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Ahsiract: The Sternberk-Hornl Benefov Zone occupies an important position in the middle of the Nizky Jesenik Mis. Paleozoic, Basic volcanic rocks
were emplaced along structurally controlled crushed zone trending NNE-S5W from the Upper Emsian to Lower Viséan. Volcanic activity is believed
to have strongly affected the sedimentation: the Rhenish litho- and even biofacies have changed inte Hercynian facies in the middle of the Upper Emsian.
Pelitic type of sedimentation lasted il the Eifelian when a shallow water limestone sedimentation began to prevail gradually. This sedimentation was
partly substituted by deposition of silicecus shales with chents since the Upper Frasnian. The Moravsky Beroun Formation was locally deposited prior
1o the flysch sedimentation near Sternberk and Moravsk{ Beroun. This formation consists of quarizose conglomerates and limestone breceia. The flysch
sedimentation in the Sternberk region began during the Famennian and Tournaisian, The sedimentation in northern areas began as late as during the
|ower and Middle Viséan. A composile anticlinal fan-tike structure of the Sternberk-Horni Benedov Zone is thought to have developed mainly during
sadimentation of the Horni Benefov Formation (the Lower and Middle Viséan) when it was squeered out to the height of 3-4 km due to a collision of
pieissic blocks of Proterozoic basement. These Devonian and Lower Carboniferous formations exhibit a relatively low grade metamorphism in contrast

1o adjacent east and west units.

'Cesky gealogicky idstav, Leitnerova 22, 602 00 Bmo

The Sternberk-Homi BeneSov Zone cuts the Nizky
Jesenik Mts. along a NNE-SSW trending line (Fig. 1). It
shows a composite anticlinal structure with mostly
westerly oriented vergency of overturned folds and
reverse faults. The Zone is immed on both sides by deep,
extensively folded, synclinoria that are filled up with
Variscan flysch sediments: the And&lski Hora Formation
(Famennian and Toumaisian) and particularly the Horni
Benelov Formation (Lower and Middle Viséan) in the
west - the Moravice Formation (Upper Viséan) in the east.
The core of the anticlinorium is built up by mostly basic
volcanic rocks (tholeiiles showing an alkalh trend -
Prichystal 1985). Metamorphism of Devonian and Lower
Carboniferous sediments within the anticlinoriom is of
meta-anthracite grade which is considerably lower than
that of rocks of the same age occurring in neighbouring
synclinoria (transition to the epizone). A complex inverse
siructure has develeped from a mobile, strongly volcanic
zong, due to a strong compression (Dvodk 1977), Tt can
be compared with the Lahn-Dill structure of the Rheinish
slate mountain range.

Relation to Proterozolc basament -

Gravimetric maps (Blizkovsky et al. 1977) indicate that
the thickness of the granitic lighter mass layers is greater
in the vicinily of the SSW part of the Sternberk-Hom{
Benefov Zone than of those located north of it. The
thickness of Paleozoic rocks exhibiting high density
appears 1o be also rather small, This scems o be caused
most likely by relatively greater thickness of granitized
Proterozoic crystalline basement. The gravity values
increase toward the NINE which is paraliel 1o the
inclination of structural axes. The highest values were
recorded in a transversal block between Leskovec in the
south and the southern vicinity of Kmov in the north. A
positive regional magnetic anomaly has been also
reported from a transversal block located between the
Vrbno Zone in the west and northern part of the
Sternberk-Horni Benefov Zone in the east, The
coincidence of positive gravimetric anomaly with positive
magnetic anomaly indicates that Proterozoic basement
has been only slightly consolidated, remained mobile and
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1. Synoptic geological map of the Nizky Jesenik Mits.

1 - volcanics and sediments of the Sternberk-Hornf Benelov and Yibno
Zones, 2 - mostly Devonian and Lower Carboniferous limestones near
Hranice and its vicinity, 3 - And¥lské Hora Formation (Famennian and
Tournaisian), 4 - Hornd Benefov Formation (Lower and Middle Viséan),
5 - Moravice Formation (Upper Viséan - Goa and Prones), 6 - mostly
greywackes, 7 - mostly shales and silistones (6, 7 - Hradec-Kyjovice
Formation - Upper Viséan, zone Goy and the base of the Namurias A),
8 - Ostrava Formation (the lower half of the Namunan A).

has been built up by mostly basic rocks. Consequently,
Paleozoic rocks in this part of the Nizky Jesenik Mits. show
maximal thickness. This is likely to be a reason why
pre-flysch Devonian as well as Lower Carboniferous
sediments near Leskovec and Hom{ BeneSov do not
contain detrital guartz. Proterozoic rocks either did not
confain quartz or did not form large insular elevations
from which the quartz could have been washed down.
Another type of the Earth’s crust might have been the host
for a slightly different volcanism (with K-rich quanz
keratophyre) to which a base metal deposit is thought to
be related.

The vicinity of Sternberk {Fig. 3)

The Sternberk Paleozoic forms the southernmost
structural unit within the Stemberk-Hom{ BeneSov Zone
of the Nizk¥ Jesenfk Mts. A large basic volcanic body
constitutes a part of this unit. Volcanism of the area was
studied in detail by Pfichystal (1985).

The Stinava-Chabiéov Formation (see Fig. 2)
The earliest fauna found in a farm-track near ChabiCov is
regarded as Upper Emsian (Chlupdt 1979). A rich

tentaculitid, trilobite and crinoidal fauna was found in
a few metres thick intercalation of dark calcareous shales
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with lenses of clayey limestones enveloped by voican
Less abundant are brachiopods, corals, goniati
lamellibranches, byolites and phyllocarids. Obrhel (19
described well preserved large fragments of terrest
flora. Patchy layer, its lenticular shape in envelop
volcanics and the remains of flora seem Lo argue
shallow water environment in a depression surrounded
volcanic rocks. From the chemical point of view, the c
material is regarded as mature or overmature,
sedimentation is believed to have been quiet, i
protected environment which was occasionally affec
by lack of oxygene at the bottom. The type of fauna :
gives evidence for a quiet airless environment which 1
only otcasionally disturbed by an oxidizing flow.

The Chabitov V-2 borehole was located 30{ m NI
the described outcrop. A petrographically identical la
was penetrated by the borehole. It also penetrated volc:
rocks some 200 m thick which underlie mostly clay sh
The basement of volcanics was not reached. The m:
part of a volcanic complex near ChabiCov is of Lo
Devonian age. Fragments of underlying Emsian shale
well as limestones with tentaculitids, crinoids,
spheroids were found in the uppermost section of
borehole (down 1o 114 m) penetrating the Andéelska H
Formation. Limestone intercalations begin to occur in
Stinava-Chabitov black shales, enveloped by volcan
in the lower section of the borehole (down to 270
There are two types of limestones: 1. biosparitic
biointrasparitic limestones with styliolina, segmenis
crinoids, fragments of trilobite exoskeletons as wel
with algae, algae peliets and peloids of micriti
limestones. Fragments of crinoidal stems were ¢
affected by micritization. An admixture of detrital qu
of silt size is frequent. 2. black micrite with scatie
dissolved radiolaria which were calcified. The occurre
of shales as well as [imestones gives evidence for a qu
protected, rather lagoonal reducing environm
alternating with periods of extensive currents wl
brought in not only fragments of shallow water fauna f
close vicinity but also detrital quartz from a rather ren
elevation of an old crystalline basement,

An interbed of grey limestone (microsparite ¥
styliolina) was found in a similar intercalation of ¢
shales NE of Ridet. A few millimetres thick rhyth
disturbed by cleavage, remained preserved. Stylio
shells show an aureole of radial syntaxially grow
crystals of calcite. A conodont fauna of the Upper Em:
(lower part of the Polygnathus costatus patulus Z«
corresponds to the above mentioned macrofauna
Chabitov.

The Middle Devonian was paleontologically provec
the first time in the Hidsnice-2 borehole in an intercala
of black shales, sandy limestones (the Upper Eifelian,
Tortodus kockelianus Zone), and to a certain exten
laminated siltstones to sandstones. A sandy admix
appears 10 increase upward. Four intercalations 24 m
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4 m, 20

m and 17 m thick were found in the vnlcaniF_seﬁFs. The
limestones contain locally abundant tentaculitids, in other
places ostracods and crinoids. They are n?garded i
biosparites and biomicrites. An organic admixture with
pyrite is ubiquitous. Peliets are rare. Graded bedding in
addition to conspicuous lamination was observed
microscopically in several specimens. Often a smaller or
greater admixture of silty and locally also sandy quariz,
plagioclase and mica can be found. Zircon, mm_'malme and
rutile are accessory. Volcanic rocks occurring in the uppffr
parts of the section are likely to be of the same age. Thetr
thickness was found to vary considerably.
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2. Stratigraphic schematic sections of the Sternberk-Hoenl Benedov Zone.

The Ponikev Formation,
the Jesenec Limestone

From the viewpoint of stratigraphy, an intercalation of
grey micrite in silliceous shales lying directly above
volcanics along their western margin, is regarded as the
earliest Upper Devonian that was paleontologically
proved. It contains a conodont microfauna of the Upper
Frasnian (the Palmatolepis gigas to the lower part of the
Palmatolepis triangularis Zones). Almost all zones of the
Famennian and Lower Toumaisian within the folded
Ponikev Formation were defined on the basis of conodont
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| - dark grey clay shales (Stinava-Chabitov Formation - Upper Emsian and Eifelian), 2 - limestones (Jesenec Limestones - Eifelian to Tournaisian),
3 - sandy limestopes and calcareous sandstones, locally with intercalations of shales ("Na v{sluni” facies, lower - the base of the Middle Viséan),
4 - laminated grey and light grey limestones (Hndvotfn Limestones - Frasnian and Fameanian), 5 - siliceous shales with cherts (Ponikev Formation -
Upper Frasnian to Middle Viséan), & - silty shales and siltstones (And2iské Hora Formation - Famennian and Tournaisian, locally this hatching marks
also imtercalations of shales in the Horni BeneSov Formation), 7 - limestoneé brecéda, quartz conglomerates and sandstones, B - quariz conglomerates
and coarse-grained sandstones (7, 8 - Moravsky Beroun Formation - Upper Tournaisian), 9 - greywackes (Hori BeneSov Formation - Lower and Middle
Viséan), 10 - fine-grained quartz sandsiones in various stratigraphic levels, 11 - basic volcanics, 12 - basic tuffs, 13 - keratophyres, 14 - hiatus.
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microfauna (Zikmundov4 1964). The formation is several Kalkgraben which is bordering the NW part of 1
hundred metres thick and is exposed in a valley called  volcanic series. Dark siliceous shales with black che

3. Map of bedrock geology of the Steruberk vicinity.

1 - Pliocene, 2 - shales, siltstones and fine-grained graywackes, 3 - greywackes (2, 3 - Horni Benedov Formation, Lower and Middle Viséan), 4 - shy
with siltsione laminae, Jocally pebble shales and greywackes in places of iransgreasion over Lower Devounian volcanica, 5 - silty shales with Iayer
greywackes (4, 5 - Andflakd Hora Formation, Famennian and Tournaisian), 6 - limestone breccia with quartz pebbles, quartz sandsiones (Morav
Beroun Formation, Upper Tournaisian), 7 - siliceous shales widh cherts, pear B abwce with intercalatjons of quarts sasdstones (Ponikev Formation, U
Fraspian to Towrnaisian), 8 - limestones (Jesenec Limestoses, Upper Prasnian to Toumnaisian), 9 - basic volcanics, 10 - clay shale, locally sandy
some places with limestone lenses (Stinava-Chabifov Formation, Upper Emsian and Eifelian).

60




pE the ||

passing through calcareous cherts and shales into stab-like
microsparitic limestones are also known t‘_mm the § and
SE margin of the area under investigatigation. ,

Abundant, thickly bedded intercalations of fine-grained
quartzose sandstone occur in strongly weathered shales of
the Ponikev Formation. The sandstone shows bimodal
distribution (coarser mode M - 0.45 mm, finer mode M -
0.16 mm), silicification and mosaic texture with
muscovite on bedding planes. Heavy mineral assemblages
{idiomorphic zircon - 0.3 vol.%, rounded zircon - 6.2 '.rf;:l.
%, ratile - 2.6 vol. %, brown, green and even bluve varieties
of tourmaline - 87.6 vol.%, amphibole - 3.3 vol.%) is
identical with that of the Moravsky Beroun Formation. It
indicates a common source of detrital material.

An intercalation of calcarecus sandstone, about 4 m
thick, alternating with mostly dark micrites, was
penetrated by the Sternberk MV-6 borebole, located near
the western margin of the town of Sternberk. An increase
of detrital quartz, obviously of plutonic origin, toward the
south, indicates an island built up by granitoids and by 2
crystalline complex located south of the present
occarrence of volcanics. The distribution of limestones is
irregular, lenticular and appears to depend on local
morphology of volcanics. Limestones seem io prevail in
the south whereas siliceous shales replace them in the
north. From the geperal extent and distribution of the
Pokinev Formation and overlying rocks it becomes
obvious that volcanic rocks at that time built an island
which was gradually transgressed by the sea.

In a valley NE of a gamekeeper’s lodge called Ales,
Koverdynsky (1964) found fine-grained microsparitic and
micritic laminated limestone which underlies quartzose
sandstones. The basal part of the limestone contains a
conodont fauna corresponding to the upper part of the
Scaphignathus velifer Zone. Light grey, slab-like
microsparitic limestones with intercalations of light green
shales with conodont fauna of the upper part of the
Palmatolepis marginifera Zone were found in another
abandoned quarry. These are likely to be underlying dark
limestones which occur in the above mentioned quarry.

The Andélska Hora
and Moravsky Beroun Formations

Siliceous shales of the Ponikev Formation gradually pass
into black-grey clay shales in the north and north-wesL
Siltstone laminae and intercalations of fine-grained
greywackes of the And&lskd Hora Formation begin to
increase gradually toward the top of clay shales. The
beginning of the flysch sedimentation has a character of
pulses, Rhythmites start to deposit first, to be followed
later by an influx of coarser detritus. In places where the
Ponikev Formation is missing, the Andélska Hora
Formation lies directly on older volcanic series with
intercalations of shales of the Stfnava-Chabiov

Formation {NE and NW of ChabiCov and its vicinity). The
Moravsky Beroun Formation occurs in the roof of
volcanics in some other places (S of Chabicov, NW of
Hl4snice). The Moravsky Beroun Formation was found to
have been deposited on the Ponikev Formation at the SE
margin of Sternberk and in a valley NE of the Alel
gamekeeper's lodge. '

A calcareous subgreywacke occurs in the roof of the
Stinava-Chabi¢ov Formation NE and NW of Chabitov. It
contains several cm large shreds of underlying clay shales,
rare small quartz pebbles up to 2 cm in size, fragments of
crinoidal stems, corals, bryozoa and brachiopods. The
sandstone passes upward into black-grey shales in which
layers of calcareous siltstoneés and fine-grained
greywackes of the Andélska Hora Formation appear to
increase. The sandstones occur mostly in places where
abundant shales of the Stunava-Chabifov Formation
allowed easier erosion of volcanosedimentary rocks
(tuffs, tuffites), thus controlling the development of
certain depression inside a volcanic elevation. A pebbly
shale to breccia, having about 70 vol.% of clay-silty
matrix, also occurs locally on the base of the Andélski
Hora Formation. Fragments of underlying Emsian shales,
phyliites, polycrystalline and monocrystalline quartz (90
vol.% of detritus) and even biogenic carbonate are
enveloped in the above mentioned matrix. The rock
exhibits a chaotic texture which corresponds to
redeposited eluvium,

Light grey, fine- to coarse-grained quartz sandstones to
subgreywackes occur in the roof of Lower to Middle
Devonian volcanic rocks scuth of Chabitov and NW of
Hl4snice. They contain intercalations of clay shales in the
northern part of the arca whereas in the southernmost pan
they pass into coarse-grained limestone breccia with
quariz pebbles about 2 cm large. Fragmenits of dark grey
slab-like micrite limestones are up to 30 cm long with a
conodont fauna of the B. costatus Zone. The thickness of
the layver does not exceed 10 m. Fine-grained quartz
conglomerates in the roof of the Ponikev Fonnation were
found in the boreholes Stemberk MV-9 and MV-10
located at the SSE margin of the town of Stermberk. They
pass fast into calcarecus coarse-grained quarizose
sandstones and limestone breccias. Breccias consist of
rounded quartz pebbles (up 10 3 cin large) mixed with
fragments of biosparitic, crinoidal and sandy limestones.
Kaolinized feldspars occurring in sandy matrix and
phosphorite nodules are typical. This alternation
corresponds to the Moravsky Bercun Formation the
thickness of which varies between 20 and 30 m.

Blocks of limestone breccias were also found in ditches
excavated in the town of Stemberk. Limestone fragments
are 30 by 12 cm in size. Semirounded quartz pebbles (1-3
cm large) constitute 10-15 vol.% of the breccia. Sporadic
fragments of black phosphorites are as much as 3 cm large.
The matrix consists of coarse-grained calcareous
sandstone. The following assemblage of heavy minerals
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occurs in sandstones: rounded zircon (including purple
variety) - 75.7 vol.%, amphibole - 8 vol.%, tourmaline -
5.6 vol. %, idiomorphic zircon - 4 vol.%, rutile - 2.8 vol. %,
colourless garnet - 1.6 vol.%, brownish gamet - 1.2 vol.%,
sillimanite - 0.4 vol.%, staurolite - 0.4 vol.%. Breccias
pass upwards into sandstones and these into black grey
shales with laminae and intercalations of siltstones. They
correspond to the And&lskd Hora Formation in which
intercalations of fine-grained greywackes more than 10 m
thick were found to occur between the town of Sternberk
and the gamekeeper’s lodge Aled, The heavy mineral
assemblage is characteristic of the And€lskd Hora
Formation (Otava 1981).

Coarse-grained calcareous sandstones 1.1 m thick
occur in the roof of the above described Jesenec
Limestone in the south, exposed in the valley NE of the
Aled gamekeeper’s lodge. They pass into gravel
conglomerates (beds being 0.3 to 0.5 m thick), alternating
with slab-like white-grey, line-grained quartzose
non-calcareous sandstones which are 20 cm thick. The
thickness of sandstones and conglomerates INCreascs up
to 5 m toward the south. The fellowing heavy mineral
assemblage confined to coarse-grained sandstones to
quartz conglomerates is characteristic of the Moravsky
Beroun Formation (relative proportions are in vol %)
rounded zircon (74.0 - partly pink), idiomorphic zircon
(10.2), tourmaline (1{.9), brown gamet (1.4), colourless
gamet (0.4), red-brown rutile (1.1) and alterites (2.1).
Tourmaline showing brown pleochroism prevails over the
green variety in the ratio 2@ 1.

The Chabitov-101 borehole is regarded important tor
dating and mutual relationship of the Andélska Hora and
Moravsky Beroun Formations (Dvofdk et al. 1983). It is
located at the northern margin of volcanic series in the
places where volcanic rocks were already originally
plunging axially toward the NNE. Consequently, the
overlying sedimenis reached here greater thickness. The
inclination of beds in the borehole section varies between
30 and 40°. The borehole has penetrated the Andélska
Hora Formation but did not reach the basement. The drill
log showed shales with laminae of calcareous siltstones
and intercalations of biomicritic and bioclastic limestones
to be the most abundant. The latter iimestones contain
besides calcispheres and sponge spicules also conodont
fauna of the Upper and Middle Toumaisian. No fauna was
found in the lowest, 100 m thick section (false thickness).
Sedimentation of the And&iskd Hora Formation is likely
to have begun already in the Lower Tournaisian. The
oldest fauna discovered in the drill core was identified as
contemporaneous with the youngest fauna which has been
known from intercalations of limestones in the Ponikev
Formation which is exposed in the Kalkgraben valley. The
deposition of carbonate sediments and cherts continued on
tops and slopes of the elevations whereas rather
coarse-grained detritus of the Andélskd Hora Formation
was deposited in depressions. This has been proved in the
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Lodénice-101 borehole (SW of Moravsky Beroun)

which the Ponikev Formation contains a conodont fau
of the lower part of the Famennian and passes into t
Andélskd Hora Formation.

Intercalations of black shales with framboidal pyr
were also found in addition to limestones in
Chabitov-101 borehole. {Black shales contain 3.74 wt.
Corg, at the depth of 165.4 m.) Silicification occurs in bo
the limestones and the shales. The highest grade
silicification was found in thin layers of dark cherts ri
in radiclarian fauna. It resulted from a lack of detriu
Although the origin of cherts is related to biologic
processes which are indicated by ubiguitous laminati
(Kukal 1980}, the postvolcanic processes are also thoug
to have been a source of silica (Misaf 1957).

Two intercalations of limestone breccia wi
phosphorites (12,9 wt % P20s5) were identified in |
borehole, besides the above described rocks. A selecti
phosphatization appears.10 occur even in some oth
limestone layers. An occurrence of breccias argues for
erosion of Famennian limestones situated on an uplift
elevation. Redeposited conodont fauna of the B.costat
Zone found at the depths of 163.05 and 163.8 m also giv
evidence for such assumption. A fauna of the same a
was identified in limestone fragments of the Moravs
Beroun Formation toward the south.

Intercalations of quartzose sandstones found in t
borehole (at the depth of 142-149 m) comrespond to tho
of the Moravsky Beroun Formation. The sandstones 2
regarded as Upper Tournaisian, as follows from identifi
fauna. Consequently, it becomes obvious that t
Moravsky Beroun Formation in the vicinity of Sternbe
15 of Upper Tournaisian age and represents a facies of t
upper part of the Andélska Hora Formation. Even pebbl
of basic volcanic rocks showing ophitic texture (in t
borehole at the depth of 162.3 m) could have be
redeposited from shallow water gravel deposits. Shal
found in the borehole appear to be chemically mc
matuwre (Al203/Na0 ratio varies from 12 to 28.5) th
shales of the Andélskd Hora Formation (an average ra
is 8.24 - Kukal 1980). Some mixing of more mature cl
material drained from the Moravsky Beroun Formati
appears (o have occurred there. Immature fine detritus w
brought in from the west, from the rising Variscan medi
mass {Dvofdk 1978). An acid subsequent volcanism
places of the presenl granitic massifs appears to
connected obviously with that uplift. The deposition
tuffite Jaminae (268.7 m) seems w0 result from an &
volcanism. Large effusions of basic volcanics betwe
Lipina and Homi Lod&nice (NE of Sternberk, cf. Dvoi
1963) represent a time equivalent of the acid volcanisr

The area under study is thought to have been strong
morphologically differentiated during the Upy
Tournaisian. An elevation structure composed of a higt
metamorphosed crystalline complex was raised in |
south. Its rise cansed local sea regression. Rounded qua
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pebbles are thought to have been carried away from the
weathered surface whereas limestone {ragments came
from an ercded shallow water rim of the elevation, This
heterogeneous material was mixed mgu?:lher to form
jimestoné breccia which alternated WIl!] qugﬂmse
conglomerates and sandstones (30-40 m thick). Toward
{he niorth, where the sedimentation occurred in the roof of
volcanic rocks, the breccias passed into sandstoncs, and
the thickness decreased. Shales and greywackes of the
Andélskde Hora Formation were deposited along the
northern margin of volcanic series where the basement
was sinking faster. (The thickness exceeds 250 m.) Both
facies replace each other as indicated by intercalations of
limestone breccias and quartzose sandstones which occur
in shales of the And&lskd Hora Formation. Conditions
suitable for sedimentation of the Ponikev Formation are
believed to have survived along the NW margin of the
volcanic elevation. The sedimentation of limestones and
cherts extended occasionally even into areas where rocks
typical of the And€lska Hora Formation were deposited.
Parts of volcanic elevations are thought to have been
sticking out of the sea level in the form of small islands.

