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SAPONITE FROM RUDNO NEAR CRACOW
UKD 549.623.84:548.73(438.31 Rudno)

Abstract. Saponite occurring in vesicles and larger voids in melaphyre in
Rudno near Cracow is described. The results of optical, electron microscopic, X-ray,
thermal, IR spectroscopic and chemical investigations of this mineral are presented.
Its structural formula is as follows: /

(Cag.17K0.02N2g.01) (M8s.96F€0.00) [Siz.52A10.47010] (OH)1.05

It is worthy to note a high Mg content in octahedral sheet, close to the theoretical
value. Al is coordinated tetrahedrally.

INTRODUCTION

Saponite is a representative of trioctahedral smectites. They are less
common in nature than their dioctahedral equivalents and thus belong to
comparatively poorly known minerals.

In Poland, saponite occurs e.g. among secondary products in melaphy-
res in Rudno near Cracow. It was analyzed in 1909 by Rozen who stated
that this mineral resembles so called pilolite or saponite. Final identifica-
tion of it was carried out by Zabinski (1960) by means of chemical, X-ray
and thermal methods. Because of unusual purity of the mineral in question,
the present authors performed its more detailed examinations.

MEGASCOPIC FEATURES

Saponite fills vacuoles and irregular voids in melaphyres in Rudno,
forming white or cream-coloured compact masses, showing earthy fracture
and soapy appearence. Green saponite, occurring at the walls of vacuoles,
is often accompanied by red or yellow crystals of heulandite (Piekarska,
Gawel 1954). The present paper deals with the results of examination of
creamy-coloured saponite (samples 1 and 2).

* Academy of Mining and Metallurgy, Institute of Geology and Mineral Deposits,
Cracow (Krakow, al. Mickiewicza 30).
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In thin section saponite from Rudno is colourless and fine-scaly in
shape. When examined with crossed nicols, saponite scales show fairly
vivid interference colours (medium birefringence). Saponitic fillings of
melaphyre vacuoles consist of submicroscopic flakes oriented parallel to
vacuole’s walls.

Refractive indices of an air dried sample determined by means of im-
mersion method are 1.525—1.53. Taking into account optical orientation
of minerals of the smectite group, this values would correspond to ng,
which is characteristic of saponite with low iron content (Ross, Hendricks

1945 — fide Deer et al. 1962).

ELECTRON MICROSCOPE INVESTIGATIONS
OPTICAL PROPERTIES

Electron microscope observations of morphological features of saponite
particles were carried out by TEM Jeol 100C. The grids were prepared
from the alcohol suspension. In the micrographs platy particles with irre-
gular shape are visible (Phot. 1) accompanied by laths (Phot. 2) assembled
in places in fan-like aggregates (Phot. 3). Lath-like saponite particles were
already recognized e.g. in a sample of saponite from South Africa (Beutel-
spacher, van der Marel 1968). The particle size of investigated saponite are
up to 1—2 pm.

X-RAY DATA

X-ray powder patterns of saponite were obtained using Rigaku-Denki
diffractometer by applying filtered CuK, radiation.

A fragment of X-ray pattern of saponite from Rudno (sample 1) is pre-
sented in Figure 1. The interplanar spacing are in good agreement with
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Fig. 1. X-ray diffractogram of saponite from Rudno
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those thained by Suquet et al. (1975) for saponite from Kozakov (Czecho-
slovakia) by means of Guinier camera. The most characteristic feature of
X-ray pattern of saponite from Rudno are very sharp 020 and 060 peakS.A
}Jmt cell parameters calculated on the basis of 060 reflections are as fol-
ows:

Ao — Bl A,
bo = 9.20 A,

being identical with the values reported for saponite by Mac Evan (1961).

THERMAL INVESTIGATIONS

Thermal analysis of saponite was carried out with Derivatograph appa-
ratus of Paulik’s-Erdey system. Moreover, TG curves were recorded by
means of Mettler’ thermoanalyzer.

