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Ordovician of the Barrandian area:
Reconstruction of the sedimentary basin,
its benthic communities and ichnoassemblages

Ordovik Barrandienu: rekonstrukce sedimentirni panve, benthickych spoletenstev

aichnospoletenstev (Czech summary)

(11 text-figs.)
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Reconstruction of the development of the Barrandian area during the Ordovician (presented in a form of a series of block-diagrams) enables
us to presume: 1, there is a different pattern of development of body fossil assemblages compared to ichnoassemblages; 2, the linear sedimentary
basin went through a stepwise change into an open marginal sea; 3, main mechanisms of sedimentation changed in a time (e.g., increase of
tempestites towards the end of the Ordovician); 4, the clastic material had been transported mostly from the North in the Late Ordovician; 5,
the hitherto published conclusions on the palacogeography of the Prague basin during the Ordovician do not show substantial inconsistencies
if translated into a series of linked three-dimensional models.
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Introduction

One of the peculiar features of the Ordovician of the Bar-
randian area consists in a joint occurrence of rich ichnoas-
semblages and benthic shelly fauna. As a direct compari-
son of ichnofossils and benthic macrofossils has been rare-
ly published, I have done an attempt to syntethise the trace-
and body-fossil data from the Barrandian Ordovician (Mi-
kuld$ 1997b and a paper in progress). To compare the trace
fossil assemblages to the benthic communities, I have deci-
ded to use as ,,graphic* palacogeographical background as
possible, i.e. a series of three-dimensional block-diagrams
showing the development of the Prague basin.

The already published data and some new observati-
ons and interpretations have been used for the construc-
tion of the block-diagrams. Obviously, some features of
the presented reconstructions remain speculative. Degree
of the uncertainty increases from the Early Ordovician to
the Late Ordovician, because the preserved horizontal
extent of the younger sediments is limited and therefore
there is the lack of the information on the presumed sho-
reline and/or the most shallow-water facies.

Regardless the orginal sense of the block-diagrams was
to demonstrate joint occurrences of particular body- and
trace fossils assemblages, their construction have brou-
ght my attention to regional problems. The aim of this
contribution, therefore, is to present the reconstruction
with the focus of the regional geological interest.

Geological settings

Several referative papers providing a brief or thorough in-
formation on the geological settings of the Barrandian Or-
dovician have been published recently (e.g., Chlupa& 1988,
1993, Havli¢ek 1992b, Havli¢ek — Fatka 1992, Storch et

al. 1993, Mikuld$ 1993a, Fatka et al. 1995). Within the fra-
mework of the Barrandian (Late Proterozoic to Middle De-
vonian) sedimentary basins, the Prague basin had origina-
ted at the beginning of the Ordovician as a linear depres-
sion produced by a disruption of the pre-Palaeozoic base-
ment. Later the basin became much broader. The continu-
ous sedimentation terminated there in the Middle Devoni-
an. The stratigraphy and rock composition of the Ordovi-
cian of the Prague basin are shown on Fig. 1.

Descriptive part

The block-diagrams represent the area between Rokyca-
ny in the south-west and Uvaly in the north-east (Fig. 2).

The depicted sedimentary and volcanic bodies are
shown, if possible, to the scale of the diagrams. The in-
dividual patterns (depicting, e.g., sandy bottom, or san-
dy to muddy sediments of deltas) are adapted to suggest
presumed main directions of transport, daily or storm
wave activity, currents, slumping etc.

The symbols of benthic assemblages are explained on
Fig. 3. When possible, names of the benthic communi-
ties are put to the diagrams; trace fossil symbols have
always given the ichnogeneric names.

Lower Tremadocian
Fig. 4

Main sources of the information: Havli¢ek (1981, 1992b)
— the course of the shoreline, synsedimentary tectonics
and volcanism; Havli¢ek (1971, 1992a) — presumed ex-
tent of the Cambrian sediments; Storch (1992) — extent
of the Late Cambrian volcanism; Kukal (1963) — sedi-
mentological data; Havli¢ek (1982) — benthic assembla-
ges; Mikulds (1993b) — ichnofossils.
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Fig. 1. Schematic stratigraphic section and succession in the Ordovician of the Barrandian arca. The thickness ranges from several hundred to
2500 m. After Mikulds (1993a) who used data by Havligek (1977), Chlupa¢ — Kukal (1988), and Storch (1986).

ICHNO. - ichnofacies; 5 — Skolithos, ¢ — Cruziana, z — Zoophycos, n — Nereites, op — oxygen-poor conditions assemblages.

Sea level changes: r — regression, t — transgression; stroked line adapted after Chlupa¢ and Kukal (1988), dotted line after Storch (1986).

