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The effect of temperature under hydrothermal conditions on the stability of the 
natural mineral gyrolite (in association with laumontite) and synthetic g,Jrolite 
was studied. The initial materials as well as the final, products were Uentified, 
by X-ray diffractography, further characteristics were determined by thermal 
anaJ,ysis, IR spectroscopy and electron scanning microscopy. It was found that 
over the temperature range of 200 to 300 °C under hydrothermal conditions, 
both the natural and synthetic gyrolite behave analogoWJly. At 200 °0 and under 
pressure of saturated water vapour, gyrolite and laumonite can coexist in natural 
specimens owing to similar Ca0/Si02 ratios. Above this temperature (at about 
220 °0 and higher) the laumontite remains stable whereas gyrolite decomposes, 
producing the stable hydrates truscottite and xonotlite. 

INTRODUCTION 

During geological surveys of rocks in the so-called Tatia.r intrusive complex 
(between the villages Rudno-Brehy-Pukanec in the western part of the Kremnice
Stia.vnica mountainrange in Slovakia) the fissure occupation in gra.nodioritic 
porphyries was found to contain the zeolitic mineral laumontite (Ca.AliSi40 12 • 

. 4 H20 )  in association with a white fine-grained mineral, non-uniformly dispersed 
among the crystals of laumontite, cal.cite and quartz, on X-ray diffraction patterns 
exhibiting strong pea.ks with interplana.r distances of 2.2 and 1.1 nm. Harman et 
al. [l] identified this mineral as gyrolite (hydrated calcium silicate), having the 
chemical composition Ca.1ciSi24060(0H)8 • 12 H20. 

This is the first discovery of natural gyrolite in .Slovakia. The occurence of 
gyrolite in nature has so far been described only sporadically. In Bohemia, gyrolite 
was found in the south-ea.st surroundings of Ceska Lipa. in the localities of Jakuby, 
Srni and Provodin [2], where it occurs in fissure occupation in ha.salts in association 
with zeolitic minerals. 

Gyrolite is a subject of considerable interest for mineralogists as weJl as chemists, 
namely from the standpoint of the reactions in the system Ca0-Si02-H20 
under hydrothermal conditions. The previous studies were mainly concerned with 
the structure, crystanochemistry and stability of gyrolite in relation to its analogies 
truscottite and reyerite. 

The present paper is concerned with comparing the stability of the natural 
mineral gyrolite in association with la.umontite, with that of synthetic gyrolite 
under hydrothermal conditions over the temperature range of 200 to 300 °C. 
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THEORETICAL 

The structure and crystal lochemistry of  gyro l i te, t ruscott i te  and 
reyerite. 

The structure, optical properties and chemistry of natural gyrolite were studied 
by Mackay and Taylor [3], Chalmers et al. [4], Merlino [5], Gard et al. [6] and 
Lachowski et a.I. [7]. The authors found that the minerals of the group have 
a laminar structure in which octahedral and tetrahedral lattices (with tetrahedraly 
coordinated Si atoms and octa.hedrally coordinated Ca atoms) are alternated with 
an interlayer lattice of octa.hedrally coordinated Ca atoms and water molecules. 
The ideal crystallochemical formula of gyrolite, Ca16Sii4060(0H)8 • (14+x)H20 can 
also be written in the form [Ca14(Si8020

) • (Si802oh (OH)8J4-. [Ca2(H20)8 • 

. (6+x) H20]4+, which shows that the tetrahedral lattice consists of structural 
(Si8020)8- units, the octahedral lattice of structural units Ca14020(0H)8

20- and the 
composition of the interlayer lattice in the structural unit of gyrolite represents 
[Ca2(H20)8 • (6+x) H20JH. 

The structural unit of reyerite, having the composition [(Na, K)2Ca14Sii2A}z058 

(OH)8 • 6 H20] is remarkable by the presence of two types of tetrahedral layers: 
one is composed of anions Si8020

8- and the other containing the anions of 
Si14Alz03s14-. 

The third member of the group of isostructural minerals being discussed, 
trd.scottite, has the crysta.llochemical formula Ca14Siz4058 (OH)8 • 2 H20. 

H ydrothermal  synthesis  and  stabi l i ty  of gyr ol ite  i n  the  system 
Ca.O-Si02-H20 

The synthesis of phases in the system Ca.O-Si02-H20 under hydrothermal 
conditions at 200 to 300 °C was described by Taylor [8]. Gyrolite can be synthetized 
from CaO, and various forms of Si02 (such as silicic acid, silica glass, Si02 gel, 
quartz) with the mblarTatio Ca0/Si02 = 0.66 in aqueous suspension at tempera
tures of about 200 °C. The phase composition of the hydrates in the given system 
depends on the Ca0/Si02 ratio chosen, the character and properties of the silicic 
oxide employed, as well as on the temperature and duration of the hydrothermal 
procese. Ka.lousek and Nelson [9], and also Stevula and Petrovic [10] found that 
gyrolite can likewise be prepared by interacting dicalcium silicate (2 CaO . Si02) 
with Si02 in aqueous suspension under hydrothermal conditions. 

