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ACTIVITY DIAGRAMS OF ZEOLITES: IMPLICATIONS FOR THE OCCURRENCES
OF ZEOLITES IN TURKEY AND OF ERIONITE WORLDWIDE
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Abstract—Sedimentary zeolite occurrences are widespread in Central and Western Anatolia, Turkey.
Erionite occurrences in Central Anatolia have significant health implications for inhabitants of the region.
The widespread occurrences of zeolites are generally associated with volcano-sedimentary rocks and
consist of low-temperature forms. The aim of the work was to define specifically the formation mechanism
and chemical characteristics of these volcano-sedimentary deposits, and particularly, the stability
conditions for erionite. The first step was to construct chemical potential diagrams and calculate
thermodynamic data for erionite and Ca-saponite. Then, equilibrium activity diagrams were calculated for
the zeolites and related minerals in the system of Ca-Na-K-Mg-Fe-Al-Si and H,O. Stability diagrams for
log [aca/(a)?] — log [ana+/am+] and log [acae/(an)?] — log [ak:/ay.] for various saturation phase
activities of AI’* and SiO, (agy Were plotted for sedimentary conditions. The coexisting phases and
chemical characteristics of the each deposit were evaluated by examination of the activity diagrams.
Deposits which do not include some of the common sedimentary zeolites, possibly have high AI** activity
(equal to or greater than gibbsite saturation) or low SiO (,q activity (less than quartz saturation) during
formation. In addition, erionite was found to be very sensitive to the alkalinity of the system and is stable in
only a limited range of thermochemical conditions.
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INTRODUCTION

Zeolites, more than most mineral groups, serve
humans in various ways, as they have unique properties.
The ancient civilizations of Anatolia used zeolites for
many purposes. For the last three decades, however,
zeolites have been considered dangerous, because of the
cancerous effects of erionite found in Cappadocia (Ross
et al., 1993). Even though only erionite-bearing deposits
are known carcinogens, all zeolite deposits appear to
have been given that label. In fact, erionite is not
widespread in nature suggesting limited conditions of
formation. Thus, the stability conditions, occurrences
and paragenetic relations of the zeolite group were
examined in the present study with special emphasis on
the formation of erionite.

The most common zeolite occurrences of Turkey,
from central to western Anatolia, are in Beypazar
(Giindogdu et al., 1985; Helvact et al., 1987; Schmitz,
1991), Yozgat (Yal¢in et al, 1997), Nevsehir
(Cappadocia) (Temel and Giindogdu, 1996), Kirka
(Yal¢in, 1988), Emet (Yal¢in and Giindogdu, 1985,
1987), Sile (Esenli et al., 1997), Bigadi¢ (Giindogdu,
1984; Sirkecioglu et al 1990; Giindogdu et al 1989),
Gordes (Esenli and Ozpeker, 1993; Esenli, 1993; Baykal,
1995) and Kesan (Ig6z and Tiirkmenoglu 1997)
(Figure 1). The common zeolites and other minerals
reported in Turkish deposits (Table 1) are clinoptilolite,
erionite, chabazite, analcime, phillipsite, mordenite,
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smectite, quartz, opal-CT and K-feldspar in Nevsehir,
clinoptilolite and smectite in Yozgat, and analcime,
clinoptilolite, phillipsite, K-feldspar, smectite, quartz
and calcite in Beypazan. The Bigadi¢ deposit consists of
clinoptilolite, heulandite, analcime, phillipsite, smectite,
opal-CT, quartz, K-feldspar and calcite. Kirka is
characterized by clinoptilolite, heulandite and minor
amounts of analcime, calcite, opal-CT, K-feldspar,
smectite and quartz. Clinoptilolite, analcime, opal-CT,
K-feldspar, smectite, quartz and calcite are typical of the
Emet deposits. Clinoptilolite, heulandite, opal-CT,
quartz and smectite are found in the Gordes deposits;
analcime, clinoptilolite, smectite, quartz, cristobalite and
calcite in the Kesan area; and mordenite, K-feldspar,
opal-CT and quartz in the Sile deposit.

