Sedimentary record of subaerial volcanic activity
in the basal Ordovician shoal-marine deposits:
the Trenice Formation of the Prague Basin,
Bohemian Massif, Czech Republic
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The basal Ordovician Ttenice Formation represents an initial unit of the preserved infill of the Prague Basin. Volcanic
admixture in sediments preserved in the south-western part of the basin suggests subaerial volcanic activity during the
deposition of the Tienice Formation. Three principal lithofacies associations were defined within sedimentary record of
the Tfenice Formation based on petrography and observed sedimentary structures: i) graded conglomerates, ii) lithic
sandstones and iii) volcanigenic deposits. The studied sediments were mostly deposited as subtidal sand dunes, locally
interbedded with volcaniclastic rocks. They are considered deposits of a marine lower shoreface influenced by ebb-tide
currents. Volcaniclastic intercalations are interpreted as deposits of debris flows and turbidity currents that redeposited
volcaniclastic material derived from subaerial Kfivoklat-Rokycany and StrasSice volcanic complexes. ¢ Key words:
Prague Basin, shoal-marine sediments, volcaniclastics, Ordovician.
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The infill of the Prague Basin represents a significant part
of the Tepla-Barrandian Unit (shortly referred as the Bar-
randian area) located in the central part of the Bohemian
Massif in the Czech Republic (Fig. 1). The Ttenice For-
mation is the basal lithostratigraphic unit and represents
key data set important for reconstruction of the basin evo-
lution. Previous sedimentological research of this unit
was, however, focused especially on petrology of the de-
posits (Kukal 1963) with little information on detailed re-
construction of sedimentary processes. Although the pre-
sence of volcanic material within the Tfenice Formation
is well known (e.g. Kettner 1916a, b; Havlicek & Snajdr
1956; Kukal 1963), the relationship between deposition
and volcanic activity has not been studied so far. Subae-
rial volcanism was suspected as a partial source for the se-
dimentary material of the Trenice Formation (Kukal
1963) but processes of distribution into the basin were not
studied.
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The aim of this paper is to present a new sedimentary
model of the Tfenice Formation including data on sedi-
mentary processes and origin of volcaniclastic material.
The research was based on lithofacial and architectural
analysis, but limited by small numbers of available sec-
tions in the study area.

Our research was focused in the south-western part of
the Prague Basin (Fig. 1), where a number of small out-
crops allow facies and architectural analysis. Macroscopic
description was supported by microscopic studies focused
on the origins and sources of volcanic clasts.

Geological setting

The preserved infill of the Prague Basin represents an ero-
sional relict of the Early Palaeozoic extensional basin
(Havlicek 1981). It is about 100 km long and 25 km wide
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Figure 1. Schematic map of the Prague Basin (modified after Chlupa¢ er al. 1998, Manda 2008). Documented outcrops and drill-core data are marked:
1 — outcrop Medovy Ujezd; 2 — drill-core My IX; 3 — drill-core My XI; 4 — Jivina quarry, 5 — outcrop Kle$ténice, 6 — drill-core Rc XI; 7 — Ttenice quarry,
8 — outcrop To¢nik, KRVC — Kiivoklat-Rokycany Volcanic Complex, SVC — StraSice Volcanic Complex.

and is elongated in SW-NE direction (Fig. 1). Stratigraphic
extent of the preserved deposits ranges from the Lower Or-
dovician to Middle Devonian. The stratigraphic record is
characterised by a predominance of marine siliciclastics
that are gradually substituted by carbonates of the Upper
Silurian to Middle Devonian age (Havlicek 1981, Kukal
1963). Basin development was accompanied by volcanic
activity in some periods, and the intensity of volcanism va-
ried in time. Volcanic activity was concentrated in several
centres forming volcanic complexes within the basin.
Thus, volcanic and volcaniclastic rocks commonly occur
within some parts of the sedimentary succession (e.g. Fiala
1968, 1978; Havlicek 1981). With initial stages of Varis-
can collision a sedimentation in the Prague Basin termina-
ted, the basin was uplifted and its infill deformed into a
complicated synform during the Variscan orogenesis
(Havlicek 1981, Melichar 2004).