At a molar ratio Ca0/Si02 = 0.50 and 0.66 in the system CaO-Si02-H20, 
under hydrothermal conditions over the temperature range of 200 to 300 °C and 
under saturated water vapour pressure, as well as under high pressures of the 
liquid, there exist the stable phases of truscottite and gyrolite. Their formation, 
stability and phase relationship were studied in detail and plotted in phase 
equilibrium diagrams (Figs 1 through 3) by Roy and Harker [11), Harker [12) 
and Taylor [8]. Fig. 1 shows that at 200 °C and under relatively high liquid pressu
res, gyrolite and Si02 are stable phases up to about 210 °C on the connecting line 
between gyrolite and Si02. Above this temperature, tobermorite becomes more 
stable whereas the gyrolitic phase on the gyrolite - xonotlite connecting line is 
becoming unstable. Fig. 2 indicates that at 250 °C (under more than 100 MPa) the 
gyrolite-Si02 mixture already reacts, producing truscottite +H20 or gyrolite; 
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Fig. 1. Equilibrium phase diagram in the system Ca0-Si0r-H20 undser hydrothermal conditions 
at 200 °0. 
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Fig. 2. Equilibrium phase diagram in the system Ca0-Si02-H20 under hydrothermal conditions 
at 250 °0. 
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the latter decomposes a.s a separate phase, producing truscottite and tobermorite. 
Tobermorite is decompm;ed at 300 °0 (Fig. 3), and xonotlite and trusoottite 
become stable phases over a wide pressure'range of up to 200 MPa. 

Piy. ,3. Eqi,ilibrium pha1Je diagram in the system Ca0-Si0,--H20 under hydrothermal condition/J 
at 300 °G. 

EXPERIMENTAL 

Init ia l  mater ia ls  

Natura l  gyrol i  te, 

Natural gyrolite was found in samples taken from boreholes in the Banisko 
locality (hole V-4, 490 m and V-6, 484 m). Sample V-4 (490 m) represents a light
grey granodiorite porphyry with a massive texture. Sample V-6 (484 m) is a grano
dioritic porphyry with distinct phenocrysts of dark minerals. Gyrolite jointly 
with laumontite occur in fisimre occupation of these rocks, where they form a fine
grained white or light-grey mass jointly with calcite and quartz. The size of the 
fissure,- represents several millimetres. 

Synthetic  g yro lite an d syn thetic  truscott ite 

The synthesis was made using the molar ratio Ca0/Si02 = 0.66 for gyrolite and 
0.50 for truscottite. The CaO was preparer! by ignition of Ca003 A.R. at 1000 °C 
for:! hours. Silica colloidal powder BDH was used as a source of Si02 • The mixtures
of homogenized components in aqueous suspension (the ratio water: solid phase= 
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= 10: 1) in covered Pt crucibles were subjected to hydrothermal treatment in 
small stainless steel cylinders at 200; 250 and 300 .00 for 7 days. The products 
obtained were dried at 105 °C. 

T h e  r e s earch  method s  used 

The phase composition of the specimens was identified by means of X-ray 
diffraction phase analysis of non-oriented powdered samples (diffractometer 
Philips, CuK IX radiation, Ni-filter, 40 kV, 20 mA). The thermal analyses were 
carried out on Derivatograph Q-1500 and the DuPont 990 thermoanalyzer (TGA 
thermobalance at a heating rate of 20 °C min-I, sample weight 12-15 mg, N2 

atmosphere at a rate of flow of 1 cm3 s-1, and DSC module at a heating rate of 
10 °C min-I, sample weight 8-10 mg, atmosphere of flowing N2). 

The IR spectra were obtained by means of the Perkin-Elmer 983 G spectro
meter over the range of 4000-300 cm-1 (pellets of 100 mg KBr, 0.2 mg of sample). 
Characteristics of the IR spectra of the specimens were compared with tabulated 
values. 

The morphological properties ofthe samples, the shape of the individual crystals 
and their habitus were investigated by means of the Tesla BS 300 electron scanning 
microscope on natural fracture surfaces. The synthetic samples were studied in the 
form of a settled suspension on a pad. The specimens were metallized with gold. 

RESULTS AND DISCUSSION 

Min eralogical  character ist ics  of  the  natural  samp le 

Table I shows the results of X-ray diffraction phase analysis of the natural and 
synthetic minerals compared with the tabulated values of interplanar distances 
[13, 14, 15, 16

1 
17, 18, 19]. The presence of gyrolite in natural samples is indicated 

100 200 300 400 500 GOO 700 � 
oc 

Fig. 4. DSG curves of an aqueous suspensio,� of the natural sample after hydrothermal treatmmt 
at 200 °0 (curve 1), 250 °0 (curve 2) and 300 °0 (curve 3). 
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particularly by basal diffractions in the range of 2.2 and 1.1 nm. Also other diffrac
tions of gyrolite were established at 0.75, 0.47, 0.42, 0.38, 0,34, 0.242 and 0.232 nm. 