The zeolites in Turkey are associated with clay
minerals, borates, carbonates and soda minerals (mainly
trona and in rare instances, nahcolite). They are also
found in close association with lignite-bearing lacustrine
rocks and evaporates. For example, the zeolite minerals
are found with soda minerals, clays and carbonates in
association with coal deposits in the Beypazan region,
whereas they are found with borates, carbonates and
clays in the Kirka, Emet and Bigadi¢ areas. In the
Gordes and Yozgat regions, zeolites coexist with
carbonate and clay minerals and they are interbedded
with coal horizons. In all of these occurrences, except
that located in the Sile area, the sedimentary rock
successions including zeolite minerals, are closely
associated with successions of volcanogenic tuffs and
they were deposited in lacustrine environments. In this
study only those zeolite occurrences in Turkey, on which
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Table 1. Mineral assemblages of Turkish deposits.

Deposits Associated minerals

Beypazari Clinoptilolite, analcime, saponite, K-feldspar, smectite, quartz, calcite

Yozgat Clinoptilolite, smectite

Nevsehir (Cappadocia) Erionite, chabazite, analcime, phillipsite, mordenite + clinoptilolite, smectite, quartz,
opal-CT, K-feldspar

Kirka Clinoptilolite, heulandite, analcime, calcite, opal-CT, smectite, K-feldspar, quartz

Emet Clinoptilolite, analcime, opal-CT, K-feldspar, smectite, quartz, calcite

Sile Mordenite, K-feldspar, opal-CT, quartz

Bigadig Clinoptilolite, heulandite, analcime, phillipsite, smectite, opal-CT, quartz, K-feldspar

Gordes Clinoptilolite, heulandite, opal-CT, quartz, smectite

Kesan Analcime, clinoptilolite, smectite, quartz, cristobalite, calcite
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in-depth studies had been performed, and for which
detailed information was available, are considered.

The paragenetic assemblages of these various depos-
its show some interesting characteristics. In two similar
deposits, for example, one may include zeolite minerals
with clay minerals (smectite and sepiolite) and the other,
no zeolites. In addition, some zeolite occurrences have
clinoptilolite with or without analcime (Kirka, Emet,
Bigadi¢, Yozgat, Beypazan and Kesan). In Kirka and
Beypazari, clinoptilolite is found with phillipsite.
Erionite, chabazite, analcime with or without mordenite
and clinoptilolite are the mineralogical assemblages of
Cappadocia. In Sile, mordenite is the only zeolitic
mineral present.

It is well known that the presence or absence of
zeolite minerals and types of zeolitic minerals in a
deposit depends on activities of Ca, Na, K, Mg Al,
Si0; (ag)s H* (pH) ions and temperature of the system.
However, the influence of these parameters have not
been quantified, especially, formation conditions for
erionite. Most of the volcano-sedimentary erionites in
the world, other than those in Turkey are located in the
USA and in a few locations in Tanzania, Kenya and
Georgia (Gude and Sheppard, 1981). Several investiga-
tors have studied the factors that may control the
stabilities of zeolites, specifically on the zeolites of
Yucca Mountain (Bowers and Burns, 1990; Chipera and
Bish, 1997), but none of these studies considered the

stabilities of erionite. Consequently, the present study
for various chemical environments has been undertaken
to define the stability limits of the zeolitic occurrences.