Kettner (1916b) defined the Ttenice Formation as initial
deposits of the Prague Basin, which were dated to Tre-
madocian age based on biostratigraphic data. Sediments of
the Ttenice Formation unconformably overlie the Neo-
proterozoic and Cambrian basement (Fig. 2), their thickness
ranges from few metres up to 70 metres (Havli¢ek & Snajdr
1956). Havli¢ek & Snajdr (1956) and Havlicek (1981)
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supposed that the Prague Basin had the character of a narrow
inlet during the Early Ordovician. This hypothesis is sup-
ported by facies distribution. The Tfenice Formation is
formed by coarse-grained siliciclastic sediments (sand-
stones and conglomerates) in the south-western part of the
basin. A high proportion of volcanic fragments (rhyolite and
andesite) is common (e.g. Kettner 1916a, Kukal 1963).
Havli¢ek & Snajdr (1956) also reported the occurrence of
basaltic tuffs. On the other hand, this formation is dominated
by fine grained deposits in the north-eastern part of Prague
Basin, where coarse-grained deposits as well as admixtured
volcaniclastic deposits are scarce. Shale intercalations have
been recorded (e.g. Kukal 1963) in the NE part of basin.
Kukal (1963) interpreted this facies distribution as the re-
cord of basin shallowing from NE to SW.

The fossil content of the Trenice Formation is generally
poor. There are only a few localities with more abundant
fossils while the majority of the available sections lack any
fossil record. The species diversity is low. Linguliformean
brachiopods are strongly dominant in number of specimens
as well as species. In addition, linguliformean brachiopods
are the unique fossils at most of the Ttfenice Formation lo-
calities. Therefore, the fossil abundance and diversity is
exclusively determined by them. Diversified assemblages
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Figure 2. Simplified stratigraphic table
of the lower Ordovician part of the Prague
Basin fill (modified after Kraft er al.

2001).
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composed of trilobites, echinoderms, linguliformean and
rhynchonellyformean brachiopods and others, including
one probable bryozoan species, occur only rarely (Mergl
1984). Kraft et al. (unpublished data) distinguished three
regions characterized by typical fossil associations. The
distribution patterns of these fossil associations do not cor-
respond to the lithological associations in general. It is in-
ferred that patterns result from environmental factors not
reflected sedimentary features, but controlled by volca-
nism (Kraft ez al. unpublished data). Duration of deposition
of the Trenice formation is estimated at three to four mil-
lions years based of occurrence a few index chitinozoans
and graptolites (Fatka 1993, Kraft & Kraft 1999).

Lithofacial analysis

Three principal lithofacies associations have been recogni-
zed forming the Tienice Formation in the south-western
part of the Prague Basin: i) graded conglomerates, ii) lithic
sandstones, iii) volcanigenic deposits. Definition and cha-
racteristics of the associations are based on typical litho-

logy, sedimentary structures and geometry of sedimentary
bodies. Individual lithofacies were determined based on
the Tucker’s (2001) classification. All arenitic lithotypes,
formerly classified as greywackes (e.g. Kettner 1916a,
Havlicek 1981), have been therefore classified as sand-
stones.

Graded conglomerates

Description. — This facies association is characterised by
two types of clast-supported conglomerates: i) polymictic
conglomerates, ii) quartz conglomerates. The clastic mate-
rial of the polymictic conglomerates is represented by
clasts of volcanic rocks —rhyolites and andesites, neoprote-
rozoic cherts, monocrystalline quartz and polycrystalline
quartz grains (Fig. 5A). The quartz conglomerates contain
clasts of monocrystalline and polycrystalline quartz and
clasts of neoproterozoic cherts. Generally, pebbles of both
types are subrounded to well-rounded. Conglomerate bodies
typically tend to fine upwards; clast size varies from 0.5 to
20 cm. Cobbles occur rarely at the base of some beds.
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Matrix consists of fine-grained conglomerate and it
fines upwards into coarse-grained lithic sandstone. Com-
position of matrix is identical with pebble composition.
Fragments of chloritized volcanic glass are common in the
matrix (Fig. 5A). Conglomerates are locally cemented by
hematite or interbedded with massive or laminated hema-
tite intercalations (Mergl 1984, 2009). Mergl (2002) also
observed fragments of brachiopods in conglomerate ma-
trix.

Commonly the sediments of this association formed a
basal lag of the Trenice Formation. Polymictic conglomer-
ates generally overlie Cambrian sediments (Fig. 3A) and
volcanic rocks of the Kfivoklat-Rokycany and StraSice
complexes. Quartz conglomerates are distributed in the
areas with Neoproterozoic basement rocks with high con-
tent of cherts.