The Horni Benesov Formation

The Lower Viséan is characteristic of faster sinking of the
whole elevation structure. Thick layers of fine-grained
greywackes were deposited. However, volcanic rocks still
formed a submarine elevation which prevented clastic
material to move from the west to the east. As a result, we
find greywackes which alternate with graded rhythmites
to occur on the eastern slopes of elevations (NE of
Sternberk). A layer of tuffaceous greywacke (Kukal 1980)
was found at the base of the Hom{ BeneSov Formation.
This greywacke was also identified NW of Hl4snice, in
the roof of the Moravsk$ Beroun Formation.

Summary of the sedimentation and volcanism
development in the vicinity of Sternberk

A stratigraphic-facies analysis showed the centre of the
volcanic elevation to be of Lower Devonian age; part of
it is Middle Devonian. The elevation was gradually
flooded by the sea during the Famennian and Toumaisian,
The centre of the volcanic elevation was rising during the
Lower Frasnian to be denuded later, The tendency for
uplifting lasted till the end of the Variscan tectogenesis. A
relatively low grade metamorphism as compared with
adjacent rocks may argue for this assumption. However,
this cannot be applied 1o the elevation of the Proterozoic
crystalline complex south of volcanic series which is
thought to have had the highest position and to have
supplied the basin with abundant detrital quartz. A reverse
sttuation occurred during the flysch sedimentation when

the elevation buiit by an old crystalline complex had sunk
down to a great depth.

The rising of the centre of the volcanic elevation can be
explained by structural emplacement of volcanics from
the mobile zone between colliding blocks of the
crystalline complex showing higher grade metamorphism
and being of Proterozoic age. '

The vicinity of Moravsky Beroun

The Stinava-Chabic¢ov Formation
(Figs. 2,4 and PI. 1)

A rich fauna of the lower part of the Upper Emsian is
reported from the SE margin of the volcanic elevation near
Cabovd (Rohlich 1956, Chlup&® 1977). It comes from
black-grey clay shales of the Stfnava-ChabiCov
Formation. These rocks were penetrated by the Cabové
MV-103 borehole, They were found to be closely
associated with volcanic rocks: some gradual transitions
from shales to underlying tuffites and tuffs were
recognized, Strongly weathered fine clayey material
(Al201/Naz0 ratio = 189) is believed to have been
deposited there in reducing environment. Calcareous
lenses up to 10 cm long containing sections of rugose
corals are abundant. The fauna is of Rhenish character.
Brachiopods of the spiriferoid group and trilobites arc
most abundant. About 30 m thick shales enveloping 30cm
thick intercalations of grey, fine-grained quartzose
sandstone (locally as much as 20 vol.% of originally clay
malrix) which shows a conspicuous bimodality (coarse
modus 0.45 mm, fine modus 0.08 mm) were found to
occur in a trench NW of Cabov4. The assemblage of
transparent heavy minerals (J. Otava) appears to be almost
identical with the assemblage found in quartzites of
Pragian age at the base of the Vrbno group (relative
proportions are given in vol.%): gamet 0.2, idiomorphic
zircon 1.3, rounded zircon 90.8, rutile 5.1, brown and
green varieties of tourmaline 0.8, apatite 1.0, others 1.0.

The roof of the Cabov4 shales consists of wffs derived
from basic effusives. Intercalations of fine-grained shales
in tuffs and tuffites occur approximately 30 m above the
upper boundary of the Cabova shales. Only locally they
contain abundant tentaculitid fauna and rare fragments of
trilobite dorsal shields. I. Chlup4at identified /llaenulla
illaenoides (Chl) and Harpes sp. Both the fauna and
lithology of the shales already indicate a Hercynian
character. They are thought 10 have been deposited in a
quiet, only slightly flowing aqueous environment which
is typical of bays. As far as the age is concerned, they
correspond 10 a fauna which was found at Kfiftanovice
(Chlupat 1974) in the higher part of the Upper
Emsian-Dalejan. The fauna from Kifistanovice shows a
relatively large diversity indicating a shallow quiet
environment with a muddy bottom,
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The anthor has found a irilobite and tentaculitid fauna
in black fine-grained, partly mffaceous, shales which
occur at the northern margin of Cabov4. Chlup4
indentified Phacops (Chotecops) af. auspex Chl. and
Cyphaspides sp. pointing to an Eifelian age of this fauna.
It is therefore obvious that there are intercalations of
shales of the Upper Emsian (of the lower as well as the
upper part) and also Eifelian age which occur at the base
of volcanic series. The general thickness of shales and
tuffs is very small. Oval nodules of iron ores up to 1 m
large often occur in shales. They were mined in the past.
Rare intercalations of dark tentaculitid limestones
containing dispersed grains of volcanic quartz were found
in black shales which were penetrated by the borehole
MV-108. This find can be regarded as an evidence of close
acid volcanism in the Middle Devonian and/or in the
uppermost Emsian (Figs. 4,5 and PL. 1).

In the roof of the Stinava-Chabitov Formation
{altermating shales, tuffs and tuffites) there was found a
volcanic series as much as 800 m thick in which effusions
of basic lava alternate with tffs. Two inclined boreholes
(1 and 2), dipping 40° toward the NW, 300 m deep were
drilled N of Moravsky Beroun. They penetrated rather
abundant layers of dark grey to black-grey, early
diagenctic dolomites and black shales. Their thickness
usually does not exceed 1 m. Exceptionally about a 10 m
thick layer of black shales with abundant intercalations of
grey, very fine-grained acid tuffites and twifs was found,

SSEINW SE

NW SE
¢ Empion Eifelion
Mo Bergun 1

100

Shales and dolomites locally occur as a filling
cavities in basic volcanics, at some places they conta
volcanic bombs. Dark colour, abundant pyrite (
sphalerite), higher concentration 0f Corg, in shales as w
as an early diagenetic character of dolomites gi
evidence that these sediments were deposited in shallo
half closed basins having a strong reducing environme
and high evaporation in hot climate, Detritus consisting
basic as well as acid volcanics (high in MgO and al
K20) was washed down from neighbouring areas ir
depressions in volcanic rocks flooded by the sea. T
source of silicification is thought to have been in ¢
weathered detritus. Acidic tuffaceous material is believ
to have been wind-blown from a large distance.

No fauna was found at all (not even in thin sectior
most likely due to very bad living conditions in these sm.
depressions. Accumulated organic matter may come fr
a rich lithoral flora. The whole sequence of volcanic roc
which alternate with sediments argues for repeat
effusions in relatively short periods of time. The characi
of the sediments indicates that effusions occurred in a ve
shallow sea and/or under subaerial conditions. Terrestr
environment allowed volcanic rocks to be weathered a
clastic material then deposited in shallow depressiol
The exact age of the whole sequence is not known b
assuming from their position it may be the Midc
Devonian to the Frasnian,

A laver of black shales, about 3 m thick, was found
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4. Geological sections through the sorthern vicinity of Moravsky Beroun (marked in PI. 1),

1 - greywackes with minor intercalations of siltstones and shales, 7 - calcareous sandstones and sandy limestones, locally with layers of shales -
"Na v{stuni” facies (1, 2 - Hornf Benedov Formation), 3 - quartz conglomerates and coarse-grained sandstones (Moravsky Beroun Formati
4 - siliceous shales with cherts (Ponikev Formation), 5 - basic volcanics with intercalations of dark clay shales of the Stinava-Chabiéov Formatio
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occur in the uppermost parts of volcanic rocks. It was

etrated by the Beroun MV-106 A borehole at the depth
interval of 17.6-25.0 m. It contains some pyrite laminae
about 1 mm thick at the base. The layer is high in organic
C (2.9 wt.%) and sulphur (2.15 wt.%). A strongly
weathered clay material was deposited in a quiet, airless
environment (Al203/NazO ratio = 176.8). Black shales
occur again in the roof of volcanic rocks. They locally
contain a tentaculitid fauna. A conodont fauna of the
Palmatolepis gigas and Palmatolepis triangularis Zones
(Zikmundova 1963) was identified there, Silty admixture
ic rare. The Al203/Na20 ratio corresponding to 193
indicates that a strongly weathered clay material must
have been steadily deposited in a quiet reducing

environment.
The Ponikev Formation

The Stinava-Chabitov Formation passes very slowly
toward the roof into dark grey to black-grey shales which
show an increasing amount of chert laminae that are
typical of the Ponikev Formation. Thin layers of black
shales with pyrite begin to occur at their base. The
arthropod Angustidontus moravicus was identified in one
of these layers (Chlupa 1978).

Siliceous shales are mostly black, locally green and
rarely also red. The content of Al203 varies from 10 to 15
wt. %, the SiO2/Al203 ratio fluctuates between 4.4 and 6.8,
Black shales are low in MnO ((.027-0.052 wt.%) whereas
green shales show an increase from 0.098 10 0.1 wt. %, and
red shales give as much as 0.85 wt.% Mn0. Similar
distribution shows also MgO which in one analysis of
green shales gave as much as 8.33 wi.%. This content
argues for redeposttion of detritus of older basic volcanics
and its sedimentation in adjacent depressions. Italsogives
evidence of their emergence above the sca level. The
concentration of FeO in black as well as in green shales
appears to be also high (4.35-6.31 wt.%). On the contrary,
the red shales show higher Fex0s concentration (4.89
wt.%) as compared with FeO (1.01 wt.%). The Fe203/FeQ
ratio clearly indicates that red shales were deposited in an
oxidizing environment whereas green shales and
particularly black shales were deposited in a reducing
environment. The depositional environment is also
reflected in concentrations of Corg. and S. Black shales
show as much as 4 wt.% C and up to 3 wt.% S. Higher
concentrations of FeO and S are caused by an occurrence
of pyrite which can be seen even with the naked eye. The
contents of Cin green and red shales are negligibie. Higher
concentration K20 (4.82 wt.%) in red shales may perhaps
refiect the grade of weathering processes.

A single analysis of black chert (showing Si02/A1203
ratio = 12.56) gave slightly higher concentration of C
(1.19 wt.%) and even P20s5 (1.75 wt.%) which indicates
the occarrence of conodonts, The content of CaQ (2.74
wL%) together with very low CO2 ( wt.%) also gives

evidence of the presence of fossils. Cherts locally
envelope layers of dark micnites. A conodont fauna of the
Upper Frasnian, of the Lower and the lower part of the
Upper Famennian (the Palmatolepis triangularis, P.
marginifera, Scaphignathus velifer and Polygnathus
styriacus Zones - Ziknundovd, Chlupat 1962) was found
in the Ponikev Formation in broader vicinity of Moravsky
Beroun. Zikmundov4 also identified a conodont fauna of
the uppermost Frasnian in th¢ topmost part of the
Moravsky Beroun MV-102 A borehole. A conodont fauna
of the P. marginifera to 5. velifer Zones was found in the
depth interval of 42-90 m, similar to the Lod&nice-101
borehole (33-176 m, approx. 70 m of true thickness - the
P.marginifera Zone). Although there is no palecatological
evidence of the lowermost Famennian, it seems 1o be
likely that the boundary between the Stnava-Chabitov
and the Ponikev Formations in the vicinity of Moravsky
Beroun lies approximately in the uppermost Frasnian.
Abouta 100 m thick section of the Ponikev Formation NW
of Moravsky Beroun (vicinity of the MV-107, 113
boreholes) appears to belong to the Upper Frasnian,

The most imporiant geological information comes from
the borehole MV-12(), Fresh sediments of the Ponikev
Formation in variegated facies were found at the depth
interval of 58.0-108.0 m. The section was not completely
penctrated. The true thickness exceeds 45 m, Transition
into overlying sediments is gradual (see further): Black
siliceous shales with abundant laminae of cherts
(radiolarian chert) and lentcular nodules of pyrite occur
in the uppermost part of the section (see Fig. 8). The cherts
decrease downward to be gradually replaced by more
abundant thin layers of black-grey biomicriles and rarely
even bioclastic limestones. Some cherts may also
represent silicified limestones. The limestones also
contain fragments of strongly micritized shells of
foraminifers and ostracods and particularly fragments of
cringidal scgments. The uppermost layers of limestones
are slightly sandy and contain a fragment of basic effusive
rock. A thin layver of an acidic tuff was found at the depth
of 60.4 m. No conodont fauna occurs in limestones.

Siliceous shales become downward dark grey and grey
and contain rare laminac of cherts and then pass ino
grey-greenish shales with 1-3 m thick intercalations of
grey cherts and rare 8 cm thick layers of dark grey
bioclastic limestones. At the depth of 73.5 m, the
following miniature conodont fauna was identified by O.
Fridkova: mostly species Palmatolepis gracilis sig-
moidalis Ziegler and rare species Polygaathus dissimilis
Helms et Wolska and Spathognathodus stringosus
(Branson et Mehl). The faunais likely to correspond to the
lower part of the B. costatus Zone. In any case, il is of the
uppermost Famennian age. Based on this assumption, the
higher part of the Ponikev Formation can be considered
Tournaisian in age. It exhibits mostly dark colour shades.

The lower section of the penetrated sequence (75-108
m) consists of light grey-greenish siliceous shales which
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5. Survey borehole logs of the Moravsk§ Beroun vicinity (transferred to true thickness; turned to original pesition when dealing with overthrown

sequences).

1 - cherts, 2 - clay shales, J - silty shales with siltstone laminae, 4 - fine- to coarse-grained sandstones, 5 - limestones, 6 - sandy limestones, 7 - lime
breccias, B - breccia composed of shale and sandstone fragments, 9 - basic wiffites, 10 - basic wifs, 11 - spilites, 12 - lenses of limestones, 13-
corals, 14 - phosphorite nodules, 15 - breccia composed of fragments of basic volcanics and shales.

alternate with purpie red varieties, They contain layers of
grey greenish cherts which are locally abundant and at
places rather scarce. Their thickness varies mostly
between 1 and 5 cm. A single layer of dark grey biomicrite
about 1 cm thick was found at the depth of 107.5 m. Cherts
contain locally rhombohedrons of calcite or single cubes
of pyrite. An admixture of silty clastic quartz is rare. Itis
to be noted that purple red siliceous shales were found
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in the Sternberk-Horn{ BeneSov Zone for the first tin

Rocks of the Ponikev Formation in the vicinity of
MYV 120 borehole were deposited in a quiet shallow w
environment on the boundary of oxidizing and redu
conditions during the Famennian. Emerged elevation
basic volcanics are thought to have been expose
weathering at that time and clastic material was depo
nearby. Silica could have been released during weathe
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of volcanic rocks or due to hydrothermal alteration, The
subsidence is believed to have been very slow and
sedimentation very condensed (penetrated true thickness
of Upper Devonian beds is about 33 m). Further
shallowing took place probably aroud the twm of the
Devonian and Carboniferous due to even slower
subsidence. The true thickness of the Ponikev Formation
of approximately Lower and perhaps even Middle
Tﬂumaisian age is only 12 m. Numerous limestone
intercalations with strongly micritized bioclasts point to a
shallqw water character of deposition. Accumulated
Organic matter and pyrite give evidence of strong reducing
ehvironment which is also indicated by the established
Fe203/Fe0Q ratio. It gives evidence of a badly ventilated
bay occurring between volcanic elevations. The elevation
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margins were inhabited by sea crinoids and-other fauna.
Accumulation of their fragments led to a local formation
of rather thin limestone layers. The micritization of
bioclasts is strong, thus demonstrating a destructive
activity of algae in shallow water environment.

The age of the upper part of the Ponikev Formation in
a structural unit between Moravsky Beroun and
Kfiffanovice is not known, Shales, which are weathered
into grey-green varieties, constitute the direct roof of the
Ponikev Formation at KfiSfanovice. They contain
abundant laminae of siltstones and are only some tens of
metres thick. Their age is not known and neither has been
established the age of the underlying black siliceous shales
with chert. The Ponikev Formation is likely to extend as
high as to the tumn of the Toumaisian and Viséan and
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6. The Moravsk§ Beroun MV-117 borehole log. Transferred 1o true thickness.
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| - black cherts, 2 - silicaous shales, 3 - clay shales, 4 - silty shales and siltstones, 5 - fine- 1o coarse-grained greywackes, & - fine- to medium-grais
quartz sandstones, 7 - coarse-grained gquaniz sandstones, 8 - fine-, locally medium-grained quartz conglomerates, 9 - clasts of shales and che

10 - graded bedding, 11 - sedimentation following a hiatus.

contingently even higher. The Ponikev Formation
occurring S of Kmov is of Upper Tournaisian age (the
Scaliognathus anchoralis Zone - Zikmundovd 1967). A
discordant unconformity between greywackes of the
Homi Benefov Formation and sediments of the Ponikev
Formation can be observed in the Moravsky Beroun
MV-114 borehole which is located NE of KfiStanovice,
The hiatus is documented by the occurrence of breccia
composed of fragments of siliceous shales, spilites and
black phosphorites. The hiatus is thought to have eccurred
in the closest neighbourhood of the volcanic elevation,

In contrast to numerous localities of Famennian
conodonts, no Tournaisian conodonts were found so farin
the whole area. The sedimentation is likely to have been
interrupted in the whele central part of the volcanic
elevation and extremely condensed on its slopes in the
form of black cherts.

Intercalations of basic tuffs to tuffites and small
effusions of basic volcanics were observed in the Ponikev
Formation W of Cabovi, along the west slope of Zeleznik
hill. The effusions are accompanied by tuffs, tuffites and
sedimentary iron ores at some localities west of OndrdSov.
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The thickness of the Ponikev Formation vari
considerably. 1t may reach as much as 200 m (W
Cabov4) in a depression between volcanic elevatio
whereas toward the tops of the elevations it decreases ve
fast. In the Moravsky Beroun MV-108 borehole locat
south of Nové Valtefice (Fig. 5), the Ponikev Formati
was observed to be only 4 m thick. The Ponikev Formati
passes laterally into the Andélskd Hora Formation, T
transition is manifested by a greater silty admixture
shales and cherts as well as by similar chemic
composition of shales (particularly by a low Al203/Na:
ratio}. The transition appears to be the most conspicuo
in the vicinity of Hom{ Lodénice. It is thought to ha
occurred in the middle of the Famennian as
demonstrated in the Lodénice-101 borehole.

L.ocally subordinate intercalations of fine-grain
quartzose sandstones 5-15 cm thick occur in the Ponik
Formation between Homf Lodénice and OndraSov. The
source area is likely to have been located toward the 8
in place of a hypothetical elevation built by an ¢
Proterozoic basement which was the source of detri

quartz also in later periods.
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1. The Moravsky Beroun MV-119 borehole log.

1 - medium-grained greywacke, 2 - strongly calcareous coarse-grained
sandstones with quartz pebbles and limestone clasts, 3 - coarse- to
fine-grained calcareous quartz sandstones, 4 - silty shales with lenticular
[amunae of siltstones and rare sandstones, 5 - lamination, 6 - gradation,
Ca - calcareous.

The Moravsky Beroun Formation

It occurs in the roof of the Ponikev Formation. In the
neighbourhood of Moravsky Beroun, the formation was
found in a 10 km long strip trending N-§, and in a small
cutcrop W of Ondrifov.

Two synclines N of Moravsky Beroun are filled with
strongly weathered secondary decalcified quartzose sand
with layers of desintegrated quartzose conglomerates.
Toward the north, these synclines join each other to form
a single synclinorium. They fill a depression between
volcanic elevations. A less conspicuous elevation lying
further to the west is covered with sediments in its north
section. The MV-108 borehole, located in a sand pit S of
Nové Valtefice, showed only 4 m thick Ponikev
Formation to occur under 50 m thick sediments of the
Moravsky Beroun Formation. The borehole also
penetrated a volcanic elevation with a layer of tentaculitid

hmestone (of perhaps Middle Devonian age) which lies
under the Ponikev Formation. The top of the volcanic
elevation crops out N of Nové Valtefice. Its eastern rim as
well as the roof are built up by the Ponikev Formation
whereas its western rim (and the roof t00) are composed
of the Moravsky Beroun Formation. The volcanic
clevation is thought (0 have formed there a divide which
prevented clastic sediments of the Moravsk§ Beroun
formation (o cross the elevation. As a result, greywackes
of the Homf Benefov Formation are deposited toward the
east directly on the Ponikev Formation. This sequence is
manifested in the borehole MV-121.

About 1 m thick rhythms can be observed in sand pits
S of Nové Valefice. They consist of fine-grained to
medium-grained quartzose conglomerates with sporadic
quartz pebbles up to 5 cm large at the base. Pea gravel
conglomerates alternating with coarse-grained sands in
the form of tiny layers which gradually pass into each
other the (20 cm) occur toward the top. Coarse- to
fine-grained white sands (40 cm thick) follow further in
the succession. Conglomerates exhibit partly some
secondary silicification. Quarntz pebbles of conglomerates
were found to be mostly well rounded and rarely even
perfectly rounded. Their largest size is 8 cm, on the
average 1-3 ¢m,

A light grey tuff lamina, (.5 cm thick, weathered into
clay, was found in two sand pits 500 m apart, excavated
along the N-§ direction. The tuff contains 27.13 wt.%
ARO3, 3.4 wt.% MgO and 10.56 wt.% Kz0. The
TiOz/Al20n ratio (0.041) and a higher concentration of
MgO indicate that its origin may be related to
contemporarcous basic velcanic eruptions. A slightly
higher content of BaO - 0.39 wt.% is worth noticing. The
§5i02/A120 ratio (1.8) argues for an absence of free
quartz, A layer of green argilllitized tuff with relics of
vitric texture (altered lapilli and ash), about 45 cm thick,
can be observed in the Moravsky Beroun MV-108
borehole at the depth of 12.6-13.2 m. Its chemical
composition corresponds to an average chemistry of basic
tuffs (Pfichystal 1985). The Moravsk$ Beroun Formnation
i$ younger than the conodont fauna of the Famennian and
Lower Toumaisian which was identified by Zikmundova
(1966) in limestone fragments from the Voldrna 1
borehole (located on the north end of the described site) -
thus being of higher Tournaisian age. Layers of basic tuffs
and tuffites related to contemporaneous volcanism, which
is proved to be of the Upper Toumaisian in the Sternberk
region, argue for the above mentioned assumption,

Another area, W of OndraSov, is separated from the
above mentioned region by a transversal elevation where
the Moravsky Beroun Formation was missing already at
the time of deposition of the Hornf Benefov Formation.
The latter is deposited straight on older volcanics or on the
Ponikev Formation. Layers of medium-grained
conglomerates, slightly silicified, were found besides
coarse-grained sandstones in abandoned sand pits, An
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average size of quartz pebbles varies between 1 and 3 cm,
rarely they are as much as 5 cm large.

