Graptolite assemblages and stratigraphy of the lower
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of the Bohemian Massif (Czech Republic)
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Most of the graptolite biozones, previously recognized in the Llandovery succession of the classical Barrandian area of
central Bohemia, are here identified in the heavily tectonized and poorly exposed, epizonal and contact metamorphic
black slates and silicites of the Mrakotin Formation of the Hlinsko Zone. Graptolite material was collected by bulk sam-
pling of loose boulders. The lower Llandovery (Rhuddanian) Cystograptus vesiculosus and Coronograptus cyphus
biozones, Demirastrites triangulatus, D. pectinatus, “Monograptus” simulans, Pribylograptus leptotheca, Lituigraptus
convolutus and Stimulograptus sedgwickii biozones of middle Llandovery (Aeronian) age and Rastrites linnaei,
Spirograptus turriculatus, Streptograptus crispus and Monoclimacis griestoniensis biozones of late Llandovery
(Telychian) age were identified in those loose boulders. The upper Telychian Torquigraptus tullbergi and Oktavites
spiralis biozones were found in outcrop. The sedimentary succession of the Mrakotin Formation has been reconstructed,
in particular by detailed correlation with the biostratigraphically well dated, graptolite-rich successions in the
Barrandian area, Thuringia and elsewhere. 112 graptolite species are recorded; selected graptolites are figured and
briefly discussed; Pseudorthograptus finneyi sp. nov. is described. There is little difference between the graptolite fau-
nas of the Hlinsko Zone and the Barrandian area, but the lithological successions of the two areas differ. In the Hlinsko
Zone the entire Llandovery is developed as anoxic black slates, siliceous slates and silicites. The black siliceous slates
and silicites exhibit light coloured, quartz/chalcedony nodules such as characterize the basinal Silurian black shales and
silicites in Thuringia and Sardinia. Barren greenish mudstone beds, which intercalate with the black graptolitic shales of
the upper Llandovery Litohlavy Formation in the Barrandian area, are missing in the Hlinsko Zone. We assume that the
Mrékotin Formation of the Hlinsko Zone was deposited near the depositional site of the coeval formations of
Saxo-Thuringia and West Sudetes, rather than near the Barrandian area. * Key words: graptolites, stratigraphy,
Llandovery, Hlinsko Zone, Bohemian Massif.

STORCH, P. & KRAFT, P. 2009. Graptolite assemblages and stratigraphy of the lower Silurian Mrdkotin Formation,
Hlinsko Zone, NE interior of the Bohemian Massif (Czech Republic). Bulletin of Geosciences 84(1),51-74 (13 figures,
2 tables). Czech Geological Survey, Prague. ISSN 1214-1119. Manuscript received January 5, 2008; accepted in revised
form April 30, 2008; published online December 3, 2008; issued March 31, 2009.

Petr Storch, Academy of Sciences of the Czech Republic, Institute of Geology, Rozvojovd 135, 165 02 Praha 6, Czech Re-
public; storch@gli.cas.cz * Petr Kraft, Charles University, Faculty of Science, Institute of Geology and Palaeontology,
Albertov 6, 128 43 Praha 2, Czech Republic; kraft@natur.cuni.cz

The Hlinsko Zone is a small, low-grade metamorphosed,
tectonically bounded regional geologic unit in the
north-eastern interior of the Bohemian Massif (Fig. 1). It
represents southeastern extension of Lugicum Variscan
Zone (Chab et al. 2008) nested between the northeastern
periphery of the Bohemicum Variscan Unit and northwest-
ern margin of the Moldanubicum Variscan Unit. The meta-
sedimentary units of the Hlinsko Zone are bounded by the
Zelezné hory Plutonic Complex to the west and the
high-grade metamorphosed Svratka Crystalline unit of the
Moldanubicum to the east (Pitra et al. 1994). There are two
lithostratigraphic units distinguished within the Hlinsko
Zone unit: The Hlinsko-Rychmburk Formation and the
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Mréakotin Formation. Only the heavily tectonized and po-
orly exposed, epizonal and contact metamorphic black sili-
ceous slates and silicites of the Mrakotin Formation have
yielded identifiable fossils — almost exclusively graptolites
(Horny 1956, Chlupac et al. 2002).

Graptolite bearing graphitic slates and silicites are
commonly the only rocks in epizonal- and contact-meta-
morphosed European Variscan formations that can be bio-
stratigraphically dated by macrofossils. The rich graptolite
faunas encountered in the Mrakotin Formation of the
Hlinsko Zone enable reliable and precise dating of the
rocks. Reconstruction of the original sedimentary
successsion may shed, to some degree, light on the
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Figure 1. Geological sketch-map of the Hlinsko Zone unit (based on of-
ficial Geological Map of Czechoslovakia, 1 : 200 000, issued by the Czech
Geological Survey, 1964). The semi-transparent topographical map in the
centre of the figure is identical to the Fig. 2, except for simplification. Lo-
calities are marked by rhomboids.

palaeogeographic links of the Hlinsko Zone with the other
Lower Palaeozoic units of the Bohemian Massif.

History of palaeontological
and stratigraphical research

The first fossils discovered in the Hlinsko Zone were
graptolites found iby A. Wurm, a teacher from nearby
town of Chotébof, in 1920’s. Wurm (1927) published a
short report on rare and poorly preserved monograptids
from Modréa skala near Hlinsko, Medkovy kopce, and
from the vicinity of the road from Hlinsko to Poli¢ka. The
richest fossil site he noted was that near Mrékotin (loca-
lity “Za humny”, locality 2). In addition to undetermin-
able monograptids with straight rhabdosomes, A. Wurm
reported Monograptus (= Oktavites) spiralis (Geinitz)
and thus gave undoubted evidence for the Silurian age of
black silicites in the central part of the Hlinsko Unit.
Wurm (1927) suggested close similarity of the lydite-
dominated Silurian of Hlinsko area to Silurian succession
in Saxony and West Sudetes.

For the next thirty years this area was out of the
palaeontological focus. New interests appeared in connec-
tion with the general geological mapping of Czechoslova-
kia in 1950s. At that time extensive palaeontological and
stratigraphical research was carried out. Horny (1956) pub-
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lished a comprehensive stratigraphic report, including pre-
liminary graptolite data. He recognized four lower Silurian
graptolite biozones [Demirastrites pectinatus, Demi-
rastrites (now Lituigraptus) convolutus, Globosograptus
(now Streptograptus) crispus, and Spirograptus (now
Oktavites) spiralis, see Table 1], listed 28 taxa and pro-
vided several illustrations. Since the 1950s no systematic
palaeontological research has been conducted on the Silu-
rian of the Hlinsko Zone. Unfortunatelly, the exact location
of several fossil sites and other details, such as fossil bear-
ing lithotypes, have been forgotten after almost fifty years.
In this respect, our research can be considered as a re-dis-
covery of the localities and methods of how to find and
collect graptolites in this region.

No significant micropalacontological research has yet
been undertaken in the Hlinsko Zone. Konzalova & Vachtl
(1976) reported acritarchs from thin sections of Silurian
silicites from Oflenda, Rand, Dolni Holetin, Vojtéchov and
Kladno. Those microfossils, however, were not deter-
mined, illustrated or described in detail as the study fo-
cused on a comparison of the organic matter alteration and
degree of degradation in different rocks of the Hlinsko
Zone.

Localities

The graptolite-bearing Silurian black slates and silicites are
confined to a narrow belt. Its northern part is oriented
NNE-SSW and its southern part curves to the south-east
(Fig. 1). The hard siliceous rocks form a low, flat, partly fo-
rested range in the northern part while the southern part
does not have such a distinctly elevated upland landscape.

The uncommon and usually small natural exposures of
Silurian rocks are concentrated especially in the northern
part of the area. A few artificial exposures, such as small
quarries, temporary excavations and one road cut, com-
plete the list of these sporadic exposures over the whole
area. A very high proportion of the Silurian basement is
covered by Quaternary geest and soil. However, the hard-
ness of the Silurian rocks, especially of the silicites, causes
them to resist weathering and denudation, and has led to
the common occurrence of loose stones and boulders, dis-
placed by gravity and partly also by farming activities.
They are dispersed widely around the primary source area.
Although the slopes along the range and elevations are in
general gentle, loose stones and boulders have been dis-
placed in considerable distances.

The bedding of the hard Silurian silicites, enhanced by
tectonic effects on the interlayers, has allowed natural dis-
integration into flat blocks utilized sometimes as building
stones by local dwellers. The stones were often in the
past gathered and removed from fields to small dumps at
the margins, to balks and to small forests or were used for
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the reinforcing of local roads. Such concentrations proved
ideal places for fossil collection because the area of prove-
nance of the blocks can be easily estimated as from nearby.
However, this is only a secondary provenance, as the
blocks had been moved before anyway.