Interpretation. — Conglomerates representing initial depo-
sits of the formation are interpreted as a transgressive lag
(sensu e.g. Swift 1968, Walker 1992) formed during sea in-
gression to the Prague Basin (e.g. Kettner 1916b, Havlicek
1981). A marine origin of the conglomerates is indicated by
paleontological data (Mergl 1984). The coarse-grained na-
ture of deposits indicates high energy that could be genera-
ted by wave action in a shoreline environment (sensu Curray
1964, Yang 2007). This marine shoreline setting is also sup-
ported by stratigraphic position of the conglomerates that
unconformably overlie Neoproterozoic (Cadomian) base-
ment or Cambrian volcanics and sediments (see Fig. 2).

Lithic sandstones

Description. — This facies association is represented by two
lithofacies: 1) cross-bedded sandstones and ii) massive sand-
stones. Cross-bedded sandstones (Fig. 4) are represented
by fine to coarse-grained sand material. The main compo-
nents of the sandstones are subangular fragments of base-
ment rocks (mainly Cambrian volcanics, Neoproterozic se-
diments) monocrystalline quartz, rare polycrystalline
grains (Fig. 5B). Opaque Fe-minerals as limonite and he-
matite are common. Locally, high abundant fragments of
chloritized volcanic glass were observed.

Sandstones are cemented by micro-quartz, iron oxides
and hydroxides or by carbonates.

Trough cross-bedding of different scale is developed
within these deposits. Thickness of individual sets of
cross-beds ranges from 20 to 100 cm, with documented
lateral extent up to 250 cm. Individual cross-bedded sets
are grouped into sedimentary bodies up to 150 cm thick;
their lateral extents locally exceed outcrop size. The indi-
vidual beds are separated by marked flat erosional sur-
faces or by layers of volcanogenic sediments, described
below.
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Massive sandstones are fine-grained to medium-
grained lithic sandstone beds that mostly lack any sedimen-
tary structures. This sandstone forms beds with thickness
from several tens of centimetres up to 1 m. They commonly
have erosional bases. Locally isolated pebbles of volcanic
rocks occur above the base (Fig. 3B), where the massive
sandstone overlies volcanic conglomerate. Poorly pre-
served stratification resembling hummocky-cross stratifi-
cation is present locally in this facies. Sediments of this as-
sociation in a few places contain poorly diversified benthic
assemblages with dominant linguliformean brachiopods
assigned by Havlicek (1982b) to the Hyperbolus feist-
manteli Community.

In the north-eastern part of the study area, the sandstone
strata are affected by secondary silicification (e.g. in vini-
city of To¢nik; Fig. 1) that obscures original sedimentary
structures.

Interpretation. — A marine origin of the deposits is docu-
mented by paleontological data. The benthic assemblage
with dominant linguliformean brachiopods indicates shal-
low marine environment (Havlicek 1982a).

Trough cross-bedding within sandstones suggests that
the material was transported and deposited in the form of
subaquatic dunes with significantly sinuous crests (e.g. Al-
len 1982, Harms et al. 1982). Due to limited scale of out-
crops it is difficult to reconstruct sedimentary bodies of
larger scale. Origin of currents that produced the dunes is
discussed below. Massive sandstones are interpreted as
tempestites, produced by storm remoulding of cross-bedded
sandstones or other deposits. The absence of characteristic
sedimentary structures (hummocky cross-stratification,
swaley cross stratification) could be explained by high en-
ergy during deposition and by coarser grain size of sediment
in comparison with typical hummocky cross-stratified
tempestites (confront e.g. Dumas & Arnott 2006). Absence
of other wave formed sedimentary structures (e.g. wave rip-
ples) indicates depositional conditions under fair water wave
base corresponding to lower shoreface environment.