DTA, TG and DTG curves of saponite are presented in Figure 2. Double
dehydration effect on DTA curve in the temperature range 50-—-350°€C is
characteristic of smectites containing bivalent exchange cation. This is in
accord with crystallochemical formula of saponite in study, in which
Ca?t is the main exchange cation. The second strong endothermal effect
in 850°C is connected with dehydroxylation of saponite. Similar DTA
curves were obtained for saponites by
Mackenzie (1957). Tra

As follows from TG curve, the
loss of OH groups begins already in 2 8D L5
temperature range 400—450°C and ™™
proceeds very slowly up to 720° when

endothermal peak starts to develop.
In this temperature range 1.5% water
is evolved (sample 1), whilst in that
of endothermal peak 750—900°C ca.
3.5% H,O is lost. We have to note
a bend on DTA curve at 740°C on the
slope of endothermal dehydroxylation
peak which indicates an overlapping
of two closely situated peaks. Further
studies are necessary to explain this
phenomenon.

Fig. 2. Thermal analysis curves of saponite
from Rudno
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IR ABSORPTION SPECTRUM

Infrared absorption spectrum of saponite from Rudno was obtained
with an UR-10 (Zeiss, Jena) spectrophotometer. KBr discs containing about
0.3% of the sample were used. The spectrum (Fig. 3) is typical of triocta-
hedral 2 : 1 layer silicate and shows a striking similarity to those obtained
for saponite by Farmer (1958) and Farmer and Russell (1964).

In the OH-stretching region a small but sharp absorption band at
2675 em~—! is visible, due to the OH stretch in the Mgz;OH groupings.
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Fig. 3. IR absorption spectrum of saponite from Rudno

The most intensive bands correspond to the vibration of tetrahedral
units. A strong but unresolved band near 1020 cm~!, a smaller one at
685 cm~1 and a strong band 450 cm~1! arise from the Si-O stretching and
bending (Tab. 1). Small band near 800 cm~! is certainly due to Al-O vi-
brations in AlO, tetrahedra (Farmer and Russell 1964). A distinct band
660 cm~1 is ascribed to librational vibrations of OH. Translational frequen-
cy of OH is certainly 465 cm~?, similarly as in the case of talc (Russell
et al. 1970).

aibilie
Vibrational frequencies of saponite and talc (cmm—?)
Saponite (after Talc
3 % Saponite Farmer 1958; (after Farmer,
Type of vibration R idn0 Tt e e Russell 1964;
19,64) Russell et al.
1970)
OH stretching 3675 3677 3676
A v } o 1056 1039
tetrahedral JE1 Vs 10056 1014
Ay v, 685 692 687
E, v, 450 450 460
8 OH
octahedral 669 ane Say
transl. OH £ 465 465 465
Mg-O 530 534 535
Al-O tetrahedral 800 809
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CHEMICAL ANALYSIS

The results of chemical analyses of saponite samples examined are pre-
sented in Table 2, where earlier analyses of this mineral from Rudno (Za-
binski 1960) are included for comparison purposes. Crystallochemical for-
mula was calculated on the ground of chemical data for sample I which
was found to be nearly pure saponite. Sample 2 was found to containd
some sepiolite admixture. The formula is as follows:

(Cag.17Ko.02Nag.01) (Mg2.96F€0.04) [Siz50A15.47010] (OH); g5

The amount of OH groups was calculated from the amount of water evol-
\éecc}i by this mineral in the temperature range 400—1000°C determined by
curve.

Table 2
Chemical analyses of saponites from Rudno

Component Sample 1* Sample 2 * after Zabinski (1960)
SiO, 47.57 ! 45.26 45.12 ‘ 45.66
ALO, 5.13 8.22 8.28 \ 5.65
Fe,04 2.12 2,32 2.10 l 0.80
TiO, 0.07 0.11 trace | trace
MnO n.d. 0.05 0.04 1 0.06
CaO 2.08 2.04 1.48 | 2.24
MgO 26.86 21.83 22.59 { 23.27
Na,O 0.09 0.03 0.11 j 0.06
K,0 0.21 0.05 0.07 ‘ 0.02
H,0 +450° 4.25 4.64 ;
H,O— 11.50 15.97 20.76 ‘l 22.38
Total 99.88 100.52 100.55 100.14

¥ Analyst: mgr L. Budek.