Rock composition: 1 — diabase tuff, diabase; 2 — variegated tuff and tuffite; 3 — oolitic iron ore; 4 — clayey shale; 5 — siltstone and silty shale;
6 — sandstone, greywacke; 7 — cherts.
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Fig. 3. Explanation of brachiopod benthic
assemblages symbols.

1 — Benthic Assemblage (B.A.) 1; 2 - B.A.
1-2; 3 - B.A. 2; 4 - B.A. 2 (damaged spe-
cimens); 5 — B.A. 3 (articulate brachiopods
prevail); 6 — B.A. 3 (inarticulate brachio-
pods prevail); 7 — B.A. 2-3; 8 - B.A. 3-4
(the Drabovia-Aegiromena fauna); 9 —
B.A.3-5; 10 - B.A. 4-6; 1] — B.A. 5-6
(articulate brachiopods present); /2 — B.A.
5-6 (inarticulate Paterula communities).

Description of the model: The Lower Tremadocian se-
diments (represented by the Tfenice Formation) origina-
ted after a break in the marine sedimentation in the Upper
Cambrian. The horizontal, probably mostly moderately li-
thified Lower and Middle Cambrian sediments (left below),
moderately -folded Late Proterozoic sedimentary and vol-
canosedimentary rocks (above right), and Upper Cambri-
an, partly still active volcanic belts (above) represented a
geological background for an origin of the new sedimen-
tary basin [the Prague basin according to Havli¢ek (1981)].
The basin originated as a narrow, tectonically controlled
depression bordered by conspicuous elevations. Most of the
sedimentary content of the basin can be attributed to allu-
vial fans and fanglomerates, represented by polymictic
fine-grained conglomerates passing to coarse-grained
greywackes. The grain composition reflects the local sou-
rce of products of weathering. In places, variegated fine-
grained sandstones suggest to represent short belts of san-
dy shores outside the fans, modelled by a daily waving.
In the eastern part of the basin, quartzose sandstones re-
present larger and more presistent sandy shores (right be-
low), and intercalations of dark grey shales rarely with
graptolites (right) suggest a deepening of the basin to the
East. Lens of haematite indicates a locally suppressed in-
flux of the coarse-grained material and resulting chemo-
genetic sedimentation in lagoonary settings (left).

The coarse-grained layers and lenses yielded in pla-
ces attributable to a surface of alluvial fans and fanglo-
merates the Hyperobolus feistmanteli Community which
may be correlated with Benthic Assemblage 1 of the Bou-
cot’s (1975) classification. One locality only has provi-
ded a trace fossil assemblage, consisting of unusually
thick-lined Bergaueria and rare Skolithos.

Also the sandstones contain in places similar, inarti-
culate brachiopod benthic assemblages. The local lagoo-

nar settings with chemogenic iron ore sedimentation at
Holoubkov provided much more diversified brachiopod,
cystoid, and trilobite assemblage, attributable to Benthic
Assemblage 1-2. These sediments have yielded no trace
fossils so far.

Arenigian
Fig. 5

Main sources of the information: Havli¢ek (1981, 1992b):
the course of the shoreline, synsedimentary tectonics, vol-
canism; general distribution, thickness and extent of main
lithofacies; Havli¢ek (1971, 1992): pre-Ordovician geolo-
gy of the area; Kukal (1959): sedimentological data; Hav-
li¢ek (1982): benthic assemblages; Mergl (1983) — zoopa-
lacontological data; Mikulds (1995a, 1996) — ichnology.

Description of the model: After a short period of a che-
mogenetical, lagoonary sedimentation in the Upper Tre-
madocian, the basin extended in the Arenigian. Stepwise
transgression, tectonic and volcanic activity had provided
very variable sedimentary settings represented by the Kla-
bava Formation. The palacogeographical backround had
changed by a general lowering of the landscape elevati-
ons, with the exception of the south-eastern shoreline
where the new tectonical elevation zone had originated.
The basin had been prolonged to the west, and a new, at
present rudimentaly preserved trench had opened in sou-
thwest. The basin was differentiated to narrow, longitu-
dinal segments, forming the deep depression in the cent-
ral part. In the central to western-central part, a new, ef-
fusive and pyroclastic basaltic complex had originated,
copying a direction of older (Late Proterozoic) tectoni-
cal structures.