Volcanigenic deposits

Description. — Two lithofacies represent this facies associ-
ation: 1) volcanigenic conglomerates, and ii) volcanigenic
sandstones. Volcanigenic conglomerates (Fig. 3D) are
matrix supported poorly sorted sediments, characterized by
subangular to subrounded pebbles of 0.5 to 5 cm in diame-
ter. Slightly altered rhyolites are the most abundant clasts.
The rhyolite is slightly vesicular and contains rare quartz
phenocrysts 0.2 mm in diameter (Fig. 5F). Irregular-
shaped vesicles are partly filled with secondary minerals.
Spherulites set on rims of vesicles were also observed
documenting originally vitric texture of the rhyolite. Clasts
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Figure 3. Main lithofacies association of the Tfenice Formation. ® A — basal polymictic conglomerate of the Tfenice Formation overlying Cambrian
nonmarine? sandstones. Cobbles are present in the lowermost part of conglomeratic layer. The erosional base is indicated. Medovy Ujezd quarry.
* B — conglomeratic sandstone at the base of massive sandstone bed. Pebbles are redeposited from underlying volcaniclastic conglomerates. Klesténice
quarry. * C — intercalacion of the volcaniclastic conglomerate within sandstones shoreface deposits. Klesténice quarry. * D — detail of volcaniclastic ma-
trix-supported conglomerate with subrounded volcanic pebbles. Klesténice quarry. * E — intercalation of coarse-grained volcaniclastic sandstones within
lithic fine-grained sandtones. Horizontal lamination within volcaniclastic sediments is evident. Tyéek near Zbiroh quarry. * F — lithic sandstones of
Trenice formation are overlied by cherts of Milina Formation. Outcrop To¢nik.
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Figure 4. Trough-cross bedding within middle to coarse-grained lithic sandstones (without grain-size changes). Geometry of the sedimentary structures

is indicated on the right. Jivina quarries.

of high-grade (eutaxitic) rhyolitic ignimbrites may also oc-
cur, but they are very rare (Fig. 5C, D). The fiamme in
these eutaxitic ignimbrites are intensively flattened and
stretched. Although the size of ignimbrite fragments does
not exceed 2.5 mm, small fragments of older rhyolitic ig-
nimbrite can be recognized inside. Matrix consists of
clayey and sandy siltstone, locally with angular fragments
of chloritized coherent (non-vesiculated) volcanic glass.
The outlines of glass fragments in the matrix are straight or
bulging, rather than defined by vesicle walls.

Generally, the conglomerates are massive without sedi-
mentary structures. Rarely, horizontal stratification of
centimetre scale occurs in the uppermost part of the
accumulations. These stratified intervals commonly fine
upwards.

Volcanigenic sandstones (Fig. 3E) are represented by
fine- to very coarse-grained sandstone of greenish-grey
colour, locally with high content of granules up to 0.5 cm
near the base. They consist of fragments of non-vesiculated
chloritized volcanic glass (Fig. SE) and microcrystalline
volcanic rocks (both rhyolite and basalt). Subangular
grains of monocrystalline quartz occur rarely. Polycrystal-
line quartz and clinopyroxene are present as an accessory
component. Sandstones of this facies are characterized by
horizontal lamination of millimetre to centimetre scale
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(Fig. 3E), locally with ripple bedding in the uppermost part
of sedimentary bodies.

Sediments of these facies form lenticular beds up to
35 cm thick and few metres to tens of meters wide, charac-
terized by sharp and erosional base. Although the extent of
individual beds mostly exceeds the scale of documented
outcrops, it is evident that their thickness and grain size de-
crease laterally. In the study area, these sedimentary bodies
are enclosed within the cross-bedded sandstones (de-
scribed above, see Fig. 3C, 3E).

Intepretation. — Matrix-supported conglomerates mostly
lacking sedimentary structures indicate that the material
was deposited from cohesive debris flows. High portion of
clayey and silty matrix supporting clasts is typical feature
of sedimentary record of cohesive debris flows (e.g. Lowe
1982, Stow 1986, Tucker 2001). Volcanigenic sandstones
could be interpreted as deposits of volcaniclastic turbidity
currents. The massive coarse-grained (granule-rich) inter-
vals near the base of individual sedimentary bodies are in-
terpreted as the Ta member of the Bouma sequence charac-
terized by upper flow regime during deposition (e.g.
Bouma 1962, Lowe 1982). Horizontally laminated inter-
vals and overlying ripple-bedded intervals are interpreted
as Tb and Tc members, respectively.
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Figure 5. Photomicrographs of principal lithotypes of Ttenice Formation. * A — polymictic conglomerates: well-rounded clast of the
polycrystalline quartz, subrounded to rounded microcrystaline aphanitic volcanic rocks. The matrix is formed by sandstones with clasts of
monocrystalline quartz, lithic fragments (mainly volcanics) and chloritized volcanic glasses. Facies association of the graded conglomerates.
Medovy Ujezd quarry. * B —subrounded grains of monocrystalline quartz, lithic fragments (microcrystaline aphanitic volcanics) and rare volcanic
glasses. Association of lithic sandstones. Tfenice quarry. * C, D — angular clast of ignimbrite contained fragment of older ignimbrite within. Sam-
ple from the conglomeratic base of massive sandstones. PPL (C), CPL (D). Facies association of lithic sandstones. Klesténice quarry.
e E — subrounded fragments of chloritized volcanic glasses within volcanoclastic sandstones. Facies association of volcanigenic deposits.
Klesténice quarry.  F — clast with spherulite as a product ofhigh-temperature devitrification. Facies association of volcanigenic deposits.
Kles$ténice quarry.
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Figure 6. Schematic map of the south-west part of the Prague Basin
with diagrams showing results of paleocurrent analysis and number of
measurements.

