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Contribution to the geology of the northern part of the Plzen Basin and the southern part
of the Carboniferous Zihle Basin
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Abstract. The Zihle Basin is a structure trending approximately in a N-S direction. While Carboniferous deposits overlap the Upper Proterozoic base-
ment on the eastern side of the basin, the western boundary is comprised of the prominent Maloméfice-Chrastovice Fault. This dislocation has probably
existed since before the Carboniferous sediments were deposited, and continues further to the south and north. Tectonic movements have been repeated
here throughout geological history. Structurally, the basin is an asymmetric one-sided graben. Among other faults in the system, those trending
WNW-ESE and NW-SE are the most frequent.

The Carboniferous deposition started in Westphalian D (Nyfany Member of the Kladno Formation). Older sediments (Radnice Member) were also depos-
ited only locally (mostly in the south). The deposition continued during the Stephanian (Tynec Formation). As the lithology of the Nyfany Member and
Tynec Formation are similar (mostly arkoses, feldspathic sandstones, and conglomerates of fluvial origin, with lesser interbeds of mudstone and fine
sandstone), and comparative markers are rare and unreliable, the units mentioned above cannot be differentiated. The situation is different south of the
Stiela River (especially in the surroundings of Kaznéjov), where the Tynec and Kladno formations can be distinguished (also based on data from several
boreholes). The Stiela River is the conventional approximate boundary between the Zihle and Plzeii basins. Thin coal seams and their claystone or
mudstone equivalents found at the western margin of the basin at Chrastovice, and at the eastern one NE of Mladotice, belong to the Chotikov Group of
Seams of the Nyfany Member, while seams from Zebnice and the Richardka hunting lodge ENE of Nebieziny belong to the Radnice Group of Seams.
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Introduction

The new geological mapping of sheet 12-31 Plasy
1 : 50,000 was concluded in 1994—-1995 (Masek and Prou-
za 1996). This map is comprised mostly of the rocks of the
Barrandian Proterozoic, though approximately one third of
its area concerns the Late Paleozoic rocks of the Plzen,
Zihle, and Radnice continental basins. The mapping contri-
buted to the further understanding of the Zihle Basin, all
but the northernmost part of which is presented on the map
(Fig. 1).

The Zihle Basin is a small separated basin of an elon-
gated N-S shape, situated N of Plzenn (Holub and Pesek
1992). It is connected with the Kladno-Rakovnik Basin in
the north and with the Plzeni Basin in the south. The
Manétin Basin, lying west of it, is separated by a strip of
Late Proterozoic rocks. The basin is surrounded by the
rocks of the Late Proterozoic, which also form its base-
ment. The boundary is mainly tectonic, and locally
transgressive. The southern boundary with the neighbour-
ing Plzeni Basin is conventionally considered to be the
Stiela River. Havlena (1964) assumed there to be a trans-
verse Proterozoic ridge in this approximate area (between
Kralovice and Zlutice). More recent geological mapping
(Masek and Prouza 1996) and data from boreholes drilled
in the Kaznéjov and Plasy areas (Opekar and Spudil 1986)
do not substantiate this assumption. The rocks of the Pro-
terozoic basement crop out in the Strela River valley due to
the deep erosion of the river and its tributaries.

Most of the Zihle Basin was explored in the 1920s by
Andrusov (1925). The results of his mapping were used

for map sheet 4051 Kralovice, published in 1936 (And-
rusov et al. 1936, 1940). The Carboniferous rocks crop-
ping out on this sheet south of the Stfela River were drawn
by L. Cepek (Andrusov et al. 1936), who was at that time
engaged in the geology of the Plzeii Basin. Some other au-
thors, especially paleontologists, have also worked there
(Némejc 1941, 1957, 1958, 1962, Némejc and Setlik
1953, Setlik 1954), but the whole area has not been Sys-
tematically mapped. Data from five shallow boreholes
drilled in 1958 in the Kaznéjov-Rybnice area (max. depth
33.40 m) were evaluated by Malecha (1959). A detailed
investigation for coal and kaolinic clay deposits was car-
ried out in the 1980s and 1990s in the Kaznéjov surround-
ings. The results of this research leaned on the data from
the recently drilled boreholes, and contributed signifi-
cantly to the knowledge of the northern promontory of the
Plzen Basin. Most of these results, as well as the re-evalu-
ation of past stratigraphy, exist in unpublished reports, es-
pecially in a study by Opekar et al. (1994). Several studies
of the investigations of the Plzeii Basin were published by
J. Pesek. The most important results, ideas, and conclu-
sions are summarized in several monographs (PeSek
1968, 1994, Pesek et al. 2001).

