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MILAN MISTIN:
STRUCTURES OF THE CHERT CONCRETIONS FROM THE

LIMESTONES OF TITHONIAN AND NEOCOMIAN, WEST
CARPATHIAN MTS.

Absteact: Cheet coneretions of Tithonian-Neocomian limestones were used
[ comnp wive microseopical study as a model of 1he conerelions originated on
the micritic substratum (slightly warly biomicrite with planclonic orzanisms

vepresenting o pelagic Tacies). Attention is ealled 1o the various wavs ol radio-
F v Tossilization. The wide-spread oceurrences of these limestones known s
Sbianeone o Lmajolica™ in the whole Tethvidinn 'r‘n\\mlnml area ofler
i possibility o verily il the vesalts of this study e Lin o laege measure,

Peawme: Kpesaucroie KOHKPCUHH THTOH-HOOKOMCKHX HIBECTHAKOR GHM Ha-
MOJABIDBANBL 151 CPABHEHNH  MUKPOCKONIUMMECKOTO HAYUEHHA a TAKMKE KAK MOILOAH
KOHKPEUMI  BOSHHKIIHX B MHKPHTHY it cpene (enabo ranmmueTie GHOMHKPHTE
¢ TWIIRTORHBIMIL OPrAHUINM IMH,  TIPRACTABMLOMNE  Heaarndeckyo daunw). OFpa-
HWACTCH BHIMAHIE TAKAKE H1 pasnuuHbie crocofnl poCCHINE I paavonspuit. Muoc
FOUMCACHHBIE HAXDAKH 3THX H3BCCTHAKOH, MIBECTHHIX KAK «DHMAHKOHE® M «MaHOAM-
K1) BO BCCH TETHAHONM EOCHKAMHANM, NPEACTABIAIOT BO3MOMKHOCTE KOHTPOJHPOBAHIA
HENONBIVRAHMA P23YABTATOR 3T paboTH & WHPIKoI Mepe.

=]

Introduction

The basie rock type. hearving the studied chert conere Lons. are light grey 1o dark grey
slightly marly limestones, varely mottled. They contain a radiolarian or sponge-spicules
associalion. somelimes combined with a Calpionella or .'."f*f.".l’:u'"r”u and/or Nannoeconus
association. The chert coneretions are black, rarely light grev. Somelimes a lransition
zone is observable with naked eye. The investigated specimens were collected from the
Kysucaand Manin Series of the Klippen Belt (Pienides). Trom the Envelope Series
Tateides). and from the Keizna nappe (Sublatrides). totally Trom 20 localities, The size
of these conerctions ranges hetween 1—15 e, Mostly they were clongated according to
the steatilieation plane. spherical Torm was rare.

I the further text some of the ascertained facts are completed with observations of
the variegated chert coneretions of the Dogger-Malm, sinee the worepresent aovery similar
substeatum of ieritic limestones with o eadiolarian microlneies,

For the vaduable help by the laboratory analysis T am indebted 1o Doc. Ing. ). Bab-
can CSe, Poo J. Keistin, D L Gerthollerovia De 15 Sama Jovia CSe.
De. O Corna CSe. T Batovie and J. Chud 5

Transition zones

Several charaeteristic zones were discerned at the “II]I"-GliIIII'~(']H‘I'1 boundary as well as
in the marginal part of the chert coneretion. Not all of these zones are involved
cach coneretion. They are only some mm or tenths of mm thick. For their umnmupn'
deseviption these preliminary signs are used (Fig, 1 —4)
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A — limestone fmiervite) without diseernible ehaleedony,

AD — ansition zone. limestone with dispersed  chaleedony fsiliceous limestone).
Caleite strongly prevails over the chaleedony, In the thin section the rock of the AD
zone appears lighter than Ao Chaleedony is visible as o complete Tilling of some or
all radiolarians: sometimes il s seen only in the centrees of those radiolarians which
were nol completely [illed }:_\' (|:'||.~'_\' calette, Older ealeite veinlets, p:lse-:irl',: through the
AD zone, are bordered on both sides by chaleedony steips fmigeation of S0k was
Hl.ll'l'}l'{l |r}' the harvreier of v::;lr'rel-—;_"l'ililll‘d caleite aggregatel, Zone  AD is mostly
Lo—23 i thielke Tnothe ease ol baperfectly differentiated ehierts (Fige 20 the transition
zone AD s macroscopically well observable attaining 1—2 ¢ Sometimes it may
represent the whole host voclk {ehert coneretions in siliceous limestones).

Bo — teansition zone vicher in chaleedony, Tt ois usually situated on the ouler
margin of the ADB zone Torming o strong limit against A (omarginal imbibition™).

Bx — transition zone Tormed by aggregate of conrse caleite grains taomosaie of elouded
isometric grains orviginated by rveervstallizationr, Tt s situated on the periphery of the
conerction (hetween AD and (. Cevstals are pointing into the chert conerction. The
width of the By zone is variable. vsually hetween 0.3 =15 mme Rarely it contains
vhosts of the older veinlets and phantoms ol eadiolarians felear. withoul pigment).

21 orhombs, Zone Dyoorviginated in the final stages o the

as owell as small anker
concrelion forming process,

BC — teansition zone with predominance of chaleedony over the ealeites TE contains
islets of the original mierite and  dense pigment ol the minute ealeite grains, No
receviallization. no Formation of the loose caleil
Larisins Tilled by o single ealeite ervstal s typieal Tor this zone, Ds width varies hetween

¢ rhombs ocenrs. The presence ol radio-

0.2—5 mm,

C — chert with absolute predomimance of Si00. almost always with caleite rhombs
oviginated by recevstallization of mierite reliets under the influence of silica colloids,
Sometimes an external paret (G and internal part (Gl may be distinguished. The
external part dilTers by the absence of the hrown bitmminouns |Iif,1'IIH‘IIl. or by the dimi-
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e Lo Examples ol the teansition zones Fie 20 Chiert coneretion with o distinet tran-
Between the Tinestone (A and ehert eonere- sition zone, Tithonian of the Kysuea Series,
tion (01 weneralized Trom the thin seetion Klippen Beltz loe, Brodno near Zilina, 1y of

stidlies, For detals see the 1ext, the natoenl sive, |m]i-||t-|| seelion,
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nution ol the rhombs size (Fig. 4). by more abundant  earbonate pigment. by the
|Il'(' 1

nee ol pyrite ervstals (Fig, 500 The last mentioned ease was repeatedly observed -
it indicates the reducing conditions during the final phase of the conerelion forming
process. No concenteic ehytmical zonation. no ring-forming structures were found in the
studied chert coneretions of the Dogger-Malm and Tithonian-Neocomian rocks. Up il
now such ring steuctures were Tound in the West Carpathian lervitory only in Reiflling
Limestone (Ladinian) near Turik. Choéské pohorie Mis. (M. MiEik 1972) and in the
limestones of Albian age. locality Cierna Lehota, Strazovska hornalina Mis.