Apart from gyrollte, the natural samples also evidently contained laumontite 
with diffraction in the regions of 0.94, 0.68, 0.415, 0.366, 0.349, 0.332 nm, and 
others. A distinct diffraction at 0.302 nm corresponds to calcite. X-ray diffraction 
patterns indicate that minute admixtures of truscottite as well as of zeolitic 
minerals stilbite and clinoptilolite cannot be ruled out apart from the gyrolite and 
laumontite as the main components. 

100 ,------------------------.
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0 ....... _._...__..._.__._ ....................................................... L....J.. ......................................... L....J.. .......... 

4000 3000 2000 1600 1200 800 400

Fig. 5. JR abaorption apectrom of the aample of natural gyrolite with laumontite. 

The infra-red absorption spectrum of the mineral, designated V-4 (Fig. 5) 
showed the presence of gyrolite according to the characteristic bands at wave
lengths of 390,465,480,500,600,675,785, 1000, 1030 and 1125 cm-1

. Laumontite 
exhibits characteristic ·bands at 432, 492, 525, 565, 765, 960, 1000, 1060 and 
1134 cm-1

. The additional bands correspond mainly to calcite and quartz. 
Gyrolite in the natural sample was also characterized by studying the morphology 

of its crystals using electron scanning microscopy (Figs. 6 and 7). Unlike laumontite 
which forms long prismatic to rod-shaped crystals, gyrolite forms tabular pseudo
hexagonal crystals up to 6 µm in size and to 1 µm in thickness, with a distinct 
cleavage in the direction of basal planes. The microscopic investigation also indic
ates that the gyrolite crystals are intergrown with those of laumontite, or in some 
cases ingrown into the planes of prismfl.tic laumontite crystas (Fig. 8). To compare 
the morphology of gyrolite in the natural sample with that of synthetic gyrolite, 
Fig. 9 shows the overall habitus of a synthetic sample in which the isometric 
particles 1-3 µm in size, with certain indications of hexagonal symmetry, are 
those of gyrolite. A minute content of truscottite with a similar habitus can also 
be found in the sample. The occurence of fibriform or acicular particles is indica
tive of the presence of small amount of xonotlite. 
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Pha s e  transformatio n s  of a l aumonti t e-gyro l i te  i-ample  due  to· 
h y drothermal  treatment 

A sample of natural gyrolite-laumontite with admixtures of stilbite and clino
ptilolite (Fig

7
10 (1)) in aqueous suspension (solid phaRe: water= I: 10) was subjec

ted to hydrothermal treatment. Its products were as follow,;: at 200 °C for 7 days: 
- gyrolite remains stable and retains its distinct arrangement of the crystalline

structure, revealed on the X-ray diffraction pattern above all by intensive basal 
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Pig. 10. X-ray diffraction patterns of natural gyrolite with laumontite, original (1) and afte1 hydro
thermal trentrnent at ZOO °C (2), 250. 0G (3) nnd 300 °G (4). 
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Table I 

,1 I 2 3 f 5 6 
V-4 V-4 V-6 V-4 Synthetic Synthetic 

490m 490m 484m 768,2m gyrolite truscottite 
d 

I
I d I 

I d 
I

I d 
I

I d 
I

I d 
I

I 
nm rel nm I rel nm rel nm rel nm rel nm rel 

2.20 8 2,20 I 5 2.138 1 12.20 8 
1.90 l 1.948 8 
1.10 6 1.10 10 1.130 1 1.10 6 , 

0.938 10 0.945 10 0.938 10 0.966 10 0.960 10 
0.906 6 0.918 5 0.914 10 
0.752 8 0.760 3 0.779 l 0.760 2 
0.679 6 0.683 6 0.679 10 0.696 8 
0.630 l 0.613 3 0.616 l 0.629 4 
0.501 3 0.500 3 0.509 2 
0.471 5 0.471 3 0.467 4 0.476 6 I 0.468 3 
0.452 2D 0.452

1 
l 0.468 l 

0.448 2D 0.443 l 0.444 3 0.434 l 

0.426 2 0.426 1 
0.413 6 0.414 3 0.412 10 0.418 8 0.417 5 0.415 8 
0.392 10 0.393 10 0.399 1 0.402 4 
0.384 1 0.381 3 0.388 1 0.380 2 
0.378 3 0.379 l 0.372 1 0.377 1 0.379 3D 
0.370 5 0.369 3 0.371 6 
0.364 l 0.363 5 0.368 1 0.368 3 
0.349 4 0.349 2 0.348 8 0.351 3 0.349 l 0.347 2 
0.339 1 0.338 2 
0.334 1 

