GEOCHEMICAL  STUDY OF SOME SPECIMENS
OF STALACTITES FROM TOURKOVOUNIA CAVE, ATHENS

BY VASSILIKI MITSAKI

The Tourkovounia cave or cave of Sotiros, is located at the Tourkovou-
nia hill, in Athens. During a visit, on 25-—3—1973, some specimens of the
stalactites have been collected. In two specimens of stalactites, the successive
zones of stalactite growth have been examined, ( Fig. 1, 21, mineralogically
and spectroscopically. Fluorescence and natural thermoluminescense have also.
been studied.

The successive zones of stalactite growth present different coloration.
Their colour is white, reddish and yellowish. The yellowish tint is more com-
mon. The diadochic zones of stalactite growth have been separated and exa-
mined. A description of the successive zones is given :

1 —The section of this stalactite is given in fig. 1. Its dimensions are : 4.5 cm
length and 3 cm width. The external surface
of the stalactite is coloured reddish-yellow.Four
zones have been studied.

[—S—P1 : The external zone is yellowish, semi-
trasparent, Consists of calcite crystals.

1—S—P2 : The next zone is white - yellowish. In
the limit with the external zone P1, a fair red-
dish coloration is appeared. This zone is se-
mitrasparent. Fig. 1. Seclion ol stalactite.

1—S—P3 : This zone presents a yellowish - brown coloration.

1—S P4 : A small internal zone, at the centre of stalactite, colored in yel-
lowish tint.

The section of the second stalactite is given in fig. 2. The dimensions are:
16.5 cm length and 1—1.5 cm width. In this specimen the stalactite growth do-
not form concentric zones, as in the first specimen, in fig. !, presents.

M—1 The external zone is white, semitrasparent and consists of calcite-
crystals.

M—2 The next zone is yellowish - brown. The calcite crystals are accompanied
by microcrystalline aggregates of clay minerals.
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M—3 __A‘“reddish zone, consists of calcite crystals with fair - coloured micro-
crystalline aggregates.
M—4 This zone consists of white calcite crystals.

Fig. 2. Section of stalactile.

- 5 A yellowish - brown zone, consists by calcite crystals with microcry-
stalline aggregates.
—6  White calcite crystals form this zone.
? This zone 1s coloured in yellowish - brown tint, the calcite crystals are
accompanied by microcrystatline aggregates of clay minerals.
-8 A white - yellowish zone.
9 This zone is coloured in yellowish - brown shade, the calcite crystals.
are accompanied by aggregates.
M—I0 A thin white - yellowish zone.
M—11 A reddish - brown zone, the calcite crystals present impurities of iron
oxides and clay minerals.
M—12 A white - yellowish zone.
M -13 A yellowish brown zone.
M —14 A narrow white zone.
M—15 A small yellowish - brown zone.

In the described samples, a qualitative spectroscopic analysis has been.
dope Barium, iron, magnesium, manganese, sodium and strontium have been
found in small quantities, as trace elements. The trace element content in
samples is present in table 1.
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Table 1.— Trace clement content in snccessive zones of stalactites

No Ba Fe Mg Mn Na Sr
S—i + + -+ -+ + +
S—P2 ‘ . -+ —_ o +
S—P3 | — | + -+ +
S—P4 - — + + 4 +
M- -1 + + + + -++ 4+
M-2 =+ + I + — +
M -3 + ++ ++ + + ++
M—4 + ++ ++ + + +
M~—5 + + ++ =+ ++ 4+
M--6 + + +—+ + + ++
M—7 + -+ T + - 4+
M-8 + + t =+ ++ +
M—9 + - g - -+ !
M-10 + + ++ - =+ +
M1 + 4 + + + +
M—12 =+ =+ -+ - ++ 3
M- 13 | + 2 + = +
M 14 + -+ =+ + + +t
M—15 + + ++ -+ -+t ++

The distribution of these minor elements, in examined samples, is not con-
nected with the colour of the zones. Iron content is not high. It is believed,
that iron is not In substitution for calcium in these stalactites, because it is
known that the presence of ferric aud ferrous iron, in calcite, gives to the mi-
neral a bluish, green colour (Veudl Mandy, 1958). The presence of iron may
be due to iron oxides, visible microscopically, in some specimens, and to micro-
scopic aggregates of clay minerals. Magnesium content may be, also, connected
with the presence of clay minerals,

Strontium and barium may be in diadochy with calcium in calcite, so-
dium too. The substitution of these elements for calcium, has been done, during
the formation of calcite. Calcium carbonate is deposited when a hanging drop
of the saturated solution begins to evaporate, becoming strongly supersaturated
(Betekhtin).