The central depression of the basin had been filled
mostly by a clay material locally with increased share of
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coarser-grained terrigenous detritus and/or tuffaceous ad-
mixture. The low-diversified benthic assemblage consi-
sts of small obolids and several trilobite taxa (the Rafa-
noglossa Community), representing presumably Benthic
Assemblage 3. Trace fossils are very common in places.
Variable subsurface fodinichnia (e.g. Phycodes, Glocke-
richnus, Ancorichnus) higly prevail. In a spatial connecti-
on with the volcanism, shallow-water facies (i.e. tidal flats
and more often subtidal plains) had a substrate of rewor-
ked tuffs. This setting hosted an almost monospecific or-
thid brachiopod Nocturnellia nocturna Community (Ben-
thic Assemblage 2), which is in places joint with dense
assemblages of unlined Bergaueria. Other peripheral
parts of the basin are mostly occupied by red greywac-
kes and shales, which provide a Leptembolon insons
Community (Benthic Assembalge 1 to 2). The red sedi-
ments yielded in few localities poorly diversified ichno-
assemblages of Zoophycos and Planolites. The debris
cones resulting from the rising zones provided no ichno-
fossils. Elevations of pyroclastics had provided timely and
spatially limited suitable conditions for a development of
more diversified orthid and inarticulate brachiopod, tri-
lobite and gastropod assemblages (Benthic Assemblage
2 to 3), but no trace fossils have been found there.

Llanvirnian
Fig. 6

Main sources of the information: Havli¢ek (1992b) —
course of the shoreline in the western part of the basin;
Havli¢ek (1982, 1992b) — synsedimentary tectonics, vol-
canism, general distribution, extent and thickness of the
main lithofacies; Kukal (1962) — sedimentological data;
Havli¢ek (1982) - benthic assemblages; Snajdr (1957) —
illaenid trilobites; Mikuld3 (1991, 1993b) — ichnofossils.

Description of the model: The sedimentation during
the Llanvirnian (the Sarka Formation) had been influen-
ced by further extension of the basin after a transgressi-
ve event. Consequently, the local detritus represented no
more a prevailing part of the sediments. The rapidly dee-
pening central depression (much deeper in the eastern part
of the basin than in the western part) had been filled with
grey to black clays, in places with sandy admixture. The
marginal parts are in many places represented by more-
or-less isolated areas with limited influx of coarser de-
tritus, where oolitical iron ores had originated. Clastic flat
shores were limited to a vicinity of deltas (upper middle
part of the reconstruction). The submarine volcanic com-
plex had kept a considerable area, somewhat extending
to the east.

The black shale lithofacies is characterized in all its
area by the Euorthisina Community. It is believed to in-
habit the Benthic Assembalge 3 in the western part of the
basin but also deeper zones in the eastern part. The com-
munity consists of a few species of articulate brachiopods,
very diversified presumably vagrant elements (trilobites,
ostracods, gastropods, bivalves, hyolithids) and inarticu-
late brachiopods Paterula and Palaeoglossa. The diffe-

rence in depth between the western and the eastern part
is suggested also by a study of illaenid trilobites: those
of the western part [e.g., Ectillaenus katzeri (Barr.)] have
well developed eyes, whereas the trilobites of the eastern
part are blind [e.g., Ectillaenus sarkaensis (Novak)] or
have very small eyes. From the western part of the descri-
bed lithofacies, well-preserved trace fossils have been
found in siliceous concretions (Chondrites, Palaeophycus,
Rhizocorallium, strongly lined Arenicolites, and Brdich-
nus). The last-named trace might represent uppermost
parts (i.e. openings of vertical shafts) of extraordinarily
large Zoophycos. In the eastern part, the concretions have
not yielded this ichnoassemblage; instead, Spirophycus
and ?Urohelminthoida joined with common Chondrites
have been found in the shales.

The oolitical iron ores are very poor in fossils and ich-
nofossils. Only fragments of inarticulate brachiopods, in-
dicating the Benthic Assemblage 1 to 2, numerous Pla-
nolites and Bergaueria in the basal part of the iron ore
lens, have been found. The deltaic or linear sandy shores
provided no macrofossils; common ichnofossils are re-
presented by Helminthopsis, Asterichnus, and Didymau-
lichnus.

Dobrotivian (,,Llandeillian*)
Fig. 7

Main sources of the information: Havliek (1982) — ben-
thic assemblages; Havlidek (1992b) — general distributi-
on, thickness and extent of main lithofacies, volcanism;
Kukal (1957) — sedimentological data; Mikuld§ (1991,
1993b) — ichnofossils.

Description of the model: Compared to the Llanvirni-
an, the Dobrotivian Stage (represented by the Dobrotiva
Formation) differs mainly in composition of shallow-wa-
ter facies. The Dobrotivd Formation consists in marginal
parts of the basin from most part or completely of super-
mature, medium-grained quartzose sandstones. Tidal and
subtidal plains, sandy barriers, and partly also deltas are
presumed environments of their origin. However, the san-
dy sedimentation had often prograded to the deeper part
of the basin, either as a result of eustatic regressive events,
or of gravity flows effective in presumably very steep slo-
pes of the basin. The central part of the basin had kept
the dark clay sedimentation, presumably less aerated than
during the Llanvirnian. The area of the submarine volca-
nism had decreased, and the oolitic iron ores are almost
lacking.