It is worth to note a nearly theoretical content of magnesium in octa-
hedral layer, indicating total occupation of cation positions in this layer.
Small amount of iron determined was also incorporated into octahedral
layer. The charge of saponite sheet is caused by aluminum substitutions
in tetrahedral sites. The resulting deficiency of charge is compensated
partly by some deficiency of OH groups and by the presence of some iron
in octahedral layer. The resulting charge of the sheet calculated from the
formula amounts to 0.37 and is close to theoretical charge of montmoril-
lonite sheet (0.33). It is compensated with interlayer cations, Ca®* and
subordinate alkalis. This is in accord with X-ray data and thermal analysis.

By assuming that magnesium occurs exclusively in octahedral layer,
it was nearly completely compensated. The lacking 0.04 position were
supplemented by Fe3* ions. The remaining, excessive amount of iron was
considered to occur outside saponite lattice. By applying this method it
was possible to get a formula showing proper compensation of charges by
interlayer cations. However, it is also possible that some part of magne-
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sium ions occurs in cation exchange positions and total amount of iron is
i i tahedral layer.

leE'ilc‘lhlen g:esence of A}i in tetrahedra was confirmed by IR speptroscopy. It

should be noticed that in saponite samples from Rudno and in numerous

other samples of this mineral (Weaver, Pollard 1973) the most common

alumina content is 5—6 weight %, corresponding to approx. 0.5 Al in tetra-

hedral position of crystalochemical formula of this mineral.

DISCUSSION

As follows from the obtained data, saponite from Rudno occurs locally
in very pure form with no admixtures of other minerals. and any mixed-
-layer structures. Similarly to formulas of typical saponites, collected by
Weaver and Pollard (1973), it contains approx. 0.5 Al per 1/2 unit cell.
Aluminum occurs nearly exclusively in tetrahedral sheets. Octahedral
layers are nearly entirely occupied by Mg. Consequently, from chemical
and structural point of view, saponite is an intermediate mineral form
between talc and phlogopite:

talc Mgs[Si4010](OH)z,
saponite Mg;[Sis5A105010] (OH),
phlogopite RKMgs[SizAlO4,](OH)s,.

It can be, thus, defined as trioctahedral sheet alumosilicate, in which ca 1/8
of silica atoms is replaced by Al Lack of Al in octahedral coordination can
be connected with the formation of saponites under hydrothermal condi-
tions which are favouring for tetrahedral coordination of this element. The
same refers to saponite from Rudno which is one of products of hydro-
thermal alteration of melaphyres.

Acknowledgements. The authors wish to thank Dr. B. Kwiecinska for kindly
making electron micrographs of saponite.
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Leszek STOCH, Witold ZABINSKI

SAPONIT Z RUDNA KOLO KRAKOWA

Streszczenie

Przedstawiono wyniki badan mikroskopowych, rentgenowskich, ter-
micznych, spektroskopowych w podczerwieni oraz chemicznych saponitu

pochodzgcego z pustek i pecherzy pogazowych melafirow z Rudna. Wyli-
czono wzoér strukturalny tego mineratu:

(Cao,wKo,ozNao,m) (Mgz,ssFeo,M) [Si3 50A10,47010] (OH)1,05

Zwraca uwage wysoka zawarto$¢ Mg w warstwie oktaedrycznej, zblizona
do wartosci teoretycznej. Al wystepuje w koordynacji tetraedrycznej w ilo-
$ci okoto 0,5 Al na 1/, komoérki elementarnej saponitu. Minerat ten zajmuje
wiec pod wzgledem chemicznym i strukturalnym pozycje posrednig miedzy
talkiem Mg;[SisO;0](OH), a flogopitem KMgs[AlSizO;0](OH),. Tetraedrycz-
nej koordynacji glinu w saponitach sprzyjaja warunki hydrotermalne w ja-
kich na og6t mineraty te powstaja.