There are not many good outcrops in the relatively flat
area of the Zihle Basin. Relatively numerous and large out-
crops of the sections formed by the firm psammites and/or
psephites occur to the E and SE of the Odlezly village. No
boreholes have been drilled down to the Proterozoic base-
ment of Carboniferous in the area N of the Stiela River up
to the northern margin of sheet 12-31 at Plasy. The docu-
mentation of excavations made in 1995 for installing a
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Figure 1. Geological sketch-map of the Zihle Basin.

Tertiary: 1. gravels and sands, 2. quartzite; Carboniferous — Stephanian, Barruelian: 3. Tynec Formation; Westphalian D — Cantabrian: 4. Kladno Forma-
tion, Nyfany Member; Westphalian D— Barruelian: 5. undifferentiated Tynec Formation and Nyfany Member (Kladno Formation), 6. coaly develop-
ment of Carboniferous units, 7. Chotikov and Radnice Group of Seams, 8. old abandoned mines, 9. kaolin opencast; Late Proterozoic:
10. Kralupy-Zbraslav Group, undifferentiated, 11. borehole, 12. boundary of units, proved, 13. transitional boundary, 14. fault proved, 15. fault inferred,

16. landslide area.
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pipeline from the Mladotice train stop to the SW surround-
ings of Potvorov, and from the northwest surroundings of
Vysoka Libyné to the N margin of the map, is therefore
very valuable (Moravcovd et al. 1995).

The deposition of Carboniferous sediments in the Zihle
Basin started in the Late Bolsovian or even in the West-
phalian D, on an elevation of approximately N-S direction
on the Late Proterozoic basement. The oldest deposits be-
long to the Kladno Formation. While in the southern part of
the basin the sediments of the Radnice Member are locally
present (e. g., at Zebnice and Richardka), the deposition in
the area to the north started later. The latter deposits belong
mostly to the Nyfany Member. The rocks of the Kladno
Formation are overlain by the Tynec Formation. Neither of
these units can be distinguished from the other in most of
the Zihle Basin.

In the early phase of the Bolsovian deposition (Rad-
nice Member), the depocentres of the Plzefi and Zihle bas-
ins were probably separated by a low elevation, though
they later became connected. The largest subsidence, the
maximum thickness of the Carboniferous fill, and the
most complete sequence of strata is found in the Zihle Ba-
sin at Zihle village, and in the Plzefi Basin at Lin& and
Zbuch.

Geology of the surroundings of Kaznéjov

The stratigraphy of this area belongs to the northern part of
the Plzeti Basin. It is well known from the drilling of bore-
holes, many of which reached the Late Proterozoic base-
ment. The deepest of them, borehole K3 1 east of Kraso-
vice, is 509.20 m deep. The basement was reached at 504
m. The total thickness of basinal fill decreases continu-
ously to about 140 m towards the NE at Kaznéjov.

Radnice Member (Bolsovian)

Deposits of the lowermost part of the sequence of strata in
the Kaznéjov area belong to the Radnice Member of the
Kladno Formation. Its thickness varies between 0—160 m.

A layer of breccia with clasts of Proterozoic sediments
occurs locally at the base of the unit, followed by a se-
quence of sandstone and feldspathic sandstone with con-
glomerate layers and grey mudstone interbeds. The Rad-
nice and Plzen Coal horizons, as well as several thin layers
of tuffs and tuffites (maximum several centimetres thick)
have been sampled by the boreholes.

