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K otazkam genézy lussatitu

(12 obr. v texte)

MAGDA MARKOVA*
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Contribution to the lussatite genesis

Lussatite (opal CT) of two genetic type has been described. The first
type fits the v. Rad — Rosch’s theory of diagenetic transformation opal A —
opal, CT' — quartz. The second type may be explained by elimination
theory of the lussatite genesis as suggested by Y. Lancelott. According to
this second theory, generation of the lussatite was definitely governed by
environment represented in examined case a hydrothermally affected la-
custrine one.

Lussatit, forma cristobalitu nizkej krystalinity, ma tvar drobnych guldcéok
priemeru 2—3 um, ktoré su zloZené z jemne tabulkovitych krystalov hrubky
300—500 A. Bol opisany v trefohornych sedimentoch na dne ocednov skuma-
nych v réamci projektu vrtného vyskumu dna hlbokych mori a v ostatnom
¢ase aj v morskych sedimentarnych horninach leZiacich na kontinentoch.

Su dve najznamejSie tedrie vzniku lussatitu. Teéria diagenetickej premeny
procesom starnutia; opal A — CT (lussatit) — kremen, ktorej privrzencami st
G. R. Heath — R. Moberly Jr. (1971), S. W. Wise — F. M. Weaver
(1974), U. v. Rad — H. R6sch (1974). Transforméacia opalu A organogénneho
alebo vulkanogénneho pévodu na lussatit trva priblizne 20—70 mil. rokov. a to
v zavislosti od hlbky pochovania a teploty. Transforméacia lussatitu na kremen
trva 70—90 mil. rokov. Najmladsie kremenné silicity st vrchnokriedového veku.

Podla Y. Lancelottovej (1973) vylu€ovacej teérie vzniku silicitov pro-
stredie, pritomnost ilu, priepustnost a pritomnost vymenitelnych katiénov
urcuje, akéd forma SiO, vznikne. Zla priepustnost a pritomnost cudzich ka-
tibnov v ilovitych sedimentoch vedie k vyluéovaniu neusporiadaného cristo-
balitu — lussatitu, zatial ¢o dobra cirkulécia roztokov a chybanie vymenitel-
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nych katiénov v karbonatoch umoznuju priame vylucovanie kremena. Napriek
niektorym preukazatelnym vynimkam z tohto pravidla, ako je vyskyt lussatitu
v Cistych bezilovych karbonatovych nanoplanktonickych oozach (S. W. Wise
Jr. — K. R. Kelts, 1972), ma Lancelottova tedria viacerych privrzencov.
D. G. Celidzeova napr. pri vyskume kaukazskych silicitov dospela k na-
hladu, ze pritomnost alkalii alebo alkalickych zemin v roztoku podmienuje
vznik cristobalitu a tridymitu (v ktorych M. I. Buerger v r. 1954 zistil popri
Si0O, alkalie i alkalické zeminy) a brani krystalizacii kremena, ktorého Struk-
tura je natolko pevna, Ze do nej nemoé6zu vstupif cudzie ionty, ¢im sa vysvet-
Tuje vysoka chemicka cistota kremena.

Otazkou strukturnej stavby lussatitu sa zaoberali mnohi autori a ich vy-
sledky zhrnuli U. v. Rad — H. R6sch (1974). Charakterizuju lussatit ako
nizkoteplotny cristobalit nepravidelnej struktury cristobalitovych a tridymito-
vych vrstiev, ¢o sa na rtg zazname prejavuje pritomnostou reflexov 4.05
a 2.49 A a pridavnym reflexom v oblasti 4.25—4.30 A. D. Bardossi et al.
(1965) na zaklade rtg analyz dokazali, Ze na stavbe opal — cristobalitu (podTa
O. Braitscha 1957) sa zucastiiuju Strukturne elementy oboch mineralov,
pricom ABC. ABC postupnost SiO; tetraedrov cristobalitu je zastipena AB, AB
postupnostou tridymitu. Periodicita je neusporiadana a cristobalit a tridymit nie
su samostatnymi mineralnymi fazami, ale S$trukturnymi elementmi jedného
mineralu.

