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PLANT REMAINS IN THE TOMANOVA FORMATION (UPPERMOST
TRIASSIC, WEST CARPATHIANS): THEIR ORIGIN, COMPOSITION
AND DIAGENETIC ALTERATION

(Figs. 10, Tab. 1)

Abstract: The paper supplements the results of earlier stu-
dies of the Tomanova Formation in the Cervené vrchy Mis. of
the Western Tatra (cf. Michalik et al, 1976). It analyses the
composition, origin and preservation of plant remains in shale-
-sandstone beds, their relation to y-activity wvalues and radio-
active element content. These facts supplement the reconstruction
of the sedimentary environment of the Tomanova Formation: it
was a product of continental sedimentation in isolated depressions
where products leached out from weathering crusts in the wide
surroundings were accumulated.

Peswme: Crare MCXOJUT M3 PE3YALTATOB PAHHUX MCCIAEJOBAHUMN
TOMAHOBCKOM cBuTH YepseHbx Bepxos 3anaaHwsix Tarp (cp. Micha-
lik et al, 1976). ABTOPBI aHAJIM3NPYIOT COCTAB, NMPOMUCXOMKIAEHHE M CO-
OnioIEHME PACTHTENBHBIX OCTATKOB B CIAHIIEBATO-NECYAHMKOBLIX IUIAC-
Tax, UX OTHOUIEHUE K 3HAUYCHUAM y-aKTMBHOCTH M K COJICDXKaHMIO pajuo-
AKTUBHBIX MEMEHTORB, DTH (DAKTH JOTONHAIOT PEKOHCTPYKINIO OCA0Y-
HOM CpeJibl TOMAHOBCKOM CBUTBI, KOTOpas MBIAETCS NMPOAYKTOM KOH-
THMHEHTAJIBHOTO OCAJIKOHAKOIUIEHMA B M30JMPOBAHHBIX BIAJMHAX, THAC
HAKaIIMBANMCh MPOJAYKTHI, BBIIIEIOUYEHHBIE W3 KOP BHIBETPMBAHUA M-
POKOI OKPECTHOCTH.

Introduction

In 1890, Raciborski described remains of Rhaetian plants from the
Czerwone Zlebki, T. raniar ki Twardy Uplaz and Tomanova dolina valley in
the Zapadné Tatry Mts. Despite the stratigraphic and environmental impor-
tance of the flora described, this work has so far remained the only paleo-
botanic study. The petrography of the Tomanova Formation was studied by
Gorek (1958), Kotanski (1959), Radwanski (1968) that presented
several interpretations of the formation origin (see discussion in Michalik
et al., 1976).

A more detailed study of the Tomanova Formation in the upper part of the
Ticha dolina valley (Michalik et al, Lc.) resulted in the finding of traces
of the bipedal dinosaur Coelurosaurichnus tatricus Michalik et Sykora,
knowledge of the composition of palynomorph spectrum and new sedimento-
logical information. The attempts to discover dinosaur traces were undertaken
also on the Polish territory: unfortunately in wvain so far (pers. comm.
J. Wieczorek). Classic macrofloral findings by M. Raciborski have
not been supplemented for almost one hundred years (Reymanoéwna,
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ska cesta 9, 814 73 Bratislava.

** RNDr. A. Hlustik, CSc., Safarikova 2528, 440 01 Louny.



524

Share of
clastic
quartz

0 2550 75%

LITHOLOGICAL LOG

MICHALIK — KATLOVSKY — HLUSTIK

Maximum digmeter
of quartz grains

4] 1 2
= 1

Sphaericity

of quartz

grains

a [}
,50,9,

Envigonment

3mm
i

TE!

IS

E
|

1
A

Swampy

—— reworked [effusive?] quartz crystals —

-
—

|
A
| | | =
j _ ]
2|5 B
| 23 BB
| Nl w e
w a |
% |
€£= |
= 3]
s |
==
o
M:S-E . |
MPS.5 ¢ 1 =
VIMPS-L 10 3 | 2 |
1L | s
~MPS.1 <
¥ o
v —1l
v
T [ l l —
——— ! /
I % l 7/

0 25 50 75%

0 1 2



PLANT REMAINS IN TOMANOVA FORMATION 525

Fig. 2. Quartzy sandstone bed — base of one cycle of the Tomanova Formation,
locality Cerveny Uplaz (central part of Fig. 3). Photo J. Michalik.