The boundary with the overlying Nyfany Member is
indistinct. It has therefore been fixed to the top of the
so-called brown tuffite underlying the Touskov Group of
Seams, or, where lithologically distinct, to the base of the
equivalent of the multicoloured and/or red sediments of
the Komberk Horizon (PeSek 1994, Opekar et al. 1994).
The coal seams of the Radnice Member are known from
old mines in the area SW and SE of Obora village (the
Hyrovy Hory and Julius mines - Némejc 1941, Havlena
1964). The Hyrav dal mine is 104 m deep and sediments

of the Nyfany Member probably crop out at its surface.
The Radnice Group of Seams were also mined in the 19th
century south and southwest of Kaznéjov (the Martini
mine 155 m, the David mine 114 m deep — Némejc 1941,
Havlena 1964).

Nyfany Member (Westphalian D — Cantabrian)

In comparison with the underlying Radnice Member, the
proportion of feldspathic sandstones and arkoses in the Ny-
fany Member is much higher. It may reach 75-85%. Sand-
stones usually contain a variable pebbly admixture and
conglomerate layers. They intercalate with fine sandstone
and variegated, sometimes grey mudstones.

Coal seams, mostly without economic importance, oc-
cur in four levels. There are two beds of coal and coaly
claystones about 0.5 m thick at the base of the unit, inter-
preted as the Touskov Group of Seams). Several equiva-
lents of the Nyrany Group of Seams (thin layers of coal and
dark grey mudstone) occur in the lower part of the unit. The
Chotikov Group of Seams occurs in the middle of the
Nytany Member and the overlying Nevreit Coal Horizon at
the top of it. The borehole K§ 1 (KraSovice) penetrated
seams at the following depths: Touskov Seams at 353.03
(0.97 m thick) and at 362.62 m (1.08 m), Nyfany Seams at
274.20 m (two beds 20-30 cm thick), and the Chotikov
Seams at 133.67 m (0.43 m), 137.84 m (1.26 m), and
138.44 m (approximately 20 cm — Opekar et al. 1994). The
equivalent of the Nevfeni Seams was reached by borehole
Mr 1 (Mrtnik) NW of the kaolin opencast mine at Kaznéjov
(outside the field of Fig. 1). Several thin interbeds of tuffs
and tuffites, usually accompanying the coal seams, have
been sampled by the boreholes. The total thickness of the
Nytany Member at Kazné&jov is 280-340 m.

Tynec Formation (Barruelian)

Sediments of this unit crop out in the area W and SW of
Kaznéjov in the tectonically downthrown block (the faults
west of Rybnice and Kazné&jov). The most common depo-
sits of this formation are feldspathic sandstones and arko-
ses, similar to the Nyfany Member. The presence of
red-brown mudstones, which are characteristic of this unit,
were revealed by boreholes and the Kaznéjov opencast
mine works. Pelites of variegated colours (violettish, green-
ish, pinkish) are locally present. Sediments of this type are,
however, also known from the marginal facies of the Ny-
fany Member. They pass laterally into red, and rarely grey
deposits.

The boundary of the Tynec and Kladno formations is
often difficult to determine. It is given as the first psam-
mitic layer overlying the Nevien Coal Horizon.

The average thickness of the unit in the Kazné&jov area
is 100-120 m (61.50 m in borehole K$ 1). Arkoses and
feldspathic sandstones of the Tynec Formation and the
Nyfany Member are often deeply weathered to kaolin,
which is mined in large opencasts (e. g., at Kazné€jov and
Horni Bfiza — outside the area of Fig. 1).
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The area N of the Stiela River (the southern part
of the Zihle Basin)

The geology of the area demarcated by the Stfela River to
the south and Zihle village to the north is based on geologi-
cal mapping and its correlation with the substantially in-
vestigated Kaznéjov surroundings.

The deposits of this part of the basin belong to the strati-
graphic span from the Late Bolsovian (or mostly West-
phalian D) to the Barruelian, i. e. to the Kladno and Tynec
formations. Due to their lithological similarity, the absence
of borehole data, and a lack of reliable marker horizons,
these units cannot be differentiated. As proven in the
Kaznéjov area, the Radnice Member wedges out north-
wards. The deposition in the prevailing part of the Zihle
Basin thus probably began in the Westphalian D with the
sediments of the Nyfany Member. The Radnice Group of
Seams has been determined paleontologically only at Zeb-
nice and Richardka.