V poslednom roku sme mali moznost Studovat dva geneticky odlisné typy
lussatitu. V prvom pripade islo o vyskyt lussatitu v sideritovych konkréciach
(foto 1—2) morskych sedimentov spodného miocénu, ktoré lezia medzi strati-
graficky preukdzanym eggenburgom a karpatom (E. Brestenska 1975)
a vyplhaju Banovsku kotlinu, ktora sa od vrchného miocénu stala sucastou
vynoreného orogénneho obluka, vnutornou kotlinou centralnych Zapadnych
Karpat. Podrobny opis tohto vyskytu je v ¢lanku M. Markovej (1977).

>
Obr. 1. Snimka riadkovacieho elektronového mikroskopu 9223/75. Siderit a lussatit
na povrchu pukliny v sideritovej konkrécii. Vrt DB-18/68 m. VsSetky snimky
M. Svec—K. Sebor, zviés. 3000x.
Obr. 2. Snimka riadkovacieho elektronového mikroskopu 9498/75. Lomova plocha
polymineralnej konkrécie (dolomit, siderit, kaolinit, palygorskit, lussatit). Vrt
DB-18/68 m zvacs. 3000 X.
Obr. 3. Snimka riadkovacieho elektrénového mikroskopu 4350,76. Lomova plocha
amorfného opalu A z recentného sintra na Islande.
Obr. 4. Snimka riadkovacieho elektrénového mikroskopu 4311/76. Amorfna Struktara
opalu A z tzv. limnokvarcitu zo Ziarskej kotliny, lokalita Nad potd6¢kom. ZvAES.
2000 X.

TFig. 1. SEM microphotograph, sample 9223/75. Siderite and lussatite on the fracture
surface of a siderite concretion. Drillhole DB-18, 68 m. Operators M. Svec —
K. Sebor, magn. 3000X.

Fig. 2. SEM microphotograph, sample 9498/75. Refraction plane of a polymineral
concretion (dolomite, siderite, kaolinite, palygorskite, lussatite). Drill-hole DB-18,
68 m. Operators M. Svec — K. Sebor, magn. 3000X.

Fig. 3. SEM microphotograph, sample 4350/76. Refraction plane of amorphous
opal A from a recent sinter, Iceland. Operators M. Svec — K. Sebor, magn.
1000 <.

Fig. 4. SEM microphotograph, sample 4311/76. Amorphous structure of opal A from
the so-called limnoquartzite of the Ziarska kotlina depression, Nad potockom locality.
Operators M. Svec — K. Sebor, magn. 2000 X.
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Rtg analyzy sideritovych konkrécii zaznamenali popri karbonatoch, kremeni,
sludach a ilovych mineraloch aj slaby reflex cristobalitu, ktory sa zvyraznil
po rozpustani karbonatovej zlozky v horucej HCLl. Tvar, velkost a asociacie
mineralov v sideritovych konkréciach, kremen, slfuda, il (kaolinit, illit, paly-
gorskit ?), siderit, dolomit, kalcit, lussatit, male percentoveé zastupenie lussatitu,
absolutny vek (okolo 22 mil. rokov a hibka pochovania vacsia ako 1000 m) zod-
poveda tzv. prechodnému stadiu vo v. Rad—Roschove] diagenetickej postup-
nosti premeny opalu na lussatit az kremen. Zdrojom kremika pri tvorbe lussa-
titu mohli byt organické schranky radiolarii a rozsievok, hojné najma v pod-
loznych sedimentoch, ako aj vulkanické produkty v podobe vulkanického skla,
ziveov, vulkanogénneho kremena, sriedkavého biotitu, ktoré sa objavuju v ce-
lom profile tohto suvrstvia mocného 280 m.

