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K otázkam genézy lussatitu 
(12 obr. v texte) 

MAGDA MARKOVA* 

K Bonpocy reHe3Hca jiyccaTma 

B CTiiTbe oimcaHfai: jiyccamT, ona.i-CT ABVX reHenwecKHx THnoB; riepBbiií oTBe-
MaeT Paa-PemoBOH TeopHH 06 AHareHeTHHecKofi nocjieAOBaT&nbHOCTH nepeMenbi 
ona.a A — onaji CT — KBapu. B-ropoň OTBeiaeT H. JlaHue.ioTTOBOÍí BbiÄejiHiomeft­
CH TeopHH, TAC peuiaiom.ee BJIHHHHC Ha reHe3Hc jiyccaTHTa HMeeT cpe,u.a, B HameM 
cjiynae — 03epHaa noÄBepruiancH B03AeňcTBHio rHÄpoTepivi. 

Contribution to the Iussatite genesis 

Lussatite (opal CT) oť two genetic type has been described. The ťirst 
type fits the v. Rad — Rósch'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 nízkej kryštalinity, má tvar drobných guľôčok 
pr iemeru 2—3 ^m, ktoré sú zložené z jemne tabuľkovitých kryštálov h r ú b k y 
300—500 Ä. Bol opísaný v treťohorných sedimentoch na dne oceánov skúma­

ných v rámci projektu vr tného výskumu dna hlbokých morí a v ostatnom 
čase aj v morských sedimentárnych horninách ležiacich na kontinentoch. 

Sú dve najznámejšie teórie vzniku lussatitu. Teória diagenetickej premeny 
procesom s ta rnu t ia ; opál A — CT (lussatit) — kremeň, ktorej prívržencami sú 
G. R. H e a t h — R. M o b e r 1 y Jr . (1971), S. W. W i s e — F. M. W e a v e r 
(1974), U. v. R a d — H. R ô s c h (1974). Transformácia opálu A organogénneho 
alebo vulkanogénneho pôvodu na lussatit t rvá približne 20—70 mil. rokov, a to 
v závislosti od h ĺbky pochovania a teploty. Transformácia lussati tu na kremeň 
t rvá 70—90 mil. rokov. Najmladšie kremenné silicity sú vrchnokriedového veku. 

Podľa Y. L a n c e l o t t o v e j (1973) vylučovacej teórie vzniku silicitov p r o ­

stredie, prítomnosť ílu, priepustnosť a prítomnosť vymeniteľných kat iónov 
určuje, aká forma S i 0 2 vznikne. Zlá priepustnosť a prítomnosť cudzích ka ­

tiónov v ílovitých sedimentoch vedie k vylučovaniu neusporiadaného cristo­

balitu — lussatitu, zatiaľ čo dobrá cirkulácia roztokov a chýbanie vymeni teľ­
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ných katiónov v karbonátoch umožňujú priame vylučovanie kremeňa. N a p r i e k 
niektorým preukázateľným výn imkám z tohto pravidla, ako je výskyt l u s s a t i t u 
v čistých bezílových karbonátových nanoplanktonických oozách (S. W. W i s e 
Jr . — K. R. K e l t s , 1972), má Lancelottova teória viacerých pr ív r žencov . 
D. G. Č e l i d z e o v á napr. pri výskume kaukazských silicitov dospela k n á ­

hľadu, že prítomnosť alkálií alebo alkalických zemín v roztoku p o d m i e ň u j e 
vznik cristobalitu a t r idymitu (v ktorých M. I. B u e r g e r v r. 1954 zistil p o p r i 
SÍO2 alkálie i alkalické zeminy) a bráni kryštalizácii kremeňa, ktorého š t r u k ­

tú ra je natoľko pevná, že do nej nemôžu vstúpiť cudzie ionty, čím sa v y s v e t ­

ľuje vysoká chemická čistota kremeňa. 
Otázkou š t ruk túrne j stavby lussatitu sa zaoberali mnohí autori a ich v ý ­

sledky zhrnuli U. v. R a d — H. R o s c h (1974). Charakter izujú lussati t a k o 
nízkoteplotný cristobalit nepravidelnej š t ruk túry cristobalitových a t r i d y m i t o ­

vých vrstiev, čo sa na r tg zázname prejavuje prítomnosťou reflexov 4.05 
a 2.49 Ä a pr ídavným reflexom v oblasti 4.25—4.30 Ä. D. B a r d o s s i et a l . 
(1965) na základe r tg analýz dokázali, že na stavbe opál — cristobalitu ( p o d ľ a 
O. B r a i t s c h a 1957) sa zúčastňujú š t ruk tú rne elementy oboch m i n e r á l o v , 
pričom ABC. ABC postupnosť SÍO4 te t raedrov cristobalitu je zastúpená AB, A B 
postupnosťou t r idymitu . Periodicita je neuspor iadaná a cristobalit a t r i dymi t n i e 
sú samostatnými minerálnymi fázami, ale š t ruk tú rnymi elementmi j e d n é h o 
minerálu. 

V poslednom roku sme mali možnosť študovať dva geneticky odlišné t y p y 
lussatitu. V prvom prípade išlo o výskyt lussati tu v sideritových k o n k r é c i á c h 
(foto 1—2) morských sedimentov spodného miocénu, ktoré ležia medzi s t r a t i ­

graficky preukázaným eggenburgom a karpa tom (E. B r e s t e n s k á 1975) 
a vyp ĺňajú Bánovskú kotlinu, ktorá sa od vrchného miocénu stala s ú č a s ť o u 
vynoreného orogénneho oblúka, vnútornou kotlinou centrálnych Z á p a d n ý c h 
Karpát . Podrobný opis tohto výskytu je v článku M. M a r k o v e j (1977). 

