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Abstract. In the area of the “Amerika” Anticline (central part of the Prague Basin, Barrandian area), bedded cherts are present in the upper part of the
Pridoli Formation (uppermost Silurian). According to the study of thin sections, an ideal succession of lithification and diagenesis of these rock was as
follows: 1. crystallization of cryptocrystalline quartz from gels, which were derived mostly from sponge spicules; 2. nearly contemporaneous appearance
of quartz veinlets, 3. fine cracking of the lithified rocks, 4. healing of the cracks by calcite, 5. pressure-induced solution combined with the appearance of
stylolite sutures, which consume calcite-filled cracks, 6. crystallization of dolomite along the sutures, 7. partial silicification of the dolomite rhombi,
8. crystallization of pyrite.

Relative hardness of the bottom and its composition (newly formed silica in the cement) might represent main ecologic stress for in-faunal benthic organ-
isms that caused a development of a dense but monospecific (more correctly, “monoichnospecific”) assemblage. The shaft-like structure, falling to the

group of “plug-shaped” ichnofossils, is designated herein as Pridolichnus pollex igen. et isp. nov.
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Introduction

The CiZovec Quarry at Trnény Ujezd, ca 18 km SW of the
centre of Prague, represents a large but tectonically disrup-
ted exposure of the uppermost Silurian and earliest Devoni-
an strata. It is situated in the central part of the Prague Basin,
which belongs to the Barrandian area (e.g., Chlupac et al.
1998). In the middle of 1980s, R. J. Horny and V. Turek
(National Museum, Prague) collected vertical tubular bodies
resembling ichnofossils in cherts and carbonates in the south-
ern wall of the quarry. Then, it was uncertain whether these
rocks belong to the uppermost Silurian (Pridoli, Pfidoli For-
mation sensu Prantl and Pfibyl 1948) or to the lowermost
Devonian (Lochkovian, Lochkov Formation). In 1999, the
site was revisited by R. Horny, who initiated a more detailed
field and laboratory research aimed at a description, quanti-
ty, occurrence and interpretation of the above-mentioned
phenomenon. At the same time, the second author of the pre-
sent paper started a detailed study of cherts of the Pridoli
Formation, which also touched the problem of the presumed
ichnofossils accompanying them (Cép 2002). The aim of the
present paper is to summarize the results of these studies.

Geological settings of the area

The Ptidoli Formation (Pridoli) is characterized by dark,
platy biomicritic limestones with calcareous shale interca-
lations, with common laminated micritic limestones (e.g.,
K{tiZ 1998). Nodular cherts are very frequent in the overly-
ing Devonian Lochkov Formation (e.g., Chlupac 1998).

The Ptidoli Formation was known to yield lenses and beds

v

of chert only in the abandoned gallery at Li$¢i Quarry (un-
published report by Horny and Chlupac 1970) whereas the
stratigraphic position of the occurrences of chert at CiZo-
vec, known from the beginning of 1990s from personal
communications by J. KiiZ, R. Horny, V. Turek and others,
was not precisely known due to the lack of index fossils un-
til the present stage of research; recently, these beds were
also convincingly placed to the Pfidoli Formation due to
the occurrence of the index brachiopod Dayia bohemica
and cephalopod Corbuloceras corbulatum.

Both the above mentioned localities, i.e., the LiSCi
Quarry and CiZovec Quarry, belong to the central segment
of the Silurian sedimentary area of the Barrandian (accord-
ing to Kfiz 1998); the distance between the localities is
4000 m (Fig. 1). In the area between the localities, the
Pridoli Formation is not well exposed and was therefore
not studied in detail. Horny and Chlupac (1970) found in-
tervals with cherts in the gallery at the LiS¢i Quarry, ap-
proximately 20 m below the base of the Devonian, i.e., in
the middle part of the Ptidoli Formation. Chert nodules and
lenses in limestones occur in the first three metres of the
cherts-bearing section; they are followed by a 2.6 m thick
interval of mostly compact, bedded chert with carbonate
nodules and intercalations. Another massive silicite bed
(20 cm thick) occurs 2 m above the main chert interval;
chert nodules and thin beds are present in the ambient lime-
stone. The last occurrence of chert at the locality lies 10 m
below the Silurian/Devonian boundary.