S inym genetickym typom lussatitu sme sa stretli v horninach, ktorych vznik
je spity s postvulkanickou hydrotermalnou ginnostou. Na niekolkych lokali-
tach stredoslovenskych neovulkanitov sme sledovali tzv. hydrokvarcity a limno-
kvarcity. Na porovnanie sme analyzovali aj vzorku recentného sintra z Islandu.

Opal A bol bezpetne zisteny ako monomineralna zlozka iba v sintri z Islandu.
Rtg zadznam tejto vzorky je bezstrukturny, homogénny. V riadkovacom elek-
trénovom mikroskope sa vzorka javi ako amorfna gélovita masa (foto 3). Aj
opal bol zisteny opticky a na riadkovacom mikroskope vo vzorkach limnokvar-
citov zo Ziarskej kotliny (foto 4) a z lokality Dekys (vzorku nam poskytol
J. Forgaé z vrtu F-2).

Lussatit sme nasli vo svetlom type limnokvarcitu zo Ziarskej kotliny a v lim-
nokvarcite z Dekysa. Limnokvarcitom v Ziarskej kotline sa pripisuje vrchno-
sarmatsky az panonsky vek (M. Ciesar ik — E. Planderovéa 1965).
Rtg zaznam limnokvarcitu zo Ziarskej kotliny ma vyrazne reflexy cristobalitu
(s d = 4.04 A). V riadkovacom elektrénovom mikroskope vidiet lussatit nezvy-
¢ajne velkych rozmerov (30—50 wm), a to na silicifikovanych organickych
zvyskoch (foto 5. 6). Lussatit z Dekysa ma tvar a velkost 2—3 um, typicku aj pre

>
Obr. 5. Snimka riadkovacieho elektronového mikroskopu 4317/76. Prekremeneny ulo-

mok rastliny s vnutornou vrstvou opalu a vonkajsiou vrstvou lussatitu. Svetly limno-
kvarcit zo Ziarskej kotliny. Zvacs. 600X.

Obr. 6. Snimka riadkovacieho elektréonového mikroskopu 4312/76. Lussatit o velkosti
30—50 wm zo svetlého limnokvarcitu zo Ziarskej kotliny. Zvaes. 300X.

Obr. 7. Snimka riadkovacieho elektronového mikroskopu 4306/ 76. Opal s lussatitom
obyéajnych rozmerov (2—3 pm) V limnokvarcite s alunitom z lokality DzskyS. Zvacs.
2000 <.

Obr. 8. Snimka riadkovacieho elektronového mikroskopu 4308 76. Luszatit v dutinach
limnokvarcitu z lokality Dekys. Vrt FV-2. Zvacs. 3000 X.

Fig. 5. SEM microphotograph, sample 4317 76. Quartzified plant fragment with an
opal inner layer and a lussatite outer layer. Light-coloured limnoquartzite of the
Ziarska kotlina depression. Operators M. Svec — Sebor, magnif. 600X.

Fig. 6. SEM microphotograph, sample 4312/76. Lussatite 30—50 um in size from
light-coloured limnoquartzite of the Ziarska kotlina depression. Oerators M. Svee—
K. Sebor, magn. 300X.

Fig. 7. SEM microphotograph, sample 4306 76. Opal with lussatite of common size
(2—3 ¢m) in an alunite bearing limnoquartzite from the Deky$ locality. Operators
M. Svec — K. Sebor, magn. 2000X.

Fig. 8. SEM microphotograph, sample 4308/76. Lussatite in interstices of limnoquartzite
from the Deky$ locality, drillhole FV-2. Operators M. Svec — K. Sebor, magn.
3000 X<.
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lussatit vzniknuty procesom starnutia. Vyskytuje sa v dutinach opalu i alunitu,
¢o potvrdili rtg zaznam (foto 7, 8).