Manganese content is almost similar in all zones. Calcite usually contains
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manganese in substitution for calcium  The entry of appreciable manganese
in the structure of calcite usually introduces a pale pink to rose - red colour.
(Dear—Howie—Zussman, 1967). However, there is no difference in manganese
concentration in the white and reddish zones of stalactite growth. The reddish
tint is not due to the presence ef manganese.

Natural thermoluminescence has been studied in all the examined samples.
Thermoluminescence is the result of the release of energy stored as electron
displacements. These electron displacements are commonly associated with Jat-
tice defects. Irradiation and impurities of the crystal, usually, are the cause of
thermoluminescence.

A description of the thermoluminescence study is given :

1- S—P] Thermoluminescence has been observed, al 138 C. It is very weak.
I-S - P2 Very weak thermoluminescence at 128e C,

1-S—P3 Very weak thermoluminescence at 1230 C.

I-S8 —P4 Very weak thermoluminescence at 170 C.

M -1 No thermoluminescence has been observed.

M-2 No thermoluminescence has been observed.

A3 No thermolumijnescence has been observed.

M—4 Very weak {hcrmoluniinescence, at 160e C-

M-5 Very weak thermoluminescence at 1452 and 248¢ C.

M—b6 No thermoluminescence has becn observed.

M=7 No thermoluminescence has been observed.

M-8 Very weak thermoluminescence at 1352 C.

M-9 Very weak thermoluminescence at 1200 — 1302 and 180 C.

M-10 Very weak thermoluminescence at 60e C.

M—-11 Very thermoluminescence from 1260 G to 170e C.

M-12 Very weak thermoluminescence from 1500 C lo 2600 C.

M-13 Very weak therinoluminescence from 105¢ C to 162e C.

M—14 Very weak thermoluminescence at 902 C and from 2100 C Lo 2740 C.
M-—15 Very weak thermoluminescence from 1602 C to 2400 C.

Thermoluminescence presents strong intensity in calcites, formed at high
temperature. Calcites formed at low temperatures, in sedimentary deposits, and
in caves, do not present strong thermolumine.cence, (Mc Dougall, 1969).

In examined samples, thermoluminescence was absent in some specimens.
In the other specimens, a very weak white light appears, on heating. There is
no relation between thermoluminescence and colour of specimens In the internal
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zones of the second stalactite, a persistence of the thermoluminescence is
observed.

Under ultraviolet light, at 2535 A wavelegth, all specimens have been stu-
died An oraage - red fluorescence appears. However zones of violet - blue
fluorescence in the stajactite mass, have been observed.

A detailed stady, uader the wultraviolet light, using microscope, showed
that these zones of violet - blue fluorescence are limited in certain zones of the
stalactite growth. These zones are these darkened by impurities. The inten-
sity of the violet - bloe fluorescence is strong in very limited zones of the red-
dish specimens. A shadow of the violet - blue fluorescence is presented in the
neighbourhood of these limited zones.

Experimental works of Fonda (1940) on artificial precipitated calcite, de-
mostrated that the fluorescence increase in intensity with increasing manganese
content (max. 3.3 mol % MnCO; ), and that with more manganese the fluo-
rescence decreases. Drown (1934) has also reported that the reddish - yellow
fluorescence of calcite increases in intensity, with increasing manganese.

It have been shown that some elements give different fluorescence spectra
in calcite. So the presence of stannous ion give a white fluorescence, lantha-
num and neodymium give pale yellow, magnesium bluish green.

Manganese content 1s almost similar in all zones, as is shown in table 1,
It has been observed that violet - blue fluorescence is presented in the dark
colour zones . In the white zones, an orange - red fluorescence always appears.
But these zones consist of pure calcite, meanwhile in the coloured zones,
iron oxides and clay minerals are presented.

The difference of fluorescence of stalactite zones is duc to the presence
of mineralogical impurities of the calcite crystals. Orange - red fluorescence
i1s due to the presence of manganese ion, and the violet - blue to the concentra-
tion of the mineralogical jmpurities.

Manganese is an activator for fluorcsc.nce, as also for thermo-
luminescence. Is has been known that the pres:nce of manganese in cry-
stals increas: the intensity of th:rmoluminescence not only in calcite (Zel-
ler, 1953, 1954, and others .. .) but also in other minerals.