Obr. 1. Snímka riadkovacieho elektrónového mikroskopu 9223/75. Siderit a lussa t i t 
na povrchu pukliny v sideritovej konkrécii. Vrt DB­18/68 m. Všetky s n í m k y 
M. S v e c — K. S e b o r , zväčš. 3000 X. 
Obr. 2. Snímka riadkovacieho elektrónového mikroskopu 9498 75. Lomová plocha 
polyminerálnej konkrécie (dolomit, siderit. kaolinit. palygorskit, lussatit). V r t 
DB­18/68 m zväčš. 3000X. 
Obr. 3. Snímka riadkovacieho elektrónového mikroskopu 4350 76. Lomová plocha 
amorfného opálu A z recentného sintra na Islande. 
Obr. 4. Snímka riadkovacieho elektrónového mikroskopu 4311 76. Amorfná š t r u k t ú r a 
opálu A z tzv. limnokvarcitu zo Žiarskej kotliny, lokalita Nad potôčkom. Zväčš 
2000 X. 

Fig. 1. SEM microphotograph, sample 9223/75. Siderite and lussatite on the f rac ture 
surface of a siderite concretion. Drillhole DB­18, 68 m. Operators M. Š v e c — 
K. S e b o r , magn. 3000X. 
Fíg. 2. SEM microphotograph. sample 9498 75. Refraction plane of a polyminera l 
concretion (dolomite, siderite, kaolinite. palygorskite, lussatite). Drill­hole DB­18. 
68 m. Operators M. S v e c — K. S e b o r , magn. 3000 X. 
Fig. 3. SEM microphotograph. sample 4350 76. Refraction plane of amorphous 
opal A from a recent sinter. Iceland. Operators M. S v e c — K. S e b o r , m a g n . 
1000X. 
Fig. 4. SEM microphotograph, sample 4311/76. Amorphous structure of opal A f r o m 
the so­called limnoquartzite of the Žiarska kotlina depression, Nad potôčkom local i ty . 
Operators M. S v e c — K. S e b o r , magn. 2000X. 
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veľkosť guľôčok lussati tu ovplyvnená tým, že sa lussatit vylučuje v b u n k á c h 
rast l inných pletív a vypĺňa celý ich priestor. Jazerné prostredie tvorby l i m o ­

kvarcitov s pestrým zastúpením chemických zložiek umožňuje kryš ta l izác iu 
lussatitu. Sintre vylučované z hydrotermálnych roztokov v subaerickom a l e b o 
podpovrchovom prostredí mali pravdepodobne väčšiu chemickú čistotu, či u ž 
pr imárne alebo sukcesívnou kryštalizáciou jednotlivých zložiek, a tak p r i r e ­

kryštalizácii opálu vznikajú dokonalé kryštal ické formy kremeňa. Hoci s m e 
v hydrokvarci toch doteraz lussatit nenašli, neznamená to, prirodzene, že t a m 
nemôže byť. Hypotézu t reba overiť ďalším výskumom. 

Doručené 10. 12. 1976 
Odporučil V. Radzo 
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Contribution to the lussatite genesis 
MAGDA MARKOVA 

Two well­known theories exist on the lussati te genesis. The theory of d i a ­

genetic t ransformat ion in the process of ageing ( transformation: opal A ­

opal CT (lussatite) — chert) is mainta ined by G. R. H e a t h — R. M o b e r l y 
(1971). S. W. W i s e — F. M. W e a v e r (1974) and U. v. R a d — H. R ô s c h 
(1974)! The t ransformat ion of an opal of organic or volcanic origin is s u p p o s e d 
to last approximately 20—90 million years, depending on the bury ing d e p t h 
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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. B u e r ­
g e r (1954) really found besides SiO^ 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. B r e s t e n s k á 1975) beds of the 
Bánovce 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. M a r k o v a 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 — Rôsche'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 identiťied opti­
cally and under the scanning electron microscope in the limnoquartzite samples 
from the Žiarska kotlina depression and from the Dekýš locality (fig. 4). The 
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latter becoming from the drill-hole F-2 has been handed over by Dr. J. For-
gáč. 

Lussatite has been found in limnoquartzite samples from the Žiarska kotlina 
depression and Dekýš lokality (Štiavnické pohorie Mts.) as well. Limnoquartzite 
of the Žiarska kotlina depression is attributed to have Upper Sarmatian to 
Pannonian age (M. C i e s a r i k — E. P l a n d e r o v á 1965). Its X­ray records 
show conspicuous reflections of cristobalite. Lussatite observed under scanning 
electron microscope was of extreme size (30—50 p ) occuring on silicified 
organic remains (fig. 5, 6). Samples from the Dekýš locality display typical 
shape of lussatite originated by the maturation process. Its minute size of 
2 to 3 ^m is for such an origin also typical (fig. 7, 3). It appears in the cavities 
of opal and alunite, as proved by X­ray 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 Žiarska kot­
lina depression (fig. 9). X­ray analyses of these samples revealed only texturally 
close related quartz to the so­called marshallite, i. e. to the microcrystalline 
form of a low­temperature quartz. The size of its crystals ranges from 5 to 
600 ^m. 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 t rans­
formation to lussatite is in accordance with the v. Rad — Rôsch maturation 
theory of the so­called 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 ,um) in contrast to 2—3 ^m 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. 
Preložila E. Jassingerová 
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