The formation was found to be decalcified down to the
depth of 80 m at an eponymous localily near Moravsky
Beroun. As a result, petrographic studies could have been
done only on stable compounds. The following
composition was established by Kukal (1980): quartz
pebbles and grains 63-82 vol.%, cherts (of the underlying
Ponikev Formation) 4-9 vol.%, quartzites 3-8 vol.%,
metaquartzites and metacherts 0-7 vol.%, acid aplitic
granitoids 0-1 vol.%, quartz porphyries (perhaps even
keratophyres) 4-12 vol.%, clay shales and phyllites 0-4
vol. %, mica shists and gneisses (-1 vol.%, limestones
locally as much as 40 vol.% (providing they are not
jeached out), in some places 2-3 vol.%. Large fragments
of dark grey and grey micritic and crinoidal bioclastic
limestones with rare corals and stromatoporoids were
also observed in this formation. A pebble of
muscovite-tourmaline quarlzite was also reported by
Zapletal (1972).

Mostly medium-grained varieties appear to prevail
among sandstones (Md 0.18-1.34). They are well sorted
{0.42-1.1), locally even very well sorted. Asymmetry is
close to zero, locally is slightly negative, in some places
slightly positive. An obvious bimodal distribution was
observed by Z. Kukal: fine fraction (0.15-0.25 mm) is
separated from the coarse fraction ( 1 mm) by a
pronounced "grain-size gap”. The roundness of quartz
grains in fraction 0.25-1 mm is regarded as being good
(0.39-0.42), in fraction over 2 mm as being very good
(0.42-0.48). It is either due to recycling of clastic grains
(of guantzite pebbles) from colder sediments or due 0
multiple winrowing in shallow water. The AlzO3/NazO
ratio (45) established in a single layer of shale indicates
deposition of more weathered material, Poikilitic calcite
mairix of conglomerates reported by Kukal (1980) in the
Voldma 1 borehole arguces for its secondary origin. It does
not exclude a temrestrial origin of the Moravsky Beroun
Formation.

The formation was observed in the boreholes MV-117
(at the depth of 60.6-108.0 m) and MV-120(22.5-49.0m)
located in the northern part of the region at the village
Voldma. It forms a gentle elevation on the surface,
trending N-§, and being as much as 200 m wide. The beds
are mostly in vertical position. The elevation width
corresponds to true thickness of the strata. It represenis
maximal thickness in the centre of a former depression
(Fig. 10). Both boreholes showed the thickness to be
decreasing down to 25 and 45 m along the depression
margins. It dies away al the tops of volcanic elevations.

The Moravsky Beroun Formation penetrated by the
boreholes MV-117 and 120 was found to be strongly
weathered and decalcified. Nowadays it is represented by
quartzose, mostly coarse-grained sandstones and
fine-grained conglomerates. Sandstones strongly prevail
over conglomerates, Sporadic, perfectly rounded quartz

pebbles found in the borehole MV-117 were up to 3 cm
large, those found in the borehole MV-120 up to 2 cm in
size. A fragment of weathered shale, 8 cm long and 1.5
cm thick was observed in the borehole MV-117. More
abundant fragments of grey, fine-grained shales of the
same size occur in a newly constructed roadcut W of the
Volama village. Chemical analysis indicates that we deal
with redeposited fragments of the Stinava-Chabifov
Formation which constitutes layers in the volcanic series.
Very low SiO2/Al203 ratio (1.86) as well as high
AL O3/Naz() ratio (124) are characteristic of shales of the
Stinava-ChabiCov Formation.

Quariz entirely predominates in both the conglomerates
and the sanstones (over 95 vol.%). Monocrystalline,
polycrystalline, cataclastic and vein-lype quartz occurs in
the rocks. Among other rocks, the following were
ientified: quartzites and metaguartzites, cherts, ke-
ratophyres and basic effusives (rare), quartz porphyries
and granitoid. Among minerals, the following were
established: muscovite (also rare biotite), K-feldspars and
plagioclases, zircon and green tourmaline.

‘The assemblage of transparent heavy minerals is
characteristic of prevailing chemically resistant minerals
(relative proportions in vol.%): idiomorphic zircon 4-13,
rounded zircon 48-80.6, black-brown variety of rutiie
1.5-3.9, tourmaline in several varieties (brown, green and
blue) 4.2-36.7. These very resistant minerals constitute
88-98 vol. % of the transparent heavy fraction, Other
heavy minerals such as garnet, amphibole and monazite,
occur only locally. Typical appears to be the occurrence
of pink zircon,

The source area of clastic material for the Moravsky
Beroun Formation is thought to have been located south
of its present occurrence. It must have been strongly
weathered and formed a flat island that was covered with
residual gravel. It was built by a medium grade
metamorphosed crystalline Proterozoic complex (pink
zircon) with intrusions of granitoids. Transgressing
Devonian sediments are represented by pebbles of
guartzites and particularly carbonales which are believed
to have constituted the rim of the elevation structure
(limestones with stromatoporoids). A deep erosion during
a short-lasting uplift exposed locally even fresh rocks
which were the source of gamet and amphibole. Pebbles
of metaquarizites, phyllites and metacherts indicate that
part of the source area was built by low grade
metamorphic rocks of Upper Proterozoic age. Originally,
the coarse-grained clastic material was thought to have
been transported from the west (Dvofak 1966, Zapletal
1972). Prevailing E-W orientation of long axes of quartz
pebbles (Zapletal 1972) argues for this assumption.
However, taking into consideration some sedi-
mentological literature (Friedmann, Sanders 1978), the
orientation of pebbles can be mterpreted in various ways.
In some cases, it may indicate a flow along N-S direction
in a narrow depression between volcanic elevations.
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Coarse-grained clastic material which shows no sorting
from the south to the north, is believed 10 have been
transported by a river which formed a channel between
subparallel volcanic elevations from a hypothetical source
located S of Moravsky Beroun. There is a striking
lithological similarity (thythmic structure) with terrestrial
basal clastic formation of the Devonian in the Ostrava
region. However, the Moravsky Beroun Formation is
better sorted (Dvofdk 1985) and more extended toward the
north. Based upon results obtained from the borehole
MV-117, the Moravsk$ Beroun Formation is expected 10
occur also eastwards, in a depression between the above
described N-S structure Moravsky Beroun-Voldma and
the elevation of the Sternberk-Hom{ BeneSov structure,
running from Moravsky Beroun toward the NE to
Leskovec. The Moravsky Beroun Formation, occurring
aiong the contact of the Homi{ BeneSov and Ponikev
Formations, has never been exposed on the surface. This
is due to its original absence here since the vicinity of
volcanic elevations was uplifted at the time of deposition
of the Moravsky Beroun Formation, as documented in the
borehole MV-121. It filled probably only the central part
of the original depression and reached margins of the
volcanic elevations only in the places where volcanic
material was not accumulated in great thickness. The
neighbourhood of the MV-117 borehole appears to be
such a place (cf. Figs. 6 and 9). It is estimated that over 1
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9, Hypothetical paleofacies map of the Sternberk and Moravsk§ Beroun
vicinity in the Upper Tournaisian.

| - And&lskd Hora Formation (shales, siltstones and minor fine-grained
greywackes), 2 - gquartz conglomerates and coarse-grained sandstones,
3 - sandy limestone breccias and sandstones, 4 - siliceous shales with
cherts, § - contemporaneous volcanism, 6- limestones, 7 - basic volcanics
and siliceous shales, 8 - Proterozoic metamorphites (6-8 - pant of the dry
land}, 9 - direction of movement of clastic material, 10 - direction of zea
transgression, 11 - approximate facies boundary, 12 - approximale
shoreline, 13 - synsedimentary dislocation.
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km® of sediments was deposited here in total. Quartz is th
most frequent constituent.

The Andélska Hora Formation

The formation is represented by black-grey silty shale
with laminae and thin layers of siltstones an
intercalations of fine-grained greywackes. It exhibits
pronounced rhythmic structure with graded bedding. Tt
thickness of individual rhythms varies betwee
centimetres and decimetres. Its major occurrence
located in the vicinity of Homi LodEnice where it show
maximal thickness (in several hundred m) and envelopx
a large basic volcanic body accompanied by tuffs and irc
ores. Alternating volcanic tuffs and shales were found |
an outcrop behind a house near the church., A simil;
occurrence of volcanics with iron ores inside the Andélsl
Hora Formation was observed along the western marg
of Ondrasov,

Black-grey shales with laminae of siltstones ar
sporadically even fine-grained quartzose sandstones a
also tentatively regarded as the Andélska Hora Formatiol
They were penetrated by the boreholes MV-119 (116-17
m} and MV-120 (49-55.7 m} in the northern part of il
area under study (Figs. 7 and 8). These sediments oca
only on the west slope of the entire elevated structure. D
to its position in the roof of the Ponikev Formation as we
as under the Moravsky Beroun Formation, it is assumc
to be of Middle Toumnaisian age. Transition of siity shals
from the underlying Ponikev Formation is manifested
a very slow disappearance of cherts and by an increase
silty laminae. Surprising is the occurrence of layers whi
consist of fine-grained quartzose sandstones.

Bioturbation was found to be abundant. Dark colo
and the presence of pyrite point to a reducing environine
during the deposition. The AlQO3/MNazO ratio (1
indicates deposition of fresh fine clastic materi:
Consequently, the source of detrital quartz of
quartzose sandstones has to be sought elsewhere (in loc
elevation of high grade metamorphic rocks of Proterozo
age).

Northward and eastward the And&lskd Hora Formatic
passes laterally and gradually into the Ponikev Formatis
of Famennian and Tournaisian age. The uppermost p:
passes into the "Na vyslunf” facies which is of Lower at
Middie Viséan age (see below).

The Horni Benesov Formation
The "Na vysluni* facies

This new term is proposed for a variegated rock sequen
which locally resembles the Moravsky Beroun Formati
and in some places looks like the And€lskd Ho
Formation when observed with the naked eye. Howevs
a detailed investigation showed this formation to dif!
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from those mentioned above in many respects. It cnnsi:rzls
of dark grey sandy limestones, hlack-‘grey shales ‘.h:llh
jsminae and thin layers of quartzose siltstones showing
graded bedding and breccias composed ut‘_ fragments of
various shales and even sandstone pebbles in a sandstone
matrix. The name was selected according to the Moravsky
Beroun MV-109borehole which penetrated this facies for
the first time. The borehole was situated in the local
railroad which bears the above mentioned name. This
facies in ils characteristic development has never been
found exposed on (he surface. It is known only from
hareholes MV-102A, 102B, 109, 113 and 115.
Undertying weathered and decalcified rocks, about 30
m thick, were reached by the Moravsk$ Beroun MV-109
norehole (Fig. 5). They consist of dark grey, coarse- (0
fine-grained sandy limestones which pass into calcareouns
sandstones. Layers showing sharp contacts and various
grain size were found to alternate. Relatively abundant arc
[hin intercalations of black-grey shales with laminae of
siltstones, but in general, these rocks are subordinate.
Aboot 2 ¢m thick layers of breccia with fragments of
<hales and limestones occur in the facies. Sandstones
become more fine-grained and shales more [requent
toward the basement. Clastic limestones contain abundant
volcanic quartz, biotite and K-feldspars (as acid tuffite
admixture), quartz grains with undulatory extinction
(which come from an old crystalline complex, most likely
from granitoids), fragments of cherts, limestones and
shales (from underlying Devonian sediments), fragments
of basic rocks as well as calcified volcanic glass which
gives evidence of denudation of Devonian basic
volcanics, and also argues for contemporaneous basic
volcanism. Pellets and mainly bioclasts are abundant in
addition (o limestone extraclasts (also with tentaculitids).
Fragments of crinoidal segments, algae, bryozoans and
brachiopods are most abundant. A rare fragment of the
tabulate coral Sinopora polonica was also identified (J.
Hladi!). Foraminifers were found to be abundant. The
following genera of foraminifers were identified by R.
Conil (Belgium) in samples from the depth of 33.7 m:
Eostaffela, Endothyra, Archaediscus, Earlandia minor
and Brunsin. Among algae, the genera Koninckopora and
(sirvanetla were identified. Foraminifers of the gencra
Beasiella and Glomodiscus were found in limestone
fragments. They seem to be of the Lower Viséan age and
are thought to have been redeposited together with
limestone fragments. Autochthonous foraminifers appear
to be most likely of Middle Viséan age. Bioclasts are often
micritized and phosphatized. Well preserved ooliths are
rare. About a 2 m thick horizon of clay shales was
penetrated by the borehole MV 109 (94.0-96.4 m)
undermeath a 60 m thick layer composed mostly of
quartzose sandstones and siltstones which do not differ
from siliceous material of overlying sandstones. The
Ii_nwerrnnst part of the borehole (96.4-100.0 m) reached
{ine- to coarse-grained breccia consisting of compressed

shreds of shales with rare siltstone laminae, as much as 6
cm large fragments of greenish shales and up to 3 cm large
fragments of shales with siltstone laminae showing graded
bedding. Pebbles of grey, slightly calcareous, me-
dium-grained quartzose sandstones up 10 3 cm large are
rare. A rather minor matrix is composed mostly of slightly
calcareous sandstone. Bipyramidal grains of volcanic
quartz are common in addition to quartz exhibiting wavy
extinction. Sediments exposed in the MV-109 borehole
are thought to be in a reverse position but no proof 1s
available.

The boreholes MV-102A (the lowermost section of the
borehole - the base of the strata sequence), MV-102B
(weathered central part) and particularly MV-112
penetrated apparently the major part of the whole facies
"MNa vysluni” at the second locality. The sediments are
again in a reverse position (Fig. 3).

An exceilent example of a contact between the Ponikey
Formation and "Na vysluni” facies can be seen at the depth
of 92.5-136.0 m of the borehole MV-102A, Black cherts
appear to prevail over shales at depth interval of
92.6-118.7 m. This interval is not paleontologically dated
because conodonts are missing. It may belong to the
Toumaisian according to its position between the proved
Famennian in the underlying rocks and the proved Lower
to Middle Viséan in its stratigraphic roof. Sedimentation
during the Tournaisian must have been considerably
condensed. A similar situation is known in the borehole
Horni Benefov HB-SV-3, The borehole Moravsky
Beroun MV-102A penetrated at the depth interval of
118.7-125.0 m dark grey (o black-grey shales with
numerbus siltstone lamiane and rare cherts which argues
for gradual transition from the Ponikev Formation.
Abundant intercalations of bioclastic limestones and
particularly fine-grained breccia composed of fragments
of cherts, limestones, black shales, aphanites and basic
volcanics begin to appear in shales and siltstones in lower
parts of the section. Limestone fragments are usually
silicified. Abundant monocrystals of quartz and
K-feldspar indicate their voleanic origin. Tentaculitids
found in limestone clasts argue for a denudation of the
Devonian basement (most likely the Eifelian-uppermost
Emsian). Among bioclasts, fragments of crinoids and
algae are most abundant. At the depth of 135 m O.
Fridkovd identified a redeposited conodont fauna with
Bispathodus aculeatus anteposicornis. Coarser-grained
layers of breccia and sandstones give cvidence of a
renewed marine transgression which followed after
gradual regression and stagnation during the Tournaisian.
The thickness of sedimenis increased during the Lower
and Middle Viséan due to faster subsidence as
documented in the borehole MV-112, This berehole is
located 60 m west of the borehole MV-102A (Figs. 4, 5).
A transition of the Ponikev Formation into the "Na
vysluni” facies was penetrated by this borehole (its
uppermost part). This transition zone was found
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weathered and decalcified which corresponds to the
situation af the base of the MV-102A borehole. The sirata
seem to be also im a reverse position in the borehole
MV-112. A layer composed mostly of shales and
siltstones which occur in the stratigraphic roof of the
Ponikev Formation was found to be 17 m thick in the
borehole MV-112 whereas the same layer penetrated by
the MV-102A borehole is only 8 m thick. It is followed
by a 3 m thick layer in which calcareous silistones
alternate with shales and siltstones. A stratigraphic
equivalent of sandy limestones which was penetrated by
the borehole MV-109 is represented by about a 40 m thick
layer found in the borehole MV-112. It consists of fine-
and medium-grained quartzose calcareous sandstone. Its
stratigraphically lower part, being 16 m thick, contains
rare beds of black-grey shales with laminae and layers of
siltstones. This suite of sediments is abundant in the
stratigraphically higher section of the quartzose
calcareous sandstones mentioned above. Rhythms
showing graded bedding and being a few mm up to 3 cm
thick with widespread shales were found to occur in shales
ard siltstones. Sandstones exhibit conspicuous bedding
and lamination but no graded bedding. Abundant volcanic
quartz. is similar to that found in the borehole MV-109,
Sandstones seem to be better sorted. Sandy limestones are

missing. Bioclasts are common; they are often

phosphatized. Rounded zoned (often pink) zircons, green
and blue tourmalines and locally even nutiles are common
accessory minerals found in all thin sections. Larger
guartz grains are usually well rounded. Shreds of
black-grey shates with embedded quartz grains are rather
sporadic. Qoliths are also rare. Coarser-grained bases of
rhythms with graded bedding consist of the same siliceous
material and similar assemblage of accessory heavy
minerals which were found to occur in relatively coarser
sandstones. This characteristics makes them obviously
different from siltstones occurring in rthythms of the
Andélska Hora Formation where siltstones show higher
admixture of greywackes. Small fragments of carbonified
floral tissue were found in shales. These shales are
geochemically different from those in the And&lska Hora
Formation. The And&lskd Hora shales exhibit the
Al203/Naz0 ratio to be on average around 8.2 which
argues for deposition of chemically not weathered clastic
material {Kukal 1980). On the other hand, the shales from
MV-109 and {12 boreholes indicate that the source of the
clay material was in a flysch facies (A1203/Na20 ratio =
13.3 1o 18.1) but at the same lime point to a deposition of
chemically weathered material (having Al203/Naz0 ratio
62.5 and 65.06) which comes from the same source as
sorted quariz material. The “Na vyslun(" facies shows
some higher concentrations of Cerg. (1-1.5 wt.%).

There is a considerable decrease of calcareous
sandstone layers in the lowermost section of the borehole
MV-112 (from 134.0 m downward). Rhythms exhibiting
graded bedding are as much as 5 cm thick. Shales and
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siltstones exhibit rather frequent bioturbation in th
section of the borehole. Even burrows afler borir
activities of organisms (worms 7) can be observed. Tw
such parallel burrows 0.5 cm wide and 2 cm deep we
found at the depth of 149.0 m. They occur in shales, in
position perpendicular to the bedding plane, and are fill
with grey sandstone. A slump structure resulting fro
immersion of sandstone layers into shales was observy
at the depth of 136.2-136.5 m. Two rhythms about 8 ¢
thick were affected by slump defermation (an evidence
deposition on the slope). Layers of fine-grained original
calcarecus sandstones, 3-10 cm thick, were found in
shallow borehole MV-102B which is located 30 m NW

the borehole MV-112, The layers occur in shales a
siltstones showing graded bedding and rhythms 2 mm

3 cm thick. Shales are abundant.

Contemporaneous sedimentation of sandstones fou
in the borehole MV-112 and associated with limeston
in the borehole MV-109 is indicated by a foramini
fauna from the depth of 79.8 m (MV-112 borehole). T
following species were indentified by R. Conil: Endothy
sp. (Viséan type), Paraendothyra sp., Tournayellid
Fusulinacea, Eoastaffella sp., Bessiella sp., Dainella s
Tetrataxis sp., Archaediscus sp. (rather primitive forn
Earlandia moderata ?, Valvulinella sp., Diploshaeri
inaequalis, Bisphaera sp., and Selebra sp. Algac of
Dasycladacea group were found to accompa
foraminifers. This fauna is regarded (0 belong to the upj
part of the Lower and to the lower part of the Mid
Viséan,

Mineralogical investigation of transparent hea
mineral fraction of the sandstones (Otava, 1981) show
that the mineral assemblage in general is aimost identy
with that found in the Moravsky Beroun Formation 3
even with that of Emsian sandstones in remote baseme
This may argue for the same source of soried detr
material. A part of extremely resistant heavy minerals ix
come straight from the Moravsky Beroun Formati
However, two specimens quite different from |
Moravsky Beroun Formation were found. Th
composition indicates that chemically less weathe:
detritus could have been occasionally washed down fr
the source area. The mineral assemblage gives evide:
of the occurrence of high-grade metamorphic rocks
Proterozoic age. Identified minerals show the follow
relative proportions (in vol.%) found in two specim
mentioned above: colourless garnet (6.4 and 9.8
spectively), brownish gamet (62.1 and 28.5), idiomorp
zircon (6.8 and 11.5), rounded zircon (9.6 and 30
apalite (2.1 and 0.5), rutile (2.9 and 1.8), tourmaline {
and 17.0 - brown variety prevails over green var., b
tourmaline is rare), titanite (1.2), amphibole (0
staurolite (2.0), kyanite (0.6), epidote (0.2), mona:
(0.2), alierites (0.5).

In the north, the "Na vysluni” facies occurred only als
the west margin of the structure. Thin bedd



this
ying
Two
wCre
. 10 A
filled
from
prved
& cm
e of
nally
1 in a
of

s and
1 D

found
Ltones
inifer
). The
pthyra
lidae,
(1 S,
orm),
erima
of the
pany
upper

iddle

gavy
owed
ntcal
n and
EMeEnt.
etrital
$ Ay
ation.
the
Their
thered
from
idence
ks of
owing
Imens
).B re-
orphic
30.6),
e (5.1
., plue
(0.5),
onazite

v along
dded,

fine-graincd quartzose sandstones, often strongly
calcareous and passing even into sandy limeslones, were
found in the borehole MV-1135. Clastic fraction consists
almost entirely of monocrystalline quarlz. Rare are
muscovite and phosphate grains. Crinoidal segments seem
lo prevail among bioclasts. Lithological :haval:_:pmem is
identical with that found in the southem localities of this
facies. Only foraminifers are missing. Heavy mineral
assemblage from the depth of 76,5 m (borehole MV-115)
also points (o the above mentioned parallel development.
The assemblage consists of extremely resistant minerals
with garnet which was found only in rocks of this facies.

A slightly younger part of the "Na vysluni” facies was
encountered by boreholes MV-119 and partly by MV-120
(Figs. 7 and 8). It differs from the above described part in
being laterally replaced by greywackes of the Horni
Benedov Formation. It actually represents a "basal
transgressive horizon” of the Homi BeneSov Formation
over the west anticling of the Sternberk-Homni Benefov
elevation structure. A fresh sequence of this facies was
penetrated by the borehole MV-1 19. The sequence is 10
m thick. Strongly calcareous fine- to coarse-grained
guartzose sandstones were found 1o be alternating in the
lower part of the sequence. Locally feldspathic sandstones
with calcareous as well as non-calcareous feldspathic and
tithic fine- to medium-grained greywackes occur in layers
about 0.5 to 2 m thick. The sandslones pass in some places
into sandy limestones with abundant micritized bioclasts,
particularly segments of crinoids. Coral fragments are
rare. Carbonified flora appears 10 be accumulated in thinly
bedded to laminated greywackes. Composite assemblages
of heavy minerals from these greywackes (i.¢. lower ZTR
index, shape of zircons, high concentration of lourmaline)
indicale not only vertical alternation of greywackes and
sandstones but also mixing of clastic matenrial within
single layers (no tectonic alternation).