DATA AND METHODS

Much of the data used to calculate the stability
diagrams of zeolites and related minerals are tabulated
and found in Tardy and Garrels (1974), Nriagu (1975),
Robie et al. (1978), Helgeson et al. (1978), Johnson et
al. (1983), Bowers et al. (1984) and Bowers and Burns
(1990). All these tables have the same origin and the
data are consistent. For two minerals of interest in this
study, no Gibbs free energy of formation data (AG{) are
available, namely erionite and Ca-saponite at 25°C. In
such cases, various methods can be applied to estimate
the unknown data (Tardy and Garrels, 1974; Chen, 1975;
Nriagu, 1975; Iglasia and Aznar, 1984). In the present
study, the methods of Chen (1975), Nriagu (1975) and
Iglasia and Aznar (1984), which are similar in approach,
were used and tested for the precision of the estimated
value for similar structural types. In order to verify the
consistency of the data from the works of different
authors, the free energies of minerals which were
already known, were recalculated and checked. Values
of AG used in this study are shown in Table 2. The
minerals in the table were selected because they coexist
in Turkish deposits and are also compositionally related
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Figure 1. Locations of zeolite occurrences in Turkey.
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Table 2. Minerals, formulae and free energies (modified after Bowers and Burns, 1990).

Mineral name Formula AGL(298)
kJ/mol
Quartz Sio, -856.239!
Amorphous silica Si0, -850.599
Gibbsite Al(OH); -1158.8007
Kaolinite ALSi,05(OH), —-3781.4992
Pyrophyllite AlLSi,010(OH), -5250.920°
Wollastonite CaSiO; —1545.7583
Anorthite CaAl,SiOg -3992.783°
Grossular CazAl,Siz0 o -6263.309°
Gehlenite CarAlLSiO- -3780.612°
Prehnite CarAl,Si50,o(0H), -5818.007°
Laumontite CaAl,Si,0,.4H,0 —-6682.028°
Chabazite CaAl,Si401,.6H,0 -7165.673*
Scolecite CaAl,Siz0,.3H,0 -5597.999°
Heulandite CaAl,Si,0,5.6H,0 -9734.389*
Albite NaAlSi;Og -3708.313°
Nepheline NaAlSiO, -1978.496
Paragonite NaAly(AlSiz0,0)(OH), —5548.034>
Analcime NaAlSi,06H-0 -3088.202"
Natrolite N32A128i3010.2H20 —53166925
Mordenite NaAlSis0,.3H,0 —-6132.2674
K-feldspar KAISizOg —3746.245"
Kalsilite KAISiO,4 -2015.642°
Muscovite KAIlx(AlSi50,0)(OH),» -5591.083°
K-phillipsite K>AlSis014.5H,0 -7830.189*
Phillipsite Naj 0sKo.50Al1 88Si6.12016.6H-0 -8840.169*
Stilbite NaCa,AlsSi;3036.14H,0 —-20223.661%
Mesolite Na(),676Ca0_657A11_99Si3_0101(,.2.647H20 —5513294i
Clinoptilolite Nag.56Ko.0sCa1 sMg1 23Al6 7Feq 38i20075.22H,0 —-37897.789
Erionite CaK;Na3AlgSirg072.27H,0 -39614.769°¢
Ca-saponite Cag 16sMg3(Al33513.67010)(OH)2 -5600.092°
Hematite Fe,05 -743.622!
Calcite CaCOs5 -1130.098°
Dolomite CaMg(COs3), -2167.228°

! Robie e al. (1978)

2 Tardy and Garrels (1974)
3 Helgeson er al. (1978)

4 Bowers and Burns (1990)
5 Johnson et al. (1983)

S Present study

to zeolites. Furthermore, some minerals were assumed as
saturation phases and were used as the reference for the
activity ratios of some cations, e.g. Ca-saponite (tri-
octahedral smectite), hematite, amorphous silica +
pyrophyllite (cf. dioctahedral smectite). The method
for calculating activity diagrams can be seen elsewhere
(Garrels and Christ, 1965; Bowers et al., 1984). It is well
known that zeolites may have significant variations in
their chemical compositions. Even within the same
deposit, the chemical composition of a particular zeolite
species may change vertically and horizontally. In the
present study, the exact chemical compositions of the
zeolites in the Turkish deposits were not used; instead
ideal formulae for the minerals were employed. In this
case, the general appearance and phase relations of the
diagrams do not change but the size and shape of the
stability area may alter. However this does not affect the
interpretations and the applications of diagrams.