0.3321 0.332 1 3 
0.325 3 0.325 3 0.324 5 0.327 3 
0.316 5 0.313 3 0.312 3D 0.315 3 0.314 1 0.312 5 
0.303 10 0.302 10 0.301 10 0.304 8 0.307 5 
0.286 2 0.286 1 0.285 3 0.288 1 0.284 3 
0.282 1 0.282 2 0.281 5 
0.277 1 0.278 2D 0.279 1 0.278 2 
0.266 I 0.266 I 0.267 1 0.266 1 0.262 5 
0.256 2 0.256 I 0.255 3 0.256 2 
0.248 4 0.247 l 0.248 2 0.249 2 
0.242 4 0.242 3 0.243 1 0.241 2 0.242 2 
0.234 3 0.235 l 0.230 2 0.235 2 0.232 1 0.231 1 
0.227 2 0.227 1 0.226 3 0.226 1 0.225 1 
0.220 1 0.219 1 • 0.222 3 
0.217 1 0.217 1 0.216 1 0.217 1 0.217 1 
0.214 2 0.214 I 0.213 2 0.214 1 
0.208 3 0.208 1 0.208 3 0.209 1 0.208 2 0.207 l 

0.195 1 0.194 1 0.197 1 0.195 1 0.196 1 
0.190 4 . 0.190 2 0.190 5 0.190 1 0.190 1 
0.187 2 0.187 1 0.186 3 0.186 1 
0.181 3 0.184 1 0.182 8 0.182 5 
0.176 1 0.177 1 0.179 1 0.179 2 
0.169 1 0.173 2 
0.161 2 0.162 1 0.163 1 
0.157 3 0.157 1 0.159 1 0.157 1 0.157 2 
0.151 2 0.153 1 0.151 2 0.151 1 0.150 1 

1 - Vysoka---Sementlov, fissure fill in granodioric porphyries, powdered 2 - as sample l ,  
oriented 3 - Vysoka--Sementlov, fissure fill i n  amphibolic chloritized andesites, oriented 4-
Vysoka-Sementlov, fissure fill in strongly metamorphic granodioritic porphyry, oriented 5 -
synthetic gyrolite, oriented 6 - synthetic truscottite, oriented 7-Maokay, Taylor (1953) 8 -
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7 8 9 10 11 12 13 
Tabulated Tabulated Tabulated Tabulated Tabulated Tabulated Tabulatedgyrolite gyrolite trusoottite truscottite trusoottite laumontite laumontite

I �I I �I I I I �l I �l I 
d d d I d I d d d I nm nm nm rel nm rel nm nm nm rel 

- ...... 2.20 IO l.90 s l.90 8 l.90 10 1.10 8 0.960 6 0.940 s 0.940 4 0.948 10 0.949 10 0.942 vs 
0.740 4D 0.790 4 0.765 ft 0.778 3 0.773 2 0.540 2D 0.686 3 0.681 s 0.640 4 0.630 ft 0.611 3 0.631 3 0.619 1 0.620 ft0.502 vft 0.505 1 0.504 ft 0.475 3 0.468 4 0.465 ft 0.465 3 0.472 4 0.473 2 0.473 vft 

0.450 1 
0.431 1 0.446 ft 0.420 8 0.424 8 0.423 8 0.413 s 0.411 2 0.415 6 0.416 vs 

0.384 6 0.380 ft 0.385 4 0.384 4 0.378 4 0.376 4 0.376 1 0.372 2D 0.371 ft 0.365 6 0.366 1 0.367 vft 0.354 4 0.347 ft 0.347 4 0.350 4 0.351 3 0.349 s 0.336 JO 0.344 l 0.341 1 
0.336 1 0.332 s 0.321 4D 0.327 2 0.320 vft 0.312 10 0.315 6 0.314 s 0.312 10 0.314 10 0.315 2 0.302 2 0.300 s 0.302 2 0.301 3 0.303 3 0.302 ft 0.392 2 0.283 s 0.282 6 0.284 10 0.288 2 0.287 ft 0.280 4 0.285 8 0.280 6D 0.279 1 0.277 ft 0.261 6D 0.265 6 0.263 s 0.263 4 0.269 10 0.263 1 0.258 2 0.251 l 0.264 8 0.257 2 0.256 vft 0.245 4 0.249 vft 0.252 1 0.246 1 0.252 vft 0.242 2 0.242 ft 0.242 1 0.243 1 0.244 2 0.242 ft 0.231 2 0.233 1 0.236 1 0.234 ft 0.229 4 0.226 ft 0.227 1 0.227 ft 0.225 6 0.223 ft 0.221 3D 0.221 1 0.217 2 0.212 4 0.215 2 0.215 ft 

0.206 2 0.209 4 0.208 ft 0.209 2 0.209 l 0.208 1 0.206 vft 0.199 2 0.204 ft 0.204 2 0.205 2 0.199 l 0.197 vft 0.194 2 0.192 ft 0.191 1 0.195 ft 0.188 8 0.189 ft 0.188 1 0.188 1 0.186 vft 0.182 8 0.181 6 0.183 s 0.183 6 0.183 4 0.181 ft 0.173 1 0,176 ft 0.176 2 0.176 2 0.174 vft 0.171 vft 0.171 1 0.171 1 0.165 vft 0.165 ft 0.164 2 0.169 1 0.161 ft 0.157 3 0.158 ft 0.159 2 O.l61 1 0,153 ft 0.152 2 0.150 ft 0.151 2 0.151 2 0.151 ft 
� . ... 