The character of weathering in the source arca can be
derived from the occurrence of as much as 10 vol.% of
kaclinized K-feldspars in feldspathic sandstones. The
assemblage of ultrastable heavy minerals rich in
tourmaline also indicates the character of weathering.
Locally increased number of idiomorphic zircon appears
to be a sign of volcanic admixture.,

The upper part of the sequence which in the MV-119
borehole belongs to the "Na vysluni” facies is composed
of limestone breccia with limestone clasts up to 5 cm in
size and with quartz pebbles 1-2 cm large. Abundant
matrix consists of sandy limestone to calcareous
feldspathic sandstone, It contains up to 1 cm large black
phosphorite nodules, small pebbles of strongly weathered
graniloids, quartzites, cherts and as much as 10 vol.% of
K-feldspars. Quartz grains arc both monocrystailine and
polycrystalline. Limestone matrix contains abundant
micritized fragments of crinoidal segments and fragments
of brachiopod valves, Large limestone fragments consist
of grey and dark grey micrites and biomicrites. Z.. Krejtf

identified in limestone fragments the following conodont
fauna: Gnathodus delicatus and Pseudopolygnathus cf.
vogesi of the Middle to Upper Toumaisian. Consequetly,
the "Na vyslunf{" facies is regarded as Viséan. Quartz
pebbles were found to be perfectly rounded whereas
limestone pebbles are semirounded. Assemblages of ultra
stable heavy minerals, together with quartz pebbles,
indicate that the source of detrital materiai comes from the
redeposited Moravsky Beroun Formation. Altered
pebbles of granitoids and K-feldspars are thought 1o have
come from weathered rocks of the Proterozoic basement
whereas limestone clasts come from limestones nmming
the elevation.

The sedimentary environment during the deposition of
the "Na vyslun{” facies is believed to have been changing
considerably. Sandy limestones and sandstones represent
a shallow marine sediment of carbonate platforms
exhibiting a considerable dynamics of the aqueous
environment, They were transporied into the place of
deposition by occasional stronger currents whereas
coarser sediments were washed (o the slopes not reached
by currents. The depositional area was located in a close
neighbourhood of the platform where the sediments
originated and where also the majority of fauna used to
live (i.e. massive layers of sandstones and imestones with
almost no shales), The sea is thought to have had a
ransgressional character at that time. Fragmemts of
Devonian and Tournaisian limestones, chens and basic

_ volcanics were washed down in the basin. Their parent

rocks were on shore during the sea transgression. The
sedimentation was affected by simultaneous basic
(calcified glass) as well as acid volcanism. The source of
quartz appears 10 be the same as that for the Moravsky
Beroun Formation. It was partly recycled from the
fine-grained fraction of this formation. Clastic material
seems Lo be better sorted south of here, in the vicinity of
the borehole MV-112, Abundant, very stable heavy
minerals were found to be locally accumulated in addition
Lo quartz.

The rate of sedimentation is thought 0 have been
changing considerably. The deposition of black-grey and
black shales in a quiet reducing environment high in
organic O prevails in the lower and upper parts of the
facies (e.g. borehole MV-112). Very fine grained sand and
silt have been transported in here through local muddy
currents from the east, from a shallow water platfornmn
during occasional storms {graded bedding and bio-
turbation - tempestites). The majority of shales come from
weslern sources and represent here the flysch facies which
fills a basin located further to the west (the Horni Benesov
Formation sensu stricto). Clay material was deposited
from a suspension whereas coarser polymict clastic
material was difficult to be carried by sea currents as far
as the margins of the elevauon,

Marine transgression could have been locally replaced
by regression, The occurrence of shale breccia with
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sandstone pebbles (found at the base of the MV-109
borehole) may argue for such an event. Clasts of this
breccia are thought to have come mostly from sediments
constituting the "Na v{slunf” facies.

Abundant volcanic quartz of sand size makes the "Na
vyslunf" facies different from the Moravsky Beroun
Formation which is older. This relatively coarse-grained
acid tffaceous admixture enables a certain stratigraphic
correlation (tephrochronology). Tuffites are known to be
spread over a large distance and seem to be isochronous.
Acid toffs are assumed to have come from eruptions of
terrestrial volcances active in the Variscan median mass.
They are thought to have been located in the places where
Variscan granitoids crop out nowadays. Thin layers of
very fine-grained tuffites are reported from the Upper
Toumnaisian in Moravia, for instance from upper paris of
the Andélskd Hora Formation ncar Chabitov (Dvorik et
al. 1983). Thickerand relatively coarser tuffites are known
from the boundary of the Ponikev and Homi Benelov
Formations in the northem vicinity of Homi Benelov
(younger than the Upper Tournaisian). The best
stratigraphically dated sections with tuffites occur toward
the eastin the vicinity of Hranice. Rare tuffaceous laminae
were found in the Upper Tournaisian in the Choryng-9
borehole. However, more abundant and thicker laminae
begin to appear as late as the Lower Viséan. In the
borehole Opatovice-1 {Dvoidk et al. 1981), they occur in
the Lower Viséan. Abundant coarser admixture of
volcanic quartz (including other compounds of tuffites
such as biotite, K-feldspars and idiomorphic zircons)
occur at the base of the Homi BeneSov Formation at many
localities along the west margin of the present occurrence
(Kukal 1980). A similar corrclation exists for siliceous
shales with abundant tuffs and tuffites found in the
borehole Horni Bene$ov HB-SV-3 (Dvofdk et al. 1983).
Greater accumulation of acid tufTites in the L.ower Viséan
is also known from the Géry Swietokrzyskie Mits. in
Poland (Zakowa et al. 1983) and from the Rhenish Slate
Mts. and from Harz (Hoss 1957). A very conspicuous
layer of acid tuffs, 3.8 m thick, occurs in the Lower Viséan
of the Nepasice-1 borehole near Hradec Krilové (Z.
Kukal). This locality with a large thickness of tuffs may
serve as an example where to look for the source of acid
volcanic material. Tephrochronological correlation
indicates that the "Na v¢sluni” facies represents a
chronological equivalent of greywackes at the base of the
Homi BeneSov Formation which occur at the west margin
of the present outcrop of the above mentioned formation.
Lateral transition of massive thick greywackes of the
Homi Benefov Formation eastward into rhythmites with
graded bedding is known from the broader vicinity of
Stemberk. Layers of massive greywackes altemnating with
layers of rhythmites occur already ¢ast of the velcanic
elevation. Consequently, rhythmites with graded bedding
are likely to be regarded as a transition facies belween
contemporaneous massive greywackes at the west margin
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of the basin and the "Na vysluni” facies in the east. Ven
fine-grained greywackes occur at the base of a few deci
and centimetres thick rhythins. These are difficult
distinguish with the naked eye from distal facies of th
Andélskd Hora Formation and impossible to plot on a may
separately (see Pl. 1). A similar development i
documented by identical character of sandstone
siltstone intercalations showing typical heavy minera
assemblage inside the uppenmnost layers of the Andélsk:
Hora Formation south of Homi Lodénice.

Studies of sediments in the boreholes Moravsky Berow
MV-109A, 109 and 112 showed two very different facie
to substitute each other iaterally. One of them i
represented by fine rhythmic shales with graded beddin,
which are characteristic of completely distal fiyscl
sediments. The other facies consists of sandy limestone
to sorted quartz sandstones with ooliths, algae and othe
shallow water organisms which represent shallow wate
flowing environment of carbonate platforms. Transitiol
from sandy limestones (borehole MV-109) to calcareou
sandstenes (borehole MV-112) and further to greywackes
exposed in abandoned quarries at Homf{ Lodénice can b
observed paralliel to strike from the NNE to the S5W. Al
types of rocks described above alternate with shales an
siltstones which exhibit conspicuous graded bedding. Th
described course of lateral facies transition i
demonstrated in the NNE by a slope of volcanic elevatio
whereas in the SSW there is a transversal axial depressio
which occurs between two volcanic elevations - th
Chabitov elevation in the SSW and the Moravsky Berou
elevation in the NNE. Polymict clastic material could hav
been trgnsported in the axial depression from the wes
because there was no barrier in the form of a volcant
elevation. A facies of sorted quartzose sandstones wit
accumulated stable heavy minerals seems to prevail in th
central part between carbonate facies in the NNE and
rhythmite facies with greywackes in the SSW. This facie
is located NW of a hypothetical elevation of th
Prolerozoic crystalline complex which is thought 1o hav
been a source of detritus for the Moravsky Berou
Formation {8 of Moravsky Beroun).

The following evolution of sedimentary processes ca
be established according (o the data gathered so far in th
broader vicinity of Moravsky Beroun from th
Tournaisian to the Upper Viséan: a condense
sedimentation of the Ponikev Formation prevailed durin
the Lower and Middie Tournaisian in the whole are
except Homi Lodénice where shales and silistones of th
Andélska Hora Formation were deposited.

The situvation appears to have changed in the Uppx
Tournaisian (Fig. 9). A hypothetical elevation south ¢
Moravsk¢ Beroun, composed of strongly weathere
higher metamorphosed rocks is believed to have bee
rising fast together with basic volcanics in the norther
foreland. Coarse quartz clastic material together with ras
fragments of limestones, iron ore, basic volcanics an
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shales were transported by a river from the weathered
surface. The detritus has filled relatively narrow
ions between volcanic elevations more than 10 km
Jong. These depressions become slightly wider and deeper
wward the north. Deposition of the Ponikev Formation
continued east of here (unless the sedimentation was
interrupted). Shales and siltstones of the Andglskd Hora
Formation were deposited west of the Stemnberk-Homf
Bene$ov Zone. Around the turn of the Tournaisian and
Viséan, the vertical movement of blocks became reverse.
Hypothetical crystatline and volcanic elevations began to
sink gradually and were flooded by the sea. Sandy
limestone platforms were formed along the coast and
covered by sediments which were deposited in flowing
very shallow water environment. Toward the NW
(perpendicularly to the shoreline) and S5W, the sandy
limestones and calcareous sandstones gradually passed
into shales and siltstones with intercalations of
greywackes, Later, during the upper part of the Middle
Viséan, the sea transgressed over central parts of volicanic
elevations. The "Na vyslunf” facies found in the MV-119
borehole represents a typical littoral sediment of
transgressing sea. Very heterogeneous clastic material
(stable together with completely unstable) from close as
well as from more distant neighbourhood was deposited
in strongly moving shallow water environment. At that
time, greywackes of the Homf BeneSov Formation were
deposited straight on basic volcanics of the Middie and
Lower Devonian. The anticlinorial structure submerged
under the sea level,
Volcanic elevations were sticking out of the sea level
ull the Middle Viséan and locally they were deeply

W E

Voldrna 1

10. A scheme of structural development at the Volérna lodge north of
Moravsk{ Beroun.

V- bas_h: volcanics, PO - Ponikev Formation, MB - Moravsky Beroun
Formation, HB - Hornf BeneSov Formation. The sedimentary filling
between voleanic elevations is "squeszed out” due to compression.

denuded as low as the jevel of the Upper Emsian. The
position of the Hornf Benelov Formation north of Cabovi
indicates that a considerable discordance must have
occurred during the sea transgression. An anticlinal
structure near Cabové overturned toward the NW has
originated already in a synsedimentary environment. It
was uplifted and then denuded already prior to the sea
transgression in the Middle Yiséan. The anticline 18
thought to have been broken in its top in the Upper Visé€an
during the depositton of the Moravice Formation. The east
part of the anticline has sunk (Fig. 4).

The Horni Benesov Formation sensu stricto

‘The roof of the "Na vyslun{” facies is composed of mosuy
massive, dark, blue-grey, medium-grained greywackes
with very rare intercalations of rhythmites showing graded
bedding which consists of fine-grained greywackes,
stltstones and shales, This facies appears 10 be abundant
W and NW of outcrops of the Devonian and lower part of
the Lower Carboniferous, including a synclinorium
between Nové Valtefice and Kfidfanovice (P1. 1).

Thick layers of rhythmites begin (0 alternate with
greywackes in the area between Moravsky Beroun and
OndraSov, SE of an anticlinorium which is mostly
composed of Devonian volcanics. About 1-1.5 m thick
layers of medium-grained greywackes alternate with
rhythmites showing graded bedding which exhibit
thythms about 40 cm thick (consisting of fine-grained
greywackes, siltstones and shales showing ratio4:1:1) and
with rthythms as much as 2-8 ¢m thick in which siltstones
and shales prevail. These sediments also fill a
synclinorium extending between the west margin of
OndrdSov and the last houses of the town Moravsky
Beroun along the highway leading to Nové Valtefice.
They are deposited on the Ponikev Formation and even
straight on the Middle Deveonian volcanics, following a
hiatus. Complex folded greywackes as well as flyschoid
alternation of greywackes, siltstones and shales lying on
volcanics were discovered in pits and adits north of
Cabov4 during an exploration program searching for iron
ores in the fifties. Here, the Hom{ Bene3ov Formation
oceurring in local depressions in volcanics was found to
be close to intercalations of the Stinava-Chabilov
Formation of the Emsian, Similar situation occurs in the
vicinity of Chabicov where the upper part of the Andélska
Hora Formation and locally also the Homi BeneSov
Formation are deposited on volcanics with shale
intercalations of Upper Emsian age.

Lithic greywackes are most abundant. They contain
over 40 % of unstable compounds, particularly tny
fragments of acid volcanics and altered rocks. As much as
10 vol.% of feldspars were found to occur there. Among
them K-feldspars strongly predominate over plagioclases.
Quartz shreds and idiomorphic zircons indicate a

17



tuffaceous admixture. Quartz aggregates showing wavy
extiction seem to come from metagranitoids crushed to
various degree.

Occurrence of a layer consisting of sandy limestone to
calcareous sandstone found in the borehole MV-122 at the
depth of 32.3 m gives evidence of lateral substitution of
clastic greywacke facies of the Homi{ Benefov Formation
with the "Na vyslun{" facies, as described earlier. The
latter facies, on the contrary, contains intercalations of
fine-grained distal greywackes.

Some characteristic intercalation is represented by a
kaolinitic, weathered, white acid tuff which passes upward
in affaceous shale. It occurs in the borehole MV-119 (see
Fig. 7).

Greywackes of the Hom{ BeneSov Formation were
discovered even east of the anticlinal structure that was
NE of Kfi$tanovice, already during the sedimentation,
plunging into a transversal depression. This is also
manifested by a typical heavy mineral assemblage found
in the borehole MV-114. Here, the Hornf BeneSov
Formation was deposited on the Ponikev Formation,
following a fonger hiatus - as indicated by numerous
breccias with abundant phosphorites.

Greywackes and rhythmites of the Homnf Benesov
Formation in the neighbourhood of Moravsky Beroun,
due to their position in the roof of the "Na vyslun{” facies,
can be regarded as belonging to the vpper part of the
Middle Viséan and/or to the boundary of the Middle and
Upper Viséan.

The Moravice Formation

Lithologically, there is almost no difference between this
formation and that of Horni Benefov, particularly of its
distal facies where greywackes alternate with silistones
and shales. Only analysis of heavy minerals allowed to
identify the base of the Moravice Formation in a strip E
of Cabov4 which is parallel with the east margin of the
$ternberk-Horn{ BeneSov Zone. Due o a steep overthrust
of Lower Devonian rocks toward the east on the flysch
formation just near Cabové, the base of the Moravice
Formation approaches the $ternberk-Homf Benefov Zone
(the Cabovis MV-101 borehole). Some heavy mineral
concentrates show very abundant idiomorphic zircon
which may indicate a stronger tuffaceous admixture at the
base of the Moravice Formation.

The base of the Moravice Formation, due toits position,
most likely belongs to the Upper Viséan (its lowest part).

The vicinity of Leskovec
The following authors participated in the investigation of

this locality: J. Hladil (coral and stromatoporoid
fauna), Q. Frigkovd and J. Zikmundovd (conodont
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fauna), Z. Kukal (petrography of sediments), A. Pfichystal
(petrography of volcanics), J. Hordk (mineralogy of
keratophyres), J. Otava (heavy minerals) and P. Miiller
(reflectance of finely dispersed organic matter) - cf.
Dwvofik et al. (1989),

The west vicinity of Leskovec nad Moravic( belongs to
the southern margin of the north part of the Stern-
berk-Hom{ BeneSov Zone. Devonian rocks are exposed
on the surface in the form of tectonically confined blocks
which are mostly thrust on greywackes of the Hom
Benefov Formation (Fig. 11). Volcanics, which are most
abundant, were studied by A. Ptichystal. Mostly
sediments from outcrops and from two boreheles (MV-]
and 2) are discussed in this paper.

Stratigraphic and facies development
Layers of limestones and shales in volcanics

Layers of shales and rare limestones were found to b
enveloped by mostly basic effusives and tuffs. They wers
described already by Skicel (1952, 1953) who identifiec
sections of tentaculitids (in thin sections), coral fragments
crinoidal segments and orthocone nautiloids, The numbe
of these layers is not known exactly. At least two of then
are assumed to exist. Non economic iron ores of the Lahi
Dill type are confined to these layers. They were mined i
the past. Shales are black, fine-grained, rarely calcareous
locally tuffaceous, They are also silicified (Si02/A1203

6 ("]
7]
glor-e]

11. Map of bedrock geology of the west vicinity of Leskovec n
Moravici.

1- greywackes, 2 - petromict conglomerates, 3 - pebble shales (1-3- Hox
Benefov Formation, Lower and Middle Viséan), 4 - limeston
{Givetian-Famennian), 5 - quartz keratophyres, 6 - basic volcanics, °
clay shales, locally accompenied by limestones (Stinava-Chabié
Formation, Eifeliap), 8 - borehotes of the fifties, 9 - new survey borin)
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1.82 and 4.25) and slighdy rich in Fe203 (8.6 and 7.82
wt.%) and FeO (11.97 and 1.96 wi.%). The Al203/NazO
ratio (115 and 87) argues for deposition of a chemically
very mature material, Although the shales are black in
colour, no higher contents of Corg. were found. Their
thickness varies between 1.7 and 2 m. Limestones are
locally accompanied by intercalations of shales (which
supposedly form lenses). They are max. 30 cm thick,
blue-grey and micritic. A conodont fauma was identified
in only one specimen from an old pit in a small valley NW
of Leskovec. It gives Upper Eifelian age. A macrofauna,
discovered earlier, seems to be of the same age.

Vicinity of a quarry near old lime works

Completely different setting was found in an abandoned
quarry near old lime works in the northern part of the area.
Two shallow boreholes (MV-1,2) dnlled there brought a
lot of new data (fig. 12).

Keratophyres

The oldest rocks penetrated by the borehole MV-2 are
silicified rocks resembling keratophyres (for delails see A.
Prichystal). Tuffs and tuffites are most abundant whereas
lavas are minor. Acidic rocks corresponding to guariz
keratophyres are rare. Abundant silicified and ferruginous
organic structures which probably correspond (o algae
were found in toffites. Changing conditions during the
sedimentation are reflected in the occurrence of pyrite,
hematite and magnetite. Framboidal and colomorph pyrite
was also found beside pyrite hexahedrons (J. Hordk).
Small clasts of quartzose sandsiones and rocks which can
be classified as tuffaceous limestone were found in
tuffaceous rocks. Original environment is thought to have
been of reducing character as manifested by pyrite which
is rarely accompanied by chalcopyrite in vugs of tuffs and
tuffites. Remaining pores were filled with hematite and
magnetite that coriginated in an oxidizing environment,
Oxidizing and reducing conditions seem to have been
alternating during the whole deposition of tuffs and
tufiites which are over 55 m thick. Pyritization and
hematitization were accompanied by silicification of
rocks. High concentration of K20 (being as much as 9.72
wt.%) which prevails over NazO appears to be significant
from the viewpeint of the origin of a stratabound base
metal deposit, From the transition of keratophyres into the
overlying LaZdnky Limestones which are of Middle and
Lower Eifelian age (10 m above the base of limestones),
it follows that they are likely of Lower Eifelian and/or
Upper Emsian age. Abundant algal structures, sandstone
Clasts, hematite and magnetite indicate that the deposition
of tuffs tok place in very shallow water environment,
most likely on the slope of an elevation.

The LaZdnky Limestones

The overlying LaZdnky [.imestones which are 2.9 m thick,
are represented by grey, dark grey to black-grey bioclastic
micritic limestones which alternate with subordinate
layers of black calcarcous and clay shales. Bioclastic
limestones with fragments of crinoidal stems and corals
seem to prevail at the base. Biomicritic limestones and
shales appear to increase upward. Pyrite nodules begin to
appear more frequently in shales. Large fragments of
globular stromatoporoids, rugose and tabulate corals,
bryozoans, brachiopods and crinoidal segmems were
found in layers of bioclastic limestones. Sections of
styliolina and ostracodes are more frequent in micritic
limestones. At the base of limestones (59.10and 62.70 m)
a small admixture of clastic quartz was found on the
boundary of keratophyre tuffs and limestones in addition
to layers of keratophyre tuffs. Clastic quartz also occurs
in a shale intercalation at the depth of 519 m and in
limestone at49.20 m. Bieclastic limestones in their central
part envelope small intraclasts of micritic limestones
which are thought to have been partly transported in
plastic state. In the uppermost third of the whole section,
the black, highly calcareous as well as clay shales seem to
prevail over layers (3-10 ¢m thick) of dark grey, fine- o
coarse-grained bioclastic limestones. A puolp of crinoidal
stems and styliolina is most abundant besides fragments
of rugose corals. Pyrite is [requent but silicification occurs
in the uppermost parts of the section. (The SiO2/Al2O3
ratio is over 3.) Higher content of Corg. (being around 1
wt. %) was also observed there,

The occurrence of tabulate corals proves Eifelian age
to be applied for the whole section of the LaZinky
Limestones, Conodont microfauna allows these
limestones 10 be classified in the Middle Eifehan. A
specimen from the depth of 28.30-29.00 m represents a
transition between the Polygnathus costatus costatus and
Tortodus kockelianus australis Zones whereas a spectmen
rom 48.30-45.50 m contains some genera which are
characteristic of the upper part of the Polygnathus costatus
costatus Zone. Representatives of the genus Polvgnathus
seem (0o be most abundant among the conodont
assemblages. As the first specimen comes from the
uppermost part and the second one from the middle of the
Lazanky Limestones, it seems to be likely that both the
Middle and the Lower Eifelian occur there.

Limestones and shales appear to have been deposited
in strongly reducing environment. A flowing envirommnent
along the slope of submarine elevation is thought to occur
during deposition of older limestones. Younger
limestones appear to have originated in a protected quiet
bay where unsoried detritus of shallow water fauna
(typical of wave motion) was occasionally washed in
during storms. There were no currents near the sea bottom,

Organic matter was accumulating in the bay to form
pyrite during ils decay. Silicification of the uppermost
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parts of the sequence may indicate shallowing of the basin
and a surface wash of chemically weathered rocks
(keratophyres?)into depression. The LaZdnky Limestones
were also penetrated by the borehole MV-1 at the depth
interval of 53.60-67.00 m. They show identical character

(Fig. 12).

