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Abstract: The zeolite ferrierite was found in tectonic zones of andesite in the drillhole KR-1 near Kremnica 
(Central Slovakia). Ferrierite occurs in paragenesis with opal and chalcedony, occasionally in assemblage with 
mordenite. Powder diffraction pattern of ferrierite is identical with reference data, its lattice parameters are 
a = 19.201(4), b = 14.124(4), c = 7.501(2) Ä. Chemical composition is characterised by Si/Al ratio ranging 
between 4.331 and 4.963 respectively, predominant exchangeable cations are Mg > Ca > K, and unusual high 
Ba-contents (0.192 - 0.298 per fromula unit).
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Introduction

The drillhole KR-1 is situated in Kremnica ore dis­
trict, 2 km west of the town Kremnica and approxi­
mately 100 m W of the summit of the Jarabica Hill 
(937.9 m above the sea level). The drillhole, having 
a final depth of 373 m, penetrated a complex of Bade- 
nian andesites, which belongs, according to Konečný et 
al. (1983) to the Zlatá Studňa Formation. The hole was 
drilled to define more precisely, on the basis of mani­
festations of hydrothermal activity connected with the 
formation of quartz-goldbearing veins, the geological- 
depositional conditions at the northern marginal belt of 
the ore district. A detailed petrographical-geochemical 
characterization of rocks from drillhole has been 
presented in the manuscript of Bôhmer & Mecháček 
(1964). During mineralogical studies of several thin 
veinlets (up to 2 mm), from a depth of 350 m, white 
radial aggregates of crystals were found, accompanied by 
opal at the rims of the veinlets. Preliminary identifica­
tion, based on powder diffraction data and semi-quanti­
tative spectral analysis, indicated the zeolite-group 
mineral ferrierite, which had not previously been found 
in the territory of Slovakia.

Ferrierite is a relatively rare mineral, and from its dis­
covery in the year 1918 until the end of the sixties it was 
only known from the Canadian locality Kamloops (Gra­
ham 1918 in Gottardi & Galii 1985). Further published 
findings of fissure ferrierite were made in Bulgaria 
(Kirov & Filizova 1965), Yugoslavia (Barič 1965), Italy 
(Alietti et al. 1967), California (Wise et al. 1969), Japan 
(Yajima et al. 1971) and Austria (Zirkl 1973). As a rock­
forming volcanogenic - sedimentary mineral in assemb­

lage with mordenite, it forms in rhyolite tuffites a de­
posit near Lovelock, Nevada (Regis 1970). In Japan it 
occurs as an alteration product of tuffs (Hayakava & Su­
zuki 1969).

Ferrierite is an Si-rich orthorombic zeolite with space- 
group symmetry Immm and idealized formula unit ac­
cording to Gottardi & Galii (1985)

(Na,K) Mg2Cao.5 [AI6SÍ30O72] • 20 H20.
As one of the zeolites that forms suitable crystals, it 

was an object of several crystallographic studies on the 
ordering of atoms in the Si-Al skeleton (Smith 1986).

According to the results of Gramlich-Meier et al. 
(1985) some ferrierites are monoclinic (space group 
symmetry P2 j/n).

Experimental

Powder diffraction patterns were obtained with 
a DRON-3 diffractometer using Ni-filtered Cu radia­
tion and a scanning speed Г/min and on the Philips 
authomatic powder diffractometer in the Institute of 
Mineralogy and Crystallography, University of Vienna. 
Reference JCPDS (1990) data are a part of the in­
strumental software.

SEM studies were done at the Dionýz Štúr Geological 
Institute, Bratislava (analyst Stankovič) on the JEOL 
JSM-840 instrument. For a study using secondary elec­
trons, chips of samples were gold-coated; for backscat- 
tered electron images we used polished carbon-coated 
thin sections. Further experimental details are given in 
figure captions.
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Electron-probe microanalyses have been carried out 
on JEOL JSM 840 microprobe (Central Laboratory of 
Electron-optic Methods, Comenius University, analyst 
Krištín). Operating conditions were as follows: acceler­
ating voltage 15 KV to reduce the volatilization of the 
weakly bonded water and lighter elements (without 
succes in the case of Na), wavelenght-dispersion system, 
phi-ro-z corrections of experimental data.

Thermal studies (DTA and TGA) were made on 
a derivatograph Mettler, wieght of sample 50 mg, heat­
ing rate 10 °/min, upper limit of experiments 1000 °C.

Results of experimental work

Optical study

Under the microscope the radial aggregates of fer- 
rierite are colourless. All the information obtained from 
microscopic studies was limited because of the small size 
of the crystals. Parallel extinction indicated either ortho- 
rombic or monoclinic symmetry. The refractive indices 
determined by the immersion method are nmax= 1.482,

nmin = 1-478 and correspond to the values found for fer- 
rierite by Graham (1918) in Winchell & Winchell (1951).

X-ray data

Powder diffraction pattern as well as reference data 
(JCPDS, 1993, card No. 39-1382) are listed in Thb. 1. The 
match between the sample and standard is evident.