Micheyev (1957) 9 - Mackay, Taylor (1954) 10 - Chalmers et al. (1954), Selected powder diffraction data. of minerals (1974), 17, 761 11 - Selected powder diffraction data. of minerals(1974), 19, 229 12 - Breck (1974) 13 - Deer, Howie, Zussma.n (1963); vs - very strong, s -strong, ft - fa.int, vft - very faint 
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diffractions at 2.2 and 1.1 nm, while the other minerals remain unchanged (Fig. 
10 (2)); at 250 °C for 7 days: 

- the phase composition of the initial material already shows changes revealed
by a marked decrease of the gyroli1 e diffractions intensity, while the presence os 
laumontite and the other mirierals remain,; uncharged (Fig. 10 (3)). Gyrolite it 
already becoming unstable in agreement with the literary data [8, 11, 12]; at 
300 °C for 7 days: 

- only mirute amounts of metastable gyrolite remain, and truscottite aud
xouotlite with diffractions of geuerally low inteusity begin to f01m, cccurring in 
mixture with stable laumontite. The stilbite and cliuoptitolite phases have 
disappeared (Fig. 10 (4)). 

The course of thermal decomposition of gyrolite aud laumontite in the ratural 
sample after hydrothermal treatment at 200, 250 and 300 °C is ,hown by DSC 
curves (1-3) in Fig. 4. Except for the decomposition of calcite over the temperature 
.rauge of 600 to 800 °C, the other thermal effects are attributed to dehydration and 
dehydroxidation of gyrolite and laumontite. The dehydration of gyrolite is revealed 
by the distiuct endotherm at 100-120 °C and its dehydroxidation by the endo
therm at 415°C (the DSC curves 1 and 2). The course of dehydration aud dehydroxid
ation of synthetic gyrolite .in comparison with natural gyrolite is aualogous; 
however, the thermoeffect on the DSC curves is associated with more pronounced 
losses in weight. and over a wider temperature range. The difference may be 
related to particle sizes, or their dispersity and structural arrangement. The 
dehydration of laumontite (DSC curve 3) in the range of 100 °C corresponds to 
liberation of water bouud physically on the surface of crystals. The endceffect over 
the temperature ,interval of 120 to 260 cc correspo:r"'ls to dehydration of zeolite 
laumoutite which produces wairakite [20, 21] 

The eudotherm between 250 ar:d 300 °C conforms to the dehydration of wairakite. 
Following isothermal heating of the natural rnmples for 1 he, ur at 300 cc, the barnl 
diffractious of gyrolite faded out, dirnppearing completely at 4CO ° C. 'Ihe isothermal 
heating shows that due to dehydration and dehydroxidaticr., the periodicity of 
layers in the structure is gradually impaired in the directicn cf crystallographic 
axis Z, which leads to its decomposition. 

Formation a n d  st abil i t y  of synthetic  gyrol ite 
dur ing t h e  hydrothermal  process 

The formation and stability of synthetic gyrolite was studied urc'er hydrothermal 
couditions at 200, 250 and 300 cc in an aqueous rnspensicn cf the mixture CaO 
and Si02 (solid phase: water= 1 : 10) with the molar ratio CaO(Si02 = 0.66. 'Ihe 
phase products obtair.ed by the hydrothermal reactions of the mixture ,vere 
idtntified by X-ray diffraction analysis by means of ASTM data, and by IR 
spectroscopy according to the data listed in Table II. 

The conditions and formation of the products of variable thermal syntheses of 
the gyrolite mixture Ca0/Si02 = 0.66 are as follows: 
isothermal heating at 200 °C for 7 days 
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Table II 

Characteristic wave numbers I in cm-1 of gyrolite, truscottite, xonotlite and cristobalite
[23, 24, 25] 

I Gyrolite I Truscottite I Xonotlite I Cristobalite 

390 645 413 470 
465 825 465 516 
480 955 546 695 
300 990 612 785 
600 1010 635 802 
filO 1080 672 1100 
r,75 1100 928 1178 
785 1150 975 

1000 1280 1010 
1030 1070 
1125 1200 

- the pha,e composition of the products consists mostly of gyrolite with
a small share of xonotlite 

isothermal heating at 250 °0 for 7 days 
- the product contains a mixture of gyrolitic phases and a minute amount of

truscottite and xonotlite 
isothermal heating at 200 °0 for 7 days and subsequent heating at 250 °0 for 
7 day.,; 

- the phases present are metastable gyrolite and a small amount of forming
stable tru,cottite. The comparatively distinct diffraction at 0.262 nm correspond:;,. 
to gyrolite, even through this is specified by Harker [12] for natural gyrolite only. 
The typical more diffuse profile of the pronounced diffraction with a maximum 
at 0.313 nm is likewise typical for gyrolite 
isothermal heating at 200 °0 for 7 days and subsequent heating at 300 °0 for 
7 days: 

- in the product, gyrolite was completely converted to truscottite and
xonotlite. The results obtained are in agreement with the data on the equilibrium 
and stability of phases given by Luke and Taylor [22]. 