The transition zones are almost always discontinuous. 11 is not excluded that they
might be more frequent in the upper or lower parts of the coneretions and  form

geopeltal structures: this problem was not vel studied.

Both limestones (A1 and cherts (G are shiny in polished sections. strongly con-
trasting with the doll teansition zone (AB) — siliceous limestone with the seattered
chaleedony (g, 21,

The velation between the size of the coneretions and the thickness of the transition
zone were nol studied systematically, Peeliminaey it was noticed that in the smallest
conerelions transition zone was lolally absent.

Organic remains

The chert conerctions originated by veplacement of the ealearcous substratum with
more or less uniform disteibution of organic remains. Bul when compairing organic
remains in the chert coneretions and those in surronnding limestones. several dillferen-
cies may he already stated. Some of the organie rems

ns of limestone
chert due to their hreak-down by silicification. On the contrary some microfossils like

Iy

¢oMmIssing in

richosphaceridae may be more abundant or exclusively present in cherts. il the
lication took place carlv. sinee the silica represent the most favorable medinm
or their preservation.,

Radiolarians, They are the most abundant Tossil remains of the examined
chert coneretions. They were obviously the main source of the silien (radiolarian
chertst, The representatives of the group Spumellaria strongly predominante. those of
the wroup Nasellaria ave vare (Fige 200, Vavious manners of the Tossilization of the
radiolarian Tests were Tound (g, 7):

il Preseevation in limestone. In the surrounding limestones (zone A) all radiolarian

tests are caleilied. Following cases ave 1o he discerned : | — [nfilling is Tormed by seve-
ral caleite grains (conrse-grained mosaie). 2 — Infilling s Tormed by fine-grained mosaie
this type was pactly devived Trom the previous one by degrading neomorhism — R 1.,

7o Tk 19650 Tn both eases the test was originally empty. filled by eas. In the thin
sections its outlines are sometimes distinet but more frequent diffused. The test is not
diseernible Trom the infilling: probably the test was dissolved and the whole spaee
lilledt by dreusy ealeite. 3 — Infilling by caleite mud (nieritel. The test is well diseer-
nible sinee i was veplased by ealeite. s but surprising that the eases with partly

lilling tspavite in the upper parl of the radiolarian void, top-and-hottom stroctures) are

missing. They were Tound exeeptionally in the Tithonian limestone of the Ilippen Bel
near Labing (Mg 13, 4 — LGhosts® ol the eadiolarians havdly diseernible in the

nieritie: groundmass, This tvpe may be derived Trom the previons one by granulation
ol the ¢
by drusy ealeite with phantoms of globular structure (Fie, 200, Tn this rare cnse radio-

aleite which veplaced the test Glegrading neomorhism). 5 — Infilling Tormed

Favians were Tiest of all Tilled by globular opal which was lately replaced by ealeile,
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LA Lones of o cherl conerelion — microseopic profiles Fie 4 is the continuation ol the
oth corrounding rock, wieritiec Timestone, AB — teansition zone, siliceous lmestone,
vernlel of ealeite along the marein of the chert, € — external zone of the chert coneretion
with small ieregular geains of ealeite and tiny rhombs, Gy — internal part of the conerelion
with large ealeite rhombs, Neocomian of the Fovelope Series, Pokreaj near the wamekeeper’s
cottage Zabite, Male Karpaty Mis. Noo AD76. magnil, 43X — Fig. 5. Pyrite ervsials hound
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to the external part of a chert coneretion (G, Neocomian of the Manin Series, Klippen Bell.

Quarey hetween Beludské Skatiny and Mojtin. No, 3551, magnil. 43X — Fig. 6. Peripheral

part of o chert coneretion. Phantoms of vadiolarians in ealeite eryvstals: svntaxial rims on the

ealvite veinlet. Loe. Brodno near Ziling, Tithonian of the Kysuea Series. Klippen Belt. No.
Shy, magnil, 26X, Photo: L. Osyvald,

These Tive types were Tound in the coneretion=hearing limestones of Tithonian-Neoco-
mian. Inothe red cheety limestones of Dogger-Malm another type more was noliced :

6 — Infilling by rved colloidal isotropic mineral (Fe-hvdroxide 7).

B Preservation in the transition zone AB. AL least some of the radiolarians are Tilled
by chaleedony in this zone. from the immediate surroundings of the chert conerelion.
The transition zone is usnally 1—5 mm. thick. but in the case ol siliccous limestones
with cherl concretions the whole surrounding rock may be considered as the transition
zone AL Two Kinds of preservation were found: | — Chaleedony forms inlilling of
the whole radiolaria. 2 — Chaleedony is present only in the middle of the radiolarians.
the outer vime of which is Tormed by drusy ealeite.

Obviously. when the centrifugally shilted silicification [ront reached this place now
represented by the zone AB, the voids in radiolarians have been partly Tilled by deusy
caleite s ehaleedony Tilled only the rest of them.

I is 1o e stressed that the radiolarians in limestones never are preserved as a single
eeystal ol caleite or as a ghost in a bigger caleite grain or vhomb. what is the Frequent
case in the cherl conerelions.