1984). Only Planderova (in Michalik et al, le) has described two
microfloristic associations: black claystones contain predominantly the types
Taeniasporites, Protohaploxypinus and a number of sporomorphs, while in

the upper sandstone-shale part of the formation, pollen grains Classopollis
and Gliscopollis prevail.

<

Fig. 1. Lithology of the section Cerveny Uplaz: sedimentation cycles, share of
clastic quartz, maximum diametre of quartz grains, distribution of clastic quartz
tvpes, sphericity of quartz grains and interpretation of the environment where the
individual beds originated.
Explanationary notes: Numbers with MPS index are related to the work Mich a-
lik et al. (1976), roman numbers designate individual cycles, arabic numbers
without the index are samples for radiometric analysis. 1 — black claystone; 2 —
dark-gray claystone; 3 — sphaerolitic Fe ore; 4 — sandstone; 5 — rhizom horizons;
6 — horizons with abundant plant remains; 7 — dinosaur traces. Orig. J. Michalik.
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BN i el T PR
Fig. 3. Outcrop in the upper part of the Tomanovd Formation, locality Cerveny
Uplaz, Ticha dolina valley, Zapadné Tatry Mts. Arrow marks finding of coeluro-
saurid traces. Scale according to figures in the left part of the figure. Photo
J. Michalik.

Lithology

The surveyed part of the formation is about 60 m thick (of which a half
is represented by waste-covered, shrub-overgrown stretch above the bench
with the dinosaur traces). The exposed rock sequence consists of sixteen
more or less completely developed sedimentation cycles (Fig. 1).

The completely developed cycle is 250—300 em thick. It usually begins with
one or several light-coloured sandstone beds (Fig. 2). The basis of the cycle
is usually erosional. The sandstone is quartzy, uneven-grained, gray (more
clayey) in the upper parts of the beds, often laminated. The share of mono- as
well as polyerystalline grains in the rock structure is 55—95", (¢f. Svkora
in Michalik et al, le). Lydite fragments, grains of chlorite and other
clay minerals, zircon, tourmaline, rutile, light-coloured mica grains are rare,
chromite detritus occurs only exceptionally. Sandstone matrix is aleuritic-
-quartzy-chloritic, in upper parts argillitic-chloritic with a Fe-oxide admixture.
The distribution of quartz grain types in the profile Cerveny Uplaz is variable.
Monocrystalline types derived from plutonic rocks (Blatt — Christie,
1963) prevail in the lower cycles. In the upper cycles, grains originating from
quartz veins along with polycrystalline grains characteristic for metamorphic
rocks become more abundant (Fig. 1). Abundant small rounded quartz grains
similar to effusive quartz crystals (Blatt — Christie, op. cit) appear in
the uppermost part of the sequence. The grains are mostly imperfectly but
distinctly rounded: subangular to suboval forms commonly prevail, but their
contours often bear signs of corrosion. The grain size is variable: thicker beds
near the base contain coarser grained material (up to 3 mm). Although finer
grains are present in the upper parts of the beds, gradation signs are indistinct.
Thinner beds in the upper part of the sequence are usually fine-grained
(0.5 to 1 mm).

The contact of the sandstone beds with overlying claystones is gradual,
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Fig. 4. Bed of sphaerolitic siderite .mud” iron ore, Cerveny Uplaz. Photo J. M-
chalik.

unsharp, represented by laminated clayey sandstones and silty claystones.
Clastic quartz content exceeds 15—20"/,. The claystone beds are thick, forming
the major part of the sequence (Fig. 3). Unlike sandstone beds, quartz grains
in claystones are finer (0.2—0.4 mm), angular, probably of eolian origin. The
claystones consist of a mixture of clay minerals with a marked share of chlorite
and kaolinite. In the uppermost part of partial cycles (commonly there are
4—5 of them within a more completely developed cycle of higher order),
layers (5—30 cm) with siderite sphaerolites occur. The sphaerolites 0.7—2 mm
large occur in nodules 25 cm in diameter (Fig. 4). In the siderite concretion
cores there are quartz grains. The sphaerolites are cemented by chlorite, less
frequently by pyrite. Authigenic quartz often occurs in fissures.
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Plant fossils

Shale intercalations in the exposed part of the sequence contain abundant
fine dispersed phytodetritus, fragments and more complete parts of plant
tissues. On the sandstone bedding plains, remains of thick, sometimes up to
1 m long fragments of tree trunks and woody plant parts are common
(Fig. 5). According to Raciborski, the sandstone and claystone beds
contain remains of the following vascular plants:

Phyllothecaceae Schizoneura hoerensis (HISS.) SCHIMP.
?Equisetaceae Equisetum chalubinskiit RACIBORSKI
?Equisetum bunburyanum ZIGNO
?Dipteridaceae Clathropteris platyphylla BROGNIART.
Dictyophyllum aff. dunkeri NATHORST
?Osmundaceae Cladophlebis roessertii (PRESSL in
STERNBERG) SAPORTA
Pteridophyta inc. sed. Pecopteris lobata (OLDH. et MORR.)
Stachyotaxaceae Palissya braueri ENDLICHER
?Taxodiaceae s.l. Widdringtonites sp.