Tho conversion of trmcottite to gyrolite+cristobalite over the temperature 
range of 300-200 °0 was studied on an aqueous suspension in a mixture having the 
molar ratio Ca0/Si02 = 0.50. Following hydrothermal treatment at 300 °0 for 
7 days, the product contained truscottite as the main phase, with a minute admix
ture of xonotlite and cristobalite. The phase a,;sociation was again submitted to 
'hydrothermal treatment with isothermal heating at the reduced temperature 
of 200 °C (7 daya). However, under these conditions the expected conversion of 
truscottite to gyrolite+cristobalite did not take place, probably owing to a kinetic 
barrier associated with the a'.Jtivation energy of the process. 

A comparison of the products of the synthe3e:s and the decomposition over the 
temperature range of 200 to 300 °C show:s that gyrolite was formed and stabilized 
at 200 °C. Above this temperature, it already becomes unstable, being decomposed 

Sillkaty c, 4. 1990 325 



c,.,
 

�
 

0)
 

!:!l � �
 r< �
 i 

2
7

 
2

6
 

G
,T

 

G
,T

 
T

 II
 

II
 

G
,T

 

l 

G
,T

 
H
 

T
 

'I
W

 
\ 

.J

2
5

 
2

1. 
2

3
 

2
2

 
2

1 
2

0
 

19
 

1 8
 

1
7

 
1
G

 
15

 
1

1. 
13

 
1 2

 
1

1 
10

 
9

 
8

 
7

 
G

 
5

 
4 

3
 

F
ig

. 
1

1
. 

X
-r

a
y

 d
iff

ra
ct

ion
 p

a
tt

er
n

 o
f 

th
e 

pr
od

oota
 o

f 
ay

·n
the

ti
c 

gy
ro

li
te

 
( p

re
p

a
re

d
 a

t 
2

0
0

 °
0

) 
a

ft
er

 
h

y
d

ro
th

er
m

a
l 

tr
ea

tm
en

t 
at

 2
5

0
 °
0

. 

!:"4
 

G
 

t
 

j 
J �

 
' I

 "

j �
 r

LI
 

2
 

e
 

:"
 

�
 f.



The Mimral <Jyrolite and Its Stability U1UU1" Hydrothennal Oonditiona 

to stable hydrates truscottite and xonotlite according to the reaction 6 C2S3H2 -

- 3 C2S4H + C6S6H + 8 H20. The decomposition process of gyrolite with 
subsequent formation of the stable hydrates truscottite and xonotlite is proved 
by the inequilibrium phase association gyrolite+truscottite+xonotlite, obtained 
at 250 °0 (7 days) in·which, however, gyrolite acts as a metastable phase (Fig. II 
and Fig 12). The phase association truscottite+tobermorite, stable at about 
250 °C [12], was not established in this experiment. Apart from gyrolite, truscottite 
and xonotlite, cristobalite was also found in some of the experiments. Luke and 
Taylor [22] point out that the phase composition or a different molar ratio Ca0/Si02 

of the product in various layers of the hydrated specimeni studied in the pressure 
cylinder, may be affected by the influence of various parameters and random 
effects (e.g. the temperature and concentration gradients, inhomogeneity of the 
mixture, the form and dispersity of Si02, and others). 

-�

'

80 ' 

60 

40 

20 

I 

V 
T 

Fig. 12. IR absorption spectra of the products of synthetic gyrolite (prepared at 200 °0) .following 
hydrothermal treatment at 250 °0 (-.) and the products after direct aynthesis at 250 °0 (--). 

Note: All the minerals are designated by the following abbreviations: gyrolite G, laumontite L, 
trU8cottite T, xonotlite X, cristobalite 0, calcite K, stilbite St, clinoptilolite Kl. 

CONCLUSION 

l. The morphological, crystallographical and mineralogical properties of the
natural sample were studied and some of its mineralogical characteristics establish
ed. In para.genesis, the natural sample contains gyrolite and laumontite as the 
main phase association, with a small admixture of zeolitic minerals stilbite and 
clinoptilolite. 

2. The stability and products of the decomposition process of natural gyrolite
in association with laumontite were compared with those of synthetic gyrolite 
over the temperature range of 200 to 300 °C under the pressure of saturated water 
vapour. Both natural and synthetic gyrolite were found to behave analogously 
under hydrothermal conditions. At 200 °C, gyrolite is a stable phase co-existing 
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with laumontite. Above this temperature, both natural and synthetic. gyrolite 
decompose, forming the stable phases truscottite and xonotlite: · A stable phase 
association of truscottite+xonotlite+Iaumontite exists over the temperature 
range of 250 to 300 °0. 
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MINERAL GYROLIT A JEHO STABILITA 
ZA HYDROTERMALNYCH PODMIENOK 