Preservation in the chert coneretions. Following cases oceur:

I — Chaleedony infilling of the radiolarians by short-librous chaleedony. somelimes
by sheal aggregates. or distinet globular metacolloid steueture with concentrie allerna-
tion ol light brown and dark brown rings (IFig. 12). ravely by very line-grained chalee-
dony. The arca of radiolarians differs from the groundmass by its elear appearcnce.
by the lack of pigment. The Lpigment™ vepresents obviously various admixtures. im-

filics coreplaced  subste . U
puritics in the replaced  substratum, A\ PRESERVATION OF RADIOLARIANS IN LIMESTONES

ta s, W,,. T
(r w; \ “w
W&-&

these are missing in the radiolarians, an

comply space. o void not Tilled by mieritie m‘&

. . - tparie ‘ \ 58
mud i the radiolarian tests must he as- i 2
stmed Tor the time ol the chert conere- @ @ e"\i"“ @
tion origine. When the pigment in the ' ) 3
aronndmass is sporadie, the radiolaians [groundmass . m@;
ean be discerned  using  polavized  light
onlyv. due 1o their content ol conrser PRESERVATION OF RADIOLARIANS IN CHERTS
“'I‘.'1iJ|1‘l| 1‘|IFI|[‘I'I]1|II\' aeoreoales i|1 |'[:|1||r:1— Riguds.
13 auremiles
L ) . e Sig, dear dbrowm muerde  (ally  lalf
rison with the gronndimass, | b o, alh V! %
2 — Radiolarians Tilled by a0 single % ;’%\ J@
b 1"
crevstal ol ealeite wi drenlar outlines.
lal ol e with eieenlar outlines 2 7 5 -

Fxeeptionally o granulation rim is devel-
opped g S5 The growing ealeile crvs-

-7 NVarious Lypes of the radiolavian preser-
ion in chert conceetions and sureounding
lmestones, Generalized Teom the thin seetion
studies (see text).
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tal often crossed the bareeier ol the test sueface andd Tormed teeth like protuberaneies on
the ontline of the eadiolarians, The Tuethier growth led to the next bvpe.
3 — Badiolrinn cohost in the ealeite rhomb (Fige Goand 90, The caled

I'||1|I||l: is

nsually light hrown s it contains o white civeles o teaee ol the original radiolarian test.

The eleanr phantom proves the existenee of a0 previous void in the radiolivian test

The phantom is nol alwavs in the piddle af the ehombe sometimes it has anexceentrieal

position. Fxeeptionally two phantoms were Tound inone rhomb., These enses sngwees)

that sometimes the geem of the ealeite homb was situated outside the radiolarians and

these were only seized during its growth, The sine is obvions i the ense ol radio-

Larians Tormed by single ervstals which are in the contaet with some ealeite veinlets,

Sometimes still the test Tormed by ehaleedony is preserved in the ealeite rhomb. Such
a cnse stggests communication threough the pores or damaged places of the test. as the
caleite eevstal Tormed the overgrowth on the external part of the test. syntaxial with
its Tilling. This way of Tossilization of vadiolavinns with o single caleite erystal is cha-
paeleristic Tor the peripheral zone of the coneretion (BC) and for the inmedinte neigh-

hourhiood of syngenetie caleite veinlets inoelierl conerelions,

4 — Chaleedony infilling with 1—2 minute rhombs of ealeite growing inward Trom
the outline of the test (19
inlilling.

u. R ’mr'ri_\' several |i||}' caleile graans are in the :'||:|ll'1-1|:|:|}'

5 — Badiolaians are parthy Flled by elear biveleingent chaleedony ageregntes with
slobulie or hemiglobular outlines: the eentee of the test is Tilled by hrown almost iso-
tropie silica Lopassive globulae steneturee),

(i — Pyrite infilling with geopetal steoeture was riely Tound, The Tower par of the
padiolarinns containg an acoregate of globular pyrite. the upper one s filled by chalee-
dany (Fig, 141 Sometimes pyrite Tilled the whole vadiolarian test,

7 — Caleite psendomorphs after the radiolarinn tests are seldom present. The origi-

nally silien test was replaced by earbonate with the ]Il'i“il']’\'illillﬂ ol all de : the in-
filling of the |.|r|m|(||l'|n~ as owell as the gronndmass is Tormed by Tine-grained chalee-

dony (Fig. 11T

s way ol preservation is the most Favorable one for the micropale-
ontological prurposes. 11 was Tound also in the bedded radiolarians of the Malm se-
quence near Myjava CKlippen Beltr and inc the Priva valley (Humenskeé pohorie Mis. .

Sponge spicules. The ways of their preservation and the types of their repla-
cement by ealeite correspond well with the types of radiolarian Tossilization deseribed

aboves they will not e commented here indetail. Spicules o Silicispongta are the

second important souree of silica Tor the chert coneretions. They even predominale

| 2

Fie. S0 Varions kinds of the sadiolavinn Tossilization in cheel, Upper vight — eadiolavia Tilled
with s sinde enleite ervstal with granolated  margins: neare the lelt margin another one
filledd by ehaleedony with o minute cite rhomb, Neocomian of the Fovelope Series. Pod-
Leadie. Velka Fatea Mis, Noo 310500 stained with alizavin, magnil, 43X, — Fig. Phantoms
ol eadiolarinns within the ealeite rhombs inoa ehert coneretion, The same Tocality, No. 3700,
mingenil, 10, Chert with the svogencetie ealeite veinlets parthy ol melasomatic nature,
nature, Only in them or at their contaet the wadioliians are Tilled by a single caleile ervstal
Chert eoneretion Trom the Tithomian Tinestones, Klippen Brodno near Zilina, Noo 39020 magnil.
Fig, TE Fengment of o ediolarian test perfeetly veplaced by earbonate. Chert conere-
tion From the Neocomian of the Kysuen Series: loe, Kozinee near Zizeivie Klippen Beli.
N 8hy ol 410X, i, 122, |\.nl|u|.||!.1|| test Tormed by elear ehaleedony with the voud
[illed v beown anetacalloidal silica s wenteie straeture due o the vings coloured
with variable intensitv with o minule by of ealeite, Chert coneretion Trom the Neocomian
Timestones. Manin Servies, IWhippen Belt: - between Belusske Statiny and Mojtin, No. 3641,
magnil, 136X . Photo: 1, Osvald,
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in some cherts of the Upper Neocomian, Such sponge spicules coneretions were Tonnd

al the loealities Delugske Slatiny and Zbhenov (Strdzovskia hornatina Mis.). Brloznica
(Velka Faten Mis). Monaetinellida are most Teequent, Tetractinellida and  Hexvactin-
nelida less Teequent: exeeptionally some forms of the rhax type were Tound (Fig, 18).
Sometimes the .‘i[lil'llli"i :|i.~i|1l;|_\‘ mlhp:u';l”l-[ orientation,