Stratigraphic position of these sediments within the
cross-bedded lithic sandstones characterised by presence
of marine fauna indicate a shallow-marine depositional en-
vironment.

Discussion
Sedimentary model of the Tfenice Formation

The sedimentary environment of the Tfenice Formation was
characterised by migration and accumulation of sand dunes
that overlie the basal lag of the whole formation across the
entire Prague Basin, respectivelly. Generally, sediments of
the formation are with a high content of weathering-prone
clastic material. This is good evidence of short transport and
dominant role of local material, well documented especially
by heterogeneity of the basal conglomerate a from side to
side. Typical quartz and cherts dominates basal conglomera-
tes in areas with Neoproterozoic sources while those with
volcanic rocks are related to sources from upper Cambrian
volcanic complexes. Based on the stratigraphic position, the
basal lag is interpreted as a transgessive accumulation (trans-
gressive lag) (sensu e.g. Swift 1968, Swift & Thorne 1991,
Trincardi & Field 1991, Walker 1992, Cataneo & Steel 2003).

Paleontological content and absence of wave ripples
suggest that the sand dunes were deposited in lower
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shoreface conditions, below fair weather wave base. Ma-
rine currents that produced the dunes could be formed in a
tidal regime, or by storm impacts (e.g. Raaf & Boersma
1971, Goldring & Bridge 1973, Harms 1975, Dalrymple et
al. 1978, McCave & Langhorne 1982, Leckie & Walker
1982). However, it is not possible to interpret the precise
origin of the current due to limited outcrop extent and ab-
sence of some specific sedimentary structures (e.g. reacti-
vation surfaces, tidal bundles, hummocky cross-stratifica-
tion or swaley cross-stratification). The palacocurrent
analysis shows generally basin-ward migration of the
dunes (see Fig. 6). The basin-ward migration of sediment is
also indicated by redeposited fragments of linguliformean
brachiopods interpreted by Havlicek (1982b) as part of the
Benthic Assemblage 1 (sensu Boucot 1975) that lived in an
intertidal environment.

The dominance of tidal influence is preferred as more
plausible if presumed palacogeography of the basin during
deposition of the Ttenice Formation is taken into consider-
ation (sensu Havlicek & Snajdr 1956). It is common, tides
produce water currents in settings of marine embyments
(e.g. Knight 1980, Dalrymple et al. 1990). Finally, storms
are not speculated to have forme the currents because to
pure occurrence of typical storm sedimentary structures
(e.g. Eyles & Clark 1986, Greenwood & Sherman 1986,
Dumas & Arnott 2006). However, sporadic storm impacts
are preserved by interpreted tempestites within the sedi-
mentary record.

Intercalations of volcaniclastic sediments suggest occa-
sional interruptions of shoreface deposition by debris flows,
and turbidity currents originally derived from nearby volca-
nic centre (see Fig. 9). Volcaniclastic turbidity currents
might be transformed from debris flows due to interaction
and dilution of the sediment and surrounding water in the
subaquatic environment (e.g. Trofimovs et al. 2008). The
turbidity currents could be also related with hyperpycnal
flows generated by river floods event in the catchement of
the basin (e.g. Mulder & Syvitski 1995, Mulder ef al. 2003,
Mutti et al. 2003, Plink-Bjorklund & Steel 2004).