Ladislav Fltevula, Mirosla.v Harman*, Ivan Horvath, Karol Putyera 

Ustav anorganickej chemic Centm chemickeho vyskumu Slovenskej akademie vied, Dubravskct cesta, 
842 36 Bratislava 

*Geologicky ustav Centm geovedneho vyskumu Slovenskej akademie vied, Dubravskit cesla 814 73 
Bra.tislava 

Mineral gyrolit rnijdeny prvy krat na Slovensku (v lokalite Banisko) v parageneze s laumonti
tom sa podrobil vo vodnej suspenzii hydrotermalnemu procesu pri 200 °C, 250 °C a 300 °C za uoo

lom sledovania a porovnania jeho stability so syntetickym gyrolitom. 
Produkty hydrotermalnej reakcie a ich vlastnosti sa sledovali rtg. difrakcnou analyzou, ter

mickymi met6dami, TC absorpcnou spektroskopiou a rastrovacou elektr6novou mikrosk6piou. 
Zistilo sa, ze za relativne nizkeho tlaku (v rozsahu 1,53-8,48 MPa) v prostredi nasytenej 

vodnej pary prirodny gyrolit zostava pomerne stuly maximalne do 250 °C. Pri dalsom zvysovanf 
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teploty do 300 °C post.upne prechadza na truscottit, pricom laumontit zostava pomerne stabilny. 
Synteticky gyrolit ako porovnn.vacia vzorka pripravena za hydrotermalnych podmienok pri 
200 ° C, sa pri 300 °C m<'ni na truscottit a xonotlit. 

0/Jr. 1. Rovnovafoy fazovy diagram V S'ltslave CaO-Si02-H20 za hydrotermalnych podmienok 
pri 200 °0. 

Obr. 2. Rovnovazny frizovy diagram V BUSfave CaO-Si02-H20 za hydrotermalnych podmienok 
pri 250 °0. 

Obr. 3. Rovnovafay fazovy diagram i· sust,we Ca0-Si02-H20 za hydroterm,ilnych podmienok 
pri 300 °0. 

Obr. 4. Krivky DSG vodnej su'lpemie prirodnej vzorky po hydrotermalnom procese pri 200 °0 
(krivka 1), 250 °0 (krivka 2) n 300 °0 (krivka 3). 

Obr. 5. IC absorpcne spektrum ,norky prirodneho gyrolit1, s laumontitom. 
Obr. 6. Snimka ERM vzorky prirodneho gyrolitu. 
Obr. 7. Snimka ERM vzorky prirodneho laumontitu. 
Obr. 8. Snimka ERM vzorky prirodneho gyrolitn n lnumontitu. 
Obr. 9. Snimkl, ERM vzorky syntetickeho gyrolitu. 
Obr. 10. Rtg. difrakcne zaznamy prirodneho gyrolitu s lnumontitom p6vodneho (1) a po hydrotermal

nom spracoi•ani pri 200°0 (2), 250°0 (.1) a 300°C (4). 
Obr. 11. Rtg. difrakcny zaznam produktov syntetickeh,o gyrolitu ( pripravenelw pri 200 °0) po hydro

termalnom procese pri 250 °0. 
Obr. 12. IC absorpcne spektra produktov syntetickelw gyrolitu (pripraveneho pri 200 °0) po hydro

termalnom procese pri 250 °0 (- - -) a produktov po priamej synteze pri 250 °0 (--). 
Poznamky: Vl,etky mineraly oznacene skratkami : gyrolit-G, laumontit-L, truscottit-T, xonotlit-X, 

cristobalit-0, kalcit-K, stilbit-St, klinoptilolit-Kl. 

MIIHEPA:I l'IIPOiII IT U El'O YCTOM4I1BOCTb 
IIPI1 r II.L(POT EP :\I WIECK IIX YCJ10BI1HX 

Jia,1m·.JiaB IllTeByJrn, i\'Inpocmrn fap:l!aH*, IIBaH fopBaT, KapoJI IlyThrepa 

lfHc11iumym Heop2aHU1iec1,oii xu.ttuul.( eHmpa xu.11.u«ec,;020 ucc.aeiJoeaHUR. C.aoeaq,;oii a,;aoe.Muu 
Hay,;, /(y6paec,;a qecma, 842 36 Bpamuc.aaea 

* I'eo.w2u'1ecniii uucm11my111 T.{ P11mpa 2eo!lay,,w1?n urc.aeiJoeaHU!! C.ioea1pwii a,;aoe.ttuu Hay,;, 
!(y6paech·n w,·ma, 814 73 Bpamuc.aaea 

:'.\1Irnepa,r rnpo.,uT, Haii;1C'Hm,1ii B nC'pB1,1ii pa3 B CJroBaKnn (MecTopom;i:ettne BaHHCRO) 
B napnreHe3nce C JiayMOHTIITOM, 110/J;Beprn;rn B BOAHOH cycneH3lflf I npoTepMH'IeCKOMY 
rrpo11eccy npn T0MnepaType 200, 250 n 300° l' IICJiblO IICCJICAOBaHHH II COIIOCTaBJI0HllH ero 
ycToii1mBOCTll C l'JIHTCTll'IC!'IO!M rnpoJil!TOM. 