Graptolites have been recorded from several places
along the major part of the Silurian belt. The principal ma-
terial was collected by R. Horny, J. K¥iZ and the present
authors. Horny (1956) mentioned material from the fol-
lowing localities and stratigraphic levels (according to the
original designation): Mrakotin (Demirastrites pectinatus,
Demirastrites convolutus, Globosograptus crispus and
Spirograptus  spiralis  biozones), Oflenda (Dem.
convolutus Biozone and S. spiralis = Spirograptus tur-
riculatus Biozone in present usage), Medkovy kopce
(Dem. pectinatus and Dem. convolutus biozones), Voj-
téchov (Dem. pectinatus and Dem. convolutus biozones)
and Kladno (Dem. convolutus Biozone). He also men-
tioned the locality Malinné but without any list of fossils.
In addition, he referred to Malinné, Mrakotin (Za humny),
Medkovy kopce and Kladno (V dolich) as exposures. As
Horny (1956) did not describe the exact positions of the lo-
calities, we tried to verify and rediscover them during our
field research:

Mrdkotin. — This name encompasses several sites. It is pro-
bable that Horny used the name Mrékotin for loose stones
and boulders. The specified location Mrakotin (Za humny)
was most likely used for exposures at a small quarry, which
we call Picek’s Quarry (see below; Fig. 2, locality 2a), and
its surroundings.

Oflenda. — It is not clear where the dividing line between
the localities of Mrakotin and Oflenda was considered to be
by Horny. Both villages are situated close to each other and
the main graptolite occurrence area is equidistant from
them. We have documented only one natural exposure near
Oflenda. There is a tectonically affected slate and silicite
succession in the slope above the Mréakotinsky potok
Brook, some 150 m NW of the settlement margin (49°
48 32.4” N, 15° 57° 16.5” E). We have found no fossils
there. Most probably, this outcrop and its surroundings on
the right bank of the brook do not correspond to Horny’s
locality. We suppose that loose stones from the field on the
slope between the crest of the Silurian rock range and the
left side of the Mrakotinsky potok Brook gorge, west of
Oflenda, represent the locality.

Medkovy kopce. — We found graptolites in loose stones (see
below), but no exposure.

Vojtéchov. — We didn’t find fossils in the vicinity of Vojté-
chov. According to Horny (pers. comm.), he collected lo-
ose stones in the fields west (or south-west) of the village.

Kladno. — Tt is apparent that collection was made in a
road-cut on the former curve (and possibly also in its sur-
roundings) of the Hlinsko-Policka road, some 750 m west
of Kladno (49° 46" 39.4” N, 15° 58 14.6” E; Fig. 2, loca-
lity K1). After the straightening of the road the curve was
abandoned but in its western part a low exposure of silicites
has been preserved. We tried to collect there but didn’t find
any fossils.

The upper part of the exposed succession is highly
silicifed while the lower portion less so. Our assumption,
confirmed by J. KfiZ (pers. comm.), is that graptolites came
from the lower portion, which is partly dug out, overhung
and covered. KfiZ named this locality and labelled his
graptolite material as Krouna after the nearest village di-
rectly on the main Hlinsko-Polic¢ka road.

Malinné. — No exposures or loose stones were found
around the settlement which sits on a granitoid elevation.
We examined the area along the road from Malinné to Mra-
kotin but without any positive result.

Mrakotin

(1) The first graptolites that we rediscovered in the Hlinsko
Zone (in 1999) were in dumps of stones taken from fields
around Mrékotin and stored in a farm yard of Agricultural
Cooperative Mrékotin (around the point 49° 49° 03.5” N,
15° 57" 38.57E; Fig. 2, locality 1). The big dumps yielded
many graptolite-bearing blocks of Silurian slates and silici-
tes with assemblages of the Coronograptus cyphus to Litu-
igraptus convolutus biozones. Although the exact original
locations of these rocks are unknown, this is not a critical
problem given that they were loose stones in the first place.
The cumulative assignment to the locality Mrakotin is
used. The dumps have been covered and no longer exist.

The richest localities are concentrated around ground
elevation land-mark 530.3, situated 1 km SW of Mréakotin
(49°48° 22.9"N, 15° 56" 50.7” E). For this reason we fo-
cused our attention especially on this area (Fig. 2, locali-
ties 2-4). We proved most Llandovery graptolite
biozones (between Cystograptus vesiculosus and
Oktavites spiralis).

(2) Mrakotin — south-west of GMS tower (“Za humny”’;
Fig. 2, locality 2). A small area 200-300 m SW of the GMS
tower, which is situated 180 m SW of the ground elevation
land-mark 530.3. Two important sites were recorded:

(2a) Mrékotin — Picek’s Quarry (Fig. 2, locality 2a). A
small, shallow, abandoned quarry, partly filled with waste
in a grove some 1.5 km SW of Mréakotin. A several metres
thick succession of slates and silicites is exposed in its
north-western part. We discovered graptolites in the mid-
dle of the succession in the quarry (Torquigraptus tullbergi
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Table 1. Stratigraphic levels of the Mrakotin Formation documented by
graptolite data. The zonal chart in the left-hand column after Storch
(1994) updated by Storch (2006). Frequency of finds from the respective
zones is marked: — zone not found; + rare to sporadic occurrence; ++ in-
frequent; +++ common; ¢ ,,in situ “ recorded zone. Frequencies in the right
column estimated after description provided by Horny (1956).

. Graptolite Zone Storch & Kraft
Series | Stages Horny (1956) .
(this paper)
insectus - -
lapworthi —
% tullbergi - .
2 . o
3] griestoniensis - au,
H
crispus + g
E\ . .
g linnaei - g
o . g e
3 sedgwickii - +
<
| convolutus ++
g
'g leptotheca - e+
-
5 ;
2 simulans ay
pectinatus ++ ++
= cyphus - ++
‘E | vesiculosus - +
= .
= | acuminatus - -
i
& | ascensus - —

Note: At the time of Horny’s (1956) paper, the leptotheca Zone was not in
use, the simulans Zone corresponded to the pribyli Zone, the tullbergi
Zone to the crenulata Zone, and the major part of the lapworthi Zone to
the grandis Zone.

Biozone; spot 1,49° 48" 09.5”N, 15° 56" 35.0”E) and near
the top of the succession just behind the edge of the quarry
wall in the NW corner of the quarry (spot 2,49° 48 09.8” N,
15° 56" 35.3” E). Several levels with bedding planes cov-
ered with poorly preserved graptolites were recorded in the
latter spot in a several tens of centimetres thick succession
of slates (Oktavites spiralis Biozone). Straight stipes of ro-
bust monograptids are most common; several specimens of
Oktavites spiralis were also recorded. Picek’s Quarry is the
only locality where we found graptolites in situ.

Picek’s Quarry is the local name of this site. In old map
from the 19" century (3" Military Survey; 1 : 25 000; map
sheet 4056/3) the area around is called Za humny. This des-
ignation was used by Wurm (1927) for his main graptolite
locality. As the character of graptolite assemblage, includ-
ing “Monograptus spiralis”, corresponds with its descrip-
tion, it is clear that this is the key place from where Silurian
graptolites were proved for the first time in the definite
Hlinsko area.

(2b) Mrakotin — field margin along the NW edge of the
small forest SW of the GMS tower (around the point

54

49°48° 13.4”N, 15° 56" 40.0” E; Fig. 2, locality 2b). Spo-
radic loose stones with graptolites occur in the field close
to the small forest.

(3) Mrékotin — N to NE of the ground elevation land-
mark 530.3 (Fig. 2, locality 3). This area, which includes
part of the forest and adjacent fields, appears to be the most
fossiliferous and yielded the majority of loose stones with
graptolites.

(3a) Mrakotin — forest NE of the ground elevation
land-mark 530.3 (Fig. 2, locality 3a). The area of forested
top of the range is limited by the unpaved road from
Mrakotin in the NW and field margin in the SE. The eleva-
tion-mark is at its SW limit and the area extends some
160 m NE to its NE edge. The loose stones can be found in
the forest and on the unpaved road. The best concentrations
of graptolite-rich stones are around a short track connect-
ing the marginal road from Mrakotin with the field SE of
the forest. That short track runs in a N-S direction, 60 m
from the land-mark (around the point 49° 48" 24.5"N, 15°
567 52.6” E; Fig. 2, loc. 3a, ellipse in SW part). Many
graptolite-bearing loose stones were excavated from the
soil in the forest around the track. Some stones probably
used for reinforcing the track in the past were extracted
from it. Numerous fossiliferous stones came also from a
big dump near the S end of the track. This spot was proba-
bly the richest in diverse graptolites representing Corono-
graptus cyphus to Monoclimacis griestoniensis biozones.
Another important spot is in an area of windthrow in the
forest in the NE part of the locality area (49° 48" 27.1” N,
15° 56° 55.8” E; Fig. 2; loc 3a, NE point). This place
yielded some less tectonized and less metamorphosed blocks
of slates with extraordinarily well preserved graptolites.