Lattice parameters were calculated and least-squares 
refined using the program CELREF (Appleman 
& Evans 1972). The mineral was indexed in the space 
group Immm. The values thus obtained are: 
a = 19.201(4), b = 14.124(4), c = 7.501(2) Ä (numbers 
in parentheses are the standard deviations referring to 
the last digit).

SEM study

Crystal morphology presented in Fig. 1 a-c was stu­
died using secondary electrons. As follows from the 
study in backscattered electrons, our ferrierite consists 
of two phases with different equivalent atomic number 
(on the photograph as a darker and lighter part,

Table 1: Powder diffraction data, values d in 1010m. Reference data taken from JCPDS (1990), record No. 39-1382.

dot» lot» dtab Itab hid dot» lot. dtab Itab hkl

1131 2 1138 3 110 3071 5 3.076 12 521

936 100 9.60 100 200 2973 14 2977 13 530

7.03 2 6.98 5 101 - 2955 4 402

6.62 1 6.63 3 011 2913 2 2901 4 132

582 19 5.84 18 310 2842 1 2846 1 440

- 4.97 2 121 2723 2 2726 5 422

4.79 4 4.80 5 400 2691 4 2696 6 710

436 1 438 2 130 2639 2 2643 3 051

- 4.01 21 321 2584 3 2581 4 350,701

3964 43 3974 38 420 2565 1 2572 3 042

3883 5 3888 14 411 2431 2 2432 4 602

3788 17 3797 20 330 2368 8 2372 9 730

3701 30 3708 31 510 - 2319 1 451

3561 3 3362 14 112 2238 1 2255 2 811

3527 22 3535 26 040 - 2212 2 323

3489 5 3493 22 202 - 2190 2 712

3409 4 3416 8 501 2148 1 2115 4 460

- 3318 7 420 2111 4 2109 3 910

3311 6 3310 6 022 2052 1 2051 3 901

3197 7 3199 9 600 - 2021 3 802

3149 3 3151 10 141 2005 2 2006 3 523,642

3127 3 3130 4 222 - 1.969 4 921
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Fig. la-b. SEM micrographs of ferrierite crystals. Secondary electrons: a - aggregate of radiating blades of ferrierite (magnification 
400 x); b - cross-sections of crystals perpendicular to Z axis. Orthorhombic mm2 symmetry is evident. Fibres are probably mordenite 
(magn. 1000 x).

Fig. lc. SEM micrograph of ferrierite crystals. Detail of a fer­
rierite crystal showing perfect cleavage parallel to (010) (magn. 
1000 x).

Fig. Id. Backscattered electrons: two distinct phases with dif­
ferent equivalent Z. The dark part at the periphery of the aggre­
gate differs from the core in lower Ca content.

Fig. 1 d). Fibrous crystals, distinguished at a greater 
magnification, are probably mordenites.

Thermometric properties

There are few published data on thermal properties of 
ferrierites and these data are not absolutely identical

(Kirov & Filizova 1965; Yajima et al. 1971; Gottardi 
& Galii 1985).

As follows from DTA and TGA curves, the studied 
ferrierite having endotherms at 82, 220 and 649 °C, is 
closest to the ferrierite from the locality Alberto Bassi, 
Italy (Gottardi & Galii 1985). Tbtal weight loss by TG is 
15 wt. %, which corresponds to a loss near to the theore­
tical value of 20 water molecules per formula unit.
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Electron-probe microanalysis

Since SEM study showed that the studied ferrierites 
are inhomogeneous, the both two lighter and darker 
parts were analyzed. The results of representative micro­
analyses are listed in Thb. 2.

Discussion

As follows from the crystal structure of ferrierite 
determined and refined by Vaughan (1966) and con­
firmed by Gramlich-Meyer et al. (1985), the alumosili- 
cate framework consists of chains of five-member 
rings, linked in complex chains parallel to the ortho- 
rombic c-axis. Large cation cages between the chains 
contain hydrated cations and two channels containing 
the loosely bound and highly disordered remaining ca­
tions and water molecules.

According to published analytical data, chemical com­
position of real ferrierites often does not correspond to

Table 2: Representative microprobe analyses [weight %].

the idealised formula unit, where the ratio Si/Al ap­
proaches 5 and Mg content is predominant in relation 
to the other cations (Gottardi & Galii 1985). Following 
the chemical analyses compiled in the work of Wise 
& Tfcchernich (1976), the Si/Al ratio varies between 
3.2 and 6.2. There is also a great variability in the content 
of exchangeable cations, while neither of them is indis­
pensable for the formation of ferrierite structure. This 
fact is confirmed by the results of syntheses of ferrierite 
analogues without Mg, summarised in the paper of Got­
tardi & Galii (1985).