The shelly fauna is poor in quartzites, being compo-
sed of only fragmentary orthid brachiopods known from
few sites, which are believed to represent truly shallow-
water (subtidal) settings (approx. Benthic Assemblage 2).
Monotonous Skolithos ichnoassemblage is typical of most
of the sandy lithofacies. However, where the sand was
transported to deeper parts of the basin, representing only
layers, lenses or rhythmically repeating intercalations in
the black shales, the ichnofossil content is different. In
the western part, presumably shallower, the rhythmical
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layers have Phycodes, Diplocraterion, Cruziana and Ru-
sophycus. In the eastern part of the basin, the lithologi-
cally comparable rocks yielded locally dense assembla-
ge of Dictyodora, and mixed sediments of clays and sands
immediately above the layers with Dictyodora have com-
mon Zoophycos.

In the black shales, the shelly fauna is represented by
the Paterula circina Community, which is believed to
cover with only minor changes the Benthic Assemblages
3 to 6. There are relatively diverse assemblages in the wes-
tern part of the basin. The brachiopods are dominated with
small inarticulates and two strophomenids (Benignites and
Brandysia), strongly diversified trilobites are common in
places. Gastropods, molluscs, hyolithids, carpoids and cri-
noids are also locally common. Towards the eastern part,
the fauna is less frequent and presumably planktonic forms
(graptolites, conulariids, phyllocarids) are more common.
Trace fossils are known from siliceous concretions of the
western and central part (Chondrites, thickly lined Areni-
colites, Palaeophycus, Rhizocorallium) but similar concre-
tions from the eastern parts have only Chondrites.

Lowermost Berounian (,,Lowermost Caradocian®)
Fig. 8

Main sources of the information: Havligek (1982) — ben-
thic assemblages; Havli¢ek (1992b) — distribution, thick-
ness and extent of main lithofacies; volcanism; Kukal
(1957) — sedimentological data and interpretations; Chlu-
pac (1987) — ichnofossils; Mikulds (1993a, 1997a) — ich-
nofossils.

Description of the model: Further extension of the ba-
sin is expected in the Lowermost Berounian, represented
by the Libei Formation. Configuration of main lithofa-
cies had remained similar as in the Dobrotivian. The
quartzose sandstones lithofacies represents linear sandy
shorelines and deltas. Share of the sandy and clayey se-
diments changes substantially during the time, reflecting
presumed eustatic events. Newly the rhythmical alterna-
tion of laminated sandstones and shales occupies a sub-
stantial part of the basin namely in its western part. It is
believed to represent mostly tempestites, which are po-
orly recorded from the older formations. It is probably
because the basin had gradually lost its isolation and be-
came a part of an open marginal sea. Also a gradual flat-
tening of the relief of the basin, caused rather by extre-
mely rapid sedimentation (the Berounian sediments re-
present usually more than 50 % of thickness of all the
Ordovician), increased the space modelled by storm wa-
ving but protected from daily waving; before, only the
steep, tectonically active slopes occuppied the depths
otherwise characteristic of the storm sedimentation.

The Drabovia dux Community with abundant articu-
late brachiopods and trilobites occupied only some (pre-
sumably deeper) parts of the sandy substrates including
the presumed tempestites. It has been attributed to the
Benthic Assemblage 3. The tempestites have rich ichno-
fossils in places (Asteriacites, Diplocraterion, Planolites).

Tidal to shallow subtidal linear sandy shores have com-
mon Skolithos, and presumed deltas prograding to dee-
per parts of the basin, represented by irregular alternati-
on of sandy and clay sediments, yielded also unusual tra-
ce fossil Pragichnus. Both the shelly fauna and the ich-
nofossils of the black shales are poor, represented by the
Paterula Community (Benthic Assemblage 5 to 6) and by
small Chondrites.

Lower to Middle Berounian
Fig. 9

Main sources of the information: Havli¢ek (1982) — ben-
thic assembalges; Havlicek (1992b): synsedimentary tec-
tonics, thickness of the sediments; Kukal (1958) - sedi-
mentological data; Mikuld$ (1993a, 1998) — ichnofossils.

Description of the model: In the central and eastern
part of the basin, the Letnd Formation is, by far, the thic-
kest formation of the Barrandian Ordovician (locally
more than 600 m). The main lithofacies consists of sand-
stones and subgreywackes intercalated with greywackes,
siltstones, and clay shales. There are no typical features
of turbidites in any part of the sequence, and boundaries
in the rhythmically developed sections are often unsharp;
therefore it has been usually argued for a mostly deltaic
origin of the Letnd Formation. However, sharply limited
layers with prominent palaeolamination occur in most
localities, too; they refer to a storm influence on the se-
dimentation. Sparse occurrences of black shales point to
their origin below the storm wave base.