Bowers and Burns (1990) also calculated activity
diagrams for zeolite minerals occurring at Yucca
Mountain, Nevada. These diagrams might have been
used to interpret the mineral assemblages of Turkish
deposits, but there were positional and slope displace-
ments of some of the mineral phases on the activity
diagrams (e. g. the slope between mesolite and phillipsite
should not be negative on Figures 8b and 8c in the
Bowers and Burns (1990) paper). Also, erionite was not
considered, even though it is present to a limited extent
in the Yucca Mountain deposits (Bish and Chipera,
1991). Therefore, in order to see the compositional
control and general pattern of the activity diagrams,
schematic chemical potential diagrams were constructed
(Figures 2 and 3) by geometric procedures described by
Korzhinski (1959). The activity diagrams of the zeolite
and related minerals were then calculated with the
guidance of these chemical potential diagrams in the

https://doi.org/10.1346/000986002761002748 Published online by Cambridge University Press


https://doi.org/10.1346/000986002761002748

Vol. 50, No. 1, 2002

system Ca-Na-K-Mg-Fe-Al-Si and H,O. In such sys-
tems, the boundary conditions need to be defined in
order to construct the orthogonal activity diagrams. In
the present study, log [acaz+/(aH+)2] — log [ana/ay+] and
log [Aca (a)?] = log [ak+/ay+] are chosen as
dependent and independent variables, respectively. In
all the reactions, the activity of H,O is fixed as unity. All
mineral pairs were balanced with respect to AI** and
also to SiO; (.q), €liminating one variable each time, and
assigning fixed value to the others. With mineral pairs
balanced with respect to SiO; (,q) and saturation phases
chosen as gibbsite, pyrophyllite + kaolinite, pyrophyllite
+ amorphous silica and 4.5 (arbitrary low Al activity)
provides log [aA13+/(aH+)3] values. After the elimination
of the A1, the log [aSiO; (aq)] value was assigned as
saturation phases of SiO, (,m) amorphous silica, pyr-
ophyllite + kaolinite and quartz. The other saturation
phases are hematite for log [aFC3+/(aH+)3], saponite for
log [aMg2+/(aH+)2], K-feldspar for log [ak+/ay-], albite for
log [ana+/an+] and calcite for log [aCazJ(am)z]. On all
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Figure 2. Schematic chemical potential diagrams in the presence
of Si0, and H,O with respect to components (a) CaO and Na,O,
(b) CaO and K>0O. Alb: albite; Anal: analcime; Chab: chabazite;
Clinop: clinoptilolite; Erio: erionite; Gross: grossular; Heul:
heulandite; Kals: kalsilite; Kaol: kaolinite; K-feld: K-feldspar;
K-phill: K-phillipsite; Laum: laumontite; Meso: mesolite;
Mord: mordenite; Natr: natrolite; Parag: paragonite; Phill:
phillipsite; Prehn: prehnite; Pyroph: pyrophyllite; Scol: scole-
cite; Stilb: stilbite.

bk,0
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activity diagrams, the stability lines of calcite and
dolomite are indicated with dashed lines.

RESULTS
Chemical potential diagrams

Figures 2a and 2b show compositional relations in the
system Ca0O-Na,0O-Al,03-Si0,-H,0 and Ca0O-K,0-Al,05-
Si0,-H,0 by conserving Al,O3 for the phases that occur
with zeolite minerals. Figures 3a and 3b illustrate the
general relationships at the same systems given above
except by the conservation of the SiO,. Correlation of
Figures 2a with 3a and 2b with 3b reveals that by assuming
Al or Si to be inert components causes different stability
assemblages. Therefore, in order to construct the activity
diagrams, all equilibrium reactions were calculated by
balancing with respect to both Al and Si.