Planderova (in Michalik et al, lc) has described the following
forms of sporomorphs and palynomorphs from the Tomanova Formation:

Pteridophyta — Camarozonosporites sp., Bianulisporites badius PAUTSCH.
Cyathitides australis rimalis BALME, Cyathitides fsp., Dictyophyllitides harrisii
COUPER, Distanulisporites punctus KLAUS, Distanulisporites tomanovae
PLANDEROVA, Enzonalosporites cf. tenuis KLAUS, Eucommiidites cl.
troedssonii ERDTMAN, cf. Infirmisporites fragilis PAUTSCH. Leiotriletes
mesozoicus (THIERG.) SCHULZ, Maratiopsis hoerensis (SCHIMP) THOMAS.
Retusotriletes mesozoicus KLAUS, Sporites fsp., Toroisporis auritorius
REINHARD, Toroisporis mesozoicus DORING, ?Triadispora fsp.

Gymnospermae — Classopollis torosus (REISINGER) BALME, Cycadopites
follicularis WILLSON et WEBSTE, Gliscopollis meyeriana (KLAUS) VEN-
KATACHALA, Monosulcites cf. minimus (COOKSON) COUPER, Owalipollis
ovalis (KRUTZSCH) SCHEURING, Praecirculina granifer KLAUS, Praecirculina
tersa NORRIS, Protohaploxypinus subcarpathicus PAUTSCH, Taeniasporites fsp.

The most abundant macrofloral remains present virtually in all rock types
are equisetid internodes and other fragments. They are likely to represent
autochthonous flora mouldered in the site of its life. Fans of the ferns
Cladophlebis with the stalks Widdringtonites and Palissya that are likely to
have been transported from distant places and unrepeatedly buried in a fine-
-grained sediment are the most complete but much less frequent findings.

Thicker and thinner quartzy sandstone beds form basal members of the
cycles. They are typically developed in the lower part of the profile where
a layer with Coelurosaurichnus traces has been found in them. The beds
contain no determinable plant remains except for thick pieces of carbonized
woods (Fig. 5) and discontinuous irregular laminae of fine coal detritus. Only
in the uppermost, frequently laminated layers of the beds, more complete
fragments probably belonging among equisetids occur.

Sandy-clayey, claystone and ferruginous members of the eyeles commonly
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Fig. 5. Fragments of limonitized wood in the Tomanova Formation sandstones at
the locality Cerveny Uplaz. Photo J. Michalik.

contain usually poorly preserved plant detritus. The best preserved plant
remains are in black coal claystones which alternate with “mud ores” in the
uppermost part of the cycles. A similar intercalation occurs e.g. in the lower
part of the section between the beds 12 and 13 (Fig. 1). It contains abundant
compressed and carbonized plant detritus. In the central part of the layer
the amount of coal substance grows rapidly almost forming a thin coal seam
100—150 mm thick. The coal claystone contains very abundant subangular,
partially graphitized wood fragments. They are mostly small (5—10 mm),
although some carbonized woods attain as much as 120 mm. Among carbo-
nized fragments, numerous internodes of fern stalks prevail (Fig. 6a—c).
Nevertheless, bulk-maceration of the coal claystone has not yielded material
suitable for cuticular analysis. This accumulation seems to have originated by
a long-lasting piling up of gradually compressed, deformed and later partially
graphitized equisetid stalks. Their preservation might have been allowed by
fusinitization as early as before their deposition in the sediment (local fires
of the vegetation ? — cf. Fig. 6e—f). The arrangement of the fragments shows
no signs of sorting, orientated arrangement due to current, nor other
arguments for their allochthonous origin. That is why the “coal claystone”
is probably a preserved remnant of an original psammophilous biotope with
dominant horsetail flora elements.