The Hnévolin Limestones

They were found in boreholes MV-2 and MV-1 as well as
in an abandoned quarry near old lime works. The oldest
section was penctrated by the borehole MV-2 at the depth
of 14.50 and 26.70 m. Here, the rocks are represented by
grey, at the base also dark grey, micritic, laminated
limestones with abundant tiny layers of grey-greenish
calcareous shales. Some lenticular stromatactis were
found t0 occur locally in limestones. Limestones are
represented by biomicrites with locally accumulated
tentaculitid shells and other shell pulp. Sections of
conodonts are rare. The original thickness is thought to
have been reduced due to a downfault dislocation. The
thickness preserved today is less than 10 m, Stratigraphic
dating was done in the uppermost part of the Hnévolin
Limestones penetrated by the borehole MV -2 at the depth
of 1420 m using conodont fauna. The age corresponds
to the uppermost Givetian (the lowest part of the
Polygnathus asymmetricus Zone). Not exactly identified
conodont fragments from the depth of 25.50 m do not
exclude Lower Givetian age. The occurrence of
tentaculitids also corresponds to Givetian age of the
limestones. They are thought 1o have been deposited in a
quiet bay having an open circulation and norma! salinity.
Currents were transporting tentaculitid shells from open
sea to be later deposited at the bottom. Reducing
environment (pyrite is reported from the lowest section)
was gradvally changing upward into oxidizing envi-
ronment. A hiatus (at 14.50 m of the borehole MV-2) is
assumed to occur and last during the whole Frasnian
including the base of the Famennian. Reduction of strata
(penetrated by the borehole) due to a downfault
dislocation is rather unlikely. The sea in the vicinity of the
MYV-2 borehole is believed to have regressed on the tum
of the Givetian and Frasnian.

About a 7 m thick sequence of grey and light grey
laminated limestones with coatings and upward even with
laminae of grey-greenish shales is exposed in an
abandoned quarry SE of the borehole MV-2. The
limestones contain conodont fauna of Famennian age

—

extending from the Palmatolepis crepida Zone as high as
the upper part of the Polygnathus styriacus Zone.
Underlying rocks are not exposed. The described
sequence (with questionable Frasnian) is linked
lithologically with the Hn&votin Limestones of the
borehole MV-2,

The HnEvotin Limestones were also penetrated by the
borehole MV-1 at the depth of 19.50-52.75 m. There is an
overthrust fault at the depth of 41 m which is proved by
conodont fauna. The fault divides the sequence of the
described limestones into two paris. Lithologically, the
whole sequence is represented by light grey, rarely pinkish
micritic limestones with minor laminae of greenish clay
shales. Small lenticular stromatactis, a few centimetres in
size, begin to appear in limestones of the lower half of the
sequence. Rare silty admixire of clastic quartz occurs
only locally in the limestones. Secondary silicification and
conodont fauna are more abundant. The majority of the
depth interval of 41.00-52.70 m belongs to the
Palmatolepis marginifera Zone, and the uppermost part to
the Palmatolepis rhomboidea Zone. The age of the
Hnévotin Limestone is well supported by evidence: the
base corresponds to the Paimatolepis crepida Zone (both
the iower and the upper parts of the zone are proved) which
is about 10 m thick; the Palmatolepis marginifera Zone
(being about 5 m thick) is confined to a higher sitnated
horizon. Existence of the P. rhomboidea Zone remains
problematic. It i3 either missing locally or its thickness
does not exceed 1 m.

i.ithologically identical Hnévotin Limestones were
observed in an abandoned quarry located in close SW
vicinity of the borehole MV-1, Limestones with more
abundant intercalations of dark grey clay shales are
exposcd in the opposite wall of the quarry. The limestones
contain conodont fauna of the "Middle” Frasnian: the
upper part of the Polygnathus asymmetricus Zone and the
Ancyrognathus triangularis Zone. The Hnévotin
Limestones, showing a small thickness, are exposed in the
wall which is closer to the borehole MV-1. They contain
conodont fauna of the Scaphignathus velifer Zone (the
lower part of this zone shows redeposited conodont fauna
of the upper part of the Palmatolepis crepida Zone). The
purest thin bedded light grey limestones are likely to have
been mined out, Their fragments and pieces can be found
i neighbouring fields. They contain no conodont fauna.,
Assuming from their position, they seem 10 belong to the
higher Frasnian and to the lowermost Famennian,

The Hnévotin Limestones are thought to have been
deposited in an oxidizing environment of intertidal

12. The Leskovee MV-1 borehole log and the Leskovee MV-2 borehole log {upper pans). Transferred to wue thickness

| - shales (partly wifaceous) with clasts of limestones and shales, 2 - laminated limestones, 3 - shales with limestone nodules. 4 - nodular limestones,
5 - bindetrital limestones alternati ng with shales, 6 - micritic limestones alternating with biodetrital limestonesz, 7 - tuffaceous breccias, 8 - keratophyre
tuffs, 9 - keratophyre tuffites, 10 - rugose corals, 11 - stromatoporoids, 12 - crincidal seginents, 13 - brachiopods, 14 - pyrite, 15 - tentaculitids, 16 -

fautt, 17 - break in sedimentation.
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platforms. Small lenticular stromatactis can be interpreted
as "bird’s-eye-structures”. Total thickness is not known
but it js believed to be a few tens of metres. They were
deposited during a long period of time, since the Givetian
till the Upper Famennian. The Al203/NaO ratio of
calcareous shale laminae indicates deposition of
chemically weathered material.

The Kttiny Limestones

These limestones are partly equivalent to the Hnévotin
Limestones, as far as the time of their deposition is
concerned. They were found in the borehole MV-2 at the
depth of 10.50-14.00 m (and/or 7.50-14.00 m). They are
underlain by a 0.5 m thick layer of grey-greenish
calcareous shales which transgressively lie on the
Hnévotin Limestones of the Givetian, following a
long-lasting hiatus. The Kftiny Limestones are
represented by grey micritic nodular limestones.
Limestone nodules seem 1o be "immersed” in a
grey-greenish calcareous shale. The Kitiny Limestones
pass upward in tuffaceous shales and then in ffies. The
latter also contain nodules of the same limestones which
occur in the Kitiny Limestones. Only the character of the
matrix is changing. Regarding biostratigraphy, the
Palmatolepis crepida Zone was proved to occur at the base
of the Kftiny Limestones whereas the Palmatolepis
marginifera Zone was found at the transition 0 tuffites.
The Kitiny Limestones were found in the borehole
MV-1 at the depth interval of 14.00-19.50 m. They are
represented in the lower part by light grey micritic nodular
limestones with relatively abundant grey-greenish clay
matrix which disappears toward underlying rocks. In
contrast to that, the matrix consisting of shale increases
upward 10 become dominant in the interval of 14.00-15.50
m. The thickness of the Kftiny Limestones does not
exceed 4 m, No conodont fauna was found in the borehole
MV-1. The limestones are believed to be certainly
younger than the Palmatolepis marginifera Zone which
was identified in the underlying Hoévotin Limestones.
ldentical, about 2 m thick, Kftiny Limestones
containing conodont fauna of the Polygnathus styriacus
7one were found to occur in the vicinity of the borehole
MV-1. This paleontological evidence applics also t the
Kitiny Limestones which were observed in the borehole
MV-1. The Kftiny Limestones gradually develop from the
underlying Hn&votin Limestones. Nodular texture is
believed to have resulted from precipitation of CaCO3
from a calcareous ciayey sediment in which CaCO3 and a
clastic clay compound show certain proportions (Z.
Kukal). Lithofacies of the Kftiny Limestones is typical of
increasing deposition of clastic clay malerial in contrast
to sedimentation of micrite. Clay (and/or tuffaceous)
matrix within the Kftiny Limestones appears to increase
upward. Limestone sedimentation is thought to have been

B2

completely terminated in the Upper Famennian around the
boundary of the Polygnathus styriacus and Bispathodus
costatus Zones. Only a thin layer of shales (max. 1 m thick)
or intermediate (keratophyre?) tuffites were then
deposited (in the vicinity of the borehole MV-2) during
the uppermost Famennian. Thus, the Upper Famennian
period can be characterized by uplifting of the adjacent
volcanic elevation and by very slow sea retreat from its
slopes. The drift of weathered material (Al203/NazO - 40)
from the shore was increasing. An intermediate volcanism
is likely to have been linked with the above described
uplift. Some tuifs were deposited only locally. The sea
retreated from the elevation slopes around the tum of the
Devonian and Carboniferous.

The Hom{ Benegov Formation

The only outcrop exposing the contact of the Hom
Benefov Formation with the underlying Devonian strat:
occurs in an abandoned quarry near the old lime works
The contact is sharp. The Hom{ BeneSov Formation is
following a long lasting hiatus (during at least the whol
Tournaisian), deposited transgressively, thus showing al
obvious unconrformity. The unconformity is als
manifested by the occurrence of about a 10 m thick laye
of basal slump conglomerates with abundan
tuffaceous-clayey matrix in which are "immersed
completely unsorted, up to 50 ¢m large, sharp o
semirounded fragments of underlying limestone:
weathered volcanics, iron ores and black shales. One clas
of laminated limestone found in the borehele MV-1 {at th
depth of 3-14 m) showed a conodont fauna correspondin
to the Polygnathus styriacus Zone whereas another cla:
of bioclastic limestone with crinoids showed in thi
section a strong sandy admixture forming lenses. Th
matrix confined to this horizon is close to intermedial
tuffites from the uppermost section of the borehole MV -
Only in the roof, there are fine-grained greywackes wil
20-40 cm thick laminae of shales and further upwar
coarse-grained greywackes as a typical representative (
the Horni Benefov Formation. Medium- an
coarse-grained massive greywackes occur in the broz
vicinity of Leskovec. Isolated blocks of Devonian roch
should form a natural boundary between the Hor
Beneiov Formation in the west and the Moravi
Formation in the east. According to Zapletal (1983},
layer of petromictic fine-grained conglomerates as mu
as 10 m thick, near Bil€ice is regarded as a proof of U
Moravice Formation. Similarly, a brief investigation
heavy minerals confined to greywackes (J. Otava) at tl
foot of the borehole MV-2 showed these greywackes
belong rather to the base of the Moravice Formation thi
to the Horn{ BeneXov Formation. However, greywack
of neither formation can be distinguished with the nak
eye.
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Metamorphism and tectonic style

Reflectance of finely disseminated organic matter was
measured by P. Miiller only in specimens from the
borehole MV-2. Two samples come from Eif¢lian shales
(from the depth interval 30.7 and 50.0 m) and three
samplés were obtained from shale intercalations in
greywackes which represent a transition from the Homi
Benefov Formation. The grade of metamorphism
corresponds to a higher degree of anchimetamorphism
(meta-anthracite). However, measured values of
reflectance were found to be lower (3.7-5.8 Rinax) when
compared with those measured in the east and west
neighbourhood. Taking into account the values measured
in the Hornf{ BeneSov Formation in the borehole
Detfichov-1 (7-9 Rmax), those obtained from Eifelian
shales are low. Only a few kilometres eastward from here,
the Upper Viséan shales of the Moravice Formation
observed in the borehole Slezskd Harta J-104-D at the
depth of 34 m showed reflectance 5.15 Rmax. Judging
from correlation of specimens of similar age, it seems
obvious that Devonian rocks of the Stemberk-Homf
BeneXov Zone were never submerged to a few kilometres
depth and later uplified by tectonic movements.

Geological map (Fig. 11) shows almost monoclinal
inclination of beds toward the east. All structures exhibit
vergency toward the west due to the measured cleavage
which shows identical strike as well as inclination
(50-70°). The only exception is represented by a small
block near the old lime works where the strike of beds and
cleavage tum to the NW-SE and dip to the NE. It seems
obvious that the block rotated to its present position during
the laie movements along faults. Almost all earlier
boreholes (drilled to explore iron ores - Skicel 1952) as
well as our present mapping boreholes reached
greywackes of the Homni Bene3ov Formation at relatively
shallow depths of max. 150 m undemneath Devonian rocks,
Only boreholes Nos. 4 and 5 did not penetrate Devonian
rocks even at depths of 170 and 200 m, respectively.
Consequently, Devonian rocks seem to form larger or
smaller slices thrust over greywackes of the Homnf
BeneSov Formation toward the west. Boreholes Nos. 7,8
and 9 are arranged along a N-S. line. Judging from the
position of Devonian volcanics thrust over the greywackes
exposed in these three boreholes, the thrust plane seems
to be dipping at 20-25° to the north,

The vicinity of Horni Bene3ov (Figs. 2, 13)

The interpretation of a complex stratigraphy is based on
data obtained from boreholes HB-903, HB-915,
HB-5Y-1,HB-SV-2, HB-S V-3 as well as from some other
boreholes, from exposures near a mine working out a
stratabound base mctal deposit and from underground
workings (Urbdnek 1974). All conodont fauna was
studied by O, Friskov4 unless referred otherwise.

‘Hi_:trni
NZivotice

1] 5 1 km
3"’ 1 n'. |

13. Map of bedrock geology of the Homi Banefov vicinily. Compilad by
J. Dvolék using maps of ). Urbdnek.

1 - mostly greywackes of the Hornf Benelov Formation, 2 - siliceous
shales with cherts (Ponikev Formation, Upper Frasnian to Middle
Vitéan), 3 - basic, to a lesser extent intermediate and acid volcanics with
intercalations of shales and limestones.

Borehole HB-903 (Fig. 16)

It was drilled from the 9th level of the shaft in the central
part of the deposil. It reached the Devonian of the central
and particularly of the mineralized slice at a relatively
great depth along the dip (toward the ESE).

Central slice

The uppenmost part (3 m thick) penetrated by the borehole
consists of strongly crushed basic wffs which are
separated from underlying limestones by a thrust fault
(tuffs were thrust over limestones). Then grey and light
grey micritic limestones, thinly bedded, locally nodular
and with clay admixture follow in the sequence. The clay
admixture is more abundant at the base. The nodular
limestones are 7.2 m thick. Conodont fauna of the
Scaphignathus velifer Zone was identified in the
uppermost part. Next 4.4 m downward, a single specunen
showed two assemblages of conodonts: base of the
Palmatolepis marginifera and Palmatolepis rhomboidea
Zones which comrespond to the "Middle® Famennian.
Conodont fauna of the middle P. crepida Zone was found
at the depth of 5.2 m from the limestone surface. Further
0.8 m downward, a fauna of the Palmatolepis gigas Zone
was identified. Conodont fauna of the P. gigas Zone
including redeposited fauna of the Polygnathus
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platforms. Small lenticular stromatactis can be interpreted
as "bird’s-eye-structures”, Total thickness is not known
but it js believed o be a few tens of metres They were

deposited during a long period of time, since the Givetian -

il the Upper Famennian, The AbO3/MN220 ratio of
calcarcous shale laminge indicates deposition of
chemically weathered material,

The Kitiny Limestones

These limestones are partly equivalent to the Hnévotin
Limestones, as far as the time of their deposition is
concerned. They were found in the borehole MV-2 at the
depth of 10.50-14.00 m (and/or 7.50-14.00 m). They are
underlain by a 0.5 m thick layer of grey-greenish
Calcareous shales which transgressively lie on the
Hnévotin Limestones of the Givetian, following a
long-lasting hiatgs. The Kftiny Limestones are
fepreseated by grey micritic nodular limestones,
Limestone nodules S€ém to be "immersed” in 5
grey-greenish calcareous shale. The Kftiny Limestones
Pass upward in tuffaceous shajes and then in twffites, The

marginifera Zone was found at the transition to mffites.
The Kitiny Limestones were found in the borehole
MV-1 at the depth interval of 14.00-19.50 m, They are
represented in the lower part by light grey micritic nodular
lumestones with relatively abundan grey-greenish clay
matnx which disappears toward underlying rocks. In
contrast to that, the matrix consisting of shale increases
upward to become dominant in the interval of 14.00-15.50
m. The thickness of the Krtiny Limestones does not
cxceed 4 m. No conodont fauna was found in the borehole
MV-1, The limestones are believed to be certainly
younger than the Palmatolepis marginifera Zone which
was identified in the underlying Hnvotin Limestones.
[dentical, about 2 m thick, K¥tiny Limestones
containing conodont fauna of the Polygnathus styriacys
Zone were found to pecyr it the vicinity of the borehole
MV-1. This paleontological evidence applies also to the
Kitiny Limestones which were observed in the borehole
MV-1. The Kitiny Limestones grad ually develop from the
underlying Hngvotin Limestones. Nodular texture is
believed to have resujted from precipitation of CaCOs
from a calcareous clayey sediment in which CaC0Ozand a
clastic clay compound show certain proportions (Z.
Kukal). Lithofacies of the Kttiny Limestones is typical of
INCreasing deposition of clastic clay material in contrast
0 sedimentation of micrife. Clay (and/or tuffaceous)
matrix within the Kfiiny Limestwones dppears Lo increase
upward. Liimestone sedimentation is thought to have been
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deposited (in the vicinity of the borehole MV-2) durin,
the uppermost Famennian, Thus, the Upper Famennia,
period can be characterized by uplifting of the adjacen
volcanic elevation and by very slow sea retreat from i;
slopes. The driftof weathered materiag (Al203/Naz0 - 40)
from the shore was increasing. An interm ediate volcanisy
is likely to have been linked with the above described
uplift. Some tffs were deposited only locally. The seq

The Hom{ Benesov Fi ormation

The only oulcrop exposing the contact of the Hornf
BeneSov Formation with the underlying Devonian sirata

tuf'faceaus~tlayey inatrix in which are “immersed"
Completely unsorted, up to 50 cm large, sharp or

depth of 3-14 m) sh owed a conodont fayna corresponding
t the Polygnathys Styriacus Zone whereas another clast
ol bioclastic limestone with crinoids showed in thin

the Horni Benetoy Formation, Medium- and
coarse-grained massive Er€ywackes occur in the broad
vicinity of Leskovec, Isolated blocks of Devonian rocks
should forin a natyea boundary between the Horni
Bene3ov Formation in the west and the Moravice

laver of petromiciic fine-grained conglomerates as much
as 10 m thick, near BilZice is regarded as a proof of the
Moravice Formation. Similarly, a bref investigation of
heavy minerals confined to greywackes (J. Otava) at the
foot of the borehale MYV-2 showed these greywackes to
belong rather to the base of the Moravice Formation than
to the Homf Beneloy Formation. However, greywackes
of oeither formation can be distinguished wi the naked
eye.
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gdmixture which slowly disappears with depth. About 5.5
m below the base of the wiffs, the limestones contain
conodont fauna of the zone Ancyrognathos triangulanis.
The limestones are 9 m thick and thrust over the Homi
Benelsov Formation. They show isoclinal folding at the
pase and are disturbed by thrust faulis. Some small
limestone blocks are thought to have been moved in here
along a large thrust fault as follows from the occurrence
of conodont fauna of the Palmatolepis rhomboidea Zone
(lower Famennian). At that time, the sedimentation in the
thrust block was locally interrupted,

Mineralized slice

A 1.8 m thick layer of black-grey silty shales with laminae
of silistones and rare intercalations of fine-grained
greywackes underlie the greywackes of the Hornf
Benefov Formation, They lie on grey laminated micritic
limestones with laminae of dark grey shales, forming a
sharp contact. Only one conodont corresponding (o the
Lower Famennian was identificd in the uppermost parts
of limestenes, Richer fauna was found about 4.5 m deeper.
It is equivalent to the upper part of the Palmatolepis
marginifera Zone as far as the base of the Scaphignathus
velifer Zone, The limestones are 8.8 m thick, thrust over
crushed shales and greywackes showing in the borehole a
thickness of 1.6 m. They are underlain by lithologically
identical and contemporaneous limestones being 9.6 m
thick. Some conodont fauna was found about 4.5 m below
crushed shales and greywackes. It corresponds to the
Lower Famennian, specifically to the middle up to the
upper parts of the Palmatolepis crepida Zone. Other
specimens were found to be stenile. These limestones are
equivalent to those occurring in central "slice™ which are
of Famennian age. The sedimentation between the
Scaphignathus velifer and Palmatolepis crepida Zones is
thought to have been continuing in mineralized "slice” but
could have been interrupted during another period of time.
About 1 m thick black calcareous clay shales with
limestone laminae, which gradually pass into underlying
rocks, were found to occur lower in the section. They are
followed by 26.2 m thick calcareous grey-greenish
hyaloclastites which are locally reddish in colour due to
iron oxides, Black shales being (0.8 m thick occur again at
the base of hyaloclastites, showing transition into
overlying rocks. Underlying rocks are again represented
by light grey, fine-grained, partly laminated limestones
which are 14.3 m thick. They slowly pass downward into
grey crinoidal limestones with greenish tuffaceous
admixture, They are 7.5 m thick. Conodont fauna of the
Palmatolepis gigas Zone was identified in the middle of
this layer. Hyaloclastites of this slice are likely to belong
to the lowest Famennian andfor to the
Frasnian/Famennian boundary {the Palmatolepis
triangularis Zone 7).

Lower in the section, a 5.2 m thick layer of wifs
separates some limestones which are similar to those
described above. They are of micrtic character, showing
nodular texture and locally high volcanic admixture.
These limestones, being 5.5 m thick, pass downward in
tuffs of silimar thickness which lower in the section
alternate with grey limestones. These limestones can be
put to the Jesenec Limestones.,

The limestones are dark grey in their lowermost part
and locally envelope layers of black shales or are strongly
mineralized with galena and sphalerite. Relatively rich
fauna was found at the base. It consists of rugose corals of
Digonophyllum type and particularly of the following
tabulate corals: Alveolites fornicatus, Crassialveolites cf.
crassus, Crassialveolites cf. levis, Gracilopora
vermicularis and Thamnopora ex gr. micropora or
Thamnopora ex gr. polyforata (according 1o J. Hladil). A
cluster of globular stromatoporoid Actinostroma cf.
clathratum (identified by V. Zukalovi), then stems of
algae and primitive foraminifers were also found there.
The whole fauna assemblage indicates to be of uppermost
Eifelian age. They belong to the LaZinky Limestones.

A 2.4 m thick layer of siliceous sericite schist strongly
mineralized with galena and sphalerite occurs close 1o
underlying strata. A thrust fault separates this schist from
slices of light grey micritic limestones with laminae of
shales and dark grey limestones with mineralized shreds
of sericite schists. Conodont fauna of central part of the
Palmatolepis crepida Zone (of the Lower Famennian) was
found to be confined to light grey limestones. Slices of
these limestones are thought 10 have been moved inhere
along a large thrust fault, judging from their tectonic
contact with greywackes of the Homi Benefov Formation.