Kremen sa naSiel vo vsetkych skumanych vzorkach tzv. hydrokvarcitov
v stredoslovenskych neovulkanitoch, ako aj v dutinach opalu v tmavom type
limnokvarcitu zo Ziarskej kotliny, kde rtg analyza zaznamenala iba kremen
Strukturou blizky tzv. marsalitu, t. J. mikrokrystalickej forme nizkotermal-
neho kremena. Rozmer krystalov tu kolie od 5 do 600 um (foto 9). Tmavy
limnokvarcit je charakteristicky vysokym obsahom rastlinnych zvyskov v po-
dobe lignitizovanych rastlinnych pletiv i pyritizovanych rozsievok. Obdobné
dokonalé krystalické formy kremefia su vo vsetkych skumanych vzorkach
hydrokvarcitov, a to rozmerov od niekol'kych az po stovky mikrénov, éire alebo
$ uzavreninami, homogénne (foto 10) alebo s prirastkovymi plochami (foto 11),
krystalizujuce v alfa- (foto 10, 11) alebo betamodifikacii (foto 12)

Zaver

Prispevok chce dokumentovat dvojaku genézu lussatitu. V prvom pripade
ide o diageneticku postupnost premeny biogénneho alebo vulkanogénneho opalu
na lussatit tzv. procesom starnutia, pricom prostredie, vek, asocicia mineralov,
ako aj hrubka nadloznych sedimentov je v sulade s U. v. Rad—H. Réschovou
teoriou dozrievania.

V druhom pripade stretavame lussatit v mladych limnickych, hydrotermalne
ovplyvnenych sedimentoch v asocigcii s opalom chemogénneho i organogénneho
povodu. Vznik lussatitu zrejme nie je vysledkom procesu starnutia, vrchno-
miocénny vek nie je dostatoéne dlhy na diagenetickii premenu amorfného
SiO na lussatit. Predpokladame, Ze pri tvorbe lussatitu sa uplatfiovali procesy
zodpovedajuce Lancelottovej vylucovacej teérii. Lussatit tejto genézy sa nie-
kedy odlisuje od lussatitu vzniknutého diagenetickymi procesmi viésim prie-
merom gul6cok (30—50 um oproti 2—3 um). Zda sa, ze v nasom pripade je

<

Obr. 9. Snimka riadkovacieho elektronového mikroskopu 4329/76. Dokonalé krysta-
lové formy kremena v dutinach tmavého limnokvarcitu zo Ziarskej kotliny. Zvacs.
1000 .

Obr. 10. Snimka riadkovacieho elektronového mikroskopu 2854/76. Homogénne krys-
taly kremena na povrchu pukliny v hydrokvarcite z lokality Sobov. Zv&és. 1000 x.
OCbr. 11. Snimka riadkovacieho elektronového mikroskopu 2592/76. Kremenné krystaly
S rovinami rastu v hydrokvarcite z lokality Podpolom. Vzorka ZS-20. Zvaés. 3000 .
Obr. 12. Snimka riadkovacieho elektrénového mikroskopu 5065. Pseudomorfozy
a-kremenia po g-kremeni. Lokalita Kalinka. Vzorka SH-5. Zvads. 2000 .

Fig. 9. SEM microphotograph, sample 4329 /76. Perfect crystal forms of quartz in
interstices of a dark limnoquartzite from the Ziarska kotlina depression. Operators
M. Svee — K. Sebor, magn. 1000 x.

Fig. 10. SEM microphotograph, sample 2854 /76. Homogeneous crystals of quartz on the
fracture surface of hydroquartzite from the Sobov locality. Operators M. Svec —
K. Sebor, magn. 1000x.