Calpioncellidace, Genera like Calpionella,  Crassicolaria. Tintinnopsella  cha-
racterize the rocks of Upper Tithonian and Y

anginian, They are present in the sur-
rounding limestones only and were never found in the ehert conerctions. Therefore
it may be concluded that they were destroved by the silicilication process. 11 supports
the opinion of 1. Bonet (1956) who elaimed that the tests of Tintinnidae from the
Mesozoie seas were Tormed ]:}' Cali0y and not l:)‘ chitinons matler as recent genera do.

In the ense of their chitinous loricae. they would he as well preserved in cherts as
other chitinons organisms (see Turther).

Foraminilera Several thin seetions of the surrounding limestones contain
chaeneteristic Hedbergella microlacies (Upper Hanterivian-Barremian). Spivillina. Tertu-
laria and other arennccous Torms arve sporadic. Phantoms ol silicilied  Toraminifera
were Tound only exceptionally in cherls,

Dinofla ) ellato, Acrvitareha, S Pores. ."'tlll‘pl'ir&‘lllf_ﬂ‘\' ]li'r'|'l‘l‘l|_\' |l|'|'.-;t‘l'\'l‘fl

specimens of these originally chitinons remains were identified in the this sections of

chiert conerctions procecding From numerous localities of Neocomian age — e g Oligo-
sphaceidivm compler (W hiteil — Fieo 16 and  Tithonian  age — . o Can-
Hr;sflt‘frh"i'”!!-\'f.\' S — I, 17 tdeternmmed |=)' (., Cornda) In the thin section of the

surrounding limestones they were Tound only exceptionally. Probably they  were
strongly alTeeted Ly dingenesis in the Timestoness and well preserved o the colloidal
silica medinm,

Globoehaets, They are present only in the surronnding limestones. namely of
Tithonian age. o the conerctions they were evidently desteoyed and could not he Tound.
Fxeeptionally o phantom of Globochaete alping Lo bhaved was identilied due to the
strong pigmentation of siliea matrix in o Dogger-Malm cheet (Fig, 191,

Nannoconus, Cherl concretions from the Nannoconus bearing limestones did
not contain velinble traces of Nannoconus, Tt s Necessary Lo suppose that these tiny
remains were lolally destroved by the silieilieation proeess,

A plye hio In the chert coneretion Trom the locality Brodno syvataxial overgrowths
of caleite with the rhomb edges on an aptyehuos was Tound (Tes 300,

Fehinoderms Sunilar case of overgrowths on the erinoid ossicles are present
in the cheel coneretions,

Other remains In the suerounding  lmestones  Cadosing, osteacods and
phosphatie Tish seales are seldom preserved. None ol them was Tound in cherl conere-
tions, Bare Teagments of carhonized plant tissues were Tound inc limestone and chert.

>
Fie, 13 Geopetal Oop=and-hottom) stenetuee, The voids in eadiolarians were partly Tilled
with liny mud. Then the deasy ealeite ervstallized into the upper emply part. Limestone
with l_;|l||iu|1|-||.-|—H:u|in].'u'i.'| microlacies, Tithonian of the Kysuea Series, Klippen Belt: loe,
Laobina, Myjavski paborkation Mis. Noo 330, magnil. 22 X, Fig. 14 Geopetal strueture
in o ehert, The Toors of the sdiolarian voids oevered with globular pyeite. the vest lilled
by chaleedony, Chert coneretion Trom the Neocomian limestones ol the Fovelope S : loe.
Podhendie, Vella Faten Mis, Noo 5159, magnil, 24X, — Figo 150 Rhombs of two earbonates
in aochert, Dark chombs (Fe=dolomitel seem to be older than ealeite ones. Coneretion from
the Doseer-Malin limestones of the Keizod nappe: loe, Ceitach near Smolenice, Malé Rarpaty

Mis, Now 8O, magnil, 55X, Phato: T O s v b
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Mineral components

Groundmass of the ehert coneretions lsis formed by microcryvsial-

is used here,
By the Neray analvsis (1 Bab éan) Trom the silica minerals only the presence of

line. short-lfibrous agaregate, for which a conventional name Lehaleedon:

quarlz was confirmed. Two straetural types of the groundmass may be recognized on
the base of the eleetron microcropic photos  made Trom the Teacture plane  replicas
(L Gervtholflerovi: a Blocky. polyvedeie strueture corvesponding to the nova-
culite type of Boll Folk — Ch o Weaver (19520 10 the smooth-hlocky type of
V. Chvorova—A. L. Dmitrik (1969, 1o the granular® tvpe of A 15 O -
dershaw (1968 or 1o the microcevstalline tvpe of M ITarman —K. Borza
(1970); e. 2. chert conerction of Neocomian. loe. Pokeaj (Malé Karpaty Miso with
avernge grain size about 15 g (Fig. 250, bl Spongy tvpe (WL L Folk — Che T

Weaver 1952), with abundant liguid inclusions: e, g chert coneretion of Tithonian
of the Envelope Series. loe. Zazrivianska valley (Mald Fatea Mis.) —  Figo 206,
Mo aeman =K Borvza (19700 have published electron microscopic photos Trom

the Tithonian chert coneretion Trom the |lu':|1i!)‘ Srodno. Thl'.\' deseribed s strueture
as Tine-grained tvpe corresponding to spongy tvpe of Bl Folk—Cho ECWeavern