The strong influx of the mature terrestrial material by
a river (or rivers) equalized more-or-less the before-exi-
sting bathymetrical differences in the basin. Only spati-
ally and temporarily limited areas had been under an in-
fluence of prograding sandy shoreline. Otherwise there
is no direct record of the shoreline facies. The terminal
phase of the origin of the Letnd Formation is joined with
an origin of large lenticular bodies of oolitical iron ores.
The area of the oolitical substrate put to the model shows
this phase of development of the basin.

The Drabovia redux Community, referred to Benthic
Assemblage 3, is limited mostly to the area with prevai-
ling sandstones and subgreywackes; it is rich in orthid
brachiopods and diversified dalmanitid, trinucleid, asa-
phid and calymenid trilobites; unusual are xiphosuran
arthropods. This community is accompanied by a mode-
rately diversified ichnoassemblage (e.g., Phycodes, Are-
nicolites, Rosselia).

In contradiction with the previous interpretations, the
rhythmical sediments rich in ichnofossils but poor in shel-
ly fauna are interpreted to be mostly deeper-water than
the facies bearing the Drabovia redux Community. The
rich ichnoassemblages, containing, e.g., Cruziana, Ruso-
phycus, Didymaulichnus, Fustiglyphus, Gyrochorte, Phy-
codes, Chondrites, Teichichnus, Squamodictyon, corre-
spond well with the ,,classical” Cruziana Ichnofacies ty-
pical of storm-influenced substrates. Some parts of the
basin have much less diversified ichnoassemblages (dense
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accumulation of Chondrites, Megagrapton, Phycodes),
pointing to a periodical appearance of dysoxic conditi-
ons. It is, however, difficult to distinguish these facies
from the presumed area which had had to be influenced
much strongly by the features of the deltas (e.g., brac-
kish water) than by the storm regime. It is probably that
some localities having mostly Chondrites, Planolites,
Teichichnus or few other opportunistic taxa might origi-
nated in the brackish water of the deltas.

The uppermost layers of the Letnd Formation provi-
ded the benthic shelly fauna referred to the Bicuspina
Community (Benthic Assemblage 3 to 4; diversified or-
thid brachiopods, locally common trilobites, frequent car-
poids, less frequent cystoids, mollusks, and bryozoans).
The fossiliferous strata are in places directly overlied by
the Zdice—Nucice Iron Ore Horizon. Rhythmical layers
close to the strata bearing the Bicuspina Community pro-
vided a dense assemblage of the ichnofossil Bergaueria
perata at Zdice, i.e. at the type locality of this prominent
ichnospecies.

Middle to Upper Berounian
Fig. 10

Main sources of the information: Havli¢ek (1982) — benthic
assemblages; Havlicek (1992b) — synsedimentary tectonics,
volcanism, and thickness of the sediments; Kukal (1960) —
sedimentological data; Mikuld$ (1992) — ichnofossils; Hav-
litek and Storch (1990) — sedimentological data.

Description of the model: After a period of sedimen-
tation of black clay shales with very poor Chondrites—
Tomaculum ichnoassemblage (the Vinice Formation), a
sequence of monotonous siltstones, i.e. the Zahotfany For-
mation, originated. At this phase of the development of
the basin, the regime of open marginal sea is presumed,;
there is no evidence of lithofacies joined with a shoreli-
ne in the preserved part of the basinal sedimentary fill.
However, the older tectonic structures and volcanic cen-
tres, responsible for the origin and character of the for-
mer linear basin had been still active and they had influ-
enced the thickness of the formation, as well as the dis-
tribution of the lithofacies.

The siltstones of the Zahofany Formation have always
a certain share of carbonate cement, in places also com-
mon concretions and lenses of impure limestones with
fauna. The rising zones persisting through virtually all the
Ordovician had provided certain diversification of the
space: smaller areas of the presently preserved denudati-
on relict show typical rthythmical alternation of storm la-
yers and siltstones. In a close vicinity of these areas, the
storm layers are rare and they represent probably only the
most prominent storms. Black clay shales have very re-
duced extent.