The geological setting in the CiZ¥ovec Quarry is compli-
cated by complex tectonic deformation of strata. The inter-
val dominated by chert is 2.6 m thick (i.e., same as at the
previous locality; Fig. 2). Cherts of the CiZovec Quarry
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1. CGizovec Quarry

2. Lisci Quarry

The Pridoli Formation is herein com-
posed of micritic to fine-grained bio-
clastic limestones and dolomites, or by
transitional members of the limestone —
dolomite system. They locally contain
also cherts, both nodular and bedded
ones. Bedded (stratified and laminated)
cherts are bound to transitional limesto-
ne-dolomite rocks. They yielded shaft-
like structures interpreted as ichnofossils
in the text below.

;.
extent of
the Silurian

sedimentary and

volcanic
rocks

Cizovec Quarry

The quarry is located on the SE margin
of the village of Trnény Ujezd (Fig. 1).
Exploitation of limestones started in

Fig. 1. Location map.

contain very frequently a biogenic structure that is de-
scribed below in the “Systematic Ichnology”. The locality
of Lis¢i Quarry (Gaisler’s Road) provided also this ichno-
fossil but only sparsely, in one thin chert bed. Recently, the
third locality, which provided both bedded cherts and pre-
sumable ichnofossils adjacent to them, has been discov-
ered in the so-called Diabase road close to the Pusty
Quarry, 320 m S of the LiS¢i Quarry. It has not been studied
in more detail yet but it helps to assess the distribution of
the described ichnofabric feature.

The localities

Lis¢i Quarry — Gaisler’s road

The locality lies 2 km NW of the KarlsStejn Castle and
0.5 km SE of Mokry Hill (elev. 421 m). The quarry has
been opened in a limestone body of the Kopanina Formati-
on, which were subject to quarrying from 1920s to 1960s.
Limestones of the Kopanina Formation comprise several
lithotypes varying in the amount of tuffite material, colour,
proportion of bioclasts and their systematic classification
(Kukal 1955b, Cap 2002). The boundary between Kopani-
na and Pridoli formation is exposed in the so-called
Gaisler’s Road (subsurface gallery), which connects the
Lis¢i Quarry with the Modlitebna Quarry, situated south of
the Li8¢i Quarry, and with the “Woodcraft” Quarry lying
ca 250 m N of the Lis¢i Quarry. A substantial part of the
section in the Gaisler’s road was described and figured by
Horny and Chlupac (1970). These authors found sediments
of the Kopanina, Pfidoli (Silurian) and Lochkov (Devoni-
an) formations in the road cut. While the Kopanina / Pfidoli
formation boundary cannot be precisely determined in the
section, the Ptidoli / Lochkov formation boundary (i.e., the
Silurian / Devonian boundary) is clearly marked by the oc-
currence of trilobites Tetinia minuta (Ptibyl and Vanék)
and Warburgella rugulosa (Alth).
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1887 and continues only occasionally at

present. A new quarry was founded ca

300 m S of the old quarry in the 20™ cen-
tury and now represents the main source of spoil in the
CiZovec mining area.