Manganese gives an orang: thermoluminescznce in calcites. Is is believed
that mangan:s: contznt is ind:p.ndent of thermoluminescence. Iis pr.s:nce
may be connect:d to other causes, in the examined stalactites.

The conclusion of this study in the following :

4. The examined stalactites, from the Tourkovounia Cave, consist of calcite. In some
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zones of the stalactite growth, iron oxides and clay minerals are enriched. These
zones are of reddish - brown colour.

2. Barium, strontium, sodium, manganese, iron and magoesium are found in trace
amounts in all zones of the stalactite growth. Strontium, barium, sodium and man-
ganese, are in diadochy with calcium, in calcite. Iron and magnesium presence due to
the mineralogical impurities, There is no relation of the distribution of these ecle-
meots in the zones {ixternal or exterpal zones).

3, A very weak whitish thermoluminescence has been observed in some zones. Ther-
moluminescence was more persistent in the internal zones.

4. In ultraviolet light, an orange - red fluorescence with zones of violet - blue fluor-
escence appears, in the stalactite mass. In a delailed study of these zones, is de-
mostrated that violet - blue fluorescence is himited at the impurities zones of the
stalactite growth. The orange - red fluorescence of the stalactite is due to manga-

nese contenl,
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FEQXHMIKH MEAETH MEPIKON AEITMATON ETAAAKTITON
EK TAY IMARAAIOY TOYPKOBOYNIOGN, ABHNGN

o BAZIAIKHE MHTZAKH

To oxhraiov Tovgroboivia, elvar neguecdtepoy yvwotdv ©g omn-
hawov 100 Zothpos. Katd v didpneiav wmas tmonépewg elc to omi-
Aalov toUtov, THV 25 - 3 - 1973, ouveréynoav peQud delyuarta oTolo-
wtirv. Eig ta Selypata toubro, éyéveto #dletog topy) mpog tov &Eova
avartiEews v otahorTitodv, xal EpeketnOnoav al Todvor dvamtiEewg
10U orokaxtitov (six. 1 xal 2).

To yobua tdv Covav dvarriEews dév Aro duowdpopgov. TTagem-
onOnoav evaklayal Aeuxiv #oi £puBowmmv Toviv. *Opuxtoloyu ie-
Aty v Covov Edekev tu el tag goulpwmas Cowvng, 6 dobeotitng
ouvodEVETO U GV dovrtdv xal 0Eedinv ol audhov.

Ta otoyzia BEgwoy, 6TEONTIOV, VATQLOV, uayydviov, oidnpog xal
noyvnolov aveupéOnoay elg Tyvy, el Blag tas Lwvas. Té otovysia of-
dmooc xal payvioov, dvevpionovtal (s moouikels tdv dobeotrdv, v
10 taéhowte Exovv Gvtikatastiosl 10 Gobéotiov elc o mhéypa tdv dolbe-
otutdv, Atv maQetrpndy ocuvyrévipwaig tdv oTouxsinv tovtwv eig Tac
EEwteouwag 7 owtepras Luvag dvantVEEms 10U otatartitou.

'Anolotbwg, ta Selyuata v otadaxmitdv EEntaabnoav did Oeopo-
potadyeay. Alov dalevig evnn) Ogppogurtatyewa évepavicOy elg ta
Thelota TV Seyndrov. Eig ogwouiva Selypate dev mapetnendyn Oep-
wopwtavyela. "Av wal T payvdviov, Dewpeltar dg vepyov oTouyelov
dua myv Eviaowy T Begpoporavyetas els todc doBeotitag, dtv Oewori-
Tal, EIG TV TQOXEWEVY TEQITTWGLY, OTL TO atolyelov touto oyetiletal
ut v Eupdviowy ts Bepuogotauyelng, eig tovs EEstaabBéviag otala-
®Titac,

Ol iEctaoBévieg oralantital, mapatnpovuevor eig dreQuddes s,
deunviouy moptorakldypovy pBopopdy yevidg, tic GQuopévag pdvov
thvag mapameettal Wdng @Bogiopds. Mio emtoneons Egevva, Edellev
G 6 10dnc pBopiopds ouvavtatar pévov gig mEQLwOLopnévas Lavag Gva-
nrokewe tod otakaxtitoy, eig Tas Ldvag, dmov elvar ovyxevroopévar al
npoaulEelg Tdv rouotdhhwv Tol dobeotitov, £l Tas Epubownag Tdvas.
To payydviov Oewpeital §u moonakel thv mootorxarldypovy @boguopdv.
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