As 1o the thin section study abundant inclusions Gmicerolites. pigment™) are con-
spicnous in the groundmass. Using  Digher  magnifications  following  minerals were
found: minute grains of carbonates predominate, Turther clay minerals, apatite. rutile.
pyrite. turmaling Only organie remains (eadiolavians, sponge spicules) and veinlets aree
devoided of the inclusions o

these are there substantially Tess nmerous. This is jusl
the eriterion of the void infilling of previously empty space. On the other hand. pig-
mented groundmass evidences the metasomatic replacement. Besides the previons voids
within the organie remains or alter the dissolution of organic vemains and formerly
open crackss larger parts Tormed by clear shealy chaleedony aggregates were Tound
only as exceplions (feoneretion Trom the loeality: Brlozniea 45070, Tt may be supposed.
that the last mentioned ease also vepresents illing of voids alter the dissolution of some
larger organic remains. Clastic quartz grains of the sand calegory were found exceplio-
nally in o chert coneretion (Brloznica 549702 no syntaxial vims over those elastic grains
aree present. The Taet. that siliea do not overgrow syntaxially the celastie quartz grains
wis repeleadly proved inooure thin seetions studies ol Linssie arenaceous limestone with
cherts Trom the Fnvelope Series of Thigh Tateas,

Rhombs of carbonates. They oceur almost in all studied chert coneretions
and are missing in the surrounding mestones, They were Tormed by the veervstalliza-
tion of micrite under the influence of migeation silicn colloids (N Nisik 1968, It
was proved by staining that in several coneretions the rhombs belong exelusively 1o
caleite, Inother eases (approximately a thied of examined thin sections) the simul-
tncons presence of Two carhonate minerals was ascertained: ealeite predominates over
Fo-dolomite Ganlkerite 20 The ehiombs of the Tatter are always somewhat smaller, darker,
brownish 1o cloudy and with more perfeet outlines. At the mutual contacts the Fe-
dolomite rhombs seem to be older (Figo 15) but conteary eases were found too. Their
origin shonld he then placed inoa sueeesion between the older and the vounger ealeite
eliombs. The ealeite rhombs are olten corroded and overlilled by inclusions (probably
by the Ligquide ones). No preferved orientation of rhombs was observed. Sometimes eal-
cite rhombs contain |::l]i.'!||[“ll1H alter radiolarians (g, 910 originated cither by .~'_\'11I.‘1xi:||
overgrowth on the radiolarians Tilled by oo single ealeite ervstall or were seized by
a wrowing caleite rhomb (exeentrically situated phantoms. two radiolavian phantoms
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i one rhomb. hall of the radiolaria Torming part of the thomb and other half Tormed
by chaleedony). Some Kkind of relation appears 1o be existing between the size of
caleite: rhombs seattered loose in the matrix and the size of chert coneretions. Rare
cases of big coneretions with minute rhombs or without ecaleite rhombs may bhe pro-
bably explained by slight reervstallization. imperfeet Lassimilation® of caleite relicts.
The corvosion of caleite rhombs is frequent: the conditions of precipitation and dissolu-
tion ol caleite seem 1o have oscillated. Tn some cases distinel enlargement of the rhomb
size towards the centre of the conerelion was observed (Mg

A). Rarely a deereasing of
55200,
Seldom agroup ol rhombs with the equal optical orientation was found (loe. Podhreadic.
loe. Jatky): no veinlet conneeting sueli vhombs  are wvisible, Besides the  isomelrie

the size towards  the centee was registered  (loe. Kozinee — 8h, Brloznien —

rhombs. strongly clongated 1o columnar Torms are somelimes common (loe, Jatky).
Maximum size of rhombs in coneretions generally varies hetween 0.1—0.7 mm. the
masinmum size about 0.3 1 is the most Trequent.

Clay minerals. They are a constant component of all substralum rocks of the
studied conerctions. Due to theie minute size it is difficult 1o estimate their content.
Distinet lavger individuals (probably illite) were found approximalely in a quarter of
all thin seetions. In the coneretion of the locality Pokeaj (Malé Karpaty Mis)) they
have o disposition subparallel 1o the bedding plane and are larger than in the sur-
rounding limestone. Their dingenetic enlargement in the silica environment may  be
suggested. Inothe insoluble residues of limestones illite, kaolinite and  chlorile  were
clearly identified (5. Samajoval, Due to the impossibility of their extrnction and
concenteation from cherts, no unambiguous results were obtained by Nerav analysis of
cherts. Some indications about the nature of elay minerals o their possible authizene-
sis in cherls were obtained by microprobe (see p. 152).

Apatite. The oceurence of tiny idiomorphic erystals of apatite in three quarters
of thin sections from the Tithonian cherts is noteworthy, Approximately the same
[requeney was Found in Dogeer-Malm cherts. The maximum size was 0.06 mm. (e,
22 and 2300 In some cases a preferential forming of apatite around the Fragments of
oreanie maller was observed.

Routile. Fine needles with high refractive ides in Tithonian-Neocomian black
cherts probably pertain to rutile: in one ease a typical konce-like twins were found. In
the red chert coneretions of - Dogger-Malm  rutile is more  frequent  accompanying
chlorite.

Turemalin Single minute colummar cevstals of authigenic tuemalin were found twice
in the black chert coneretions of Tithonian-Neocomian age (loe, Podhradie — 5250 max.
dimensions 40 X8 g and loe. Pokeaj — 4581 40 X 10 @), They have a greenish-hrown
pleochreoism. In the red chert coneretions of Dogger-Nalm the tiny tnemalin erystals
are somewhal more Trequent (Fig, 24) 1 they display o green pleochroism, In the thin
sections of the surrounding limestones no tuemalin was Tound. Tt appears that it is al
least more Trequent in ehert coneretions and that the Tormation of authigenic turmalin
is Favorized by the dingenctie concenteation of the silica colloids. The higher content
of boron in cherts that in surronnding limestones supports this assumption (Tab. 1),

Pyreites TUis o common constituent as pigment. small globules and  ireegular
wates (probably replacing  plant tissue
lragments) arve less frequent. Pyeite is realively more abundant in the eherl conerelions.

arains: idiomorfic ervstals and rod-like aggr

namely near their peviphery (GO0 The idiomorphie cevstals 1o 0.2 mm, may be Tound
there 'Il"i}f,

they are missing in the suerounding limestone, Rarely o contrary case
was Tound (loe. Brloznica — 54970, where larger crvstals of pyreite 1o 002 mm. were
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present only in the central part of the coneretion (Cy). Radiolarians are seldom Tilled
with globular pyrite: the cases of partly Tilling with geopetal structure are noleworthy
(Fig. 14). Pyvrite related 1o the immediate neighbourhood of the caleite veinlets in
cherts was exeeptionally found (loe. DIha).