Activity diagrams

Figures 4 and 5 are activity diagrams for the system
Ca-Na-K-Al-Si-H,0 balanced with respect to Al. Values

AL, O3 H,0

a Gross, Woll

. al>
ﬁyroph Phill Mord

a0
Amorph-sil p‘NaZO
b Gross, Woll A1,03 H,0
Prehn
]
Q
= Scol
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Chab,Laum
™™
He

Amorph-sil

Phill HK,0
Figure 3. Schematic chemical potential diagrams in the presence
of Al,03and H,O with respect to components (a) CaO and Na,O,
and (b) CaO and K,O. Abbreviations as in Figure 2; Amorph-sil:
amorphous silica.
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Figure 4. Activity diagrams for the system Ca-Na- K-Al-Si-H,O
balanced with respect to Al for different silica activities at 25°C
for (a) amorphous silica, (b) pyrophyllite + kaolinite, and
(c) quartz. In addition, K-feldspar, hematite and Ca-saponite are
also saturation phases.
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Figure 5. Activity diagrams for the system Ca-Na- K-Al-Si-H,O
balanced with respect to Al for different silica activities at 25°C
for (a) amorphous silica, (b) pyrophyllite + kaolinite, and
(c) quartz. In addition, albite, hematite and Ca-saponite are also
saturation phases.
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of log [ace/(ay)?] — log [ana/ay.] are plotted on
Figure 4a—c and log [dcaxd (a)?] - log [ak+/ay:] on
Figure 5a—c. Both series illustrate the decreasing values
of log [asio,] as amorphous silica, pyrophyllite +
kaolinite and quartz, respectively. Comparison of the
activity diagrams in Figures 4 and 5 through different
activities of Si reveals that decreasing the silica activity
affects the size of the stability field and the occurrence
of some zeolite minerals. In Figure 4, for example, the
stability fields of clinoptilolite, heulandite and morde-
nite decrease with decreasing silica and stability fields
form for scolecite, mesolite and kaolinite when the
system is saturated with respect to quartz. Figure 5 for
K-bearing zeolite minerals is very similar to the Na
counterparts in Figure 4, except that heulandite, phillip-
site and K-phillipsite persist even at quartz saturation.
The effects of the various Al activities can be
observed for the Ca-Na-K-Al-Si-H,O system in
Figures 6 and 7. The system was balanced with respect
to Si, and four Al activities were considered; low
arbitrary Al activity (4.5), and saturation limits of
amorphous silica + pyrophyllite, pyrophyllite + kaolinite
and gibbsite, in increasing order. Comparison of the
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activity diagrams shown in Figures 6 and 7 indicates that
different Al activities do not represent a linear trend as
observed in Figures 4 and 5. The influence of the
activity of Al on the stabilities of zeolites are much more
complicated than expected. The most suitable Al
saturation is amorphous silica + pyrophyllite which
accounts for the coexistence of smectites with zeolites in
Turkish deposits. In the most of the deposits, quartz and
cristobalite are also present as silica phases. When the
quartz was plotted instead of amorphous silica, it
covered a larger area than amorphous silica. In this
case, some of these diagrams would not contain
clinoptilolite as a stable phase.

In Figure 6a—d, the stability field of clinoptilolite
increases up to amorphous silica + pyrophyllite satura-
tion limits then decreases and vanishes at gibbsite
saturation. Heulandite also exhibits a similar trend with
clinoptilolite. In contrast, both mordenite and analcime
have a decreasing linear trend and vanish at the stability
of gibbsite. This probably resulted from the activities of
dissolved Al species in equilibrium with amorphous
silica + pyrophyllite, pyrophyllite + kaolinite and
gibbsite in the solution (Wesolowski and Palmer, 1994).

b 2y
2t
20t

mesolite

logfa, f.z,/(aH.)z]