(3b) Mrakotin — small forest. Numerous loose stones
accumulated in a small forest by farmers from the field W
of the elevation land-mark 530.3. The most fossiliferous
stones were found at its NW and N edge (surrounding of
49° 48" 22.5"N, 15° 56" 44.5” E; Fig. 2, locality 3b).

(3¢) Mrikotin — field NE of the elevation land-mark
530.3. Loose stones with graptolites were collected both
from dumps and concentrations at the forest margin some
70 to 170 m NE of the land-mark and the adjacent field
margin (around the point 49° 48" 25.0”N, 15° 56" 54.5”E;
Fig. 2, locality 3c). This place probably best corresponds to
the locality Oflenda of Horny (1956) (see above).

(4) Mrakotin — area around the unpaved road SW of vil-
lage. From the numerous loose stones from the surround-
ing fields, concentrated in small dumps, stones in the road
and neighbouring forest, only some yielded sporadic, usu-
ally poorly preserved graptolites. The main site in this area
was a small dump of stones from the surrounding field (49°
487 36.7"N, 15° 577 02.0” E; Fig. 2, locality 4, SW point)
and a small stone concentration from the field adjacent to
the small farm (49° 48° 46.2” N, 15° 57" 11.4” E; Fig. 2,
loc. 4, NE point).
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In the Mrakotin area only the places with concentration
of loose stones or important discoveries have been listed
above. Separate loose stones with graptolites can be found
in other locations, additional to those described.

Oflenda

(5) Oflenda — grove with a small abandoned quarry (49°
487 10.1" N, 15° 57° 24.8” E; Fig. 2, locality 5). Among
many blocks of greywackes and sandstones, one block of
highly contact metamorphosed black slate was found. It yi-
elded undeterminable graptolites and fragments of flatte-
ned cephalopods — the only non-graptolite fossils found.

Oldretice

(6) Oldretice — one boulder in a hole excavated for a fence
post of private property W of the settlement (49° 48" 32.2”N,
15° 58 14.0” E; Fig. 2, locality 6). One exceptional block
yielded dimorphograptids and Cystograptus vesiculosus.
This find represents the sample most distant from its source
rock with determinable graptolites. Very far transported
fragments of Silurian rocks occur up to western vicinity of
Oldfetice. Only undeterminable graptolites have been re-
corded there.

Medkovy kopce

(7) Medkovy kopce — low slope of terrain step trending
W-E in a small forest NNE of the elevation point 638.0 m
(49°46° 57.1"N, 15° 56" 11.9”E; Fig. 2, locality 7). Many
loose stones occur in the soil around the step but only a few
contained poorly preserved graptolites. Medkovy kopce re-
presents the southernmost locality from which we have re-
corded fossils.

Wurm (1927) mentioned ‘“‘unfavorable preserved
monograptids” north of the elevation point at Medkovy
kopce (called in that time Modra skala = Blue rocks). He
also found graptolites in two places east of the elevation
point. One was apparently ca 1 km ENE, in the small for-
est, and the other ca 1.4 km E (half way between the
Medkovy kopce and Kladno localities), close to the Hlin-
sko-Policka road in a small quarry which no longer exists.
We found no graptolites in that area.

Although we tried to collect in several places where the
belt of the Silurian rocks bends to the south-east, we were
not successful. Except for Kladno (see above) and perhaps
Vojtéchov (the source area of samples is questionable; see
above), no fossiliferous localities are known in this area.
This may be because the Silurian rocks here in the SE are
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Figure 2. Fossiliferous localities in the Hlinsko Zone investigated in
2000-2004. 1 — Mrékotin — farm yard of Agricultural Cooperative;
2 — Mrékotin — south-west of GMS tower (“Za humny”), 2a — Mrakotin —
Picek’s Quarry, 2b — Mrakotin — field margin along the north-western
edge of the small forest south-west of the GMS tower; 3 — Mrakotin —
north to north-east of the ground elevation land-mark 530.3,
3a— Mrakotin — forest north-east of the ground elevation land-mark 530.3,
3b — Mrakotin — small forest, 3¢ — Mrikotin — field north-east of the eleva-
tion land-mark 530.3; 4 — Mrékotin — area surroundings the unpaved road
south-west of village; 5 — Oflenda — grove with a small abandoned quarry;
6 — Oldfetice — one boulder in hole excavated for fence post of private
property W of settlement; 7 — Medkovy kopce — low slope of terrain step
trending W-E in a small forest NNE of the elevation point 638.0 m;
K1 - Kladno — road-cut west of the village.

apparently affected by stronger silicification and tectonics,
as documented e.g. in a small flooded quarry in the forest
near Dédova (49° 45° 55.3” N, 15° 59" 34.2"E).
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Figure 3. Porphyroblastic graphitic slate with several
monograptid rhabdosomes. Mrakotin, locality 3a: S 05093. Black bar rep-
resents 1 cm.

straight,

Lithology and preservation of graptolites

The graptolites occur in dark-coloured rocks, which were
originally more or less siliceous organic-rich black shales,
subsequently epizonal and/or contact-metamorphosed to
various degrees. As a result graphitic slates and silicites
predominate. The latter lithotype of highly siliceous rocks
was called lydites (e.g., Wurm 1927, Horny 1956). Despite
the black colour of the rocks, TOC values range between
0.58 and 1.18 % in both the slates and the silicites since the
organic matter has largely decomposed in the course of Va-
riscan tectono-metamorphic processes. Black silicites are
intercalated with lenticular beds and/or flat nodules of whi-
tish microcrystalline quartz/chalcedony, up to 20 mm
thick. Similar, whitish lenticular beds have been observed
in the lower-middle Llandovery black silicites in SE Sardi-
nia (e.g., Riu Ollastu area sections described by Barca &
Jaeger 1990) and Holy Cross Mountains (Kremer 2005,
Kremer & Kazmierczak 2005). Laminae rich in clastic
mica appear in some siliceous slates and silicites of Aero-
nian age (Demirastrites triangulatus — Lituigraptus convo-
lutus biozones). Silicites are largely absent in the Tely-
chian succession that is predominantly composed of black
slates.

All of the graptolitic strata are intensively tectonized and
more or less affected by cleavage. Thick stipes of robust
monograptids without any apparent thecal detail, can be
found even in chiastolitic porphyroblastic slates (Fig. 3) and
similar contact metamorphosed (“baked”) rocks. The best
preserved graptolites come predominantly from the silicites.
Even though the graptolites are commonly deformed, re-
markable fine details, such as slender apertural spines and
ancorae, have been preserved in many specimens.
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It seems that deformation preceeded silica remobilisa-
tion which gave rise to the homogeneous appearance of the
rock. All silicites, including those with only slightly de-
formed graptolites, come from tectonized sections. The
silicites form blocks resembling small plates or bricks, sev-
eral centimetres (up to 20 cm maximum) thick. They are
usually limited by bedding planes with remarkable shear-
ing effects. Relatively competent silicified layers thus al-
ternate with softer layers.

Sheared layers of soft slates are usually of phyllitic ap-
pearance and can be split into thin slabs. Their contact with
silicites follows the bedding planes. Many such planes
were apparently covered by graptolites. We suppose that
graptolites were commonly concentrated on distinct bed-
ding planes while the rocks in between were poor in fossil
content. This pattern is consistent with the usual graptolite
distribution in black shales. Most likely, graptolite rhab-
dosomes formed not only inhomogeneities in the rock but
served also as a tectonic lubricant.

Methods

Due to the small-scale tectonic complexity of the Hlinsko
Zone and poor exposures the graptolite material was col-
lected mostly from loose rocks and boulders scattered in
the fields and forests. The only accessible section, in the
abandoned Picek’s Quarry (locality 2a), exhibits black sla-
tes of late Llandovery (Telychian) age with graptolites in-
dicating the Torquigraptus tullbergi and Oktavites spiralis
biozones.

Each loose boulder collected in the fields, from small
dumps along the field margins, from forested ridges and
along forest trails, has been treated as a bulk sample and its
fossil content was packed and studied separately in order to
preserve the original graptolite taphocoenosis (referred to as
an assemblage in this paper). Graptolites are hardly discern-
ible on dry rock surface. Stones have been split wet, in-
stantly washed and studied under a bright illumination. Of
more than 300 boulders selected in the field, 212 yielded de-
terminable and biozone-diagnostic graptolite assemblages.