Brown colouring organic maltler. No discrele colour-bearing particles
were found even using the highest magnilications of the light microscope. Probably the
organic matler is closely connected with colloidal siliea. Tt adds hrown colour 1o the
eroundmass in the thin secetions and black colour 1o the macroscopic samples of cherts,
Sometimes the colouring matter is ireegularly disteibutes like in the Neocomian ol the
I':[l\'l']lrflf‘ Series loe, Drelozniea — 2709 (Velka Fatea Mis.). As the surrounding rock
there 15 a spolly nl.’ll'|_\' limestone. the irregular distribution ol the organie maller can
he considered as inherited, Barely the colouring is limited 1o the eentee of the conere-
Lion 'f(,';i\i. meanwhile the [Il'l‘illlll‘l'_\' is clear,

Speectreal analvsis, Tab, 1 contains results of three pairs ol the studied
cherts and corresponding limestones: further three paiv analyvsis from the other hori-
zons ol the Carpathian Mesozoie are added Tor comparative purposes. These semiquan-
titative analvsis show, that by the migeation process during the dingenesis. following
clements are preferentially concenteated in chert coneretions: Mo, W, Ga. Li. Ti. V. B.
Among them Moo W, Gaowere detected in cherl coneretions only, in the surrounding

rocks they could not be registered. L was Tound only in cherts and Trom the sur-
rounding rocks onee in dolomite. Chierls are also enrviched in Ti. Voand B these

clements display substantially lower coneenteations in the surrounding earbonate rocks.

On the other hand, ehert coneretions have a lower content of Phy N Seowith regard

Lo the host limestones.

Microprobe analysis, First specimens of chert concretions  with - their
teansition zones were preliminaey studied by o Keidtin, concerning the content of
Con Moo Sic ALK Nag e (i 290, The sample Trom the Neocomian of the Eavelope

>

e, 16, Olizosphaeridiune compler (W i tein inoa cherl coneretion Trome the Neocomian
limestones, Manin Servies. Rlippen Belt: quarey above Dobra near Trentianske Teplies fiden-
tifieation by O, Cornal, Noo 27520 magnil. 210X, + 17. Cannosphacropsis [hlnn-
[agellatar in o chert coneretion Tram the Tithonian |||||.l'.-i!:|| s ool the Envelope ‘slll:‘-
Fatean Mis.s quares in Zazeiva vallex, No, AODG, stained with alizavin, magnil, A10X. —
Bhax in o chert Trom the Neocomian limestones of the Keizndg nappe: Zbhvnov, NO - part of
Strazovshia horn C M Noo 121 maenil, 210X, — Fia, 19, Globochaete alpina Lo mbard
(L Torme hipartite™ entively replaced by chaleedony, visible as a ghost due 1o the pigmented
outlines, Some Jlilnents™ - jll\'mli]l' Frl']l'l'_\'illill.\' also entively silieilied are present. Chert
conerclion Trom the Doseer-Malm lmestones of the Keizoa nappe: loe, Cejtach near Smo-
leniee, Mali Karpaty Mis, Noo She omaenils 136X, — Fie, 200 Metasomatie veplacement of
the chalecdony by caleite, Phantoms of the metacolloidal strueture in the ealeite o the
vaddiolarian Tilline, Cheet coneretion Teom Tithonian limestones of the Kysuea Series: klippen
Koginee near Aazrivi, Noo 8hy maenil, 136X, — Fig. 21, Replacement of the chalecdony by
caleite, Tnoa o ealeite o some phantoms of colloidal steneture may be seen (previously
a radiolaeia Tilled by siliea |'u||=ni1|~' Chiert concretion Trom the |1n;:;:1-| Malm Timestones of

-

iz nappe: loes Jatky, Belanske Tatey Mis, Noo 100 magnil, 136X Fig, 22 Tiny erystal
ol anthivente :||r:llil|' o ehert coneection, o ‘!-.\|.|||I| lmestones of l|1|' |\ 1 nappe: lovee.
Sklabinshy Podeimok, Velka Faren Mis. No. II:}“ magnil, 410X, — e 28,0 Cevstals of

apatite o I alonge the marsins o arment ol organie matter. Tno the centre and helow
15 calette partly ol chombie Tovm. Chert coner ion v the Tithonian lmestones ol the
Foavelope Sevtes, Mali Fateso Miscs goareey o Zdeeiva valley, No. ADDG, ol 210 X,

e 240 Colwmmae authiy

the Iriznad nappees A

e tnemalin o oa eheet coneretion from the |]u:_v:_l;l"|'-\[.'l[||r limestones
v valley, Mald Faren Mise Noo 5160, mag [, 210%. Photo:
L. Osvald,
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Servies of Mala Fatea Mis. loes Podhivadic gave the following results. Total Tength of the
line — 085 mun. Si-Cacare in the complementary relations, The carves of Sioand Al
show that AL is not in any corvelation with chaleedony: all peaks of Al correspond 1o
the peaks of XL vesp. Now Me Feo The course ol the Mg curve is in the diveet relation
to the content of Ca. indie:

ng ils slight isomorphic admixture in caleite. Only one
common peak coreesponding to a dolomite grain of 0.03 mm diameter was Tound in
the chaleedony mass. Al other Mg-peaks are ohviously independent on Ca and direetly
connected with the Al-peaks. probably representing elay minerals. Low content of e
roughly corresponds 1o Mg representing another isomorphic admixture in caleite. Only
one Fe-peak is independent on Mg, obviously a pyeite grain of 0.02 mm diqmeter.
K—AL are elearly connected Torming the same sharp peaks mainly of clay minerals,
Low backround content of Na display an indistinel dependance on K2 Trom three
Na-penks two coineide with K—=Al peaks. one only with Al-peak. At the whole on the
0.85 mm long trajectory following alumosilicate peaks were Tound: 10 peaks of K—Al
Gllite). 2 peaks of Ko maxc—=Mg max,—Fe—AL (2 mineral). 2 peaks of Na—K—Al

feldspar 7 mien [ opeak of Feomaxc—=Me—Al (ehloritel, T opeak of Naomax.—\l
talbite ? Na—mica ).