The Drabovia—Aegiromena fauna, referred to Benthic
Assemblage 3—4, occurs in all the above-mentioned litho-
facies except the clay shales. Its diversity, however, is flu-
ctuating, and the most diverse assemblages of trilobites,

brachiopods, bivalves, gastropods, hyolithids etc. fall to
the rather shallow-water settings. On the other hand, the
ichnofossils reflect very strongly the presence/absence or
the share of the storm sediments. The rhythmical layers
have, e.g., Phycodes, Teichichnus, Rusophycus, and Phy-
cosiphon; the localities with reduced share of the palae-
olaminated storm layers provided Zoophycos, Bifungites,
Teichichnus, Phycodes, Nereites, and Thalassinoides; the
siltstones have only Zoophycos and Planolites.

Uppermost Berounian
Fig. 11

Main sources of the information: Havlidek (1982, 1992b)
— benthic assemblages, synsedimentary tectonics, volca-
nism, thickness of the sediments, distribution of main li-
thofacies; Kukal (1963) — sedimentological data; Rhlich
(1957) — sedimentological data; Mikulds (1988, 1989,
1995b) — ichnofossils.

Desciption of the model: The Bohdalec Formation, re-
presenting the Uppermost Berounian, consists mostly of
grey clay shales. They, however, do not resemble typical
anoxic facies, having a relatively diverse fauna; though re-
fered by Havliek to the Paterula Community (Benthic
Assemblage 3-6), it contains common trilobites, cystoids,
mollusks, gastropods, and strophomenidinid and orthid
brachiopods. This lithofacies has a poor ichnoassemblage
(Chondrites, Palaecophycus, Planolites, Tomaculum).

Compared to the Zahotfany Formation, the rising zo-
nes had changed substantially their position and extent;
however, the faunal assemblages joined with them chan-
ged a little only. There are several distinctive communi-
ties based on orthid brachiopods (Drabovia or Hirnantia
Community of Benthic Assemblage 3—4; Ornnizetina
Community of B.A. 4; Svobodaina Community of
B.A. 3), all of them accompanied by the ,, Cruziana Ich-
nofacies® traces of variable density and diversity, both de-
pendant apparently on taphonomic regime (monotonous
siltstones preserved mostly the inner traces as Phycodes;
storm-generated rhythmical sediments have commonly
Cruziana, Rusophycus, Asteriacites, Bifungites, Gyro-
chorte, Monomorphichnus). It is presumed that the rela-
ted lithofacies (generally called the Polyteichus Facies)
corresponds roughly to the extent of the storm influen-
ce; locally the gravity flows were responsible for the ori-
gin of coarse-grained substrates also below the storm
wave base.

Kralodvorian and Kosovian

There are very limited lateral (both lithological, and fau-
nistic or ichnological) changes in the Kralodvorian and
Kosovian sediments of the Prague basin. For this reason,
reconstructions of the basin in the Kralodvorian and Ko-
sovian could only follow the previous models, reflecting
estimated trends and effects of eustatic changes. These
reconstructions are not presented in this paper.
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Trace fossils and presumed eustatic changes
in the Ordovician of the Barrandian area

If we consider a detailed ichnogeneric composition of the
ichnoassemblages in the Barrandian Ordovician and not
merely their appurtenance to some of the recurring ich-
nofacies, a few of them are really observable to pass bou-
daries of the formations. These rare cases are rather tri-
vial examples of Skolithos assemblages of sandy facies
of the Dobrotivd and Libeii Formations, and the Chond-
rites—Planolites assemblages involved in most of the
black shales. Most of the ichnofossils assemblages are
limited to one member. For example, typical lobate forms
of Zoophycos, showing a mass occurrence in many loca-
lities of the Zahotany Formation, have not been found in
any other formation. Other occurrences of Zoophycos dif-
fer by a minor density of finds and by a morphology of
the traces. Also the individual occurrences of the Cruzi-
ana Ichnofacies are mostly clearly distinguishable. In the
Kosov Formation, Cruziana and Rusophycus are rare and
they are represented only by small forms described for-
merly as Isopodichnus. However, Asteriacites is very
common, as well as Nereites, Neonereites, Fustiglyphus,
a.0. In the Polyteichus Facies of the Bohdalec Formati-
on, large and quite common Rusophycus and Cruziana
are accompanied, e.g., by Asteriacites; in the Letnd For-
mation, these taxa occur altogether, e.g., with networks,
as Squamodictyon.

Therefore, the above-mentioned facts point that the
changes of ichnoassemblages and the responsible changes
in environment (at least in the part of the Prague Basin de-
fined by the present-day area of denudation relict of its se-
diments) were influenced more strongly by events of broa-
der scale than by the local synsedimentary tectonics and
volcanism. It should be, however, emphasized, that most
of the boundaries of the formations are the prominent li-
thological boundaries, therefore, the changes of preserva-
tional potential of the traces are recorded altogether with
the presumed patterns of the fossil behaviour. I have had
a possibility to study a temporarily exposed Arenigian—
Llanvirnian boundary (which is believed to represent an
important transgressive event) at the locality Drahous at
Rokycany. At this site, there is a slight difference between
the rock composition of the uppermost Arenigian and the
lowermost Llanvirnian strata. Here the ichnological diffe-
rence across the boundary is moderate only.