Borehole HB-5V-1
(Dvofak et al. 1981, Figs. 13, 15 and Pl. 2)

[t was drilled N of the mineral deposit which is being
mined. The borehole did not penetrate the central slice but
reached some other slices located underneath the
mineralized slice, These slices seem 10 differ from each
other. Tuffaceous greywackes and laminae of acid wffites
enveloped in a layer of shale occur at the base of the Horni
BeneSov Formation. A gradual litholegical transition into
pre-flysch facies was observed in sediments underlying
the Homi BeneSov Formation. A long hiatus which
includes the Famennian and Tournaisian is expected to
occur at the depth of 674.1 m, judging from analogy with
the borehole HB-903, Tentaculitids in limestonés below a
674.1 m horizon are likely to be of Frasnian age already.
Different setting was found to occur in lower lying slices
(located west of here): some gradual transition of dark
grey silty shales rich in siltstones passing into light green
tuffaceous shales can be observed at the depth interval of
730.2-727.7 m, Both facies form laminae which altenate
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in a transition zone. Similar setting was also found at the
depth interval of 765.3-765.5 m. These sediments may
correspond to the late Famennian and Tournaisian and
seem to be strongly condensed,

No conodont or other stratigraphically significant fauna
occurs in lower parts of the strata Sequence of single slices,
The only exception are four specimens found in lower
parts. These specimens indicate Eifelian age of
limestones. Lithostratigraphic correlation appears to be
also very difficult due to the occurrence of various facies

laminae of litho- 1o crystalloclastic wffs to tuffites (727.5
and 765.0 m) can be correlated due to conodont faung
observed in thin sections, Similarly iron cres from the
depth of 676 and 763 m can be also correlated. They are
mosily of Upper Frasnian age in the neighbouring
boreholes. Hyaloclastites (677.3-690.0 m) were found to
occur only in the uppermost slice. They correspond (g
hyaloclastites of the same age which are confined 1o the
mineralized slice observed in the borehole HB-903,
Oniy keratophyre tuffs exist in both lower and

including voleanics. Light

green tuffaceous shales with

westward located slices whereas keratophyres were found
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1 - greywackes of the Hornf Begedoy
and laminae of black

shales (Ponikey Formation, Fame
P - pyrite, Ga - galepa, Sf -
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Formation, 2 -

shales (5-7 - Jesenec Limestones),
oniaa?- Tournaisian),
sphalerite, Si - silicifi

ous iron ores, 5- grey and light grey imestones, 6 - laminated i
12~ gradual ithological transition, a- acid,

cation, T - niffacecus admixture (lamina), t - tentaculitids,

on?}, 3 - mffacecus greywackes at the base of
mestones, 7 - dark limestones with )ntercalations
8 - keratophyre tuffs and tuifites, 9 - keratophyres, 10 - hyaloclastites, 11 - light green tuffaceous
b - intermediate, ¢ - basic voleanism

: K- conodonts,
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in the lowermost slice. Their base in this slice is of Eifelian
age assuming from conodont fauna from limestone
intercalations. However, the highest stratigraphic position
of keratophyres is difficult to establish. Mostly dark grey
to black-grey, very fine-grained limestones with laminae
and intercalations of black shales occur in all three slices.
They contain relatively abundant stems of crinoids,
tentaculitids and rare (695-697 m) fragments of corals.
Less abundant are grey, rarcly light grey, lenticular and
taminated limestones. The limestones always occur in
lower parts of the strata sequence in all slices. Pyrite
accumnulations are confined to limestones and particularly
to intercalations of black shales which occur in the central
slice in the vicinity of the base metal (Pb-Zn) deposit
(712-715 m),

If we project unfolded slices in the original space, it
becomes obvious that the centre of keratophyre volcanism
was located in the west whereas the centre of basic
volcanism was in the east. Both types of volcanism thin
away in opposite direction. There 18 a keratophyre in the
west slice (737.4-765.4 m) which is accompanied in both
the overlying and underlying strata by crystalloclastic
feldspar wffs. Noneconomic sphalerite occurs in over-
and underlying tuffs, close to the keratophyre body.
Keratophyres are missing in the central slice (709.5-728.3
m) and their tuffs are strongly silicified and thinner
relative to the western slice. A mineral deposit composed
of galena and sphalerile is confined to this slice which is
characteristic of the presence of intermediate tuffs and
black shales with layers of limestones with pyrite. As
mentioned before, keratophyre and basic volcanics are
missing herc. The deposit is likely to be of Middle
[Jevonian age,

Borehole HB-SV-2 (Fig. 18 and PIl. 3)

Of all the pilot boreholes, this one has the northernmost
location (Dvordk et al. 1985).

Biostratigraphy

Not very well preserved conodont microfauna found in
limestones at the depth interval of 1073.0-1077.3 m
corresponds to the lower part of the P. marginifera Zone,
As a specimen from the depth of 1078.0-1078.2 m
contained conodonts of the P. gigas Zone (Upper
Frasnian), a redeposition of Frasnian fauna or a hiatus at
the tum of the Frasnian/Famennian are thought to have
occurred (3 conodont zones are missing). Fauna from the
depth of 1091.5-1092.3 m (Frasnian) is badly preserved.
However, this fauna together with abundant tentaculitids
in limestone layers (which form on fragments in breccias)
give evidence that the section between 1078.0 and 1091.7
m of the borehole is likely to be of the Upper and/or
Middle Frasnian. Deeper, down to 1116.1 m, there is no

data for dating. This strata sequence may belong to the
early Frasnian but may be ¢ven older.

The interval between 1044.0-1072.9 m is difficult to
classify. 1t is obviously younger than the lower part of the
P. marginifera Zone since it lies on limestones of that age,
following a hiatus. It may be younger than the Upper
Famennian, judging from badly preserved, most likely
redeposited, conodont fauna from the depth intervai
105(.2-1050.5 m. Consequently, the borehole section
between 1044.0-1072.9 m is regarded tentatively as
Toumaisian. It conlains fragments of earlier volcanics,
limestones and shales of the Frasnian or even older period.
As there are already a proved redeposited conodont fauna
and limestone clasts with Frasnian and Lower Famennian
tentaculitids from underlying limestones, it cannot be
excluded that the overlying section began to deposit
during the Upper Famennian,

A gradual transition into the reof around the depth of
1044.0 m (indicated even by chemical analyses), shows
Toumaisian (or maybe even Viséan) age of this part of the
borehole,

The Horni BeneSov Formation was impossible to
classify biostratigraphically. Tt is assumed that the lower
sliced part with volcanics below the large thrust fanit at
the depth of 1116.1 m is relatively older than the upper
part of the strata sequence of the Horni Beneciov
Formation penetrated at the interval of 0-1039.8 m. The
heavy mineral analysis indicates that the interval between
973.6 and 1039.8 m can be correlated with the slices
underlying the thrust fault at the depth of 1116.1 m,

Lithotacies development

The earliest part can be delineated by depths of 1072.9 and
1116.1 m, The following sediments were found (o
alternate in the lower section;

a) mostly dark coloured, originally biomicritic
limestones with tentaculitids (styliolina), locally also with
crinoids, nowadays strongly recrystallized,

b) mostly black clay shales, often passing into tuffites
on one side and into limestones on the other side,

¢) mostly silicified but locally also strongly calcareous
vitroclastic sandy tuffs and litho- and crystalloclastic
keratophyres and/or quartz keratophyres. Tuffs pass in
tuffites, tuffaceous shales and tuffaceous limestones,

As mentioned before, this interval is thought to be most
likely of Frasnian (or even earlier) age. The uppermost
part of this horizon consists of grey biomicritic limestones
(1073.2 - 1078.4 m) of the "Middle" Famennian age which
contain rare layers of acid wffs to tuffites and in its lower
part there is also a 20 cm thick intercalation of sedimentary
breccia. The latter contains [ragments of bioclastic
limestones with tentaculitids {of Frasnian or even earlier
age), carbonatized green acid tuffs and shales. Tuffs are
silicified. Famennian limestones in the roof of the breccia

87



layer enclose a redeposited fauna of the
Frasnian-Famennian boundary, the earliest Famennian
and/or Frasnian.
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16. Detail of tectonic style based o the interpretation of drill core of the
Horei Bene¥ov HB-SV-2 borehole from the depth of 460-505 m.
Alternation of shales, siltstones and fine-grained greywackes of the Horn!

Benefov Formation.
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The dark colour of sediments and their lithological
character (micritic limestones and shales) indicate that
they have been deposited in a protected bay with reducing
environment under the wave base level. Small thickness
of silicified acidic tuffs and their fast alternation with other
sediments argue for a relatively long lasting volcanic
activity whose centre is thought to have been located at a
greater distance. A thin layer at the depth of 1086.4 m
consisting of siliceous rock with stilpnomelane and
carbonate seems to indicate some hydrothermal activity
Close to the present drill site. Micritic limestones appear
t0 increase upward which may argue for a shallowing of
the basin, emergence of neighbouring areas and
redeposition of earlier volcanic but mostly sedimentary
material of the Upper Frasnian and Lower Famennian, As
the Famennian limestones contain single redeposited
earlier conodonts, it is obvious that some weathering and
dissolution of earlier limestones must have occurred
onshore following an emergence.

The upper section (1044.0-1072.9 m) is likely to be of
Tournaisian age. It can be divided into lower part
(1054.3-1072.9 m) where locally silicified, sericitized
crystalloclastic tuffs and tuffites occur in some places
whereas in other places lithoclastic and even sandy tuffs
and tuffites prevail. They correspond to keratophyres and
quantz keratophyres which are difficult to distin guish from
e€ach other (grainsize and alteration). The contact at the
base of the described horizon at the depth of 10729 m is
sharp. Coarse-grained breccia consisting of mostly black
phosphate nodules in chaotic arrangement (70 % of the
whole rock) lies on a lamina of tuffaceous shale. The
largest phosphate nodules are as much as 5 cm long and
max. 3 cm wide, having calcareous core. A light green
tuffaceous matrix exhibits breccia texture with locally
accumulated conodonts. The grain size of breccia
becomes finer in upward direction and phosphate nodules
gradually disappear. Similar "sharp bases” with phosphate
nodules were found at depths of 1071.0 and 1068.5 m.
Only at the depth of 1068.6 m, there is a layer of black
clay shaie which is 2 cm thick. Fragments of pinkish
micrilic and biosparitic limestones occur in higher
position (1067.1 and 1064.5 m).

Clearly tuffaceous sedimentation was interru pted at the
depth of 1061.0-1062.0 m when breccia was deposited. It
15 composed of shreds of black shales, tuffites and rare
grey limestones. The matrix is again tuffaceous.

The uppermost part of the tuffaceous section
(1054.3-1061.0m) is characterised by abundant limestone
fragments (dark grey with styliolina, light grey to grey
with crinoids) which are of Frasnian and/or Givetian age,
a few centimetres to decimetres in size, One of these
limestone fragments was rimmed by a sphalerite lamina
(at the depth of 1058.6-1058.8 m). Single sphalerite grains
are also scattered in lower lying tuffs and tuffites of quartz
keratophyres.

A strata sequence gradually transiting from the



quderlying tuffs and tuffites occurs at the depth of
1044.0-1054.3 m; it is characteristic of abundant Gark
shales which enclose layers and laminae of the same tuffs
and tuffites that occur in the underlying rocks. Fragments
of grey micritic and dark grey bioclastic limestones are
common. The assemblage of biosparrudite limestone with
wbulate corals, crinoids, bryozoans and styliolina is of
typically shallow water character and probably of
Frasnian age. The limestone also contains fragments of
volcanics and foamy volcanic glass. It cannot be excluded
that some laminated limestones with no fossils constitute
common intercalations in shales. The majority of samples
which were collected to study conodonts turned out to be
fossil free. Only one sample from the depth of
1050.2-1050.5 m showed most likely redeposited

silicified tuffites, basic volcanics, black phosphorites,
limestones and just one pebble of feldspathic greywacke.
The matrix is composed of dark grey shale. A thin layer
of tuffitic greywacke also occurs at the depth of 1052.6 m.
The uppermost part (1044.0-1049.7 m) is built by black
shales which are locally calcareous. In some places they
also contain fragments of strongly compressed limestones
with styliolina which are difficult to distinguish with the
naked eye from adjacent shales. Large shreds of basic
hyaloclastites were also found beside limestone
fragments. This is likely to indicate deeper denudation of
the neighbouring volcanic island.

Consequently, the tuffitic layer with phosphorites at the
base is thought to have been deposited quickly on "Middle
Famennian" limestones following a longer or shorter

hiatus. The deposition is believed to have occurred on the
slope of a volcanic elevation. Phosphatic nodules and
individual conodonts seem to come from top of the
elevation due to an emergence of older limestones with

Famennian fauna which is, however, younger than the P.
marginifera Zone.

Intercalations of breccia were also found to occur there.
The breccia consists of shreds of black shales, pebbles of
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17. Detail of the Homi Benefov HB-§V-2 borehole log, depth interval 1 042.1-1 1 16.) m. Transferred to true thickness.

1 - greywackes, 2 - siltstones, 3 - black shales, 4 - dark grey shales, 5 - clasts of volcanic rocks, 6 - limestone clasts, 7 - shale clasts, 8 - limestones,
0. cherts, 10 - scid nuffs and ffites, 11 - silicecus rock with stilpnomelane. 12 - phosphorite nodules, 13 - graded bedding, TEN - tentaculitids,
P - phosphorite, Py - pyrite, Sf - sphalerite, Ca - calcification, Si. silicification, T - lamunae of an acid tuff or tuffite.
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conodonts which were weathered and dissolved and
phosphatic nodules accumulated in the littoral zone along
the slope of the volcanic elevation. A volcano eruption
producing acid tuffaceous material together with earth
tremors are thought to be responsible for short distance
transport of phosphatic nodules, conodonts and tuffs and
therr fast deposition on a sunken block, The gstablished
thickness, being approx. 18 m, considerably exceeds that
of similar tuffitic horizons found elsewhere in a similar
position (e.g. in borehole HB-SV-1 where their thickness
was less than 1 m and their grain size considerably finer -
tuffacecus shales with conodonts). Chemical analysis of
phosphorite from the depth of 1072.9 m showed higher
contents of P20s, MnO and NazO, and that of tuffaceous
shale (1072.9 m) gave high FeO (10 wt.%) which may
indicate formation of hardground alon 2 the original shore.,
Higher concentrations of CaQ and M g0 are characteristic
of tuffaceous shale whereas K20 is low, probably washed
away.

Volcanic acitivity seems to cease gradually during
deposition of the upper part of the described section.
Pelitic sedimentation in a quiet reducing environment
under the wave base level appears to prevail in the basin
in which some coarse detritus (consisting of limestones,
acid silicified wifs and basic peperites) was brought in
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during occasional storms or earth tremors. Silicified tuffs
may indicate some hydrothermal alteration. An exotic
material is represented by a layer and a single pebble of
greywacke in breccia at the depths of 1049.95 and 10526
metres. It may indicate a conteinporaneous greywacke
sedimentation in the basin, west of today’s drilling site.

Chemical composition of calcareous shales from the
depth of 1047.5 m points to a deposition of chemically
weathered clay. The Si02/AlzO3 ratio indicates a weak
silicification. In contrast to that, the chemical composition
of shales from the depth of 1045.95 m shows already some
affimity with typical shales which occur inside the Horn{
BeneSov Formation, This gives an evidence of both latera]
and vertical transition into Coarser clastic flysch
sedimentation.

The Homi Benegov Formation

It occurs in two forms, One of them is represented by a
gradual transition from pre-fiysch formations from the
surface down to 1044.0 m. The other form of different
facies development cccurs in slices under a large thryst
fault from the depth of 1116.1 m down 0 the borehole
bottom at 1362.0 m. The interval 0.0-1044.0 m together
with Devonian strata were thrust from the cast to the west

Py Fe

e

13057
13065

L8. Detail of the Horni Benedov HB-SV-2 borehale log, depth interval 1 116.1-1 310.0 m. Transferced to true thickness.

| - coarse- 10 fine-grained greywacke, 2 - dark grey to black shale (Z - green), 3 - hyaloclastites, 4 - basic vitreous rock, 35 - basic wif, 6 - ron ore,
7- 3i]j-:::ems-;:nhn.5rphatic nodules, 8 - gradual trapsition, 9 - graded bedding, Ca - calcification, Fe - ferric scdunents and tuffites, Sj - silicification,
P - phosphatic nodules and grains, Py - pyrite, T - uffites. All rocks belong to the Hornf Benesoy Formation, to its lower part (Lower Viséan).
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over the Hornf BeneSov Formation under the thrust fault
atthe depthof 1116.1 m, Conseguently, this "upper” Homi
BeneSov Formation is assumed 10 have been originally
deposited east of the formation found at the borehole
bottom.,

The Homi Benesov Formation in the roof of pre-flysch
formations starts at the depth of 1039.8-1044.0 m with a
rather thin layer of black-grey silty shales with siltstone
laminae and with thin intercalations of greywackes at the
depth of 1039.8-1044.0 m. A thin layer of greenish
tuffaceous shales with laminae of acid tuffites occurs at
the base. A shred of this shale was found in a higher
position.

Overlying rocks are folded into hundreds of metre large
overtumed folds which are most likely broken along thrust
faults. Consequently, overtumed fold limbs cannot be
correlated (based upon detailed description) with not
overtumed lirnbs. Fast lateral transitions are umlikely.
Fine- 10 medium-grained greywackes prevail over
coarse-grained greywackes with rare pebbles of acid
granitoids which suffered dynamic metamorphism, acid
and/or intermediate volcanics, anchimetamorphosed
sediments (slates, feldspathic sandstones, greywackes,
silicified quartz sandstones, cherts and even limestones)
and metamorphic rocks (phyllites, mica schists and rare
gNeISSes).

The greywackes show a heavy mineral assemblage
which is characteristic of the Horni Benefov Formation
(Otava 1981). However, the assemblage which comes
from the base of greywackes (1039.6 m) is typical of
sediments passing into greywackes of the Andé€lska Hora
Formation. Similar appears to be a specimen from the
depth of 629.4 m which may give evidence thai
greywackes penetrated here belong to the base of the
Homi Benelov Formation.

The greywackes arc locally black-grey, slightly
calcareous, enriched with plant organic matter (abundant
plant debris). Intercalations of unsorted black sediments
rich in ciay-silty matrix containing larger clastic grains are
abundant. Pyrite nodules or crystals were oflen found in
the rocks. Flattened shreds of shales are abundamt in
greywackes.

Rhythmites showing graded bedding appear to be an
important constituent of the Homi BeneSov Formation
even thovgh they represent by volume only 1/4 of the total
thickness of the formation penetrated by the borehole. The
thickness of rhythms composed of fing-grained grey-
wackes, siltstones and shales {usually showing ratios 3:1:1
to 5:2:1) varies mostly between 1 and 6 cm, exceptionally
even 7-30 cm. There are locally also some rhythms much
thicker (at the depth of 580.25-580.8 m) which are built at
the base by coarser-grained greywacke (20 cm), followed
by medium-grained (15 cm), fine-grained greywacke
(12 cm), then siltstone (5 cm) and by shale (2 cm).
Laminated fine-grained greywackes often suffered from
convolute deformation which occasionally passed into

slumps. Locally a relatively abundant bioturbation can be
observed. Vertical and oblique burrows of various
diameter which occur in shales and siltstones are usually
filled with greywackes. The burrows seem te be "folded"
due to a shrinkage of original clay during diagenetic
processes to form shale,

Two types of black and black-grey clay shales were
distinguished: the first type (black-grey) is silty with
8i02/A1203 ratio over 3 and Al203/NazO ratio usually
about 10, This ratio is typical of all shales related to flysch
formations; it indicates deposition of chemically not
weathered clay material. The other type is represented by
black, very fine-grained shales with SiO»AlO3 ratio
below 2 (free SiOz is missing) and Alz03/NazO ratio over
100 (e.g. at depths of 844.0 m, 968.8 m). They are high in
Al2Os (over 25 wr.%) and K20 (7-9 wt.%) and low in
Naz(}. These shales are regarded to be tuffaceous (Dvordk
1986) and enriched with organic matter (1.5-2.4 wt.%
Corg.). They represent an autochthonous sediment in the
basin which was deposited from a suspension during a
long period of time when clastic sedimentation was
interrupted, Fine volecanic (vitreous) material is thought to
have been windblown trom voelcanic eruptions located
most likely in the central part of the Bohemian Massif
{Variscan median mass), This volcanic activity is
mdicated by a thin layer of sandy hitho-crystalloclastic tuff
1o tuffite at the depth of 857.2 m and by an admixture of
volcanic material in sediments (e.g. volcanic quartz) at
depths of 467.8 m, 639.5m, 696.4 m, 881.9 m and 965.6
m. This seems to represent just a fragment of the real
volcanic admixture because greywackes were not
sampled in detail. Decomposition of volcanic glass gave
origin (0 montmorillonite which influenced the organic
matter on the basin bottom {due to ils absorptive and
catalytic capacity). Consequently, the sediments are black
in colour. The occurrence of some trace elements is
connecled with organic matter (cf. Dvofdk 1986). A
gradual transitton can be observed between the above
mentioned two types of shales.

The lower part of the Hom{ BeneSov Formation under
the thrust fault at 1116.1 m shows some similarities with
the overlying part only in some places. Greywackes also
contain assemblages of heavy minerals which are partly
not characteristic of the Homi BeneSov Formaltion. The
uppermost located samples under the thrust fanltat 1116.7
m could correspond to the Andélsk4 Hora Formation. Two
rhythis showing graded bedding were found very close
under the thrust fault. The first one is 2 m thick whereas
the other is almost 7 m thick. They are mosty composed
of coarse-, medium- and fine-grained greywackes
whereas siltstones and shales are minor.

The basic difference consists in the character of rocks
constituting intercalations although they represent only
approximately one fifth of the whole strata sequence. In
addition to layers of typical shales and silistones, the
following sediments were observed: laminae of siliceous
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shales and cherts, siliceous phosphorites (which form
nodules in siliceous and tuffaceous shales) and mostly
grecnish tuffaceous shales with laminae and thin layers of
acid tuffs and uffites related to quartz keratophyres.
Newly discovered rocks within this strata sequence are
represented by effusives of basic vitreous magma
accompanied by strongly calcareous hyaloclastites, tuffs
and iron ores. The latter are composed of magnetite and
thuringite-stilpnomelane. These basic effusions represent
the latest period of initial volcanism known in the
Sternberk-Hornf Beneov Zone. They constitute
intercalations in the basal part of the Homi{ Benelov
Formation. Acid tuffs and tuffites correspond to quartz
keratophyre volcanism of this zone. Volcanic products
could have been spread by sea currents or transporied and
distributed during eruptions of volcanoes. Some
volcanoes were located onshore. The whole described
sequence of greywackes, basic and acid volcanics with
layers of siliceous shales was discovered by boreholes
drilled earlier in the footwall of the "mineralized slice”,
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For example, some phosphorite nodules in siliceous shale
with tuffite laminae and acid keratophyre tuffs and tuffites
occurring in the Hom{ Bene¥ov Formation between the
central and mineralized slices were found in the borehole
HB-%{(3,

Consequently, volcanic activity in the north part of the
Sternberk-Horni Benedov Zone is believed to have
migrated in time from its Lower and Middle Devonian
centre toward the margins of the whole structure, i.e.
toward the NW, It is doubtful whether we deal here with
the Andélskd Hora Formation because of the rather
coarse-grained facies of massive greywackes.
Accumulation of the lower part of the Hom{ Benefov
Formation is more likely to occur in places where
greywackes were partly sorted by sea currents. A zone of
subsidence at the foot of the tectonically ejected volcanic
elevation of the Stemberk-Hom{ BeneSov Zone is thought
to have been sinking fast. It was filled with coarse detrital
material, basic effusions and acid tuffs and wifites of
keratophyre chemistry, Some iron ores, siliceous shales
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and black tuffaceous shales (at depths of 1204.5 m and
1321.4 m) were deposited in breaks. They are almost
identical with the Homi BeneSov Formation overlying the
Devonian (only Cocg. is lower).