The undifferentiated Kladno and Tynec formations

Most of the outcrops in the area north of the Stiela River
are formed by arkoses and feldspathic sandstones. There
are also minor layers of red-brown, variegated, or grey pe-
litic rocks, mostly mudstones. Psammites are usually
coarse- to medium-grained. They commonly contain
pebbly admixture or conglomerate layers. The pebbles are
mostly well-rounded to rounded, less frequently subangu-
lar. They often reach 10 cm, are rarely 20 cm, and locally
(the surroundings of Nebieziny, SW of Plasy) reach even
30 cm in diameter. Quartz is the most common component
(70-90%), followed by grey quartzite (locally up to 30%),
lydite (5-10%), and crystalline rocks (up to 5%). Feldspars
are mostly kaolinized. Diagonal bedding, evidence of ero-
sion, and channel structures are frequent. These sediments
are of fluvial origin.

Some arkoses and feldspathic sandstones (especially
those with clayey matrix) are weathered and consequently
soft. They have been dug out in sandpits, gravel pits, and
small quarries (e.g., NW of Mladotice, E of Zebnice, at
Odlezly, NE of Chrastovice etc). Locally, especially in the
area between Potvorov and Odlezly, the psammites have si-
liceous or carbonate cement, are firm, and were quarried as
building stone (such as for the Romanesque church of St.
Nicolaus at Potvorov and for the monastery at Plasy) and for
millstones. Abandoned quarries exist in the forest W and
SW of Potvorov, where some rock exposures are up to 10 m
high. This locality is known because of a vast rock landslide
that occurred here in 1872 (400 m wide and 500 m long —
Jansky 1976, 1977). As a result of this event, the Mladotice
creek was dammed, and a natural lake formed (with a maxi-
mum depth of 7.7 m, and an approximate length of 800 m).
The slumping area of Mladotice (also Odlezly) Lake was
proclaimed as a natural monument in 1975.

Small iron nodules, lenses, and thin layers or hematitic
cementation occur locally in the feldspathic sediments. At
least some of them are ferricrusts.
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Red-brown, rarely variegated or light grey mudstones
were sampled by shallow boreholes S of Zihle village.
They also occur as small fragments in eluvium, e.g., W of
Remesin.

Thin layers of whitish to creamy tuffs and/or tuffites
have been found in the forest 2 km S of Mladotice. They are
secondarily silicified. Similar rocks accompany coal
seams, e.g., at Chrastovice, Remesin, and Kaznéjov.

Localities containing coal seams in outcrops or at shal-
low depth were known to the early miners of this area.
The oldest shallow shafts (e.g., at Chragtovice, Remesin,
Richardka S of Babina) were deepened during the 19th
century (Andrusov 1925, Némejc 1941, Havlena 1964).
The coal seams of the Nyfany Member were mined (ac-
cording to the above mentioned authors) at Chrastovice
and Remesin. This was confirmed recently by Z. Simtinek
and J. Drabkova (personal communication). According to
Pesek (1994) the coals probably belong to the Chotikov
Group of Seams. Another coal seam was discovered in a
trench excavated for a pipeline in 1994 NE of Remesin.
Dark grey claystones, tuffitic sediments (tonsteins),
hematitized sediments, iron concretions, variegated
mudstones, and breccias with fragments of Proterozoic
shales occur in the coal seam horizon W of the village. The
breccias evidence the overlap of the Nyfany Member onto
the Proterozoic basement.

A seam mined E of Zebnice was interpreted as the
Radnice Group of Seams. According to a position within
the basin, a relation to the Nytfany Group of Seams is possi-
ble, which was also admitted by Némejc (1941).

About 20 old, small piles can still be found at the
Richardka hunting lodge S of Babina. The coals probably
belong to the Radnice Group of Seams (Andrusov 1925,
Havlena 1964). This has recently been confirmed by spore
assemblage analysis (J. Drabkovéa, personal communica-
tion).

Fragments of dark grey claystones and hematitized sed-
iments of tonstein type have been found in eluvial deposits
SE of Zihle at the upper margin of the map (Fig. 1).

A 30 cm thick layer of dark grey mudstones, with rem-
nants of plants and roots, crops out in a rock wall of arkose
above the railway SSE of Odlezly (Zdarek forest). This
layer, lying in the upper part of sequence of strata, probably
corresponds to the Tynec Formation, and may be an equiv-
alent of the Plachtin Horizon of the Manétin Basin (Tasler
and Skocek 1964).