In ferrierite from the drillhole KR-1 (Thb. 2), the ratio 
Si/Al varying between 4.331 - 4.963 is close to the theo­
retical value. The exchangeable cations are predomi­
nantly the bivalent elements - Mg, Ba and Ca; while 
monovalent cations are represented by Na and K. The 
departure of Na may result in part from inaccuraces in 
the chemical composition determination. Magnesium 
occurs in ferrierite strictly as the hydrated ion 
Mg(H20)£+, and is located at specific sites in channels

darker part lighter part

SÍ02 69.08 69.74 7127 67.62 6938

АЮз 1277 1266 1237 13.25 1136

FeO* 0.10 032 0.32 0.19 0.38

MgO 335 335 309 226 284

BaO 132 1.42 137 1.75 1.13

CaO 0.73 030 0.71 236 137

NazO 0.05 0.01 0.10 - 0.02

K2O 1.07 0.75 133 039 031

E 88.47 89.05 90.76 8802 87.49

cation content based on 72 cctygens

Si 29.630 29.705 29.852 29351 29.995

Al 6.458 6356 6211 6776 6.043

Fe* 0.036 0.114 0.113 0.068 0.136

E 36.124 36175 36176 36195 36174

Mg 2141 2129 1.937 1.464 1328

Ba 0222 0237 0225 0298 0.192

Ca 0334 0364 0320 1.190 0.636

Na 0.044 0.007 0.077 - 0.014

К 0385 0.410 0.708 0219 0281

Ч+Ь 6.023 5377 5.749 6123 5.607

39.451 39321 39.435 39366 39.126

Si/Al 4388 4.782 4306 4331 4.963

' all Fe formally as Fe2+
Z[ + ]ais the sum of exchangeable cations
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(Vaughan 1966). On the other hand, other, weakly 
bound cations, are coordinated only by oxygen atoms 
(Gramlich-Meier et al. 1985). In the studied ferrierite 
the Mg content (approximately two ions per formula 
unit) is predominant with respect to all exchangeable 
cations and close to the ideal formula-unit content.

Barium and strontium in ferrierites occur frequently 
in low concentrations. The ferrierites from the Silver 
Mountains (California) and Francois Lake (British 
Columbia), with Ba contents of 0.45 and 0.34 per for­
mula unit, respectively are exceptions. Wise & Tfccher- 
nich (1976) explained that the high barium content in 
ferrierite from the first locality is connected with the 
presence of barite in ferrierite-containing veins.

In our case, ferrierite occurs in veins as the only ba­
rium-bearing mineral and Ba concentrations in the ana­
lyses are remarkable constant. Geochemical study of 
rocks from the drillhole has shown that Ba and Sr in the 
surrounding rocks frequently reach values in the range 
0.1 - 0.01 wt. %, but extreme Ba contents approached 
1 wt. %. The strontium contents determined by semi- 
quantitative spectral analyses are probably lower than 
the detection limit of the electron microprobe.

Ca contents are variable and they are higher in the 
lighter central parts (interval 0.636 -1.190) of ferrierite 
aggregates. An increase in К concentration compen­
sates for the decrease of Ca content in marginal parts 
(0.286 - 0.364). The position of Na is uncertain because 
of analytical difficulties in its determination by electron 
microprobe.

Ferrierites have a relatively simple linear correlation 
between the lattice parameter a and Si contents (Wise 
& Tfcchernich 1976), or Mg contents (Gramlich-Meier et 
al. 1985). The calculated lattice parameter a obtained 
from powder diffraction pattern corresponds to the 
above correlations. It is remarkable that an increased Ba 
content does not affect lattice parameters at all.

Conclusion

The broad range of chemical composition of ferrierites 
from various localities is evidence for the variability of 
chemical composition of source solutions from which this 
zeolite can crystallize. Wise & T&chernich (1976) stated 
that Si and H20 activity are probably the main variables 
controlling the composition of high-silica zeolites.

Petrographical-mineralogical studies of the drillhole 
KR-1 has shown that hydrothermal mineralization in 
Badenian andesites resulted especially in low-tempera­
ture modifications of Si02 and these modifications oc- 
cured only in tectonic zones, or in zones with increased 
porosity. In the Kremnica ore district such forms of Si02 
(represented by opal and chalcedony without ore min­
eralization) are characteristic of the marginal and apical 
parts of quartz - noble metal veins connected with the 
Pannonian rhyolite volcanism (Bóhmer 1966).

The ferrierite association (sometimes with sporadic 
mordenite) with low-temperature forms of SiÓ2 indi­

cates high Si activity in hydrothermal solutions and, at 
the same time, low temperature crystallization. The fact 
that ferrierite occurs in the studied drillhole as the only 
zeolite mineral indicates locally restricted conditions, which 
did not allow other high-silica zeolites to crystallize.

Exchangeable cations in the studied ferrierite are also 
affected by the composition of the surrounding rocks, 
through which hydrothermal solutions circulated. As in­
dicated by the chemical composition of natural fer­
rierites and their synthetic analogues, magnesium is not 
absolutely necessary for the formation of ferrierite. 
However, in natural conditions it is Mg which may acts 
as stabilising agent of the ferrierite structure (Kirov 
& Filizova 1966). Barium contents are not genetically 
connected with hydrothermal processes (there is no evi­
dence of barite mineralization in the ore field) and the 
barium seems to originate from the surrounding rocks.

The formation of ferrierite-opal mineralization is not 
connected with post-volcanic processes related to Bade­
nian andesite volcanism, but it represents the last, lo- 
west-temperature stage of the Pannonian ore-bearing 
rhyolite volcanism.
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