The graptolite assemblages of the respective bulk sam-
ples were correlated with graptolite range charts and as-
semblages known from the largely continuous black shale
sections of the Barrandian area of central Bohemia
(Bouc¢ek 1953, Storch 1994) and Thuringia (Schauer
1971). Also the graptolite-bearing sections of the Western
Iberian Cordillera (Gutiérrez-Marco & Storch 1998),
Bornholm (Bjerreskov 1975), English Lake District (Hutt
1974, 1975) and Wales (e.g., Zalasiewicz 1990, 1996;
Loydell 1991a) and Bardo Mountains of Poland
(Malinowska 1955) have been considered. Correlation
even at intrazonal level with the Barrandian and Thuringia
is possible for several bulk samples. Much of the original
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sedimentary succession of the Mrékotin Formation has
been reconstructed as a kind of mosaic from these scattered
loose boulders. Lithological types dated by graptolites
have been similarly correlated with coeval rocks of the
Barrandian area, Thuringia, Sardinia and West Sudetes
(Bardo Mts).

The accurate identification of considerably deformed
graptolite rhabdosomes required a specific approach.
Qualitative characters, such as presence or absence of
spines, apertural hooks and hoods, and the overall
rhabdosomal and thecal architecture were of much greater
importance than quantitative characters such as width and
length of the thecae and rhabdosome, thecal density, efc.
Some photographed specimens had to be experimentally
retro-deformed by means of the Adobe-Photoshop pro-
gram.

Illustrated specimens prefixed S have been deposited in
palaeontological collections of the West Bohemian Mu-
seum, Plzefi; specimens prefixed BB and PS are housed in
the Czech Geological Survey, Prague.

Comments on graptolite fauna
and biostratigraphy

Rhuddanian

Graptolites of Rhuddanian (early Llandovery) age were
found in several boulders from mounds of stones near the
Cooperative farmyard at Mrakotin, near the hill-top 530 m
southwest of Mrakotin, and in a single boulder from West
of Oldretice (Fig. 2, localities 1, 3 and 6 respectively).
Other samples, reportedly from Oflenda, have been en-
countered in B. Boucek’s collection housed in the Czech
Geological Survey, Prague.

The middle Rhuddanian Cystograptus vesiculosus Bio-
zone has been recognized from the biozonal index taxon
Cystograptus vesiculosus (Nicholson) — (single determin-
able rhabdosome) — associated with Normalograptus cf.
normalis (Lapworth) (Fig. 8G), Dimorphograptus con-
fertus (Nicholson) (Fig. 8M), Dimorphograptus swanstoni
Lapworth (Figs 6Q, R, 8D) and Rhaphidograptus cf.
extenuatus Elles & Wood.

Normalograptus cf. rectangularis (McCoy), Dimor-
phograptus swanstoni, Dimorphograptoides aff. physo-
phora (Nicholson) (Figs 6P, 8H), Rhaphidograptus
toernquisti (Elles & Wood) (Fig. 8A), Pseudorthograptus
finneyi sp. nov. (Figs 6N, O, 12), “Monograptus” re-
volutus Kurck (sensu lato) (Figs 6L, 11B) and Pri-
bylograptus argutus (Lapworth), associated with frag-
mentary Coronograptus cyphus (Lapworth) and small
Coronograptus gregarius (Lapworth), indicate the
Coronograptus cyphus Biozone. See Table 2 for a com-
plete list of species.

Figure 4. Oktavites spiralis (Geinitz, 1842), S 05019a; incomplete spec-
imen from the small rock above the Picek’s Quarry (locality 2a, spot 2).
Black bar represents 1 cm.

Aeronian

Aeronian (middle Llandovery) graptolites are widespread
in boulders collected in the fields and neighbouring
mounds of stones, in the forest and forest road near the
GSM tower (hill-top 530 m), all south-west of Mrakotin
(Fig. 2, localities 3a, 3b). Equally common samples have
been acquired from the mounds near the Cooperative far-
myard at Mrékotin (locality 1). Aeronian strata probably
comprise a substantial part of the entire thickness of the
lower Silurian sedimentary succession of the Mrakotin
Formation.

The graptolite assemblage of the Demirastrites
triangulatus Biozone can be recognized by the biozonal
species Demirastrites triangulatus (Harkness) (Fig. 8B)
associated with Petalolithus ovatoelongatus (Kurck) (Fig.
8F), Pseudorthograptus inopinatus (Boucek), Pseudortho-
graptus finneyi sp. nov. (Figs 6N, O, 12), Coronograptus
gregarius (Fig. 81), Pribylograptus argutus, “Mono-
graptus” revolutus s.l., Campograptus communis (Lap-
worth) (Figs 8L, 9F) and Rastrites longispinus Perner
(Figs 8E, J). Pribylograptus cf. spiculiformis (Ni)
(Figs 6A, 9D) — a species with robust, dorsally arcuate
rhabdosome and long genicular spines — has not been found
in the Barrandian area and resemble also Pribylograptus
sp. of Loydell et al. (2003).

Demirastrites triangulatus, Pseudorthograptus finneyi,
Pribylograptus cf. spiculiformis and “Monograptus”
revolutus forms are missing in the faunal assemblages as-
signed to the overlying Demirastrites pectinatus Biozone
(Table 2) that is distinguished most by the biozonal species
Dem. pectinatus (Richter) (Figs 7B, 8C, 11J) itself.

Pseudorthograptus insectiformis (Nicholson), Petalo-
lithus praecursor Boucek & Pribyl (Fig. 9G) and question-
able Monograptus simulans Pedersen suggest the presence
of the M. simulans Biozone.
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Table 2. Graptolite species found in the individual zones. This table illustrates the wide spectrum of species recorded in the Silurian succession of the
Hlinsko Zone. The list based on data published by Horny (1956) is shown in the left column; graptolites encountered in our recent research are listed in the
right column. Zonal index taxa are bold typed. RA — Relative abundance of the species, assessed in this study, is shown in brackets behind the taxa: + fre-
quent, ++ common, without cross mark — uncommon to rare, GZ — Graptolite Zone.

GZ |Horny (1956) Storch & Kraft (this paper) RA GZ |Horny (1956) Storch & Kraft (this paper) RA
Retiolites geinitzianus Retiolites geinitzianus Stimulograptus cf. halli
= Pristiograptus sp. Pristiograptus sp. Monograptus sp. 1
E Monograptus sp. Monograptus ex gr. priodon ++ Monograptus gemmatus
& |Monoclimacis sp. Monoclimacis cf. geinitzii + 3 Monograptus cf. marri
Spirograptus spiralis Oktavites spiralis + S ?Campograptus sp.
Spirograptus sp. Streptograptus cf. anguinus .§ - Torquigraptus planus +
Retiolites geinitzianus Spirograptus guerichi +
Stomatograptus imperfectus Rastrites linnaei +
.gb Pristiograptus sp. Rastrites cf. schaueri
] - Monograptus ex gr. priodon Rastrites cf. fugax
2 Monoclimacis cf. crenulata Metaclimacograptus hughesi +
Cochlograptus veles Cephalograptus cometa extrema
Torquigraptus tullbergi Pseudoretiolites cf. perlatus
Retiolites geinitzianus / = Stimulograptus sedgwickii +
angustidens 3 Streptograptus sp.
Monograptus ex gr. priodon + _§° - Torquigraptus involutus
Monoclimacis ex gr. b3 Lituigraptus cf. urceolus
griestoniensis . .
2 Streptograptus sartorius? Oktav'ltes cf. pulc‘h.errzmus
2 Pseudostrentoeraptus? aff. Rastrites cf. gracilis
S seudostreptograp . .
'§ _ loydelli Rastrites cf. schaueri
E Cochlograptus veles + Climacograptus scalaris | Normalograptus? sp.
5) Torquigraptus cf. arcuatus Metaclimacograptus hughesi +
Torquigraptus aff. proteus + Neodiplograptus thuringiacus ++
Torquigraptus pragensis + Glyptograptus tamariscus | Glyptograptus ex gr. tamariscus
Torquigraptus australis Pseudorthograptus insectiformis | +
Diversograptus sp. Rivagraptus bellulus +
Parapetalolithus sp. (cf. tenuis) Petalolithus sp. Petalolithus cf. intermedius
Pseudoplegmatograptus ex gr. Petalolithus folium +
obesus Pristiograptus jaculum Pristiograptus regularis +
Y Pristiograptus sp. § Pristiograptus sp.
§_ Monograptus ex gr. priodon + % Monograptus lobiferus Campograptus lobiferus
g Torquigraptus proteus + 2 Campograptus clingani ++
Globosograptus cf. crispus |Streptograptus crispus + 3 Campograptus cf. communis
Streptograptus cf. storchi + “Monograptus” mirus
Monograptus veles Cochlograptus veles + Pernerograptus limatulus | *“Monograptus” limatulus +
Spirograptus turriculatus + Torquigraptus cf. denticulatus
Parapetalolithus tenuis Torquigraptus cf. decipiens
g Pristiograptus ex gr. nudus Demirastrites convolutus | Lituigraptus convolutus +
3 Monograptus marri Rastrites cf. richteri
§ - Streptograptus cf. storchi + Rastrites cf. approximatus |Rastrites aff. approximatus
§ Streptograptus exiguus Rastrites peregrinus Rastrites peregrinus +
Streptograptus sp. (tiny form) Demirastrites sp.
Spirograptus turriculatus ++ Streptograptus sp.
Glyptograptus sp. (cf. “Orth. + Normalograptus sp.
ultimus”) Metaclimacograptus cf.
Parapetalolithus ovatus hughesi +
Parapetalolithus regius Neodiplograptus cf.thuringiacus
Parapetalolithus cf. elongatus Glyptograptus tamariscus
Parapetalolithus palmeus? Pseudorthograptus insectiformis| +
3 Parapetalolithus cf. hispanicus § Rivagraptus? sp.
E - Pseudoretiolites? sp. S B Petalolithus folium +
= Pristiograptus regularis + §~ Petalolithus praecursor
Pristiograptus cf. variabilis = Pseudoretiolites perlatus
Pristiograptus pristinus Coronograptus gregarius
Streptograptus plumosus + Coronograptus maxiculus +
Streptograptus sp. (tiny form) Neolagarograptus sp. (cf.
Streptograptus cf. storchi helenae)
?Diversograptus cf. capillaris Pribylograptus leptotheca +
Stimulograptus becki “Monograptus” aff. havliceki
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Table 2 continued