Fig. 11. SEM microphotograph, sample 2592/76. Quartz grains with distinet growth
fabric in hydroquartzite from the Podpolom locality. Sample No. ZS-20. Operators
M. Svec — K. Sebor, magn. 3000x
Fig. 12. SEM microphotograph, sample 5065. — x#-quartz pseudomorphoses after

S-quartz, Kalinka locality. Sample No. SH-5. Operators M. Svec — K. Sebor,
magn. 2000 .
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velkost guldcok lussatitu ovplyvnena tym, ze sa lussatit vyluéuje v bunkach
rastlinnych pletiv a vyplia cely ich priestor. Jazerné prostredie tvorby limo-
kvarcitov s pestrym zastupenim chemickych zloziek umoziuje krystalizaciu
lussatitu. Sintre vylu¢ované z hydrotermalnych roztokov v subaerickom alebo
podpovrchovom prostredi mali pravdepodobne vacsiu chemicku ¢istotu, ¢i uz
primarne alebo sukcesivnou krystalizaciou jednotlivych zloziek, a tak pri re-
krystalizacii opalu vznikaju dokonalé krystalické formy kremena. Hoci sme
v hydrokvarcitoch doteraz lussatit nena$li, neznamena to, prirodzene, Ze tam
nemoze byt. Hypotézu treba overit dalsim vyskumom.

Dorucene 10. 12. 1976
Odporucil V. Radzo
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Contribution to the lussatite genesis
MAGDA MARKOVA

Two well-known theories exist on the lussatite genesis. The theory of dia-
genetic transformation in the process of ageing (transformation: opal A —
opal CT (lussatite) — chert) is maintained by G. R. Heat h— R. Moberly
(1971), S. W. Wise — F. M. Weaver (1974) and U. v. Rad — H. R6sch
(1974). The transformation of an opal of organic or volcanic origin is supposed
to last approximately 20—90 million years, depending on the burying depth
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and on temperature. The transformation of lussatite to quartz had to last 70 to
90 million years as the youngest cherts are of Upper Cretaceous age.

The second theory is Lancelott’s (1973) elimination theory on the silicite
genesis. According to that the final form of the silica is determined by environ-
ment, presence of clay, porosity and by the presence of exchangeable cations.
According to this theory, poor permeability and extraneous cations in clay-rich
layers lead to precipitation of a disordered cristobalite (lussatite) while good
circulation and lack of exchangeable cations in carbonates favour direct preci-
pitation of quartz. Irrespective of some provable exceptions from this rule,
as for instance the occurence of lussatite in pure clayless carbonate nanno-
planktonic ooses, Lancelott’s theory has been accepted by many authors. For
example, D. G. Czelidze investigating Caucasian silicites concluded that the
presence of alkalia or alkaline earths undermines generation of crystobalite
and tridymite and so hinders the direct crystallization of quartz. M. I. Buer-
ger (1954) really found besides SiOs in tridymite alkalia and alkaline earths
as well. The quartz structure is so firm that extraneous ions do not enter it,
while structures of cristobalite tridymite permit this entrance. This diffe-
rence evidently causes high chemical purity of quartz.

The author studied two genetically different types of lussatite in the last
years. In the first case lussatite has been found in siderite concretions of Lo-
wer Miocene marine sediments (fig. 1, 2) occuring among stratigraphically
evidenced Eggenburgian and Karpathian (E. Brestenska 1975) beds of the
Banovce basin filling. These strata became part of the emerged orogenic arch
of the central West Carpathians starting from the Upper Miocene. A detailed
description of the occurence will be given elsewhere (M. Markova 1977).

X-ray analyses of these concretions revealed a weak reflection of cristobalite
in addition to the content of carbonates, quartz, micas and clay minerals.
Cristobalite became more distinct after dissolution of the carbonate content.
The shape, size and mineral assemblage in the siderite concretions. the presence
of quartz, mica, clay (kaolinite, illite, palygorskite ?), siderite, dolomite, calcite,
lussatite, as well as the low content of the latter corresponds to the so-called
“Precursor stage” i. e. to the transitional stage in the v. Rad — Rosche’s dia-
genetic succesion of the opal transformation into lussatite and quartz. Furt-
hermore, this statement is supported by the absolute age (about 22 million
years) and by the burying depth exceeding 1000 m. Organic rests of Radiolaria
and that of diatoms might have been the source of silicium. Organic rests are
present especially in the underlying sediments where they occur together with
volcanic products as volcanic glass, feldspars, volcanogenic quartz and rare
biotite.