Events in the geological record of the Barrandian area
were studied by Chlupa¢ and Kukal (1988), who reco-
gnized the following turning points of event character in
the Ordovician of the Prague Basin: 1, the Tremadocian
transgression; 2, the Llanvirnian transgression; 3, the suite
of Middle Ordovician (Llandeilian-Lower Caradocian)
transgressive and regressive events; 4, the Lower Carad-
ocian transgressive event; 5, the basal Kosov event; and 6,
the Ordovician—Silurian boundary transgressive event.
Among them, the events ad 1, 2, 4, and 6 show a global
character when compared with worldwide geological re-

cord (Chlupd¢ — Kukal 1988). Present-day authors (e.g.,
Schenck 1991) consider also the glacioeustatic regressi-
ve event at the base of the Kosov Stage to have a global
character.

Changes of ichnoassemblages attached to these events
in the Barrandian Ordovician are described below.

1. The Tremadocian transgression. The transgression
enabled a local development of simple shallow-water ich-
noassemblages after a long period of subaerial settings
with no preserved sediments (the Tremadocian sediments
overlie mostly the Upper Proterozoic strata with pronoun-
ced angular unconformity, partly in Middle Cambrian
strata). Therefore, ichnological record of this event is
highly subordinated with the overall geological record.

2. The Llanvirnian transgression. The Arenigian/Lan-
virnian boundary has been studied in detail at the Dra-
hous locality (Kraft — Kraft 1993 — geology and zoopa-
leontology; Mikuld§ 1994 — ichnology). Regardless the
presumed global character, the changes observable in the
profile are not very prominent and they seem be influen-
ced also by a local event, i.e. sedimentation of a thin vol-
canoclastic layer. Changes of ichnological content at the
Klabava Fm/Sérka Fm. (= near the Arenig—Llanvirn boun-
dary) consist mostly in decrease of diversity of ichnota-
xa and in diminution of intensity of bioturbation. Trace
fossil assemblages in clay shales of uppermost part of
Sdrka Fm., compared with those from the Klabava Fm.,
do not differ much both in ethological spectrum of tra-
ces and in occurrence of individual ichnotaxa. Overall
intensity of bioturbation is somewhat smaller in lower
part of the Sdrka Fm. than in uppermost layers of Klaba-
va Fm., which might represent the developing dysoxia in
the basin.

3. Llandeillian to Lower Caradocian transgressive and
regressive events. These events are expressed by changes
in proportions of the sandy (i.e. quartzose sandstones) and
clay (i.e. blach shales) facies of the Dobrotivd and Libefi
Formations. Most of the area of the basin has quartzose
sandstones on the bases of both the formations, and the
clay shales prevail in the upper parts. Therefore, we can
recognize alternations of sandstones and shales at this
area, each layer showing thickness approx. several tens
of metres. According to Chlupa¢ and Kukal (1988), trans-
gression caused anoxic regime in the centre of the basin.
As the basin had been semi-isolated during the Llandeil-
lian and Lower Caradocian, the anoxia is supposed to be
augmented by the salinity or temperature stratification of
water. During the regressions, the sandy sediments spre-
ad towards the central part of the basin as the prograded
sandy shoreline. The ichnological record of these events
is rather trivial, subordinated to the sedimentological re-
cord; the black clay shales locally with Chondrites alte-
rate white quartzose sandstones with common Skolithos,
in places Diplocraterion and Pragichnus. The last-men-
tioned ichnogenus is limited to the facies where the sha-
les and the sandstones alternate in layers several decime-
tres thick (Mikulds 1997a).
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4. The Lower Caradocian trasngressive event. This
event is expressed on all the area of the basin by termi-
nation of rhythmical, greywacke-shale sediments of the
Letnd Formation. These sediments are locally overlied by
thick layers and lenses of oolitical iron ores, and then
followed by black clay shales. Also in this case, the ich-
nological record of the event is subordinated to the litho-
logical change. The rhythmical greywacke-shale sedi-
ments of the Letnd Formation (Lower Caradocian) have
common ichnofossil of the ,.classical® Cruziana Ichno-
facies. Before the oolitical sedimentation had occurred,
a dense population of the Bergaueria tracemaker had de-
veloped at the locality Zdice (Prantl 1946). There is a
clear analogy with the Arenigian-Llanvirnian boundary
at the locality Ejpovice (Havli¢ek 1982, Mikulds 1995a),
where Bregaueria is abundant also below the iron ore len-
se. The oolitical lenses at the base of the Middle Carad-
ocian (the Vinice Formation) have poor Skolithos—Plano-
lites ichnoassemblage, the overlying black shales have
normally no ichnofossils or bioturbation (locally Toma-
culum and Chondrites).