GZ |Horny (1956) Storch & Kraft (this paper) RA GZ |Horny (1956) Storch & Kraft (this paper) RA
Pribylograptus leptotheca + Neodiplograptus cf. thuringiacus | +
“Monograptus” aff. havliceki Glyptograptus tamariscus
“Monograptus’limatulus + Rhaphidograptus toernquisti ++
“Monograptus” mirus Pseudorthograptus finneyi
§ ;A;I::lnograptLts”ldzz?cocephalus Pseudorthoigraptus inopinatus?
3 B ipograptus lobiferus ++ 2 Petalolithus ovatoelongatus
_§‘ Campograptus communis ;i Pristiograptus concinnus?
Campograptus millepeda ® - Coronograptus gregarius ++
“Monograptus” paradenticulatus -§ Pribylograptus argutus +
Lituigraptus richteri = Demirastrites triangulatus ++
Rastrites approximatus + Rastrites longispinus +
Rastrites cf. geinitzii “Monograptus” revolutus s.1. +
Normalograptus aff. normalis “Monograptus” ex gr. austerus
2 Pseudorthograptus insectiformis Pribylograptus cf. spiculiformis
.§ Petalolithus praecursor Campograptus communis +
5 - Coronograptus gregarius Normalograptus cf.
° ?“Monograptus simulans” rectangularis
Torquigraptus cf. valens Normalograptus cf. normalis
Lituigraptus cf. richteri Normalograptus ct. medius
Climacogr. rectangularis | Normalograptus sp. Metaclimacograptus sp.
Climacograptus sp. Metaclimacograptus sp. Neodiplograptus cf. elongatus
Glyptograptus cf. sinuatus |Neodiplograptus cf. thuringiacus | + Glyptograpius cf. tamariscus
Orthograptus sp. Rhaphidograptus toernquisti 2 Pseudorthograptus finneyi
Glyptograptus sp. '§: _ Dimorphograptoides aff.
. S physophora
., |Petalo. ovatoelongatus Petalolithus ovatoelongatus . o
‘s Petalolithus of. minor Ri-taphzdogmptus toernquzst? +
5 Pseudoretiolites cf. perlatus D{morp hograptus swanstoni *
§ Pristiograptus concinnus Dimorphograptus erectus
Coronograptus gregarius ++ Coronograptus cyphus +
Pribylograptus argutus ++ Huttagraptus? sp. .
Pribylograptus cf. sandersoni C{{mn()gmp s gregarius
Monograptus sp. “Monograptus” ct. sudburiae Pribylograptus argutus
Campograptus aff. communis + “Monograptus” revolutus s.1.
Demirastrites sp. Demirastrites pectinatus Normfllo‘g' raptus ex gr. normalis
Rastrites longispinus Rastrites cf. longispinus 2 Rhap zd'og raptus cf. extenuatu's )
. Normalograptus cf. normalis I & Rhaphla’ograptus’cf. toernquisti
_‘§ Normalograptus nikolayevi § — CJ'J stograptus vesiculosus .
5 - Metaclimacograptus hughesi S Dt.morphogmptus swanstoni +
§ Metaclimacograptus cf. undulatus Dimorphog mf tus confertus +
S Neodiplograptus cf. . Atavograptus? sp.
thuringiacus “Monograptus” cf. austerus

The Pribylograptus leptotheca Biozone is widely repre-
sented in our material. It is distinguished by a co-occurrence
of Pribylograptus leptotheca (Lapworth) (Fig. 9]), Petalo-
lithus folium (Hisinger) (Fig. 9C), Petalolithus praecursor,
“Monograptus” paradenticulatus Zalasiewicz (Fig. 9B),
Lituigraptus richteri (Perner) (Fig. 6l), Coronograptus
maxiculus Storch, Monograptus aff. havliceki Storch,
Monograptus — dracocephalus ~ Storch,  Campograptus
lobiferus (McCoy) (Fig. 9K), Campograptus leptotheca
(McCoy) (Figs 7A, 11D) and Rastrites approximatus
Perner. The full diversity listed in Tab. 2 echoes that pub-
lished by Storch (1998) from Tmaii in the Barrandian area.

The Lituigraptus convolutus Biozone manifests itself
by a co-occurrence of Lituigraptus convolutus (Hisinger)
(Figs 9A, 1), Rivagraptus bellulus (Tornquist) (Figs 6M,

9H), “Monograptus” limatulus Tornquist, “Monograptus”
mirus Perner (Fig. 6C), Campograptus clingani (Car-
ruthers) (Figs 7D, 11H), Torquigraptus cf. denticulatus
(Tornquist) and Rastrites peregrinus Barrande (Fig. 9L).
Examination of the specimens housed in the National Mu-
seum, Prague confirms convolutus Biozone assignment of
the fauna reported by Horny (1956).

The Stimulograptus sedgwickii Biozone is the least
represented Aeronian biozone in our collections. Stimu-
lograptus sedgwickii (Portlock) is accompanied by
Metaclimacograptus hughesi (Nicholson), a single
rhabdosome of Cephalograptus cometa extrema Boucek
& Pribyl, Oktavites cf. pulcherrimus (Manck), fragmen-
tary Lituigraptus cf. urceolus (Richter), Rastrites cf.
gracilis Pribyl, fragmentary Torguigraptus involutus
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Figure 5. A comparison between the sedimentary succession of the Mrékotin Formation of the Hlinsko Zone and the sedimentary succession of the
Barrandian area based upon biostratigraphic correlation.

(Lapworth) (Fig. 11A) and Streptograptus sp. A similar ~ Telychian

assemblage with late lituigraptids and early oktavitids

has been widely reported from deep-water Thuringian = Telychian (late Llandovery) graptolites are common from
sections (e.g., Schauer 1971) but it is either missing or ~ our sampling sites. Lower and middle Telychian samples
poorly represented in the Barrandian area. are from the fields, neighbouring mounds of stones, the fo-

Figure 6. A — Pribylograptus cf. spiculiformis (Ni, 1978), S 05052a. « B — Torquigraptus proteus (Barrande, 1850), S 05086. ¢ C — “Monograptus”
mirus Perner, 1897, S 05076. « D Dimorphograptus erectus Elles & Wood, 1908, S 05072. « E — Metaclimacograptus hughesi (Nicholson, 1869),
S 05088. « F-H — Torquigraptus pragensis (Pfibyl, 1943); F — S 05049, G — S 05047, H — S 05025. I — Lituigraptus richteri (Perner, 1897), S 05092.
» J —Huttagraptus? sp. A, S 05041. « K — Pseudostreptograptus? aff. loydelli (Storch & Serpagli, 1993) sensu Zalasiewicz (1994), S 05031.
* L —“Monograptus” revolutus Kurck, 1882, s.1., S 05089. « M — Rivagraptus bellulus (Tornquist, 1890), S 05067. ¢ N, O — Pseudorthograptus finneyi sp.
nov.; N—-BB 718, 0 - S 05077. « P — Dimorphograptoides atf. physophora (Nicholson, 1868), BB 719a. * Q, R — Dimorphograptus swanstoni Lapworth,
1876; Q—BB 720, R — S 05078. » A-I, K-M, R — Mrdkotin, locality 3a: (A, E, L) triangulatus Biozone, (B) crispus Biozone, (C, I) leptotheca Biozone,
(D) cyphus Biozone, (F-H, K) griestoniensis Biozone, (I) simulans Biozone, (M) convolutus Biozone and (R) vesiculosus Biozone. ¢ J, O — Mréakotin, lo-
cality 1: (J) triangulatus Biozone and (O) cyphus Biozone. * N, P, Q — Oflenda (exact site unknown): vesiculosus Biozone. All specimens x 6. Black bars
show the direction of tectonic elongation.
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Figure 7. A — Campograptus millepeda (McCoy, 1850), S 05083a. « B — Demirastrites pectinatus (Richter, 1853), S 05084. ¢ C — Parapetalolithus
ovatus (Barrande, 1850), S 05032. « D — Campograptus clingani (Carruthers, 1867), S 05080. ¢ E — Parapetalolithus regius (Hundt, 1957), S 05007.
e A, B — Mrékotin, locality 1: (A) leptotheca Biozone and (B) pectinatus Biozone. * C—E — Mrékotin, locality 3a: (D) convolutus Biozone and (C, E)
linnaei Biozone. A-D X 6, E x 3. Black bars show the direction of tectonic elongation.