Occurrences of Tertiary sands and gravels overlying
the Proterozoic basement are found at Kfecov, Ondfejov,
Vyrov, and Rybnice (Na Krasnici). A small occurrence of
Tertiary quartzite occurs NW of Obora.

Tectonics

The most prominent tectonic line of the area is an expres-
sive fault of N-S direction, which forms the western boun-
dary of the downthrown block of Carboniferous deposits of
the Zihle Basin. It goes from the western surroundings of
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Zihle (it continues northwards from the northern boundary
of the map in Fig. 1) to the railway stop at Mladotice. The
movements on this postsedimentary active line continued
until the Tertiary (PeSek et al. 2001). Part of this fault was
named the Maloméfice-Chrastovice Fault by Smetana
(1927). According to Chrt et al. (1966) it is a part of the
prominent Plzefi-Zatec Zone, going across the Doupovské
hory Mts. to the Flaje Massif and further into Germany
(Elznic et al. 1974).

The main axis of the basin also has an approximate N-S
direction. It is the continuation of an axis of the Plzeil Basin
(the Plzeti-Zihle Depression of Havlena 1964). The axis of
the basin is shifted to the west, causing the basin to be
asymmetric. The section of Mladotice creek between
Prehotov and the eastern surroundings of Chrastovice may
be also tectonically predisposed.

The strata in the middle of the basin are subhorizontal,
with a general very gentle dip towards the south. The dips
at its margins are higher, approximately 7° (locally even
more) towards the N-S axis of the basin. Due to this struc-
ture, the oldest strata with coal seam horizons (e.g., the
Chotikov Group of Seams at Chrastovice and Remesin,
and Radnice Group of Seams at Richardka) are present at
the W and E margins of the basin, while a younger part of
the stratigraphic sequence, with the most intensive subsi-
dence (corresponding to the Tynec FM), is preserved in its
center.

Even though the western margin of the basin is tectonic,
the Carboniferous sediments of different stratigraphic lev-
els transgressively overlay the Proterozoic basement in the
east. Some second-rate faults occur in parts of the eastern
margin of the basin.

Small faults of the N-S to NNW-SSE directions occur
south of Zihle and at Babina. A flexure of similar direction
with anomalous dips (7-10° towards the west) occurs at
Remesin. They follow a hypothetical fault in the pre—Car-
boniferous basement. Faults of WNW-ESE directions are
relatively common. They form a shallow partial tectonic
graben limited by the Mladotice-Vyrov and Zebnice-Ko-
pidlo lines. A small graben-like structure of the same direc-
tion occurs at Richardka. Faults of NW-SE to NNW-SSE
direction occur in the western surroundings of Kaznéjov.
Faults of WSW-ENE directions are rare.

Conclusions

1. The Carboniferous fill of the Zihle Basin south of Zihle
village belongs to the Kladno (mostly to the Nyfany
Member) and Tynec formations, and corresponds to the
stratigraphic span from the Bolsovian to the Barruelian.
Due to their lithological similarity, the absence of bore-
hole data, and a lack of reliable key horizons, these
units cannot be differentiated.

2. Arkoses and feldspathic sandstones with pebbly admix-
tures and conglomerate layers are the most common
lithotypes.

3. Coal seams mined at Obora (Hyrovy Hory), Richardka

(S of Babina), and Zebnice have been interpreted as the
Radnice Group of Seams. Coal seams from Chrastovice
and Remesin belong probably to the Chotikov Group of
Seams of the Nyfany Member. Dark grey fossiliferous
mudstone from the Zdarek forest, SSE of Odlezly, is a
probable equivalent of the Plachtin Horizon of the Ty-
nec FM.

4. The basin is structurally asymmetric: a side graben with
a prominent N-S fault on the western margin of the
structure. Part of it is known as the Maloméfi-

P

ce-Chrastovice fault. The fault continues northwards as
the Plzen-Zatec Line, and southwards in the Plzeti Ba-
sin.

5. Besides Tertiary sand and gravel deposits known from
several localities, an occurrence of quartzite is present
NW of Obora (ESE of Kazné&jov).
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