The old quarry shows the axial part of the anticline (the
so-called “Amerika” Anticline) formed by sedimentary
rocks (chiefly limestones), Pridoli and Lochkovian in age.
It means that the Silurian/Devonian boundary is included, but
is only approximately positioned to an interval of ca 5 m of
the succession of strata (cf. Plate I, fig. 1). The Pfidoli Forma-
tion is represented by micritic to fine-grained bioclastic lime-
stones and dolomites (or by transitional members of the lime-
stone—dolomite system). Dark laminated cherts occur in the
southern wall of the quarry, approximately in one-third of the
wall width measured from the SW. The occurrence is a part of
a tectonically isolated block of platy limestones and shales,
limited by faults dipping NE at ca 45°, which provided rare
but convincing finds of index fossils of the Pfidoli Formation
(Corbuloceras corbulatum, Dayia bohemica). A certain por-
tion of the Pfidoli Formation is characterized herein by the
presence of cherts, both nodular and bedded. Also transitional
members of the chert-dolomite succession occur.

Another occurrence of cherts is a slope north of a small
lake in the deepest (SE) part of the quarry. Here, 10-20 cm
thick beds of chert are present; they yielded few specimens
of Dayia bohemica.

The cherts

Silicification of limestones in the Barrandian area was stu-
died, e.g., by Petranek (1951), Naprstek (1957), Kukal
(1955a, 1955b, 1964), and Svoboda et al. (1957). According
to Svoboda et al. (1957), two main types of silicification
can be distinguished in the study area: 1 — silicification of
bioclasts and coarse-grained calcite crystals. This process
is characterized by the growth of authigenic quartz crys-
tals. In some cases even idiomorphic quartz crystals can be
formed this way. 2 — chert-forming silicification connected
with spiculite formation.
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In the Barrandian area, cherts occur
typically in two forms: bedded and nodu- ‘

lar. Differences between the two forms
were given by Kukal (1964). According
to this author, the bedded cherts form
platy bodies, i.e., true beds showing a
more-or-less stable thickness. The analy-
ses showed that the bedded cherts, com-
pared to the nodular ones, contain less
Si0, and more C,,. SiO, contents usu-
ally decrease with increasing thickness
of silicite strata. Stratified cherts show
large amount of sponge spicules, there-
fore they may locally form spiculites.
Besides quartz bioclasts, microcrys-
talline quartz forms a substantial part of
the rocks, which points to the assumption
that they were formed from silica gels.
Kukal (1964) also ascertained primary
lamination partly covered with second-
ary quartz-poor and quartz-rich laminae.
The colour of the chert ranges from
fuscous to black, which depends on the
proportion of Fe**, Fe**, and bituminous
substances. According to Petranek
(1951), Naprstek (1957), Kukal (1955b,
1964) and Svoboda et al. (1957), the pro-
cess of silicification of carbonates of the
Barrandian area is early diagenetic, but
some processes were in operation during
the late diagenesis, too. Temporal rela-
tionships between dolomitization and
silicification were not constant — any of
the processes might have preceded the
other one.

Description of the studied chert samples

—_—— — lITL IS | 1
Rnliandl B s 20cm
shales massive  laminated cherts

limestones limestones

Approximately one-half of the studied
chert samples can be classified as spicu-
lites because of the high content of spon-
ge spicules. Also the remaining part of
the samples has been presumably derived from spiculites;
however, most of the spicules were destroyed by intensive
dissolution of SiO,. With the exception of one sample, the
bedded cherts are thin-laminated, which is mostly caused
by different contents of bituminous substance in different
bed levels. The laminae mostly show diffuse boundaries.
Neighbouring laminae may also differ in their contrast and
preservation of discernible bioclasts, mainly spicules.
Fragments of ostracodes have never been preserved in dark
laminae.

The sample shown in Plate VI, fig. 2, shows dolomite
rhombi instead of spicules; dolomite does not occur in pale
laminae. This can be explained by primary enrichment of
dark laminae in Mg ions. Some cherts are brecciated but
even they preserve the original lamination in certain parts.
Alternation of pale and dark laminae is mostly regular,

Fig. 2. A schematic drawing of the distribution of Pridolichnus in the SE part of the CiZzovec Quarry
and its relation to various lithotypes (cf. also Plate I, figs 2-3).

rhythmic. Ostracode remains are occasionally present only
in pale laminae, which may represent a record, though
changed and incomplete, of seasonal variations of deposi-
tion of bioclasts.