ITpo;i,yKTbI nI�\POTepMnqe,·Koii {JC'i\W\1!11 II l!X l'BOHCTBa llCCJICAOBaJill C IIOMO�J,10 PT!'. 
JlIIqipalil\lfOHHOrO aHamrna. TC'pM11'1Cl'KIIX MCTOJIOB, III{ a6rop61\l!OHHOH !'IICKTPO<'KOHIIII 
u 1·Kmrnpy10rr1eii aJieKTpottnoii: Mm;poc,wmrn. 

DLJ;IO ycTaHoB.:reHo, '!TO npn OTHOCIITC';ff,HO HII3J,OM naBJICHIIH (B npene;iax OT 1,53 AO 
S,48 MIIa) B cpe:.i;e HaCJ,III(CHHOl'O BOAflHOro rrapa rrpnpo;i:m,rii rnpom-IT OCTaCTCH OTHOCll
TeJiblIO ycTOH1Il1BbIM /W TCMIICp,1Typ1,1 250 °C. Ilpu AflJILHenmeM IIOBbI!llCHIIII TeMrrep,1Typ1,1 
J:\O 300 °C rrocTerreHHO rrepeXO,'.\IIT B TPY<'KOTTIIT, npH'!CM JiayMOHTllT OCTaeTcH OTHOCIIT0JlbHO 
ycTOH'IIIBI,IM. CllHT8T1IqCcRI1ii n1po.,nT B K<l'lCCTBe COIIOCTaBIITCJibHOro o6pa3I(a, rro;1y1reH
HOro rrpu rHAPOTepM11qecm1x yc;ioBHHX npn 200 °C, rrepexo;i:nT rrpn TCMnepaType 300 °C 
B Tp)'CKOTTHT II KCOHOTJIHT. 
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Puc. 1. PtuH06eCHtu1 <jjaao,a1t 8ua2po.MMa " cucmeMe CaO-Si02-H20 npu zu8pomep.Mu
�cicux yc.11.0BIUIX npu me.Mnepamype 200 °C. 

Puc. 2. PaeHOBecHM t.f>aa0t1tu1 8ua2pa.M.Ma 6 cucme.Me CaO-Si02-H20 npu zup8pomepMu-
4'tcrtn: ycaofll.USX npu me.Mnepamype 250 °C. 

Puc. 3. Pa6H06ecHa1t <jjaao6tu1 8uaepa.MMa " cucmeMe CaO-Si02-H20 npu zu8pomepMu
-iec11:ux yc.11.0BUlfX npu meMnepamype 300 °C. 

Puc. 4. Rpu"we DSC BolJHOu cycneHauu npupo8no20 o6paai+a nocae eulJpomepMU-iec,r;ow 
npoi+ecca npu meMnepamype 200 °C (11:pUBaA 1), 260 °C (11:puBaA 2) u 300 °C (,r;puea113). 

Puc. 5. HK a6cop6lfUOHHWU cne,r;mp o6paai+a npupo8Ho20 2upoauma c aayMonmumoM. 
Puc. 6. C'beMica ERM o6paai+a npupo8Ho20 eupoauma. 
Puc. 7. C'beM1ta ERM 06paa1.1a npupo8Hoeo aayMoHmuma. 
Puc. 8. C'beMKa ERM o6paai+a npupo8Hoeo eupoauma u aayMonmuma. 
Puc. 9. C'be.M11:a ERM o6paai+a cuHmemu-iec,r;oeo eupoauma. 
Puc. 10. P111e. iJu<jjpaKlfUOHHwe aanucu npupoiJnoeo eupMuma c aayMoHmumoM ucxolJHWM (1} 

u nocae euopomepMu-iec,r;ou o6pa6om,r;u npu me.Mnepamype 200 °C (2), 260 °C (3} 
u 300 °c (4). 

Puc. 11. Pme. ou<jjpaKlfUOHHaR aanuc1, npooyi.moe cu11,memu-iec11:020 eupoauma (npueomoMeH
Hoeo npu 200 °C) noc,ie euiJpomep.Mu'l.l!c,;020 npo!.fecca npu 250 °C. 

Puc. 12. HK a6cop6i+uonnwe cnei.mpw npooyi.moe cunmemu-iec,r;oeo eupoauma (npueomoeaeH
noeo npu 200 °C) nocae euopomep.Mu-ieci.oeo npoi+ecca npu 250 °C (- - -) u npooyi.moe 
nocae 11,enocpeiJcmem11,oeo cu11,meaa npu 250 °C (---). 

IlpuMe'laHue: Bee Munepa.11,w 06oaHa'!a10mcR -iepea aamu11,ci.ue 6yi.ew: eupoaum - G, aay.MoH
mum - L, mpyc11:ommum - T, 11:co11,omaum - X, ,r;pucmo6aaum - C, 
11:aJ1blfUm - K, cmuJJb6um - St, i.au11,onmu.iio.11,um - Rl. 
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