Another type of lussatite has been studied in rocks originated by postvolcanic
hydrothermal activity. The so-called hydro- and limnoquartzites were inves-
tigated from localities in central Slovakian neovolcanic area. Recent sinter
samples from Iceland have been analysed for the sake of comparison as well.

Amorphous opal A has been identified with certainty as a monomineral
component only in the sinter from Iceland. The X-ray record of this sample
is textureless. This sample appears as an amorphous gel-like substance under
the scanning electron microscope (fig. 3). Opal has also been identified opti-
cally and I{nder the scanning electron microscope in the limnoquartzite samples
from the Ziarska kotlina depression and from the Dekys locality (fig. 4). The
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latter becoming from the drill-hole F-2 has been handed over by Dr.-J. For—
gac.

Lussatite has been found in limnoquartzite samples from the Ziarska kotlina
depression and Dekys$ lokality (Stiavnické pohorie Mts.) as well. Limnoquartzite
of the Ziarska kotlina depression is attributed to have Upper Sarmatian to
Pannonian age (M. Ciesarik — E. Planderov a 1965). Its X-ray records
show conspicuous reflections of cristobalite. Lussatite observed under scanning
electron microscope was of extreme size (30—50 um) occuring on silicified
organic remains (fig. 5, 6). Samples from the Dekys locality display typical
shape of lussatite originated by the maturation process. Its minute size of
2 to 3 um is for such an origin also typical (fig. 7, 8). It appears in the cavities
of opal and alunite, as proved by X-ray record.

Quartz has been found in all analyzed samples of the so called hydroquartzite
occuring in neovolcanic rocks of central Slovakia. Perfect crystalline forms
occur in cavities of opal in the dark limoquartzite type from the Ziarska kot-
lina depression (fig. 9). X-ray analyses of these samples revealed only texturally
close related quartz to the so-called marshallite, i. e. to the microcrystalline
form of a low-temperature quartz. The size of its crystals ranges from 5 to
600 um. This limnoquartzite is characterized by a high content of plant rem-
nats in the form of lignitized plant tissues and pyritized diatoms. Analogous
forms of quartz are present in all hydroquartzite samples, their sizes range
from several microns to hundreds of microns. They are transparent (fig. 10) or
filled with inclusions, homogeneous or they have the shape of capped quartz
(fig. 11) they crystallize in alpha or beta modification (fig. 12).

The purpose of this paper is to evidence the double genesis of lussatite. In
the first case, the diagenetic succession of biogenic or volcanogenic opal trans-
formation to lussatite is in accordance with the v. Rad — Rosch maturation
theory of the so-called ageing process.

In the second case, lussatite has been found in young limnic hydrothermally
affected sediments in association with chemogenous and organogenous opal.
The origin of lussatite in this case is evidently not the result of an ageing
process as its Upper Miocene age is insufficient for a diagenetic transfor-
mation of amorphous silica into lussatite. It may be supposed, that the gene-
ration process of the lussatite corresponded to Lancelott’s elimination theory
as it is evidenced by results. Lussatite of such a genesis sometimes differs from
one generated by diagenetic processes. This lussatite has larger diameter of
spheres (30 to 50 ym) in contrast to 2—3 um of the former. It seems that in
examined case the size of lussatite spheres is influenced by conditions
of its precipitation in plant tissue cells where it fills up the whole space. The
lacustrine environment of limnoquartzite formation with diverse chemical com-
ponents favoured the crystallization of the lussatite.

The sinter exsolved from hydrothermal solutions in subaerial or subsurface
environment might have been of higher chemical purity, either primarily
or due to the successive crystallization of individual components. Thus, during
the recrystallization of an opal perfect crystal forms of quartz arised. Although
any lussatite has been found in hydroquartzites it does not mean that its
appearance is impossible. However, such origin cannot be accepted without
further analyses and investigations.
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