We presume that the prevailing, i.e. microcrystalline
form of quartz resulted from a crystallization of silica gels.
These were derived from the deposition of large amount of
quartz bioclasts (mainly spicules). Chalcedonic form of
quartz can reasonably be explained by precipitation from
the solutions passing through the rock, either before its
lithification or after (as shown by stylolites and
quartz-filled rhombi — originally dolomite crystals).

The identified bioclasts are represented only by sponge
spicules and by ostracodes. The spicules are best recogniz-
able in cross-sections; they show average diameter of
0.03 mm. Axial canals, which may be filled with pyrite
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crystals, are usually preserved. Longitudinal sections of
spicules can be recognized much worse, and they often
reach length of more than 1 mm. Ostracode shells, also
more than 1 mm long, may be present in pale laminae;
these are formed by carbonate or are silicified.

The presence of radiolarians is questionable. They may
be spread among spicules and may not be recognized.
Rocks designated as spiculites in the present paper seem to
contain numerous siliceous spherules and therefore tend to
resemble radiolarites. However, detailed observations
(mainly in dark laminae which provide great contrast be-
tween bioclasts and matrix) allowed us to determine most
of the “spheres” with certainty as transverse or oblique sec-
tions of sponge spicules.

Some of the samples enable us to reconstruct a reliable
succession of the origin of individual structures. For exam-
ple, sample Al (Plate VI, fig. 2) shows dolomitic rhombi
up to 0.2 mm long on a stylolite suture. These are much
larger than those in the remaining part of the thin section;
the smaller ones are partly silicified with chalcedonic
quartz, keeping its idiomorphic shape. The sample shows
also quartz veinlets and calcite-lined fissures. The cal-
cite-filled fissures cut across the quartz veinlets; therefore,
they are younger. To summarize, the succession of
lithification and diagenesis was as follows: 1. crystalliza-
tion of cryptocrystalline quartz from gels, 2. nearly con-
temporaneous appearance of quartz veinlets, 3. fine crack-
ing of lithified rocks, 4. healing of the cracks by calcite,
5. pressure-induced solution joined with the appearance of
stylolite sutures, which consume -calcite-filled cracks,
6. crystallization of dolomite along the sutures, 7. partial
silicification of the dolomite rhombi, 8. crystallization of
pyrite (which is often regularly spread in the rock and
shows no vitiation of idiomorphy). Besides sample A1, no
thin section showed such a completely decipherable suc-
cession, but partial stages are commonly preserved and ob-
servable. It should be noted that the calcite-filled cracks
have been explained already by Petranek (1951) by
dehydratation of silica gel.

A set of thin sections was made to characterize the
rocks occurring in a close neighbourhood of bedded cherts.
The neighbouring rocks can be characterized as fine- to
coarse-grained bioclastic limestones and microcrystalline
dolomites. The limestones contain fine organic detritus,
mostly fragments of crinoids and ostracodes; they show
features of dolomitization and silicification. Crinoid bio-
detritus is clearly abraded. Micrite is usually replaced by
sparite to form distinctive clusters. Such clusters occur also
in pale laminae of the bedded cherts; in these cases, the
original rock was probably a bioclastic limestone that was
changed into chert. Dolomites can pass gradually into
limestones but sometimes they are sharply separated by su-
tures; therefore, the two rocks might be brought together by
pressure. Certain dolomites are rich in clays and/or organic
matter. Idiomorphic dolomite rhombi are up to 0.2 mm
long. Numerous transitions between dolomites and lime-
stones, as well as between limestones and silicites, have
been ascertained.
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The presence of structures interpreted as ichnofossils in
this paper is one of the notable features of the bedded cherts
and accompanying rocks. The boundary of the presumable
biogenic structure and surrounding spiculite is shown in
Plate VI, fig. 4. Laminated spiculite is penetrated by a shaft
(probably a burrow) perpendicular to laminae. The fill of
the burrow is dolomitic. Dolomite rhombi show a zoned
structure in this case, which may result from late diagenetic
growth. The boundary between dolomite and spiculite, i.e.
the shaft wall, is sharp except for the uppermost part. Close
to the boundary, the chert laminae are moderately bent
downwards. In places, the boundary is augmented by a sil-
ica lamina without (otherwise frequent) sponge spicules.
This lamina might have resulted from a mucus layer of the
former burrow.