Vieinlets in chert concretions

The absolute majority of veinlets in the studied chert coneretions is formed by eal-
cile, Severs

I types of veinlets according their stracture and velative age may be dis-
cerned.

al Older syngenetic ealeite veinlets, They correspond 1o the con-
traction eracks originated in the carly stage by dehyvdeatation of the silicn gels (svuere-

o Characteristie sings are: they do not go out from the outlines of the conerelions.
they often are interrupted (the interruptions are represented by h
chaleedony. or they were completely healed by still plasti

ir veinlets of fibrous
silicn groundmass). the
parls of the veinlets were shifted by invisible dislocations (IFig. 31). their margins are

corroded by the chaleedony groundmass. Some of these syngenetic veinlels with dil-
fused horders must be at Teast partly of metasomatic origin as they include radiolarinns.
Very olten all vadiolarians in the immediate contact with the older veinlets are Tilled
with a single ealeite erystal. As such ealeite filling of radiolarians are missing in the
sirrounding chert, this fact suggests an early origin of these veinlets. Their drusy
caleite contains abundant inclusions what is likely related with their melasomatic na-
ture. The carbonate-bearing solutions were introduced into the submicroscopical con-

<

LA, Shighily marly Tinestone, Tithonian of the Kysuea Series; klippen Brodno near Zilina, —
[, Transitional zone from the limestone into the concrelion; the same specimen, — 10,
Chert coneretion: the same '|ll‘l'illll‘ll — 2\, Slighl.l_\' marly limestone, Neocomian ol the

Fnvelope Series: Pokeaj near gamekeep coltage Zabité, Malé Karpaty Mis, — 20, Chert
concrelion (grey): the same specimen, — 3A0 Mardy limestone, Neocominn of the Lnvelope
Series: Podheadie, Velka Fatea Mis, — 300 Chert coneretion (black): the same speeimen, —
AN Red marly limestone, Dogger-Malm of the Krizna nappe: Zizreivianska valley, Mala Fatea
Mis. — AC Chert coneretion (ved); the same specimen. — 5A. Dolomite, Keuper (Norvian)
ol the Keizna nappe: quarey near Belanska Kotling, Hieh Tatra Mis. — 50, Chert coneretion
el 2 same specimen. — GAL Reilling Limestone (geev), Ladinian of the Chod nappe:
II'I“I.II.\. near ‘[.III‘[IL ':F'l[ll.'.\'l\l.‘ l]l]l“‘l'i[' .\ll.‘;, — ' :, l:]l['|'l l'llll['l'['tili” '.li];lﬂi(_ \\il]l concenlere

stracture! s the same specimen, Anal. J, Chood ¥,
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traction cracks and from there they replaced the silica groundmass. The oscillation of
the conditions dur

« the carly stage ol coneretion-lorming process was responsible Tor
the disruption and partinl replacement of the ealeite veinlets by the siliea colloids.

b)) Bordered caleite veinlets, They are also partly of metasomatic na-
ture. Their elear centeal part represents the drusv-caleite filling of an open erack.
Cloudy borders of the veinlets were Tormed by syvntaxial growth, by metasomatic enlar-
gement. Somectimes optically identical overgrowths wee on the both sides of the same
caleite grain of the eraek infilling (Fie. 3200 Besides inclusions. some Hystriclhosplaera.
involved in the caleite vims, testily their metasomatic nature,

¢) Veinlets of string-pearl type L NMisik 19710, Some of the
caleite veinlets as well as ol Tine hair ones with caleite or chaleedony display idio-
morphic ealeite erystals which grew hevond the margins of the veinlet. The rhomb
points are Tacing into the eherl. Some rhombs represent syntaxial overgrowths on the
caleite grains Trom the veinlet Tilling: they are pigmented and then probably meta-
somatic. Sueh eases indicate the transition between the bordered type and pearl-string
type of the ealeite veinlets. Pearl-string structore was commonly formed on the syn-
genelic veinlets, but it was observed also on some veinlets running oul of the chert and
thus something vounger ones,

d) Caleite veinlets with ehaleedony vims. They belong 1o the
older epigenetic veinlets running ont of the chert coneretions. At Tirst o ealeite Tilling

was quickly precipitated into the open erack, The migeation of the silica was nol
finished vet in those times. Sinee the eoarse-grained caleite ol veinlel represented
a barreier Tor the colloid migration. they concentrated themselves on its border and in
a slight measure replaced the ealeite of the veinlet, Typical stenetures of this Type can
b seen o the transition zone (AR in siliceons limestones. By the slow opening of
the ernck the enleite Tilling cin have o prismatie stenetore: by the simuolataneons lateral
movement the ealeite individuals acquired an .57 Torming shape.

Y oune caleite veinlets, They are Tilled by elear deasy ealeite without
chaleedony rims as they were Tormed alter the Tast migeation ol Si0a0 Sometimes
they taper out not e frome the ontlines of the chert coneretion. These veinlels were
formed by teclonie pressure and conditioned by the different rigidity tcompetition! of
the brittle chert and more plastie limestone (N NSk 19710

NDashed veinlets (ML Migik 19700 They are tvpical Tor the . Biancone™
limestones. Probably they originated by the eeerystallization. by the conlescence of
several parallel submicroscopic veinlets. 11 was observed that the dashed veinlets
entering the cherl lose their dashed aspecl, The differem l'i_u'illil_\ wis l't':-;|m||9-:i1:|t' that
acswarm ol parallel hair eracks was Tormed in the marly Timestone and anopen crack
in the ehert,