The basal Kosov event and the Ordovician—Silurian
transgressive event fall from the stratigraphical range of
the studied sediments.

Discussion

The presented reconstructions are not an attempt to give
a final answer to the questions of the palacogeography
of the Ordovician of the Barrandian area. However, I be-
lieve that their ,,vividity” will make some persisting pro-
blems more intelligible; in this way, the knowledge in-
volved in the recostructions will be more open to discus-
sion and criticism.

The present-day knowledge of the Barrandian Ordo-
vician is supported mostly by palacontological data, and
by a thorough geological mapping. A detailed sedimen-
tological research was done in 50°s and 60°‘s by Z. Ku-
kal; a new phase of the sedimentological investigations
is just beginning. Determination of some sedimentary
environments is complicated by the fact that the presen-
ce, share and character of tempestites has not yet been
assessed in most of the formations. A lack of large out-
crops (tens to hundred metres in size) is critical for a re-
cognition of large slumps, channel fills, and other structu-
res of a comparable size order.

Course of shoreline

The area of the ,,metamorphic islet zone“ on the Central
Bohemian Pluton, lying at present (and probably also in
the pre-Hercynian period) in a distance of a few dozens
of kilometres SE from the Prague basin, had functioned
undoubtedly as a sedimentary basin since the Ordovici-
an (e.g., Chlupdé¢ 1992). Therefore, the south-castern sho-
reline of the Barrandian Upper Ordovician sea is expec-
ted to lie ,,beyond the islet zone basin“. But the extent
of the islet zone basin to SE (i.e. to the present-day Mol-

danubian zone) is very uncertain. The elevated block of
Cambrian sediments (approx. SE of the Hfebeny hills)
had functioned as an island or a peninsula during the Ear-
ly Ordovician; it was a source of a local clastic material.
From the upper part of the Letnd Formation, no litholo-
gical or palaeontological evidence indicates a substantial
shallowing of the basin from its axis to SE.

A reconstruction of the NW shoreline of the basin is
even more difficult. There are no Ordovician sediments
in the NW neighbourhood of the preserved sedimentary
fill of the basin. However, the NW remains the only dire-
ction of a probable strong influx of a clastic material from
remote sources. The presumed existence of big rivers re-
quires to presume also a correspondingly big landmass.

Sedimentary environments

For the reconstruction of the Lower Tremadocian (Fig. 4),
episodic floods and a daily waving are presumed to be the
main mechanisms of the transport and sedimentation
(cp. Kukal 1963). The presence of the clay sediments in
the eastern part of the basin (Havlicek 1992b) points to
existence of deeper settings, which may fall to a zone usu-
ally dominated by tempestites. However, the tempestites
have not yet been reported from the Tfenice Formation.

As the sedimentary environments and mechanisms are
concerned, the Letnd Formation seems to remain proble-
matic. Kukal (1963) presumed deltaic sediments and re-
ported one sample interpreted by him as rill marks and
he found an alteration of the grain-size in a suspension
to cause the rhythmical character of the formation. Howe-
ver, there are substantial vertical and lateral changes of
the ichnological record; many outcrops of the formation
show a certain share of well-sorted, horizontally lamina-
ted sandstones to subgreywackes probably of a storm ori-
gin. I assume there were several mechanisms competing
for the most influence in the Letnd Formation; their ex-
tent, as depicted on Fig. 9, should be considered only
approximate and speculative.
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Ordovik Barrandienu: rekonstrukce sedimentdrni panve, benthickych spolecenstev a ichnospoleéenstev

Rekonstrukee vyvoje barrandienského sedimentacniho prostoru béhem ordoviku (prezentovand ve formé série blokdiagrami) umoZiiuje konstatovat, Ze:
1. zmény spolecenstev benthické shelly-fauny a ichnofosilif jsou Easto nesoutasné, 2. panev se postupné ménila z linedrni deprese v oteviené okrajové
mofe, 3. hlavni mechanismy sedimentace se v &ase zdsadn& ménily (napf. podil sedimenti pfepracovanych boufemi se postupné zvySoval; vliv delt
velkych fek byl maximdlni ve stfednfm berounu), 4. ve svrchnim ordoviku je nejpravddpodobnéjsi pinos klastického materidlu od severu, 5. dosud
publikované zdvéry o paleogeografii praZské panve v ordoviku nejsou pfevedenim do série trojrozmérnych, navzdjem na sebe navazujicich modeld
vystaveny zdvaznym protikladdm.