Systematic ichnology
Pridolichnus n. igen.

Derivation of name: After Pridoli, the name of the
uppermost Silurian series derived from a local name of
Pfidoli in Prague.

Type ichnospecies: Pridolichnus pollex n. isp.

Diagnosis: Simple, large, vertical finger-like shafts,
showing no wall lining; walls smooth or with irregular con-
strictions; average diameter/depth ratio is 1/5.

Relations and remarks: The trace shows close re-
lationship to the group of “plug-shaped ichnofossils” as de-
fined and revised by Pemberton et al. (1988). However,
they differ from Bergaueria Prantl, 1945 by much deeper
shafts. They also differ from Conichnus Myanill 1843, as
none of the observed specimens is conical. The traces are
too large and too shallow to be considered “simple vertical
shafts” and thereby treated as Skolithos Haldeman, 1840.

Pridolichnus pollex n. isp.
Plates I-1V; fig. 2

Holotype: Specimen figured in Plate IV, fig. 2 (ar-
rowed), housed in the National Museum in Prague, Inv.
No. L 37501.

Derivation of name: From Latin: pollex = thumb.

Type horizon: Silurian, Pridoli, the Pfidoli Forma-
tion.

Type locality: Cizovec Quarry at Trnény Ujezd, a
slope north of a small lake in the deepest (SE) part of the
quarry, Barrandian area, Czech Republic.

Material: Approximately 200 specimens collected on
30 rock samples from the locality of CiZovec Quarry, hun-
dreds of additional specimens observed in situ at Cizovec
Quarry, five specimens observed and two collected in the
gallery at the Li$¢i Quarry.

Description: Simple, large, vertical finger-like shafts,
10-30 mm in diameter and 10-100 mm in depth, showing
no wall lining, walls smooth or with irregular constrictions,
average diameter/depth ratio is 1/5. They occur exclusively
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in chert intervals. They are usually filled with carbonate
mass corresponding to that of the overlying bed. They may
occur solitarily but much more often, they are densely
crowded, occupying 1/4 to 3/4 of the rock volume. Speci-
mens of one bed are usually (but not always) equally deep
but they usually show some variations in diameter.

Remarks: We interpret the shafts as biogenic struc-
tures; however, their present morphology is more or less
strongly affected by early diagenetic processes. Carbonates
intercalating the cherts tend to form nodules of variable
size (centimetres to tens of centimetres). Both the openings
of shafts and their inner parts clearly functioned as chemi-
cal inhomogeneities that initiated nodule formation during
the early diagenetic stage. At some places, the chemical
process must have been very strong, with the nodules also
affecting the former structure of cherts (usually well recog-
nizable by lamination); cf. Plate IV, fig. 1.

If all the presumed diagenetic features are taken into
consideration, we may expect the original morphology of
the traces to be as stated above, i.e. simple finger-like
shafts with no wall lining and no active fill. Such traces (i.e.
the above mentioned plug-shaped traces, Bergaueria and
Conichnus) are interpreted as domichnia, i.e. permanent
dwelling burrows of invertebrates.