However, it is evident that the original record of these pro-
cesses was significantly affected by subsequent reworking
due to shoreface sedimentary processes. Only on several sub-
ordinate isolated beds of debris flows and turbidity currents
deposits is preserved within lower shoreface sandstones.

Sandstones of Ttenice Formation are overlain by signifi-
cantly finer-grained sediments of the Milina or Klabava for-
mations (siltstones, cherts) (see Figs 3F, 7, 8). Sediments of
the both formations probably represent deposition in off-
shore environments. However, local coarsening of sands in
the topmost part of the Tfenice Formation (see Fig. 7) is con-
sidered to indicate of shallowing due to marine regression
and the basal conglomerate locally underlying the Milina
and Klabava formations could be interpreted as a record of
subsequent transgression (cf. Havlicek 1981).
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Figure 7. Lithological logs of studied outcrops and selected well data of the Tfenice Formation in the south-east flank of basin. Logs of well data were
constructed based on descriptions made by Havli¢ek & Snajdr (1957, 1958). 1 — Medovy Ujezd quarry, 2 — drill core My XV, 3 — drill core My XVI,
4 —Jivina quarries, 5 — KleSténice quarry. Localization of data is shown in Fig. 1.

Origin of volcaniclastic material

The high proportion of silicic vitric fragments indicates
silica-rich volcanism as a significant source of material. An
absence of vesicles in volcanic glass fragments and scarce
irregular vesicles in rhyolitic fragments argue against frag-
mentation of volcanic material due to nucleation, growth

and disruption of vesicles during eruption (e.g., Fisher &
Schmincke 1984, Sparks 1986, McPhie et al. 1993). Silica
rich melts with high viscosity; low ion-diffusion rates and
a small temperature difference between solidus and liqui-
dus are prone to form glassy lavas in both subaerial and sub-
aquatic settings (e.g. Fink 1983, McPhie et al. 1993). Poor
rounding of the glass fragments argues for short transport
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the Trenice Formation in the north-west flank of basin. Logs of well data
were constructed based on descriptions made by Havlicek & Snajdr (1957,
1958). 6 —drill core R¢ X1, 7 — Ttenice quarry, 8 — To¢nik outcrop. Local-
ization of data is shown in Fig. 1.
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(in scale of X km up to first X0 km). Additionally, any pre-
sent round shape could be produced by perlitic cracking of
the glass during first stages of glass hydration (e.g. Davis &
McPhie 1996). Overall, angular shape dominates among
the glass fragments, suggesting autoclastic-, or hydroclas-
tic fragmentation. Origin of such clasts by erosion of an-
cestral volcanic complex does not seem to be likely. Al-
though, the volcanic glass may persist in unaltered form
for millions of years, such conservation can be supposed in
coherent obsidian lavas or well welded ignimbrites. Ero-
sion of coherent glassy body would be accompanied by
some chemical weathering and we do not suppose, such
process could produce angular fragments of fresh glass.
Hence, observed angular glass fragments were most likely
derived from redeposited autoclastic carapace facies of a
viscous lava.

The quartz phenocrysts and vesicles (later partly
filled with secondary minerals) served as crystallization
nuclei for chalcedonic spherulites. Spherulites represent
high-temperature devitrification products of melt under
high undercooling conditions (e.g. Lofgren 1971,
Dunbar & McLemore 2001, Castro et al. 2007) common
in subaeric conditions (e.g. Stevenson ef al. 1994, Smith
et al. 2001, Castro et al. 2008), but the same features
were described also from subaquatic setting (e.g.
Paulick er al. 2004, Sandsta et al. 2011). Even though,
formation of spherulites requires undercooling condi-
tions, extremely rapid cooling (quenching) inhibits the
formation of spherulites, as the temperature gets quickly
below the glass transition temperature (Watkins et al.
2009). For that reason, the occurrence of spherulites in
submarine volcanic systems is limited to coherent lava
facies and cores of lava pillows (e.g. Paulick ef al. 2004,
Sandsté et al. 2011). The spherulites could hardly form
in rims or even in hyaloclastite breccia of submarine
lava. Therefore observed glass fragments are interpreted
as clasts derived from autoclastic facies of a subaerial
lava.