I amorph-silica |mordenite | natrolite
" +pyrophyllite

L n L L L L
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kaolinitc
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64202 46 81012141618
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Figure 6. Activity diagrams for the system Ca-Na-K-Al-Si-H,0 balanced with respect to Si for different Al activities at 25°C for
(a) low Al activity (log [aap-/(am)’] = 4.5), (b) pyrophyllite + amorphous silica, (¢) pyrophyllite + kaolinite, and (d) gibbsite.
K-feldspar, hematite and Ca-saponite are additional saturation phases.
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Figure7. Activity diagrams for the system Ca-Na- K-Al-Si-H,O balanced withrespect to Si at 25°C for (a) low Al activity (log [a aps+/
(ax)?1=4.5), (b) pyrophyllite + amorphous silica, (c) pyrophyllite+kaolinite, and (d) gibbsite. Albite, hematite and Ca-saponite are

additional saturation phases.

In Figure 7a—d, clinoptilolite, heulandite and scole-
cite at corresponding activities of Al behave the same as
in the Figure 6. Mordenite, analcime and natrolite are
replaced by K counterparts, namely phillipsite,
K-phillipsite and kalsilite. Mesolite, however, does not
persist as in Figure 6 up to gibbsite saturation. In fact it
is stable only at low Al activity (Figure 7a).

It is also noted that erionite does not appear on any of
the activity diagrams. After performing various tests
with increasing or decreasing Na and K activities, the
stabilization of erionite can be attained (Figure 8). The
conditions that allow the stabilization of erionite seem to
be very limited, thus explaining why occurrences are so
rare.

DISCUSSION

The activity diagrams illustrate that the formation of
the various zeolite minerals and related minerals are
affected most by SiO, and Al activities. The solubility of
SiO, and dissolved Al species at 25°C are certainly
controlled by pH (Wesolowski and Palmer, 1994), which
is controlled by carbonate equilibria in natural aqueous
systems (Garrels and Christ, 1965).

Activity diagrams were constructed by the elimina-
tion of the Al ion illustrated in Figures 4 and 5, which
are the same as in Bowers and Burns (1990). As the
silica activity decreases, the stability field of the

24
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20T
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§ ] e W A calcite |
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= 10 . N :
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+Eyrqph){lhtg L I )
6-42 0 2 4 6 81012 141618
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Figure 8. Activity diagrams for the system Ca-Na- K-Al-Si-H,0
balanced with respect to Si at 25°C for medium Al activity (log
[aan/(am)?] = 6.5) and high K activity (log [ax-/ag.] = 7).
Hematite and Ca-saponite are additional saturation phases.
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clinoptilolite and heulandite also decreases. Only
heulandite can persist at quartz saturation. At quartz
saturation, albite and kaolinite become stable phases.
Sile-type zeolite and clay occurrence is well demon-
strated in Figure 4a,b. Mordenite, kaolinite, K-feldspar
and the smectite, as coexisting phases (Esenli et al.,
1997), can be stable in a range of silica activities lower
than that for amorphous silica saturation and greater than
that for cristobalite saturation as seen in Figure 4b.

The assemblage at Kirka (Yalgin et al., 1989) and
part of that at Gordes (Esenli and Ozpeker, 1993) can be
represented by Figures 5a and b. The activity relations
of zeolites and related minerals, given the presence or
absence of carbonate minerals, can be evaluated for the
Kirka deposit.

Figure 6 in this work is the same as Figure 8 in Bowers
and Burns (1990) with some minor differences. The
stability boundary slope between phillipsite and mesolite is
shown as positive in Figure 8 of Bowers and Burns (1990),
but when the equilibrium equation between mesolite and
phillipsite is examined it is clear that the slope is negative
and not positive. This study was conducted because some
other differences were also expected between the diagrams
of Bowers and Burns (1990) and the present study. It
transpired that analcime instead of phillipsite is stable in
the diagram. The other differences may result for similar
reasons. The size differences of the stability fields possibly
resulted from the variations in cation activities, used in the
present study.