Discussion and conclusions

The cherts of the Pfidoli Formation are developed probably
in the whole area of the “Amerika” Anticline, as they are ex-
posed in all three outcrops in the uppermost part of the for-
mation in the area. They bear traces of unusual behaviour of
benthic in-fauna. We may expect a relatively rapid harde-
ning of the bottom by silica and/or carbonate solutions and
gels as the substrate is in some places bioturbated so strongly
that unconsolidated mud would not keep the given shape.
The relative hardness of the bottom and its composition
(newly formed silica oxide in the cement) might represent
main ecological stress that caused the development of mo-
nospecific (more correctly, “monoichnospecific”’) assem-
blage. The whole benthic environment occupied the area of
about several dozens square kilometres during the Late Silu-
rian. The burrows can be used to show the degree of silicifi-
cation during the earliest phases of the diagenesis when the
substrate was not fully lithified. In subsequent phases, the

Explanation of plates

burrows functioned as chemical inhomogeneities which par-
ticipated in the complex interplay between silicification, do-
lomitization, and carbonate precipitation.
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The collected material is housed in the National Museum in Prague, Inv. Nos L 37501-L 37504. Photos by Radek Mikulds (Plate I-IV) and Pavel Cdp

(Plate V-VI).
Plate I

—

1 —a view of the western wall of the CiZovec Quarry, showing the axis of the “Amerika” Anticline and tectonic deformation of strata. Approximate course
of the Silurian/Devonian boundary is marked by the interrupted line; 2 — southern wall of the CiZovec quarry showing the bedded cherts of the P¥idoli For-
mation and accompanying rocks (limestones, dolomites and transitional members). Burrows of Pridolichnus pollex igen. et isp. nov. are well visible in
the cherts. Scale = 2 m; 3 — Pridolichnus pollex igen. et isp. nov.; field photograph, Piidoli Formation, southern wall of the CiZovec Quarry.

Plate II - =
1-4 — Pridolichnus pollex igen. et isp. nov.; Pfidoli Formation, Cizovec Quarry. 1, 3 —aslab of carbonate-rich chert from the slope north of a small lake in
the deepest (SE) part of the quarry, bearing several dozens of specimens of P. pollex. Holotype is arrowed. Inv. No. L 37501. 2 — Field photograph,
southern wall of the CiZovec Quarry. Rare oblique burrows of P. pollex. 4 — Field photograph, southern wall of the CiZovec Quarry. Diagenetic changes of
the rock led to changes in the size and shape of the burrows.
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Plate IT ©
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Plate III

1-3 — Pridolichnus pollex igen. et isp. nov. P¥idoli Formation, field photographs, southern wall of the CiZovec Quarry. 1 —openings of the burrows on up-
per bedding plane of a carbonate-rich chert bed. 2, 3 — constrictions of shafts of the burrows. The constrictions (annulation) are probably primary from cer-
tain part but they might be formed or augmented by diagenetic processes in many cases.
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Plate IV

1-2 — Pridolichnus pollex igen. et isp. nov. P¥idoli Formation, field photographs, slope north of a small lake in the deepest (SE) part of the Cizovec
Quarry. 1 —cabonate-rich chert showing strongly modified burrows and diagenetic limestone-dolomite nodules. Degree of modification usually increases
with the amount of carbonate in the host rock. 2 — field photograph of the slab with the holotype (found in debris).
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Thin sections of rocks from the upper part of the Pfidoli Formation. 1, 4 — Gaisler’s Road near the Li§¢i Quarry: 1 — sample 39, silicified limestone, x 31;
4 —sample 41b, bedded chert, x 79. 2-3 — Cizovec Quarry; 2 — sample A2, spiculite, x 79; 3 — sample A2, dolomite, x 79.
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Plate VI

Thin sections of rocks from the upper part of the Piidoli Formation, Cizovec Quarry. 1 — sample A2, quartz veinlet, calcite crystals and bioclasts
(ostracodes), x 31; 2 — sample Al, stylolite with silicified dolomite rhombi, x 79; 3 — sample B2, laminated spiculite, x 31; 4 — sample A2, laminated
spiculite (top right) forming the host rock of a burrow and dolomite that represents fill of the burrow (bottom left). A non-laminated SiO, lamella repre-
sents the burrow wall; x 79.
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