=

fon Trom the Neocomian limestone of the
\'|'|n|u' Series: loes Pokea) near the wamekeeper’s  collaee Labité, Male K.‘u’p:ll_\ Mis.
Veplica of Phe Teaetore plane, o oo . Phote: 1L Gertholleroviia, — Fig, 26,
.‘\'|nr||lr\ =lrueh A ochert coneretion Trom the Neoeomian limestones ol the 1':|I\'l'll!|ll' Series:
quareey i Zdavrivi vallexs Mald Faten Misc Beplica of the Teaetwee: plane, magnil. 000X
Photo: Il Gevtrollerova, 7. Ihsteibution of silicon i the cher

represent ealeite chombs inoa chaleedony wroundmass, Toelusions ol 5i0), in caleite are very
vare. Loeality as o lig, 200 Microprobe vlvsis, Silke, magnil, 536X, Photo: J. Kristin, —
i, 280 The same parl composition, showine two mineeal phases: ealeite vhombs ol

chialeodony wroundmass, The ray teail s visible, Photo: Jo Keistin,

Bl |nn!)'|~r[|'§l‘ steveture of o chert coner

Dark areas
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o Chaleedony veinlets Haie veinlets with <shoret Tibrous chaleedony may
he considered as svngencetic conlraclion eracks,

The majority of veinlets. namely of vounger ones. is oriented ronghly normal 1o the
elongation of the chert coneretions. to the bedding

plane, Exeeptionally veinlets were
found which Tollowed a certain sector of the coneretion outline, They were Tormed in
the transition zone on the dishomogeneity plane,

Conelusions
.\Hl'|’n.~il'u|iit':|! stevetures o the chert coneretions. their transition zones. varions

Kinds of the radiolarian preservation as well as the veinlels of various stracetuee and
e gave many faets about the possible process of chert coneretion forming.

Following transition zones were discerned: AB — Timestone with dispersed ehalee-
dony (siliceous limestone), Bo — anarginal imbibition™ by chaleedony. By — zone
Fformed by conrse ealeite grains at the outlines of the coneretion. BC — peripheral zone

of the concretion with the amonnt of not veervstallized mierite. In some conerelions
there was possible to distinguished anexternal paret (Cpowhich differs Trom the internal
one (Co) by aliupt change in size of rhombs. eventually by presenee ol py File ervstnls
ole.

Tests of the radiolarinns within the Timy mud were oviginally empty Svoid with gas '
or Tilled by mid. The silien test was dissolved or replaced by ealeite. Later the drusy
caleite Tilled the eadiolarian voids, Combined Tilling with micrite and sparite displaying
polavity stenetures s exeeptional. The coneretion Torming process should hiave heen
aovery eoaely ones older than the eevstallization of drusy ealeite fealeite cement into

the radiol:
colloids Tound the vaids already rimmed by densy caleite and they filled only their rest

wevoidss Only i the temsition zone A the Tast centeipetally migrating

in the centres By the coneenteation of silica in the coneretion area the mieroceystalline
caleite was weadually replaced by chalecdony, Not adigested micerite reerystallized under
the influenee of silicn colloids, Torming rhombs, Sometimes two carbonates are present:
ealeite and Fesdolomite (20 Tn the area of the coneretion the voids in radiolarians were
filled by silien with o globulae steaetare, Exeeptionally they contain Moor-rims of glo-
Bular pyreite. Sometimes the siliea tests of sdiolavians were replaced by carbonate con-
serving all details of their steucture. 1t is dilfiealt 1o explaine the characteristie Tilling
of rndiolavinns with o single ealeite eevstal in eherts (BC zone and  immediate

thourhood of the syngenetie veinlels),

Svneretic cencks inchert coneretions were Tilled by chaleedony and more [requent

by enleite, The thickness of these veinlets often arew by metasomatic replacement. For

»

crowth ol caleite, delimited by vhombie planes. Chert

200 Aptvehos with svataxial over
i limestones of the Kysoen Series. Klippen Brodno neare Ziling.
Now o7 0 mnenil, B35 X Ol Network of syngenetie contraclion veinlets in chert several
of them display peaclsteing steacturer. The veinlets ave diseupted. theirs segments (158
shilted alonge the nvisible ceacks healed by colloidal silica. The same loeality, No, HGG6H,
LU b4 | ER TSN L Bordered veinlets in the choert, O the elear caleite geains Teom the
covewnle ol the noemal veinler il ol an open o ¢ the svala rowths
nated ]II\' I':‘p].'h anent ol the

il, DX, X S0 Dashed veinlen
inated by conleseenee ol (L veirnlels) pitssin inte the noermal veinlet in cherl.
wool the Envelope Series: Belozniea, Velka Fateas Muso Noo 54970 maunill 24X

Phaoto: l.. hsyval II,

coneretion Trom the Titha

sy 1
were Tormed, These elomdy oversrowths with inelusions o

(AR S

chadecdony wronndmass, The sionne Toeadity, Mo, 3D020m
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svngenctic veinlets the Lstring-pear]l™ aspect is tvpieal. Younger caleite veinlets in cherts
o1

naled :1|1'|-:i{|}' alter the last Illigl':lliiill ol colloidal silica. Th{‘.\' were conditioned |)}'
the higher competence of chert and therefore the ealeite veinlets in the chert coneretions
are more abundant than in the surrounding limestones,

From the prelinminaey studies it may be coneluded that daring the coneretion forming
process within the chierl space the conditions changed several times, that the precipitation
osion of
carbonate rhombs and ealeite veins, as well as by the relies of globular steaeturee in the

ol siliea alternated with the preeipitation of caleite. This s proved by the co

caleite neeresnles, ||}' the calerte |':‘|||:u‘1'|m~||i ol radiolarian tests in cherts. h_\' mclinsio-
matic caleite veinlets inocherts on the other and.

Some organic remains as Calpionellidae, Cadosing. Nannoconus, which are abundani
in the surrounding limestones, were notl identified in chert coneretions. These tiny
microorganisms are entirely destroved by silicifieation. On the conteaes Hysteicho-
sphaeridae and Nevitareha arve more Trequent or exclusively present in the cherl con-
crelions, |".:1|'1.\' siliens conerelions ]II'III{‘{'[I'II them :|;L'I1|I.~il the unfavorable t|i:|:£l'|lt'lil'
inflluences,

As o the mineralogy, the presence of tiny ervstals of authigenic apatite and rarely
also of tuemalin in the eherts is noteworthiy, Microprobe and Neray analysis have
shown the admixtoee of illite. ehlorite and other alumosilicates. Chert conerelions are
enviched in Moo W, Gas L T Yo Boand impoverished in Phe Moo Se.
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