The most common zeolite in all Turkish deposits is
clinoptilolite, which is favored by the Al activity log
[aAls+/(aH+)3] being >4 and less than the gibbsite
saturation. The maximum stability field can be observed
at the amorphous silica + pyrophyllite (compositionally
equivalent to smectite) saturation value of log [aap+/
(ay-)] (Figures 6a,b; 7a,b). K-feldspar is also a satura-
tion phase at a value of log [ak+/ay-]. This is the most
favorable condition for clinoptilolite, heulandite, phil-
lipsite, smectite, K-feldspar and silica phases (other then
quartz). It means that this condition is consistent with
many of the zeolite assemblages of Turkey such as
Beypazan, Bigadi¢, Kirka, Emet and some parts of
Gordes. Chemical potential diagrams with the activity
diagrams of Figures 6 and 7 in which the silica was
inert, indicate that the conditions never reached the
stability limits of mesolite, scolecite and mordenite.
Figure 7 shows zeolite-forming basins with no Na-rich
plagioclase. Calcite is in equilibrium with mordenite,
heulandite and analcime. In all of these deposits,
diagenetic evolution of mineral assemblages, horizon-
tally from onshore to offshore and vertically, follows the
path of increasing activity values of cations and pH, and
is consistent with the activity diagrams. Many observed
and/or suggested formation models can easily be
demonstrated on these activity diagrams.

Bowers and Burns (1990) did not consider erionite as a
phase in their calculations. Even though erionite was

Zeolite activity diagrams 143

included in the present study, it did not appear on any
diagrams in the conditions listed above. Inspection of the
diagrams indicates that clinoptilolite, heulandite, morde-
nite and phillipsite are favored at the highest silica, and
lowest Na and K activities when the system is balanced
with respect to Al. On the contrary, when the system is
balanced with respect to silica, clinoptilolite, heulandite,
mordenite and phillipsite are favored at moderate alumina
and Na, and lowest K activities. Erionite is not present in
either case as an equilibrium phase. To determine
favorable conditions for erionite, a series of experiments
was run in order to construct chemical potential diagrams.
Equilibria between erionite and clinoptilolite and morde-
nite were achieved at moderate Al and very high K
activities (Figure 8). When the erionite-containing vol-
cano-sedimentary deposits of the western United States
(Yucca Mountain, Chalk Hill), Tanzania (Lake Natron),
Kenya (Lake Magadi) and Turkey (Cappadocia) are
compared, it can be seen that all have common properties
such as similar starting material, and are rich in alkali
content (Hay, 1978; Surdam and Sheppard, 1978; Gude
and Sheppard, 1981). This alkali content can be provided
by the host rock or by the solution during the formation of
erionite. Interpretations by Sheppard (1989, 1991) indi-
cated that the formation of erionite requires, high alkali
content and pH which, is in agreement with the present
study.

CONCLUSIONS

The activity diagrams presented in this study compare
well with field data and provide some interpretations about
the stabilities of the zeolite and related minerals. It has been
calculated quantitatively that silica and Al concentrations,
which are controlled by pH, are the main variables for
zeolite formation. Thus, silica activity should be greater than
quartz saturation and Al activity less than gibbsite saturation,
for the formation of the observed zeolites. Most of the
calculated activity diagrams are representative of the
Turkish zeolite occurrences. For the formation of erionite,
however, besides the significance of silica and Al, the alkali
content and alkalinity of the solution are very determinative.
For example, the coexistence of clinoptilolite and erionite
needs to have twice as much K as K-feldspar saturation.
This condition can probably be provided during burial
diagenetic reactions. For the ongoing activity calculations of
zeolites, the stability limits of various compositions of
erionite and clinoptilolite will be tested.
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