rested ridge and forest road near the GSM tower (hill-top
530 m) south-west of Mréakotin (Fig. 2, localities 2b, 3a—c, 4).
Further Telychian graptolites come from mounds near the
Cooperative farmyard at Mréakotin (locality 1).

The most diverse assemblage is from the Rastrites
linnaei Biozone, which is in accordance with the graptolite

Parapetalolithus regius (Hundt) (Figs 7E, 11K), Parape-
talolithus elongatus (Boucek & Ptibyl), Parapetalolithus
cf. palmeus (Barrande), “Monograptus” gemmatus (Bar-
rande), Streptograptus plumosus (Baily), Stimulograptus
halli (Barrande) (Fig. 10L), Stimulograptus becki
(Barrande), Torquigraptus planus (Barrande) (Fig. 10M),

Spirograptus guerichi Loydell, Storch & Melchin
(Fig. 10E), Rastrites cf. fugax (Barrande), Rastrites cf.
schaueri Storch & Loydell a.o. We adopted Rastrites

diversity high observed by Melchin et al. (1998). Rastrites
linnaei Barrande (Fig. 10H) occurs together with
Parapetalolithus ovatus (Barrande) (Figs 7C, 10B),

Figure 8. A — Rhaphidograptus toernquisti (Elles & Wood, 1906), S 05059. « B Demirastrites triangulatus (Harkness, 1851), S 05017. ¢« C — De-
mirastrites pectinatus (Richter, 1853), S 05038. « D — Dimorphograptus swanstoni Lapworth, 1876, BB 720. « E, J — Rastrites longispinus Perner,
1897; E — S 05055,J — S 05099. * F — Petalolithus ovatoelongatus (Kurck, 1882), S 05053. « G — Normalograptus cf. normalis (Lapworth, 1877),
BB 722. « H —Dimorphograptoides aff. physophora (Nicholson, 1868), BB 719a. « I — Coronograptus gregarius (Lapworth, 1876), S 05016.
* K — Neodiplograptus thuringiacus (Kriste, 1919) and Pribylograptus leptotheca (Lapworth, 1876), S 05064. « L — Campograptus communis
(Lapworth, 1876), S 05002. « M — Dimorphograptus confertus (Nicholson, 1868), S 05061. ¢ D, G, H — Oflenda (exact site unknown): vesiculosus
Biozone. * B, F, I, J, L — Mrakotin, locality 1: triangulatus Biozone. ¢ A, C, E, K — Mrakotin, locality 3a: (A) triangulatus Biozone, (C, E) pectinatus
Biozone and (K) convolutus Biozone. « M — Oldfetice, locality 6: vesiculosus Biozone. All specimens x 4. White bars show the direction of tectonic
elongation.
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linnaei as a biozonal index taxon instead of Spirograptus
guerichi despite the relative scarcity of the former species
in our samples. The Rastrites linnaei Biozone has been
well defined in the Barrandian area (Bou¢ek 1953, Storch
1994), Thuringia (Schauer 1971) and Spain (Gu-
tiérrez-Marco & Storch 1998). It is well developed in Po-
land (Malinowska 1955) and Sardinia (Storch & Serpagli
1993). Spirograptus guerichi is the preferred zonal index
fossil outside Europe where Rastrites linnaei is missing.
Loydell (1991a) recorded first occurrences of Rastrites
linnaei well below the first Spirograptus guerichi in
Wales. However, Spirograptus guerichi is hardly distin-
guishable from Spirograptus turriculatus (Barrande)
(Figs 10K, 111) — (index species of the succeeding zone) —
in tectonically broadened and deformed material, such as
that from the Hlinsko Zone.

A much impoverished graptolite fauna characterizes
the Spirograptus turriculatus Biozone. In the present sam-
ples the biozonal index species has been associated with
Parapetalolithus tenuis (Barrande) (Fig. 10C), Mono-
graptus marri Barrande and some streptograptids, notably
Streptograptus exiguus (Lapworth). Close examination of
the specimen figured as Spirograptus spiralis by Horny
(1956) revealed that it has spirograptid thecae with long ap-
ertural spines. The specimen is a tectonically enlarged
Spirograptus turriculatus.

The graptolite fauna of the Streptograptus crispus Bio-
zone is characterized by the presence of common Cochlo-
graptus veles (Richter) along with rare Streptograptus
crispus (Lapworth), Streptograptus storchi Loydell, Tor-
quigraptus proteus (Barrande) (Figs 6B, 11E), Pseudo-
plegmatograptus ex gr. obesus Lapworth and Spirograptus
turriculatus (Barrande) (Figs 10K, 111), the latter persist-
ing from the underlying biozone (see Table 2 for full list of
species). The considerably overlapping ranges of
Spirograptus turriculatus and Streptograptus crispus were
first recorded by Elles & Wood (1913, p. 439), in the
Barrandian area by Storch (1994).

The Monoclimacis griestoniensis Biozone has been
identified by means of the co-occurrence of Retiolites
geinitzianus angustidens Elles & Wood (Fig. 1010),
Monoclimacis ex gr. griestoniensis Nicol, Pseudostrepto-
graptus? aff. loydelli Storch & Serpagli, sensu
Zalasiewicz (1994) (Figs 6K, 10F), Cochlograptus veles
(Richter) (Fig. 10D), Torquigraptus ct. arcuatus (Bou-

¢ek), Torquigraptus australis Storch (Fig. 10A) and
rather common Torquigraptus pragensis (Pribyl)
(Figs 6F-H, 10G, 11F). The last named species is known
to be a prominent, although uncommon component of the
Monoclimacis griestoniensis Biozone assemblages in the
Barrandian area (Boucek 1953), Thuringia (Schauer
1971), Sardinia (Storch & Serpagli 1993) and Wales
(Zalasiewicz 1990).

Graptolites assigned to the Torquigraptus tullbergi
Biozone have been found in several loose boulders and in
the middle part of the black slate succession exposed in
Picek’s Quarry (Fig. 2, locality 2a). Uncommon Torqui-
graptus tullbergi (Boucek) is associated with Retiolites
geinitzianus (Barrande), Stomatograptus imperfectus
Boucek & Miinch — (a single large rhabdosome, Fig. 10J),
Monograptus ex gr. priodon (Bronn), Cochlograptus veles
(Fig. 10J) and Monoclimacis cf. crenulata (Elles & Wood).

The highest biostratigraphically proven beds are ex-
posed in the uppermost part of the Picek’s Quarry (locality
2a, spot 2). Rare, large specimens of Oktavites spiralis
(Geinitz) (Fig. 4) are confined to a few bedding planes, as-
sociated with Retiolites geinitzianus and Streptograptus cf.
anguinus Pribyl. Straight rhabdosomes of Monograptus,
Monoclimacis and Pristiograptus are common throughout
the succession.

Although Horny (1956) and the present authors have re-
corded graptolite bearing slabs in different frequency from
different stratigraphic levels, a very good overlap is notable
(Table 1). It is evident that only lower Silurian rocks are rep-
resented in the Mréakotin Formation. We have proved the
Llandovery Series. Horny (1956) mentioned also the lower-
most Wenlock from this unit, but we have found no material
of e.g. cyrtograptids to confirm his opinion.