In summary, the volcanic material most likely comes
from a subaerial rhyolitic lava-dome complex in clast-
source area. Such observation corresponds to hypothesis of
Kukal (1963) suggesting that the Kfivoklat-Rokycany Vol-
canic Complex (KRVC) and Strasice Volcanic Complex
(SVC) represented the most probable source of the volca-
nic material resedimented during accumulation of sedi-
ments of Trenice Formation.

Thus, the influx of volcaniclastic material to the
shore-face environment had to be provided by exo-
dynamic processes coeval with volcanism in the subaerial
setting. It is inferred that subaerial mass flows and alluvial
hyperconcentrated currents were the principal processes
bringing the volcanic material to the submarine environ-
ment in presumbly traversing fan deltas or river deltas
(see Fig. 9).
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rhyolitic lava
domes

Figure 9. Simplified 3D  reconstruction of  main
palaeogeographic features and sedimentary environments that
were interpreted to be active during accumulation of the
Ttenice Formation. Out of scale.

Timing of volcanic activity

The stratigraphic range of the lower Palaeozoic volcanism
and relation between the Ktivoklat-Rokycany and StraSice
complexes and Ordovician marine sediments has not been
explicitly resolved. Originally, the Tfenice Formation was
defined by Kettner (1916a, b) as a coarse-grained siliciclas-
tic succession overlying the volcanic products of the
KRVC and SVC. Thus, the volcanic complexes have been
considered of late Cambrian age in general.

On the other hand, fragments of argillized glass within
the studied volcanic material shows the same geometry as
quartz of crystalline rocks, and therefore, these fragments
had to be transported in fresh solid stage before argil-
lization, which post dated deposition. Volcanic glasses are
generally prone to weathering and argillization (e.g. Hay
1963, Di Figlia e al. 2007, Yokoyama et al. 2008). It have
been already discussed the arguments for origin of glass
fragments. Coherent bodies of volcanic glass may persist
for long time periods. It is supposed, the observed volcanic
fragments were derived from autoclastic breccia surround-
ing some lava body. Preservation of fresh volcanic glass in

turbidity current

the form of brecciated material with large reactive surface
is highly unlikely. For that reason, it is presumed, erosion
and sedimentation of the volcanic material subsequently or
shortly after the eruption. Consequently, it suggests per-
sisting activity of the volcanic centres during deposition of
the sediments of the Tfenice Formation. This interference
is supported by observations of some others authors.
Havli¢ek & Snajdr (1956) described volcaniclastic deposits
of rhyolite composition with fragments of Ordovician
linguliformean brachipods from north-western flank of the
Prague Basin. Havli¢ek & Snajdr (1957, 1958) also re-
ported rhyolitic volcaniclastics within the Trenice Forma-
tion and at the basal portion of the overlying Klabava For-
mation from drill cores in south-eastern flank of the basin.
Porphyritic tuffs corresponding to the StraSice Volcanic
Complex were also described in a succession of probably
Early Ordovician sandstones by them. However, it has not
been definitely supported by published radiometric data:
499 Ma by Drost et al. (2004), and 474 Ma by Vidal et al.
(1975), later recalculated to ca 494 Ma by Fatka et al.
(1998), that proved the volcanic activity into age of Cam-
brian—Ordovician boundary in general. Based on the above
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mentioned facts, continuation of the late Cambrian sub-
aerial volcanic activity until the Early Ordovician is inter-
preted in the Prague Basin area (Fig. 1).

Conclusions

The sedimentary environment of the Tfenice Formation
is interpreted to have been a marine lower shoreface cha-
racterised by sand dunes migrating basinwards due to
predominant influence of ebb-tide currents. However, tem-
poral effect of storms is also speculated. Sporadic interrup-
tion of the shoreface deposition by volcaniclastic density
currents is recorded within the sediments of the Ttenice
Formation. Petrography of preserved volcanic material
suggests that the material was most likely derived from au-
toclastic breccia associated with subaerial rhyolitic
lava-dome complex and subsequently resedimented by
combination of subaerial and subaquatic processes to the
shoreface environment. The Kfivoklat-Rokycany Volcanic
Complex (KRVC) and Strasice Volcanic Complex (SVC)
located belong the margins of basin are speculated as the
most probable source of this volcanic material preserved in
the sediments of Ttfenice Formation. The character of the
volcaniclastic products illustrate possible decreasing but
still surviving activity in the subaerial volcanic centres du-
ring the Early Ordovician in area of the Prague Basin.
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