Although the uppermost part of the claystone layers is often eroded before
the deposition of the basal part of the overlying cycle, remains of rhizom hori-
zons are sometimes preserved in it. At least three such horizons can be observed
in the upper part of the profile (Fig. 1, below beds 6, 9 and 11). They are
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built up of small vertical and oblique cylindrical objects. sometimes irregularly
thickened or even globular, in places ball-shaped with signs of branching.
These conspicuous accumulation of small pyrite bodies up to 20 mm in diametre
penetrate the sediment to a depth of a few centimetres. They can be inter-
preted as pyritized and secondarily limonitized remains of subaerial plant
parts in situ, most likely rhizom remains. Radwanski (1968) interpreted
them as traces of burrowing fauna. The supposition that they are underground
vegetalive organs comparable to rhizom system of equisetid plants is supported
by the character of the fillings with prevailing limenitized plant material as
well as by numerous equisetid remains of stalks, internodes and diafragms
in the surrounding sediment (Fig. 7). Most fossils resemble axes of the genus
Equisetites STERNBERG itself, some others more resemble the genera Neo-
calamites HALLE or Schizoneura SCHIMP. All the association and the mode
of its occurrence indicate autochthonous flora in stagnant palustrine environ-
ments. In similar conditions, decomposition of organic tissues accompanied
by sulphur and iron migration usually takes place (Berner, 1969; Slip-
chenko, 1981).

Coniferid remains present sporadically in the claystone members of the
formation were a very important element of the flora studied. They include
twigs similar to the genus Pagiophyllum as well as minor conical bodies and
conical slices which resemble the genus Palissya ENDLICHER. It seems that
new, more extensive collecting might bring more valuable data. Collecting ma-
terial for his monography, Raciborski with the help of local inhabitants
dug a virtual small quarry at the locality Czerwone Zlebki (Fig. 8). In contrast,
all recent authors visited the fossiliferous localities in the Tomanova Formation
only occasionally and spent only little time there.

The Tomanovd Formation has its distant equivalents in other places of the
West Carpathians. Age and facial equivalence of occurrences in the Povaizsky
Inovec Mts. has not been proved so far. Occurrences of wood fragments are
known in the Carpathian Keuper in the Krizna unit of the Fatricum, but
virtually all of them are only rare allochthonous fragments. Only in the ZIab
pod Vidlou section (Havran unit of the Belianske Tatry Mts.), a sequence of
sandstones, conglomerates and “coal claystones” occurs amidst the Carpathian
Keuper Formation. Some of the beds contain coal fragments, carbonized plant
detritus and fusinitized longitudinally striated stalks similar to equisetid ones.
Fern remains are scarce. Under the base of one of the sandstone members
there is even a layer with concretionary pseudomorphs similar to plant roots
or rhizoms. Nevertheless, all this fossiliferous sequence represents a mere
episode in the Carpathian Keuper sedimentation (Michalik et al, in prep.).

P — —

Fig. 6. Microstructures of plant remains from the Tomanova Formation, Cerveny
Uplaz, photo I. Holicky, SCAN BS-300 (GIU CGV SAV).

Explanatory mnotes: a - impression of equisetid blade, photo 3892, magn. 200X

b - dtto, detail, photo 3895, magn. 1000){; ¢ - dito, detail, photo 3891, magn. 4000)<;

d - clay mineral laths, the same sample, photo 3904, magn. 1000<; e - fusinitized

plant remains, photo 3896, magn. 800>(; f - dtto, cross-section, detail, photo 3897,

magn, 2500 <.
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Fig. 8. Outecrop of the Carpathian Keuper (CK) and Tomanova Formation (TF)
in the section Czerwone Zlebki, dolina Koscieliska valley, photo J. Michalik.

Radiometric characteristics

On the basis of natural radioactive element contents, two main rock types
can be distinguished in the sequence described. The sandstones are characte-
rized by total gamma-activity ranging from 2 to 5 ppm Uekv and K below 0.1 %,
i.e. below detectability value. Uranium content is 2 to 3 ppm and that of
thorium 3 to 4 ppm.

On the other hand, the claystones have total gamma-activity 14 to 19 ppm
Uekv. The content of K is 0.3 to 0.7", uranium 5 to 6 ppm and thorium 20
to 25 ppm. From the radiometric viewpoint, sideritic “mud ores” are a transi-
tional type between the two characterized types. The sandstone radioactivity
probably results from radioactive admixtures in quartz grains with a smaller
share of potassium in feldspar grains and/or elements of heavy accessory mi-
nerals (zircon, monazite). On the other hand, the claystone radioactivity is

3

Fig. 7. Microstructures of plant remains from the Tomanova Formation at the lo-
cality Cerveny Uplaz. Photo I. Holicky (SCAN).