Borehole HB-915

Itis located in the central part of the mineral deposit, about
150 m south of the main cross adit. The borehole was
drilled from the 9th level of the central slice at 40°
inclination to the east. Consequently, the contact with the
Hornf BeneXov Formation is missing. The central slice
was found to be strongly disturbed by thrust faults. The
importance of this borehole consists in the penetration of
a facies (in tectonic footwall of the central slice) which is
very similar to that found in the borehole HB-SV-3. The
contact with the Horni Benesov Formation 18 broken by
disjunctive folding. The whole strata sequence is inclined
at 55-70° with respect to the borehole.

Dark grey shales with laminae of siltstones and very
fine-grained greywackes, about 1.5 m thick occur in the
uppermost part of the section. The thickness is assumed to
be structurally reduced. They gradually pass downward
into olive green shales containing single thin layers of grey
micritic limestones. Conodont fauna of the lower part of
the Palmatolepis crepida Zone was found here at two
depths (100.7 and 119.0 m). Thin lenses of grey cherts
begin to appear in the lowermost part of this 20 m thick
strata sequence. Cherts seem to increase downward at the
expense of limestones which gradually disappear. Green
shales very slowly pass into black-grey shales with bilack
radiolarian cherts over 30 m thick. About 8 m thick layer
of green hyaloclastites occurs in their lower part. This
layer very slowly passes into underlying clay shales with
abundant grey cherts. Their colour becomes black-grey
with depth. Their contact with underlying greywackes of
the Hornd BeneSov Formation is of tectonic character
which resulted in dragging of cherts into greywackes and
vice versa. The Homi BeneSov Formation i m a normal
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position (not overturned). Consequenty, the overlying
Devonian strata represented by the Ponikey Formation are
thought to be also in a normal position. The lower part
consisting of radiolarian cherts and hyaloclastites is likely
to be of the Upper Frasnian. It can be correlated with
shales associated with chents in the borehole HB-SV-3 in
which they are palecntologically proved. The strata
sequence within the Middle and Upper Famennian is
either strongly condensed or contains some hidden
hiatuses. Some tectonic reduction cannot be excluded
either,

Borehole HB-SV-3
(Dvofak et al. 1984, Fig. 19 and PI. 2)

[t was drilled south of the shaft into the "main" (east) zone
at a place where mineralized and central slices join the
"main” zone. The borehole penetrated several larger and
numerous small tectonic slices which are steeply thrust
over each other (east vergency). A layer of dark shales
with abundant bombs of basic volcanics and thin layers of
grey limestones was found in the uppermost slice in
addition to the uppermost green hyaloclastites with layers
of tuffs and red and grey limestones (which are likely to
be of the Frasnian). Limestones contain sections of
tentaculitids which allow this layer to be classified as
Frasnian (or earlier). Greywackes of the Homni Benefov
Formation seem to occupy always the uppermost positions
within the lower slices. However, greywacke layers of
various thickness usually occur also in the underlying
Ponikev Formation. Thys, a gradual vertical transition
seems to be indicated. A lateral transition is likely to occur
l0o. Abundant thin layers and nodules of micritic
limestones and minor cherts were found in two higher
lying stices. On the other hand, limestones are missing in
the lower part of the borehole, They are replaced by
abundant grey and black radiolarian cherts. The
lowermosl part consists of relatively abundant olive green
shales alternating with dark grey and black cherts.

Only the lower parts of two higher lying slices rich in
limestones can be paleontologically dated using conodont
fauna. The lower part corresponds to the higher Frasnian
andd some 2-3 m upward there is the Lower Famennian.
Specifically, the Palmatolepis rhomboidea Zone was
identified at the depth of 243.6 m whereas fauna of the late
Frasnian was found at depths of 249.7 m, 250.3 m and
258.5 m. It corresponds to the upper part of the
Polygnathus asymmetricus Zone to the lower part of the
Palmatolepis triangularis Zone.

A conodont fauna confined to the base of the
Palmatelepis crepida Zone was identified by O. Fridkov4
in the lower slice at the depth of 349.5 m. A fauna
corresponding to the upper part of the Polygnathus
asymmetricus Zone to the lower part of the Palmatolepis
gigas Zone was found at the depth of 351.6 and 352.0 m
respectively.
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1Jating of the period when greywackes began to deposit
in the studied area remains lentative unless some fauna
from the upper layers of the Ponikev Formation becomes
available. When correlating the strata sequence in single
slices from the roof to the bottom, originally from the west
to the east, it can be seen that thin layers of greywackes,
sharply separated from adjacent rocks, start to appear
increasingly deeper inside the Ponikev Formation. This
may either indicate an extension of the Ponikev Fornation
nto stratigraphically higher position within the lower
(more easterly located) slices, or an accelerated
subsidence of this part of the original basin. As a result,
the lowermost greywacke layers in the east should
correspond to the lowermost greywacke layers in
condensed strata sequence in the west, The greywackes
belong to the Hom{ Bene$ov Formation. Their deposition
began during the Middle Viséan. The Ponikev Formation
under the greywackes of the uppermost slice shows a true
thickness of about 15 m which corresponds to the Upper
Frasnian, Famennian, Toumaisian and the base of the
Vis€an. Its equivalent in the fower slice is about 20 m
thick. In lower slices, there is no paleentological evidence
of trends leading to an increase of thickness toward the
east.

The greatest condensation in the uppermost slice is
thought to have occurred shortly before the sedimentation
of greywackes. About 2-3 m thick black laminated cherts
with black shale laminae and with several greywacke
layers, 0.5-4.0 cm thick were deposited there. Green (or
grey-green) shales become more abundant in lower slices
but stratigraphically slightly lower in the sequence. They
seem to represent redeposited weathered volcanics
(showing 3-4 wt.% MgO).

Tephrochronology and paleogeography may help to
decipher the correlation of the strata sequence. Abundant
acid wffites were found only in the lowermost, originally
casternmost cross-sections through the Ponikev
Formation. Tuffites are usually spread over large areas.
They are mostly preserved in rather thin. fine-grained
sediments (micritic limestones, cherts, shales) where the
tuffites were difficult to be spread by sea currents. This
probiem has been discussed in the paragraph dealing with
the "Na vysluni" facies near Moravsky Beroun. The
boundary between the Ponikev and. Homi BeneSov
Formations within the uppermost slice is likely to occur
above the Tournaisian-Viséan boundary. On the other
hand, the Ponikev Formation within originally more
easterly lying sedimentation space extended as high as the
Middle Viséan. Its boundary with the Hom{ Benelov
Formation may run as high as the Middle-Upper Viséan
boundary and/or along the base of the Upper Viséan, prior
to the Goow goniatite Zone.

Siliceous shales with limestone layers were deposited
east of the Stemberk-Homnf Bene¥ov Zone near Homnf
Benesov during the Upper Frasnian. The sedimentation is
thought to have been strongly condensed in the Upper



Devenian and particularly in the Toumaisian. Dark cherts
were mostly deposited there, particularly farther away
from the centre of basic volcanism. On the other hand,
agglomerate toffs, laminae and thin layers of mostly
Frasnian and Famennian limestones occur close to
volcanic elevations. They disappear toward the east being
replaced by cherts. Sedimentations of dark and grey,
mostly radiolarian, cherts scem to prevail during the
Toumaisian and Lower Viséan, The first thin layers of
greywackes in shales and cherts begin to occur in the
Middle Viséan. At this time, the sedimentation of the
Homi Benelov Formation was moving eastward (o push
the Ponikev Formation away from the basin. Con-
sequently, greywacke layers become more abundant in
siliceous shales whereas overlying greywackes of the
Homi BeneSov Formation contain layers of siliceous
shales and cherts. Typical are abundant layers and laminag
of acid tffs and wffites. Layers of greywackes exhibiting
graded bedding occur only in the lowermost (and
easternmost) section. Remaining greywacke
intercalations show sharp contacts with over and
underlying rocks. They exhibit no graded bedding. They
were deposited by regular laminar currents bringing
occasionally coarse clastic material from the west into a
basin which was certainly not deeper than the
sedimentation space of the Homi BeneSov Formation in
the west. The substitution of the Hom{ BeneSov Formation
for the Ponikev Formauon is manifested by layers of
greywackes whereas the substitution of the Andélskd Hora
Formation for the Pomkev PFormaton 15 indicated by
layers of silty shales and siltstones (vicinity of Stemberk).

Biostratigraphically proved finds
from the mine and outcrops in the vicinity
of Horni Benedov

The oldest find refers (0 Eifelian fauna (mostly trilobiles)
in dark shales (Chlupad 1969). This fauna was first
discovered when sinking the Anna shaft, later in the
Jansk4 shaft and most recently in a trench south of the
shaft. No fauna was found in boreholes. Shales of the
Stinava-Chabifov Formation probably occur only as a
tectonic lens at the base of the central slice but confined
to its easternmost part. They thin out along the dip. The
fauna itself is compressed but the shales seem to be only
slightly altered. According to Chlup4t (1969), the trilobite
famma in particular is almost identical with that of the
Barrandian. Tabulate and rugose corals, brachiopods and
tentaculitids are most abundant in addition to trilobites.
Rare are cephalopods, hyceliths, gastropods and
pelecypods. The whole assemblage argues for well
oxidized, shallow, protected marine environment adjacent
to local volcanic elevations. Limestones are likely 10 be
stratigraphic equivalents. This idea is supported by the
occurrence of Eifelian conodont fauna which is locked in

dark and light limestones at the base of the mineralized
slice in block No. 6105. The fauna corresponds to the
Taphrognathus kockelianus up to Polygnathus xylus
ensensis Zones.

A very important find of conodont fauna is located 200
m north of Glammersberg hill in the eastern major zone
in shales of the Ponikev Formation., Fauna of the
Scaphignathus velifer and Polygnathus styriacus Zones
was identified by Zikmundov4 (1964) in samples from a
5 m thick layer of siliceous shales with no cherts (which
occur in both the under and overlying rocks). It proves
Upper Famennian age of the Ponikev Formation confined
tc the major eastern zone as found for instance in the
borchole HB-SV 3. However, only the Frasnian and
Lower Famennian were paleontologically established in
the above mentioned borehole. Conseguently, it supports
the idea about Upper Famennian and Toumaisian age of
the upper part of the Ponikev Formation in the borehole
HB-5V 3. Zikmundov4 (1966) mentions conodont fauna
of the Palmatolepis gigas Zong to the lower part of the P,
triangularis Zone (Frasnian/Famennian boundary - the
Ponikev Formation) from the northern surroundings of
Hom{ Zivotice (NNE of the town Horni BeneSov).

Summary of stratigraphy in the vicinity of
Horni Benesov {Fig. 25)

The basement of the discussed stratigraphic sequences is
not known. Lower Devonian basic volcanics are likely to
represent the basement which is similar to the vicinity of
Moravsky Beroun and Stermberk. A strongly condensed
volcano-sedimentary sequence of Middle to Upper
Devonian age is thought to have been tom oft from the
above mentioned volcanics along thrust faulis showing
west oriented vergency. The original sedimeniation space
was strongly reduced. No detrital quartz was found in
sediments, A shallow water character of sedimentation
accompanied by facies variations and hiatuses,
particularly during the Famennian and Toumaisian, are
other typical features of this period. The sedimentation
during the Famennian and Toumaisian is believed to have
been condensed to such a degree that it ceased completely
in some places. These conditions lasted for the longest
period (Upper Famennian and Toumaisian) in the castern
part of the mineralized slice and in the central slice as a
whole. Hiatus is likely to have been extended toward the
east, to the centre of basic volcanism. The thickness of
basic agglomerate tuffs appears to be increasing very fast
to reach several hundred metres in the central slice
(Urbinck 1974).

While W of the inferred centre of basic volcanism, there
is a few metres thick layer of dark shales with laminae and
intercalations of siltstones representing perhaps the
easternmost extension of the Andélskid Hora Formation
occurring straight under the Horni BeneSov Formation,

95



east of that centre only layers of greywackes were found
to be enclosed straight in the Ponikev Formation. So far,
they are difficult to be dated in more detail. They are likely
to be equivalent to the upper part of the Homi BeneSov
Formation reported west of the volcanic elevation which
supposedly represents a volcanic centre. Consequently,
they are of Middle Viséan age and accompanied by acid
tuffs and tuffites.

A biofacies analysis of limestones from boreholes in the
vicinity of Homi Benefov (J. Hladil 1984) showed that
light grey but mostly dark grey limestones with clay
admixture were deposited during the Upper Eifelian and
Lower Givetian, Their deposition is thought to have
occurred in lagoons with Coenites and also on open shelf,
Coral reefs of rather small dimensions grew along some
volcanic elevations. Eifelian bioherms were locally
destroyed during the Upper Givetian but some small
bioherms used to grow in some other places even during
the same period (stromatoporoids, corals). Clastic
reworked limestones were deposited on slopes of volcanic
¢levations. Very sporadic micritic limestones with
cephalopods and tentaculitids occur in open but protected
parts of the shelf,

Some algae laminites with locally accemulated shells
of tentaculitids were deposited in a tidal zone of limestone
platforms during the Frasnian. Barriers of crinoidal light
grey limestones, usually tuffaceous, criginated often in
flowing environment along platform margins, Condensed
strata sequences Of nodular biomicrites and laminated
limestones with more abundant conodonts were deposited
during a slow sea regression, locally in the Upper Frasnian
or in some other places as late as the Lower Famennian,
Sediments of several conodont zones are often missing.
They locally contain a redeposited Lower Frasnian
conodont fauna, Clastic l[imestones to breccias with clasts
of reef limestones of Eifelian and Givetian age were found
to occur in some other places.

The area of today mineralized and cemtral slices is
thought to have emerged during the Upper Famennian and
in the Tournaisian. Olive green tuffaceous shales, locally
with sections of conodonts, were deposited only in
marginal areas. They indicate termination of limestone
sedimentation, A very condensed sequence of greenish or
black shales with cherts was deposited in some other
places. These rocks in the neighbourhood of volcanic
centres tend to enclose nodules of micritic limestones
(which were deposited during the Upper Frasnian and
Lower Famennian). Over a 1000 m thick sequence of the
Homf BeneSov Formation was deposited west of the
volcanic elevation during the Lower and Middle Viséan.
On the other hand, a condensed sequence of siliceous
shales continped to be deposited east of the elevation.

Sediments of all studied sections which are confined to
the time span Upper Eifelian-Lower Famennian and/or
Tournaisian show generally a small thickness, not
exceeding 100 m, '
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Tectonic setting

All boreholes drilled within the mineral deposit, including
the boreholes HB-SV 1 and 2 showed a west oriented
vergency of folded structure accompanied by large thrust
faulis at the base of the Devonian "slices”. The boundary
between pre-flysch and flysch formations is usually not
disturbed by tectonics. The above mentioned thrust faults
are of listric character; their inclination becomes steeper
toward the east and finally the thrust planes become
vertical. There is evidence that pre-flysch sediments and
volcanics are often disturbed by partial thrust faults (Pls.
2 and 3). .

In contrast to that, the borehole HB-SV 3 showed that
the major eastemn belt, represented on the surface mostly
by the Ponikev Formation, is strongly sliced with an east
vergency. This limb of strongly disturbed fan-shaped
anticlinorium is only partially developed. Its structure
developed later than that of the west limb (PL1. 2).

The region between Krnov and Horni Zivotice

Pre-flysch sediments of this region plunge gradually under
the fiysch formations. They emerge on the surface as
narrow apexes of anticlines accompanied by thrust fauits.
Only rocks of the Ponikev Formation were found to crop
out, except for the vicinily of Lichnov,

In addition, some basic volcanics accompanied by tuffs
emerge on the surface in the middle of the Ponikev
Formation near Homf Zivotice. Siliceous shales with
cherts also contain sporadic thin layers of micritic
limestones which can be observed only in boreholes.
Upper Frasnian conodonts from outcrops were described
by Zikmundov4 just from the vicinity of Homf Zivotice.
Q. Fridkovi identified some fauna of the P. marginifera
Zone which occurs in a limestone layer in the borehole
HB-SV-2p (at the depth of 350 m).

A contact between the Ponikev and Hornf Benedov
Formations was found in a single outcrop north of
dosnovd. The uppermost horizon of the Ponikev
Formation is represented by grey cherts with laminae of
grey shales that become brown when weathered. They
enclose laminae and lenticular intercalations of acid
tuffites and fine-grained tuffs. Greywackes of the Horni
Benesov Formation are deposited on shales in the form of
a sharp contact consisting of a few centimeires thick
horizon with shreds of shales. This horizon is likely to be
of transgressive character following a break in
sedimentation,

Another facies of pre-flysch formations occurs in the
core of an overturned anticline near Lichnov. This
anticline deflects to the west from the "major” strip of the
Sternberk-Horni BeneSov Zone. Trench No.31 was
described from here by Hettler et al. (1965).
Amygdaloidal spilites with sporadic layers of tuffs and




black shales constitute the oldest rocks in the anticline
axis. Shales envelope lenses and laminae of blue-grey
fine-grained limestones. Dark grey shales with layers of
dark grey fine-grained limestones occur in the roof of
volcanics. Limestones in the middle of the shale horizon
tend to form a body (about 1 m thick) in which they
strongly prevail. The limestones contain crinotdai
segments. Limestone layers again tend to decrcase
upward, Some completely weathered rocks and lenses of
supposedly acid tuffs and tuffites begin Lo appear in shales
straight above the uppenmnost limestone layer. Shales also
enclose laminae and intercalations of siltstones which
upward slowly pass into medium-grained greywackes of
the Horm{ BeneSov Formation. The thickness of shales
with limestone layers does not exceed 4 m. The age of
limestones is not known. Their transition into the Hornf
Benefov Formation may be only apparent. A hiatus cannot
be excluded either. However, the section indicates that the
sedimentation must have been strongly condensed (with
hiatuses 7) near volcanic elevations. The centre of basic
volcanism is believed to have been located more to the
west of the "major” belt of the northernmost part of the
Hornf BenesSov Zone.

A contact of the Ponikev and Horni Benelov
Formations was exposed south of Kmov in a roadcut of
the highway to LarySov constructed in the years
1965-1966. So far, the latest conodont fauna of the
Ponikev Formation has been described by Zikmundova
(1967) in samples from the upper horizons of this
formation. It belongs to the Upper Tournaisian
(Scaliognathus anchoralis Zone). Judging from outcrops
not well preserved today, we may be dealing with
tectonically not disturbed contact between the Ponikev
and Hornf Benefov Formations. Thin laycrs of
greywackes, similar to those found in the borehele HB-SV
3, occur in the uppermost parts of the Ponikev Formation.

Tectogenesis

A detailed, not yet completed investigation of the
Sternberk-Hom{ Benefov Zone revealed a strong
influence of volcanism on the deposition of Devonian and
Carboniferous sediments (P1. 4).

Volcanism is biostratigraphically proved to exist since
the lower part of the Upper Emsian through to the Lower
and/or Middle Viséan. It affected the sedimentation even
later till volcanic elevations were not completely covered
with flysch formations. Biofacies studies, particularly
those of limestones, show that the sedimentation occurred
in a shallow water environment. Some strong influx of
detrital quariz into the Sternberk-Homi BeneSov region
was deposited in fluvial or shaliow marine environment.
It was noted in the Emsian and Eifelian basemenis as welt
as in the Tournaisian roof of the major volcanic mass.
Similar to limestones, this indicates a shallow water

sedimentation and the occurrence of granitic layer of the
Earth’s crust i the basement of the whole sedimentation
space of the geosyncline. There 15 no evidence of the
occurrence of an ocean floor, not even within a narrow
space (rift zone) because deep water sediments are
missing. In contrast to that, the rise of volcanic elevations
prior to the flysch sedimentation (denudation of
anticlinorial volcanic tops down to the Lower Devonian
level) clearly shows a squeezing of volcanics as well as
sediments out of a mobile zone which was fast sinking
earlier (cf. (Quade et al. 1981). A considerably condensed
sequence of Upper Devonian and Toumnaisian sediments,
accompanied often by hiatuses and by biostratigraphically
established redeposition of Middle Devonian sediments
(including Lower Frasnian) in Upper Devonian and
Tournaisian strata. This setting seems to support the
assumption mentioned above.

The ascent of volcanism was made possible due to a
fault zone in Proterozoic basement trending NNE-SSW.
The greatest accumulation of volcanics occurs near an
intersection of this zone with transversal faults of mostly
NW-SE strike. The ascent was locally also controiled by
N-§ and E-W faults. Fault zones in the old basement are
believed to have been mobile and therefore flooded by the
sea alrcady in the Devonian (and possibly cven in the
Silurian). The majority of Lower Devonian sediments (as
high as the uppermost Emsian) were deposiled in a
mooving shallow water environment of the Rhenish bio-
and lithofacies. At that time, volcanic activity must have
been so strong that accumulations of ejecta started to
prevent free flow on the basin’s bottom. The sedimentary
facies changed from the Rhenish 1o Hercynian facies. The
sedimentary intercalations in volcanics became thinner.
The Middle Devonian seems te represent the peek of
volcanic activity (at ieast localiy). In other places, there is
a trend to strong condensation (inversion) which also led
to the formation of stratabound deposits of base metals
which are confined to black shales with pyrite and thin
limestone bodies with reef fauna (Dvordk 1987).

Volcanic activity in the Upper Devonian appears to be
of much lower intensity. Rather thin layers of siliceous
shales and cherts, related to post volcanic activity, were
mostly deposited (MisaF 1957). In some places they
passed faterally into condensed sedimentation of micnitic
limestones which are locally nodular, in places laminated
but generally confined to the margins of volcanic
elevations. This kind of sedimentation extended locally
till the Toumaisian whereas some other places were
already affected by the approaching face of the flysch
facies. Some volcanic elevations keptrising, judging from
a hiatus which occurred between the Upper Frasnian and
Viséan. Their slopes were covered with a thin layer of
cherts. Flysch sedimentation of the Andélskd Hora
Formation transgressed depressions located in the
southermn part of the zone already since the Famennian.
This kind of sedimentation during the Tournaisian secms
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t0 have replaced the sedimentation of cherts and even
limestones. The flysch sediments ofien lie on deeply
denuded Lower and Middle Devonian volcanics,
tollowing a long lasting hiatus.

Old elevations of Proterozoic crystalline basement are
thought to have been rising fast for a short period of time
during the Upper Tournaisian. Coarse-grained detrital
quartz, derived from these elevations, was transported
from the south to the north in continental and shallow
marine environment. This kind of sedimentation also
indicates a shallow water deposition of enderlying
siliceous shales and cherts (a find of an arthropod of the
genus Angustidonius!).

