
and compositions from trapezohedral phases (Tab. 6). A: PS-530
sample, corresponding to slightly exsolved leucite of  Taylor and
Mac Kenzie, 1975); B (PS-245) and C (3153), roughly correspon-
ding to exsolved leucite (Taylor and Mac Kenzie, 1975) and to
analcime of  Comin-Chiaramonti et al: (1979), respectively. To be
note that A represents a close intrusive body, B is an alkaline-car-
bonatitic complex (relatively high CO2 content) and C shows
high H2O activity Comin-Chiaramonti and Gomes, 1996).
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a very rare typology (one occurrence over 527 analyzed
rocks from Eastern Paraguay) occurring in a very close
system (Comin-Chiaramonti and Gomes 1996).

Concluding Remarks

The analcime typologies here considered are from nat-
ural systems, and are substantially supported also by
the experimental data of  Taylor and MacKenzie (1975).

The latter authors demonstrated that the assemblage
analcime-melt (±nepheline, albite and orthoclase) may
exist in the system NaAlSi3O8-KAl Si3O8-NaAl SiO4-
KAlSiO4-H2O within a very narrow pressure-tempera-
ture range, i.e. > 2 kb and 600-640 °C, respectively.

Gupta and Fife (1975) have demonstrated the rapid rate
of  conversion of  leucite to analcime, the activation en-
ergy of  the reaction being small (≈ 8 kcal mol-1). Hence
the reaction is rather insensitive to temperature and is
also favoured by low pressure. Provided sufficient Na+-
bearing water is present (e.g. K+/Na+ < 0.3), the con-
version will proceed at surface temperatures.

Moreover, Hovis et alii (2002) stated that the limited
solid solution between natural analcime and leucite
must be attributed to energetically favoured heteroge-
neous equilibria involving minerals such as feldspars
and feldspathoids, and not because of  immiscibility be-
tween the end members. It appears that the introduc-
tion of  sodium into leucites by ion exchange processes
produces metastable sodium-rich phases, allowing a
great compositional range for pseudoleucites. This in-
dicates that metastable leucite-analcime solid solutions
may be produced even between leucite crystals and hy-
drous glass. According to Wilkinson (1977), the most

convincing evidence of  the widespread analcimization
of  leucite has been provided by Cundari and Graziani
(1964).

The intergrowths could have formed from a pre-ex-
isting, homogeneous, solid phase, with change in bulk
composition, either by subsolidus replacement of  a sta-
ble phase, by sub-solidus breakdown of  an unstable
phase, or by reaction with a fluid phase (Davidson 1970).
Notably, rocks containing analcime and orthoclase-
nepheline intergrowths show overlapping fields (Fig.
10).

Probably the difference between analcime-bearing
rocks and rocks where nepheline-alkali feldspar-
(kalsilite) appear as intergrowths, are linked to kind of
fluids becoming active at subsolidus temperatures. The
H2O-rich fluid plays a role in the formation of  anal-
cime, while CO2 rich fluids are responsible for the de-
velopment of  intergrowths in the mineral, and this we
have supported by petrographic evidences.

However, not all nepheline-alkali feldspar inter-
growths may be considered as pseudoleucite, especial-
ly those represented by flame or plume-like inter-
growths that appear as quench textures (cf. Gittins et alii
1980).
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