Palaeontological notes
Rivagraptus bellulus (Térnquist, 1890)

This is a common constituent of the Lituigraptus convolu-
tus Biozone assemblage and also occurs in the Pribylog-
raptus leptotheca Biozone in the Hlinsko area. Specimens
with proximal ends can be easily recognized by their
sub-alternating, straight tubular thecae and thecal apertures
furnished with prominent spines (Figs 6M, 9H). Only one

Figure 9. A, 1- Lituigraptus convolutus (Hisinger, 1837); A — S 05068, I — S 05065. * B “Monograptus” paradenticulatus Zalasiewicz, 1996, S 05066.
e C — Petalolithus folium (Hisinger, 1837), S 05023. D — Pribylograptus cf. spiculiformis (Ni, 1978), S 05052a. « E —Metaclimacograptus hughesi
(Nicholson, 1869), S 05073. « F — Campograptus communis (Lapworth, 1876), S 05062. ¢ G — Petalolithus praecursor Bouc¢ek & Pribyl, 1941, S 05011.
* H — Rivagraptus bellulus (Tornquist, 1890), S 05067. ¢ J — Pribylograptus leptotheca (Lapworth, 1876), S 05060. « K — Campograptus lobiferus (Mc-
Coy, 1850), S 05076. ¢ L —Rastrites peregrinus Barrande, 1850, S 05063. ¢ A, F — Mrékotin, locality 1: (A) convolutus Biozone and (F) triangulatus
Biozone. « B-E, G-L — Mrékotin, locality 3a: (B, G, J) leptotheca Biozone; (C, E, H, I, K, L) convolutus Biozone and (D) triangulatus Biozone. All speci-

mens x 4. White bars show the direction of tectonic elongation.
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of the paired spines is usually seen. A robust, long virgella
is another typical feature of this species. Species lacking
proximal ends would be difficult, if not impossible, to dis-
tinguish from Agetograptus primus (see Loydell 1991b).

Parapetalolithus ovatus (Barrande, 1850)

This species is nearly circular in outline until the maturity of
the rhabdosome is achieved. Proximal thecae are tightly ap-
pressed and concave to the proximal end of the rhabdosome.
The maximum width of 6.6 mm is attained at the 45" thecal
pair. The specimen figured on Figs 7C and 10B is furnished
with several nemal threads — a feature more typical of Para-
petalolithus regius below. Similar nemal threads were recor-
ded in Parapetalolithus ovatus by Loydell (1992).

Parapetalolithus regius (Hundt, 1957)

Two broadly ovoid rhabdosomes were found in the Ras-
trites linnaei Biozone. The maximum rhabdosome width
of 7.8 mm is attained approximately at the level of the
ninth thecal pair. The thecae are closely spaced and, pro-
ximally, concave to the proximal end. The distal end of
the rhabdosome divides in two parts with a bundle of ne-
mal threads. This division is complete in one specimen
and just initiated in the other one (Figs 7E, 11K). The pre-
sent specimens agree well with the earlier descriptions of
Parapetalolithus regius by Loydell (1992) and those of its
junior synonym Parapetalolithus ovatus scopaecularis
(Schauer, 1971).

Dimorphograptoides aff. physophora
(Nicholson, 1868)

A robust rhabdosome with short uniserial portion compri-
sing th 1'. Th 17 is either missing or much delayed in its
budding. The sicula is long, exposed for ca two-thirds
its length on the dorsal side. It is furnished with a large,
poorly preserved, probably four-pronged ancora (see
Figs 6P, 8H). The straight thecae are acuminate in outline,
with ventrally extended apertures, roughly perpendicular

to the rhabdosome. Th 1! turns up below the sicular aper-
ture and, combined with either delayed or even suppres-
sed th 1%, long sicula and large ancora, accounts for proxi-
mal growth of Pattern I or derived Pattern I’ sensu
Melchin (1998). The similar proximal development of
Pseudorthograptus? alaskensis (Churkin & Carter, 1970)
and Pseudorthograptus? physophora (Nicholson, 1868),
differs in having a more advanced ancora with connecting
rods and membrane. Present form well matches Barran-
dian specimens, assigned to Pseudorthograptus obuti
(Rickards & Koren’, 1974) by Storch (1985, fig. 2H, J),
by its protracted proximal end, much exposed sicula and
delayed th 12. It also occurs in the Coronograptus cyphus
Biozone although in its lower part, in association with Ne-
odiplograptus cf. elongatus, Dimorphograptus swanstoni
and Rhaphidograptus toernquisti. True Pseudorthograp-
tus obuti (Rickards & Koren’, 1974) can be distinguished
from all of these forms by its regular pattern I proximal
development without uniserial part (see also Rickards &
Koren’ 1996).

Dimorphograptus erectus Elles & Wood,
1908

Several dimorphograptid rhabdosomes possess a short uni-
serial portion comprising two thecae. The distal width of
the rhabdosome, 2.5-2.8 mm, is attained rapidly, although
without abrupt expansion at the beginning of the biserial
portion (Fig. 6D). Straight thecae with perpendicular or
slightly everted apertures overlap for about half their
length. Dimorphograptus erectus nicholsoni Rickards,
1970 distinguished by its two-three uniserial thecae has
been synonymized with the type subspecies D. erectus
erectus Elles & Wood, 1908 by Hutt (1974). Actually, the
two forms have been separated by the slightly different
number of uniserial thecae, which often varies in dimor-
phograptids. Dimorphograptus cf. longissimus (Kurck,
1882) described by Hutt (1974) has an equally short unise-
rial part but a wider biserial part with expanded thecal aper-
tures. The Hlinsko Zone Dimorphograptus cf. erectus is
accompanied by Dimorphograptus swanstoni, Rhaphido-
graptus toernquisti, Monograptus austerus and Corono-
graptus cyphus?.

Figure 10. A — Torquigraptus australis Storch, 1998, S 05021. « B — Parapetalolithus ovatus (Barrande, 1850), S 05032. « C — Parapetalolithus tenuis
(Barrande, 1850), S 05074. ¢ D (and J) — Cochlograptus veles (Richter, 1871), S 05050. ¢ E — Spirograptus guerichi Loydell, Storch & Melchin, 1993,
S 05090. ¢ F — Pseudostreptograptus? aff. loydelli (Storch & Serpagli, 1993) sensu Zalasiewicz (1994), S 05031. G — Torquigraptus pragensis (Ptibyl,
1943), S 05049.  H — Rastrites linnaei Barrande, 1850, S 05069. ¢ I — Retiolites angustidens Elles & Wood, 1908, S 05022.  J — Stomatograptus
imperfectus Boucek & Miinch, 1944, and Cochlograptus veles (Richter, 1871), S 05020. ¢ K — Spirograptus turriculatus (Barrande, 1850), S 05027.
o L — Stimulograptus halli (Barrande, 1850), S 05091. « M — Torquigraptus planus (Barrande, 1850), S 05033. « (B, E, H, L, M) linnaei Biozone; (C, K)
turriculatus Biozone; (D) crispus Biozone; (A, F, G, I) griestoniensis Biozone; (J) tullbergi Biozone; all from Mrékotin, locality 3a. All specimens x 4,

except Fig. 10J, x 2. White bars show the direction of tectonic elongation.
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Dimorphograptus swanstoni Lapworth, 1876

Specimens are distinguished by acuminate, glyptograp-
tid thecae without apertural extension and by a uniserial
part that consists of 3-5 thecae (Figs 6Q, R, 8D). The
uniserial part is longer and comprises more thecae than
that of Dimorphograptus erectus Elles & Wood or Di-
morphograptus longissimus (Kurck). Dimorphograptus
confertus is readily discernible by its wider rhabdosome
and slightly more closely spaced thecae with thickened
and extended apertural lips. Dimorphograptus swan-
stoni occurs in the lower part of the Coronograptus cyphus
Biozone in association with Rhaphidograptus toernqu-
isti and C. cyphus.

Pseudoretiolites cf. perlatus (Nicholson, 1868)

Several, presumably tectonically widened rhabdosomes
closely resembling Pseudoretiolites perlatus are associa-
ted with graptolites indicating Pribylograptus leptotheca
and Stimulograptus sedgwickii biozones. The rhabdoso-
mes widen rapidly at the proximal end (Fig. 13). The the-
cae are straight, inclined at ca 70° and barely distinguis-
hable in some specimens. The apertural parts are formed
of fine, laterally elongated meshes arranged in a zig-zag
pattern. Ellipsoidal retiolitid rhabdosomes from the lo-
wermost Rastrites linnaei Biozone of Thuringia, descri-
bed as Pseudoretiolites decurtatus by Boucek & Miinch
(1944), may be distinguished from Pseudoretiolites per-
latus by their dense reticular meshwork and closely spa-
ced thecae.

Stomatograptus imperfectus Boucek & Minch,
1944

A single, 77 mm long rhabdosome widens rapidly from an
initial width of ca 1.9 mm to 4.8 mm attained after ca
10 mm. Thereafter the rhabdosome widens very gradually
up to the distal maximum of 7.8 mm (Fig. 10J). Generic as-
signment is based upon median row of ellipsoidal stomata
and the presence of partly sclerotized thecal floors (sensu
Lenz & Melchin 1987). The present specimen is distinguis-
hable from Stomatograptus grandis (Suess) by its less ra-

pidly widening rhabdosome, more acute ventral apertural
margins and less sclerotized subapertural thecal floors.
This specimen was found in association with Cochlograp-
tus veles and Torquigraptus tullbergi, species from well
below the known stratigraphic range of Stomatograptus
grandis.