The Lower and Middle Viséan are already
characteristic of the beginning of the flysch sedimentation
confined to the Homi BeneSov Formation. The sea is
thought to have gradually flooded the tops of volcanic
elevations which is most clearly manifested by the
occurrence of the "Na vysluni” facies near Moravsky
Beroun. Elevations of Proferozoic crystalline rocks are
thought to have been sinking to considerable depths
during deposition of flysch formations. In contrast to that,
initial volcanics became a base for a synsedimentary
anticlinorium (inversion structure) which during the
whole period of Variscan tectogenesis continued to occur
in & high positon with respect to the westand east adjacent
structures that were sinking fast to depths exceeding 3 km.
LLower grade metamosphism of Devonian sediments
confined to the Sternberk-Horni Bene¥ov inversion
structure relative w the grade of metamorphism of Viséan
sediments in its neighbourhood may argue for the above
mentioned assumption.

Maximum reflectivity measured on finely dispersed
organic matter in Devonian and Lower Carboniferous
shales in the Sternberk (16 samples), Moravsky Beroun
(14 samples) and Homi BeneSov (47 samples) regions
gave on avecrage 4.5 Rmax., 5.0 Ryax. and 5.9 Rmax.
respectively. The majority of measurements were
performed by P. Miiller.,

Volcanic elevations of the Stemberk-Homi Benelov
Zone were gradually stretched out into higher positions
from the south to the north. The "stretching out” near
Sternberk is believed to have been about 1-1.5 km whereas
that near Moravsky Beroun was about 3 km, based upon
drilling results of the Détficheyvy 1 borehole. The
"stretching out” in the wicinity of Homi Benelov is
thought to be 4 kom and even more. The width of pre-flysch
formauons and volcanics along the today’s denudation
level is gradually narrowing toward the north (Fig. 1).
Listric overthrust faults seem to have played an increasing
role. The "tear-off” plane usually follows the clay shales
of the Stinava-Chabitov Formation which are enveloped
by volcanics instead of following the boundary between
the flysch and pre-flysch formations. Even in the north
{south of Kmov), siliceous shales were not "torn of ™ from
the Horni BeneSov Formation but the crushed zone occurs
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inside the Ponmikev Formation. The fold structure in the
weslern vicinity of Homi{ Benefov is rather open in its
higher levels (slightly reversed folds) whereas reversed
folds at the depth of about 1000 m are strongly pinched or
alinost 1soclinal,

K risku doporudil J. Zapletal
Prelodil J. Hok
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Geologie paleozoika Sternbersko-hornobenesovske zony

(Nizky Jesenik, severni Morava)
(Resumé anglického textu)
Jaroslay Dvolik

PiedloZeno 10. prosioce 1991

§ternbersko-homobeneSovskd zéna zaujfmé4 daleZitou pozici uprostied paleozoika Nizkého Jesenfku. Bazické vulkanity
vystupovaly podél predisponované drcené z6ny (smEru SSV-1JZ) od svrchntho emsu do spodniho visé. Vulkanicka
Zinnost siln® ovliviiovala sedimentaci: uprostfed svrchnfho emsu se zménila rynsk4 lito- i biofacie na hercynskou.
Pelitick4 sedimentace pfetrvala do eifelu, kdy postupné zatala previddat mElkovodni vapencova sedimentace. Od
svrchnfho frasnu byla z&4sti vystiiddna depozicf kfemitych biidlic se silicity. Pfed ndstupem fiySového vyvoje se misty
u Stemberka a Moravského Berouna uloZilo moravskoberounské souvrstvi - kfemenné slepence, piskovce a vapencove
brekcie. Na Sternbersku nastoupila flySovd sedimentace b&hem famenu a tournai. V severmé&j¥ich dzemich zalala aZ
béhem spodnfho a stfednfho visé, Antiklinoridin{ véjffovitd struktura $ternbersko-homobenefovské zony se vyvijela
hlavnZ béhem depozice homobencSovského souvrstvf (spodnf a stfedni visé), kdy byla ™ vytlabovana" do vy3ky 3 az 4
km vlivem kolize rulovych ker proterozoického podkladu. O tom 162 svEdcs relativné nizky stupeii metamorfnich pfemén
homin proti v¥chodnimu a zdpadnimu okoli.

- hornobenesovské souvrstvi (spodni a sifedni visé), 5 - moravické
souvrstvi (svrchnf visé - zény Go o aB), 6 - pfeviing droby, 7
- pfeviiind biidlice a prachovee (6 a 7 - hradecko-kyjovicks soUvTStvi
- svrchni visé, 26na Go ¥ a bize namuru A), § - ostravské souvrstvi
{spodni polovina namuru A).

2. Stratigraf, schematické profily Sternbersko-hormobenciovské zény.

Vysvétlivky k obriazkdm

1. Pfehlednd geologickd mapa Nizkého Jeseniku.
I - vulkanity a sedimenty fternbersko-hornobenedovské a vrbenske
zbay, 2 - pfeviZnd vipence devonského a spodnokarbonského stéfi u
Hranica v okolf, 3-and&iskohorské souvestvi (famen a tournai), 4
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I - tmavé Sedé jflovité bidlice (stfoavako-chabifovské souvrstvi -
:ww::h.nf erne a eifel), 2- vipence (vipence jesenccké - eifel af tourna ),
3 - pistité vipence a vipuité piskovee, misty s viekkami bfidlic
(facie "Na v§sluni", spodnf visé - béze stfedntho visé), 4 -
laminované fedé a svEtle Seds vapence (vipence hnévotinské - frasn
a famen), 5 - kfemité bfidlice se stlicity (ponikevské souvrstvi -
svrchef frasn a2 stfedof visé), 6 - prachovité Widlice a prachovee
tandélskohorské souvrstvi - famen a tournaj, misty touto Eafurou
vymaleny téE viotky biidlic v homobenefovském souvrstvi),
7 - véipencové brekeie, kfemenné slepence a piskovee, 8 - ifemenné
siepence a hrubozrnné piskoves (7 a 8 - moravskoberounské souvsty
- svrchnf tournai), 9 - droby (hornobenesovské souvrstyf - spodni a
stfednd visé€), 10 - jemnozroné Mfemenné piskoves v rlizoych
stratigrafickfch drovnich, 11 - bazické vulkanity, 12 - bazické twfy,
3 - keratofyry, 14 - hidt.

3. Odlrytd geologickd mapa okolf Steruberks.

1 - pliocén, 2 - Widlice, prachovee a jemnozraé decby, 3 - droby (2
a3 - homobenelovské souvestyl, speduf a sifedn vizs), 4 - Bidlice 5
laminami prachovci, lokélné valounovité biidlice a droby v mistech
transgrese pfes spodnodevonské vulkanity, 5 - prachovité bfidlice s
vieZkami drob (4a 5 - and2lskohorské souvrstvl, famen a tournai), 6
- vipencové brekcie # valouny kfemene, kfemenné piskovee
{moravskoberounské souvrstvl, svrchnf tournai), 7 - kfemité bfidlice
se silicity, u Babic 5 viozkami kfemennfch piskovel: (ponikevské
souvrstvl, svrchod frasn a¥ tournai), 8 - vépence (vipence jesenecks,
svrchni frasn a towrnai), 9 - bazicks vulkanity, 10 - jilovité bfidlice,
misty pisEité, misty s Eobkami vipencd (stinavsko-chabifovské
souvrstvi, svrchni ems a eifel).

4. Gealogickd fezy s. okolim Moravského Berouna {viz pHl. 1).

1 - droby s podffzen¢mi viotkami prachovel a bfidlic, 2 - vépnis
piskovee a pisZité vipence, misty 5 vio3kami bfidlic - facie "Na
visluni™ (1 a 2 - homobenedovské souvrsivi), 3 - kiemenné slepence
a hrubazrané piskovee (moravskoberounské souvrstyiy, 4 - kfernité
biidlice se silicity (ponikevské souvestvi), 5 - bazicks vulkanity s
vloZkami tmavych jilovit$ch  bfidlic  souvrsiv(
stinavsko-chabifovského,

5. Profily mapovacich vetii z okoli Moravského Berouna (pfepoditino

na pravé mocnosti; u pfekocenych sledd otolepo do norméini
polohy}.
1 - silicity, 2 - jilovité biidlice, 3 - prachovité bfidlice 5 laminami
prachoved, 4 - jemno- al hrubozrnné piskovee, 5 - vépence, 6 - pistité
vipence, 7 - vipencové brekeie, 8 - brekeie tvofend dlomky bfidlic a
piskovet, 9 - bazické wfity, 10 - bazické rufy, 11 - spility, 12 - Zo¥ky
vipeocl, 13 - rugdand korél, 14 - fosforitové konkrece, 15 - brekcie
tvofend dlomky bazick¥ch vulkanith a bidlic.

6. Profil vrtu Moravskj Beroun MV-117. Pfepolitino na pravé

mocnost.
1- Eerné silicity, 2- kfemité bfidlice, 3- jflovité biidlice, 4
- prachovité biidlice a prachovee, 5 - jemno- a2 hrubozmaé droby,
6 - jemoo- ai stfedozroné kfemenné piskovce, 7 - hrubozmné
kiemenné piskovce, § - droboozrané, misty a? stfedozrnné kemenné
slepence, 9- kiasty biidlic a silicitd, 10 - gradaFni zvrstvent, 11
- sedimentace po hifitu..

7. Profil vriu Mocavsky Beroun MV-119.

I - stfedozrand droba, 2 - silné vapnité hrubomroné piskovee s valou oy
kiemene a klasty vipencil, 3 - hrubozroné a2 jemnoznné vipoité
kfemenoé piskovee, 4 - prachovité blidlice s fofkovitymi laminami
prachovell a vezdcnd | piskoved, 5 - laminace, 6 - gradace, Ca -
vipnitost,

8. Profit vitu Moravsk$ Beroun MV-120.

1- stfedozrmnd droba, 2- stfedo- a2 hrubozrnn§ piskovec, 3 -
Hértikove a drobnozruné kiemenné slepence, 4 - prachovité bfidlice
s EoZkovitymi laminami prachovci, 5 - jlovité bidlice, 6 - silicity,
7 - vépence, 8 - pozvolny pfechod, 9 - drcend partie v blizkosti
dislokace, 10 - laminace; TS - tmave Jedé zharveni, S87 - svitle
fedozelené zbarveni, C - ferné zharveni, CF - Zervenofialové
zbarveni, 5i - silicifikace, 5Z - ¥edozelens zharveni.
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9. Hypotetickd paleofacisini mapa okoli Sternberka a Moravského
Herouna ve svrchnim tournai.
I - andEiskohorské souvrstvi (bfidlice, prachovee a podiizend
Jemnozmné droby), 2- kfemenné slepence a hrubozrmné plskovee, 3
- pisEité vipencové brekeie a piskovoe, 4 - kfemité biidlice se silicity,
3 - soutasny bazicky vulkanismus, 6 - vipence, 7 - bazické vulkanity
a idemité bfidlice, 8 - proterozoické metamerfity (6 a¥ 8 - souddst
soufe), 9 - smér pohybu kiastického materidlu, 10 - smér transgrese
mofe, 11 - piiblidné rozhrany facif, 12 - pfiblizng priibéh pobfe#, 13
- synsedimentdmé fungujici dislokace.

10. Schéma vyveje struktury u samofy Volirna 5. od Moravského

Berouna.
V - bazické vulkanity, PO - ponikevské souvrstvi, MB .
moravskoberounské souvrstvi, HB - hornobenefovské souvrsivi,
Sedimentérni viphi mezi vulkanickymi prahy je v diisledku stlaZeni
“vytlatovina" vzhiiru.

11. Odkrytd geclogickd mapa zdpadntho okeli Leskovee nad Moravici.
1 - droby, 2 - petromikini siepence, 3 - valounové bfidlice {laz3-
hornobenefovské souvrstvl, spodni a stfednl visé, 4 - vipence
{givet-famen), 5 - kfemenné kevatofyry, 6 - bazické wulkanity, 7
- Jlovité bidlice, misty doprovézené vipenci (stinavsko-chabiovské
souvrsivi, eifel), 8 - vty z padesdtfch let, 9 - nové mapovact wity.

12, Profil svrchnich &dsti vrth Leskovee MV-1 a MV-2 (pfepoiitdno na
pravé mocnost ).
| - bfidlice (224sti wufiticke) s Klasty vépenci a bfidlic, 2 - laminované
vipeace, 3. bifidlice s hlfzami vipencd, 4 - hlfznaté vépence, 5
- buodetritové vipence se stfidaji s bfidlicemi, 6 - mikritové vipence
se stfidaif s biodetritovymi, 7 - tufitické brekeie, § - keratofyrové tufy,
9 - keratofyrové wfity, 10- rugdeni kordli, 11 - siromatopory, 12
- krinoidové £ldnky, 13 - brachiopodi, 14 - pyrit, 15 - tentakuliti, 16
- dislokace, 17 - pferufeni sedimentace.

13. Odkrytd geologicki mapa okoli Horuiho Bene¥ova. Na zékladd
mapovini J. Urbdnka sestavil J. Dvofik.
| - pfevainé droby hornobenefovského souvrsivi, 2 - kfemité biidlice
se silicity (ponikevské souvestvl, svechni frasn a? stfedni visé), 3 -
bazické, mén2 intermedifrni a kysel& vulkanity s vioZkami bfidlic a
vapenci).

14. Profily dvéma Supinami pfedflyfovych souvestvi, zastize oych vriem
Horni BeneSov HB-303 a jejich korelace {(vrt vitdn z devétsho paira
dolu).

I - droby, 2 - sifid4ui prachovityeh Widlic, prachovei a jemnozrongch
drob, 3 - derné bhdlice s konkrecemi fosforith, laminami fedjch
kyselgch tufith a tlomky stoak flory (1 a 3 - hornobenefoveké
souvrstvi, spodni a stiedni visé), 4 - fedé laminované a hlimaté
mikritové vépence s laminkami bfidlice (vipence kftinské, svrchnd
frasn a famen), § - Zervend zbarvend brekeie 2 alomky vipnit§ch
Zelezngch rud a fedfch krinoidovich vipench v tufitické mezern(
hoot® (frasn), 6 - navé leptochloritové felezné rudy (frasn), 7 - Jedé
laminované vipence (frasn), 8 - Serné biidlice (frasn), 9 - tmavé
vépence s viokkami Zerngch biidlic (frasn-givet), 10- Zedé i svitle
sedé krinoidové vipence (frasn), 11 - vipence se zelenou tufitickoy
pHmésf (frasn-givet), 12 - tmavé vipence se stromatoporoidovou a
kordlovou faunou (spodni givet-svechni eifel), 13- hyaloklastity
(rozhrani frasn-famen), 14 - bazické wfy {svrchni frasm), 15 -
sericitické bfidlice pezndmého stafl, 16 - plesmyk, 17 - pozvoln$
litologicky piechod, 18 - zjiftény hidt, Pb - galenit, Zn - sfalerit, Fe -
Zelezitd piimes, K - krinoidové Eldnky, Ph - fosforit, T - kysel§ tufit,

15. Korelaénf schéma horein devonského a spodnokarbonského stafi
&dsti vru Homni Beosefov HB-SV-1, zastifenych v Jednotlivych
tektonickych Supindch.

1 - droby homobeneSovského souvrsivi, 2- prachovité bfidlice a
prachovee (7 andglskohorské souvestvl), 3 - tufiticks droby na bdzi
hornobenedovakého souvrstvl, 4 - vipnité Zelezné rudy, 5 - Jedé a
sville Jedé vépence, 6 - laminované vipence, 7 - imavé vépence s
vioZkami a laminami Zernfch bfidlic (5 a% 7 - vipence jesenecks),
& - keratofyrové tufy a wfity, O - keratofyry, 10 - hyaloklastity,
LT - svétle zelené tufitické bfidlice (ponikevské souvrstivi,



Hamen-tournai), 12 - pozvolay litologicky pfeched, a - kysely, b -
intermedidrni, ¢ - bazicky vulkanismus, K - kosodonti, P - pyrit, Ga
- galenit, ST - sfalerit, Si - silicifikece, T - wiitickd pfimés (Jamina), t
- tentalouliti.

16. Detail tektonické stavby, inlerpretovany na ziklade jader z vrtu Homl
Benedov HB-SV-2 v hloubce 460-503 m. Stfidén{ bfidlic, prachovcl
a jemaozrmn¥ch drob hormnobenefovekého souvrstivi,

17. Detail vriy Hornf Benefov HB-SV-2 z hloubky 1 042.1-1 116.1 m
(pfepotitino na pravé mocoosti ),
1 - droby, 2 - prachovee, 3 - Serné biidlice, 4 - tmavd Jed< blidlice, 3
- Klasty vulkanickfch hornin, 6 - kixsty vipencd, 7 - Kasty biidlic, 8
- vipance, 9 - silicity, 10 - kyselé tufy a tufity, 11 - kfemiitd hornina
s¢ stilpnomelanem, 12 - fosforitové konkrece, 173 - gradainl zvrstvent,
TEN - tentakuliti, P - fosforit, Py - pyrit, Sf - sfalerit, Ca - vépnitost,
Si - silicifikace, T - laminy kyselého tufu pebo tufitn.

18. Detail vrtu Homi Beoedov HB-SV-2 z hioubky 1 116.1-1 310 m
(pfepolitino pa pravé mocnosti).
1 - hrubozrand af jemnozrnnd droba, 2 - tmavE fedd a Zernd bfidlice
(Z - zelend), 3 - hyaloklastity, 4 - bazickd sklovitd hornina, 5 - bazicky
tuf, 6 - ¥eleznd ruda, 7 - kfemitofosfatické konkrece, § - pozvolny
plechod, 9 - gradatol zvrstveni, Ca - vipnitost, Fe - Zelezité sedimenty
a tufity, Si - silicifikace, P - fosfatické konkrece a zrma, Py - pyrit, T
- wmfit. Viechny horniny pndled spodni &dsti hornobenefovského
souvrstyl (spodni visé).

19, Rekonstruované profily jednotlivimi #upinami vrtu Homni Benedov
HB-5V-1 (pfepolilino na pravé mocnoast:).
1 - droby, 2 - bfidlice: Z - zelené, (z) - nazelenalé, 3 - silicity, 4 -
vipence, 5 - wfy a nfity, 6 - silicifikace, 7 - fosforitové hlizy, 8 -
piimds kfemenného prachu, 9 - karbonatickd pfimés, 10 - pyrit, 11 -
gradainf 2vrstvend.

Vysvitlivicy k pliloham

Pil. 1

Odkrytd geologickd mapa okoli Moravského Berouna.

1 - bazalt (star§ kvartér), 2 - droby, 3 - stfidini bfidlic, prachovel a
jemnozrnnfich drob, 4 - vépnité piskovce a pistité vépence s vioZkam
bidlic facie "Na v{shan™ {2-4 - horpobenedovské souvrstvi, spodni &
stfednf visé), 5 - stfiddni bifidlic, prachovci a jemnczonjch drob
(and&lskoborské souvrstvf - lournai}, 6- kfemenné slepence ahrubozrnné
péskovee (moravskoberounské souvrstvi, svrchni tournai), 7 - kffemité
blidlice se silicity (ponikevské souvrstvi, svrchnf frasn a2 tournai), 3 -
tmavé jllovité bfidlice (stinavsko-chabifovské souvrstvl, svechnl ems a
eifel), 9 - bazické a vzicnd 12 intermedifrni vulkanity - siffddaf dv a
wihil, 10 - nové mapovaci vity, 11 - vrty ze dedesditych let, 12 - vity 2
padesdtfch let, 13 - prizkumné Sachtics a Mtoly z padesétych lel.

PHl. 2

A, Profil vitu Hornl Benefov HB-SV-1.

1 - droby, 2 - 2erné bidlice, 3 - bfidlice, prachovee a jemnozrnné droby,
4 - tenk# viokky bfidlic a prachoveh, 5 - petromiktni slepence, 6 - tenké
viodky slepenci, 7 - mufitické droby (1-7 - hornobeneSovaké souvrstvf),
8 - vipence a bfidlice, 9 - bazické vulkanity, 10 - intermedifrni vulkanity
(B aX 10 - plevi2ng eifel-frasn).

B. Profil vrtu Hormni Benefov HB-SV-3 & interpretaci tekionické stavby
v okoll.

1 - hyaloklastity, 2 - bazické tufy, 3 - viokky vipench v tufech, 4 - pumy
bazického vidkanismu v bfidlicich, 5 - klivéZ v hyaloklastitech a tufech,
6 - vipencové viodky a hlizy v biidlicich, 7 - silicity, 8 - kyselé tufy a
tufity, 9 - droby, 10- tekionické Gurfky drob, 11 - zelené kifemité biidlice,
12 - #adé a Zerné biidlice, 13 - mocné kfemenné Hly, 14 - dislokace. Vit
ilustruje vzijemné zastupovini hornobenedovského a poniksvského
SOUVEStvy.

Prl. 3

Profil vriu Homi Benefov HB-SV-2.

1 - droby, 2 - stffddni bfidlic, prachovel, jemnozmnych drob vétfinou v
gradaing zvrstvenfch rytmech {1 a 2 - hornobenefovské souvrstvl), 3 -
brekcie, tvofend diomky vépench, bazickfch i kyselfch vulkaaith v
bfidli#né zékladnl hmed = laminami wifith, 4 - pfeviiné kyselé tufy a
tufity, na béz s fosforitovimi konkrecemi, 5 - bazické wulkanické
horniny, 6 - sedimentérné vulkanicky sled, tvofeny vépenci, bfidlicemi
a kyselymi tufy (3 aZ 6 - frasn aZ tourna 7).

Ptil. 4

Rekonstruovany palecfacidlni fez j. okolimm Horniho Benedova. Jake
srovnévach droved je poulita bize hornobenedovskébo souvrstvl (droby,
na Z na bézi wiiticke). .

1 - droby, 2 - prachovité bifidlice s laminami prachoved (Tandélskohorské
souvTstvi), 3 - Eernoledé kfemité bfidiice se silicity, 4 - zelend kfemité
bfidlice s hlizami vipenci (3 a 4 - ponikevské souvrstvi, svrchni frasn
a} stfednd vist), § - miknitové, z Edsti hliznaté vipence (vipence kitinské,
svrchnf frasn-famen), 6 - fed€ a svitlc ¥ed£ vipence (vipence jesenecké,
eifel aZ frasn), 7 - tmavé $edé af Sernofedé vipence, misty s vioZkami
ternych biidlic, jinde ge stromatoporoidovou a kocdlovou faunou
(vdpence laZdnecké, eifel,givet), 8 - Zermofedé jempé jllovité bfidlice s
trijobitovou a jinou faunou (stipavsko-chabifovské souvrstv, eifel), 9 -
kKemititd hornina s lo¥iskem barevafch kovi, 10 - pol¥tifové 1dvy, 11 -
hyaloklastity, 12 - bazické wfy, 13 - keratofyry, 14 - intermediérnf a
kyselé tufy, 15 - Jelezné rudy, 16 - sedimentace po hifitu. Rez ilustruje
velmi facidloE proméplivé sedimventaZnl prostfedi v zdvislosti ma
vul kanické Zinnosti.
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