OBJASNIENIA DO FIGUR

Fig. 1. Dyfraktogram rentgenowski saponitu z Rudna
Fig. 2. Krzywe termiczne saponitu z Rudna
Fig. 3. Widmo absorpcyjne w podczerwieni saponitu z Rudna

OBJASNIENIA FOTOGRAFII

Fot. 1. Obraz elektronowy blaszek saponitu z Rudna o nieregularnych zarysach. Pow.
X 45 000

Fot. 2. Obraz elektronowy saponitu o wyksztalceniu listewkowym. Pow. X 45 000

Fot. 3. Obraz elektronowy saponitu wyksztalconego w formie wachlarzowo utoZonych
listewek. Pow. X 40 000
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Jewerx CTOX, Buroasd XABUHbCKH

CAMOHUT U3 PYIHA BBJIU3U KPAKOBA

PesmoMme

B paGore nmpe/cTaB/eHbl pe3y/bTaThl MHKPOCKOIHYECKAX, PEHTIeHOBCKHX,
uipaKpacHbIX CIEKTPOCKOMHUECKHX | XIMHUECKHX MCCIe0BAHUN CaTIOHUTA
i3 MyCTOT M Ta30BbIX nyapipeil Menapupos H3 Pynauna. Bputa paccuntana
CTpyKTypHasi popmyJsa 3TOro MEHepaJa:

(Cao,mKo,ozNao,m) (Mgz,geFeo,m) [Siz,szAln,ﬂOm] (01‘1)1,95

Hajno o6paTuTh BHUMaHHE Ha BBICOKOE cofeprkanue MarHus B OKTasApH-
qeCKOM CJI0e, KOTOpoe BecbMa OJH3KO TEOPETHUECKOI BeJHYHHE. Al copgep-
JKUTCS B TeTpaaanqecxoﬁ KOOpJAHHALMH B KOJHIECTBE okosio 0,5 Al B 1/2
3J1eMeHTapHON SUYeiKH CaloHHTA. 970 3HAUMT, YTO ITOT MHHEPAJT XUMHUIECKH
{ IO CTPYKTYpe 3aHUMAET MECTO MeX 1y TaJbKOM Mgs[Si4O010](OH), 1 ¢aoro-
grToM KMg;[AlSizO10] (OH) . TerpasApHUYECKOH KOOpAHHAUHMH aJIIoOMH A
& CANOHHTAX O6JaronpusiTCTBYIOT THAPOTEpPMAJBLHBIE yCJIOBHUSI, B KOTOPBIX
rJ1aBHBIM_00pa3oM 3TH MHHEPaJbl 06pasyrorcst.

OBbJCHEHUS K ®PUTYPAM

®ur. 1. PenTtrenoBckasi AudpakrorpaMma CamoHHTa H3 Pynna
®ur. 2. TepMuuecKie KpHUBbIC CAlOHNTA H3 Pynna
®ur. 3. UK-cnekTp NOTJIOUIEHIIs CaloHNTa H3 Pynna

OBBSICHEHUS K ®OTOTPAGUAM

®or. 1. DNeKTPOHHOMHKPOCKOMHUECKHI CHHMOK IVIHTOK CATIOHHTA M3 Pynua ¢ HenpaBUIbHDLIM

kouTypoM. YBennuenue X 45000
@oT. 2. DIEKTPOHHOMHKPOCKOMHYECKIH CHHMOK CAaMOHHTA
yenne X 45000
®or. 3. DIEKTPOHHOMHKPOCKONUUECKITH CHUMOK Beepooop
nounra. Ysenuuenne X 40 000

1aHKOOGpa3Hoil (OpMbl. YBesTH-

A3HO ])Z\CHO.’IO)KGIIHbIX MJaHOUEK ca-
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Phot. 1. Electron micrograph of irregular rarticles of saponite from Rudno. Magn
K 45 000 :

Phot. 2. Electron micrograph of saponite lath. Magn. X 45000

Leszek STOCH, Witold ZABINSKI — Saponite from Rudno near Cracow
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Phot. 3. Electron micrograph of fan-like aggregates of saponite laths. Magn. X 40 000

Leszek STOCH, Witold ZABINSKI — Saponite from Rudno near Cracow