Explanatory mnotes: a - equisetid stalk, photo 3905, magn. 400<; b - ditto, detail

(turn by 90°), photo 3907, magn. 10{}0X; c - ditto, detail, photo 3906, magn. 4000 ;

d - cross-section of carbonized plant remains, photo 3908, magn. 500<; e - ditto.

detail, photo 3909, magn. 17003<; f - ditto, detail, photo 3910, magn. 6000><.
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Fig. 9. Vertical distribution of radioactivity values in the section Cerveny Uplaz.
Explanatory notes: o — activity, Th, U and K distributions. 1 — black clay-
stones; 2 — dark-gray claystones; 3 — sphaerolitic iron ores; 4 — sandstones; 5 —
rhizom horizons; 6 — horizons with abundant plant remains; 7 — dinosaur traces.
Orig. J. Michalik.
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Table 1

Contents of natural radioactive elements in horizons of the section across the To-
manova Formation Cerveny Uplaz (Cervené vrchy Mts.,, Ticha dolina valley, Za-
padné Tatry Mts.)

Sample

: z Th content U content K content Th/U
?ff_"%.?g"‘_“f;“ (in ppm) (in ppm) (in 0 y) ratio
1 03.9 01.0 00.05 03.9
2 03.7 02.9 00.05 01.3
3 25.0 05.4 00.4 04.6 |
4 10.6 03.2 00.1 03.3
Sa 08.2 02.9 00.1 02.8
5b 20.8 06.4 00.5 03.2
6 22.6 05.7 00.5 03.9
7 18.0 05.1 00.3 03.5
8 08.0 02.5 00.15 03.2
9a 12.6 12.5 00.7 01.0
9b 24.8 06.5 00.7 03.8
10 04.3 03.6 00.05 01.2
11 03.6 01.8 00.05 02.0
12 14.5 05.6 00.1 02.6
13 20.4 06.3 00.6 03.2 I

rather due to sorbtion properties of clay minerals in the rock. The role of
the admixture of small accessory mineral grains, however, cannot be ruled
out. Potassium content is very low, illite is an unimportant constituent of the
rock (Fig. 9).
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Fig. 10. Relation between Th, U and K contents in samples from the section Cer-
veny Uplaz, Ticha dolina valley, Zapadné Tatry Mts. Orig. V. Katlovsky.
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Variations in Th content in the sandstones are probably due to accessory
mineral concentrations in laminae and “nests”, whereas differences in U
content are caused by the variable content of clayey substance in the matrix.
Claystones require other explanation: variations in their Th content might
be due to accessory mineral contents, but changes in U content are probably
related to the variable share of organic material in the rock (Fig. 10).

Conclusions

The marked cyclic arrangement of the described part of the formation proves
rhythmically pulsating climate during the sedimentation of the Tomanova
Formation. The composition of the cycles suggests rhythmic alternations of
periods of abundant fluvial supply separated by arid ones. In the rain period.
temporary lakes originated. As they gradually dried up their bottom became
a swampy accumulation plain densely covered with ferns and horsetails
(Michalik etal,1976; Michalik. 1978, 1980a—b).

Although the results of the paleobotanic submitted previously study do not
allow us to evaluate the taxonomic assignation of the present forms, they
may be employed in paleoecological speculations. From the paleofloristic
viewpoint, the flora is essentially of ancient, Triassic character (expressed by the
dominance of equisetids and ferns), supplemented by Jurassic elements (gym-
nosperm Classopollis. ?Pagiophyllum etc). The dominance of ferns in this
flora has paleogeographic reasons. The sedimentation area of the Tomanova
Formation represented a humid undrained depression - a sort of oasis in a re-
latively dry to arid region. In more humid periods, it offered a suitable
biotope for pteridophytous and other psammophilous as well as palustrinous
flora. These periods occurred periodically and supplied the basin with water
for relatively long periods of slow aridization. The described flora thus repre-
sented a sporadic vegetation cover in the vicinity of temporary lakes, swamps
and deltas in a bolson-like area formed on a temporarily emerged segment of
the Alpine-Carpathian shelf,

Fairly high thorium and uranium contents is a common sign of the whole
sequence of the Tomanova Formation.

Along with other sedimentological and paleontological evidence they indicate
a small, relatively isolated undrained sedimentation area, not too far away
from the sediment source area.
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