Pribylograptus leptotheca (Lapworth, 1876)

The material consists of straight, 1.4—1.5 mm wide distal
parts of very long rhabdosomes (Fig. 9J). The species was
determined by its long, straight, very gently inclined, and
greatly overlapping thecae.

Pribylograptus cf. spiculiformis (Ni, 1978)

Three dorsally curved rhabdosomes with straight tubular
thecae, straight apertures and ca 1 mm long, spinose, ven-
trally directed genicular hoods (Figs 6A, 9D) were found
with a triangulatus Biozone assemblage (Coronograptus
gregarius, Demirastrites triangulatus, Rastrites longispi-
nus, Monograptus revolutus s.l., Campograptus commu-
nis a.0.). Pristiograptid thecae overlapping for more than
half their length, combined with long, presumably unpai-
red genicular spines and dorsally curved rhabdosome
strongly resemble Pribylograptus spiculiformis described
by Ni (1978) from the Coronograptus leei Biozone of
Western Hubei, China. The early rastritids that accompa-
nied Pribylograptus spiculiformis indicate a stratigraphic
level close to the Demirastrites triangulatus Biozone
sensu Boucek (1952). The genicular spines of the present
specimens are longer and the thecae less, if at all, genicu-
lated than observed in other comparable taxa (huttagrap-
tids, early monoclimacids). Pribylograptus sp. recorded
by Loydell er al. (2003) from the lower Demirastrites
triangulatus Biozone of Aizpute-41 core in Latvia exhi-
bits dorsally curved rhabdosome and thecae with long
spinose genicular hoods. Latvian rhabdosome is appa-
rently more robust than Chinese specimens. Further
comparison is biased by modest preservation of the Chi-
nese specimen (personal observation) on one side and
missing systematic description of the Latvian material
one the other side.

Figure 11. A — Rastrites cf. gracilis Pfibyl, 1942 and fragmentary Torquigraptus involutus Lapworth, 1876, S 05081. * B — “Monograptus” revolutus
Kurck, 1882, s.1., S 05089. « C — Glyptograptus tamariscus (Nicholson, 1868), S 05082. « D — Campograptus millepeda (McCoy, 1850), S 05083a.
* E — Torquigraptus proteus (Barrande, 1850), S 05086. * F — Torquigraptus pragensis (Ptibyl, 1943), S 05047. « G — Normalograptus nikolayevi (Obut,
1965), S 05094. « H — Campograptus clingani (Carruthers, 1867), S 05080. I — Spirograptus turriculatus (Barrande, 1850), S 05046. * J — Demirastrites
pectinatus (Richter, 1853), S 05084. « K — Parapetalolithus regius (Hundt, 1957), S 05007. « A-C, E-I, K — Mrakotin, locality 3a: (A) sedgwickii
Biozone, (B, G) triangulatus Biozone, (C) leptotheca Biozone, (E) ?turriculatus Biozone, (F) griestoniensis Biozone, (H) convolutus Biozone, (I)
turriculatus Biozone and (K) linnaei Biozone; D, J — Mrékotin, locality 1: (D) leptotheca Biozone and (J) pectinatus Biozone. All specimens x 4. White

bars show the direction of tectonic elongation.
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Figure 12. Barrandian specimens
of Pseudorthograptus finneyi sp.
nov. 1.« A —holotype PS 21/1, x 5,
from Karlik near Dobfichovice.
* B — paratype PS 163, x 6, from
Hlasna Treban. Black bars indicate
1 mm scale.

Campograptus clingani (Carruthers, 1867)

This was found in the Lituigraptus convolutus Biozone
sample. It is easily distinguishable from other similar do-
rsally curved monograptids, and campograptids in particu-
lar, by its robust proximal end and hooked thecae with
broad prothecal base and ventral prothecal wall nearly pa-
rallel to the rhabdosome. The latter feature is barely seen in
our specimen (Figs 7D, 11H) due to tectonic effects. The
proximal-facing thecal apertures are furnished with lateral
spines.

Torquigraptus australis Storch, 1998

This middle Telychian torquigraptid can be readily distin-
guished from other middle and late Telychian spiraliform
taxa by its relatively slender rhabdosome which is enrolled
in a regular planar spiral with a straightened proximal part
composed of ca 6 axially elongated, long-triangular thecae
(Fig. 10A). Mesial and distal thecae with laterally twisted
apertures grow perpendicular or sub-perpendicular to the
spiral plane. Torquigraptus tullbergi (Boucek, 1931) wi-
dens more rapidly in the proximal part, the distal form of
the thecae developed earlier in its astogeny and its rhabdo-
some never forms such a tight and regular planar spiral.
Torquigraptus spiraloides (Ptibyl, 1944) exhibits more
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isolated and higher metathecae proximally and a greater
dorso-ventral width distally. Its rhabdosome spiral is heli-
cal rather than planar.

Torquigraptus pragensis (Pribyl, 1943)

Twelve specimens were found in several loose blocks in
association with other graptolites indicating Monoclimacis
griestoniensis Biozone. The species possesses highly trian-
gular isolated thecae with small, laterally facing apertural
hooks. The ca seven proximal metathecae are slender, al-
most rastritiform; the following metathecae become more
triangular and less isolated (Figs 6F-H, 10G, 11F). Zalasi-
ewicz (1994) illustrated markedly asymmetrical, and over-
lapping distal thecae that were not recognized by Pribyl
(1943) and Storch & Serpagli (1993).

Pseudostreptograptus? aff. loydelli
(sensu Zalasiewicz 1994)

The hook-shaped rhabdosome is similar to Streptograptus lo-
ydelli Storch & Serpagli, 1993 in its shape, dorso-ventral
width and thecal spacing. The thecae are furnished, however,
with branching spines closely resembling the lateral spatulate
processes (Figs 6K, 10F) revealed by Loydell (1991a) in
Pseudostreptograptus williamsi (see also Loydell & Maletz
2004) from the basal Telychian Spirograptus guerichi or Ras-
trites linnaei biozones. The present specimens are associated
with Torquigraptus pragensis, Cochlograptus veles, Mono-
graptus ex gr. priodon and Monoclimacis sp. indicating a
considerably higher stratigraphic level, similar to that of
Streptograptus loydelli. The present taxon may be identical to
Streptograptus aff. loydelli of Zalasiewicz (1994) which oc-
curs in the lower Monoclimacis griestoniensis Biozone and
also possesses spinose thecae. Due to its spinose thecae,
Streptograptus aff. loydelli sensu Zalasiewicz has been tenta-
tively assigned to Pseudostreptograptus in this paper.

Demirastrites pectinatus (Richter, 1853)

This species, although tectonically deformed, is well dis-
tinguishable from other triangulate monograptids by its
isolated but distally tightly appressed metathecae (Figs 7B,
8C, 11J). The earliest 3—4 thecae are highly triangular,
separated, almost rastritid in form, the following thecae
become robust, rather pectinate in outline, and possibly
possess short, widely triangular lateral processes similar to
those in Lituigraptus. Demirastrites pectinatus is common
in the Hlinsko Zone but rarely found together with Demi-
rastrites triangulatus, hence recognition of two separate
biozones.
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Lituigraptus richteri (Perner, 1897)

Several dorsally coiled rhabdosomes with rastritid proxi-
mal and mesial thecae belong to Lituigraptus richteri — a
characteristic element of the Pribylograptus leptotheca
Biozone assemblage. The thecal spacing and height of the
metathecae are typical of this species. The triangular lateral
processes (Fig. 6I) on sub-proximal thecae suggest a dis-
tinct morphological transition to Lituigraptus convolutus.

Lituigraptus convolutus (Hisinger, 1837)

Common fragmentary rhabdosomes of Lituigraptus convo-
lutus are readily distinguishable from other rastritiform spe-
cies by the prominent, paired, ventrally or proximo-ventrally
directed lateral apertural processes (Fig. 9A, I).

Systematic palaeontology
Family Petalolithidae Bulman, 1955, emend. Melchin, 1998
Genus Pseudorthograptus Legrand, 1987

Type species. — Diplograptus insectiformis Nicholson,
1869.

Pseudorthograptus finneyi sp. nov.
Figures 6N, O, 12A, B

21975 Orthograptus cyperoides (Tornquist, 1897). — Bjer-
reskov, pp. 28, 29, text-fig. 10D.
1985  Orthograptus cyperoides Térnquist, 1897. — Storch,
p- 90, pl. 1, figs 14, text-fig. 2F, G.
21991b “Orthograptus” cyperoides (Tornquist, 1897). — Loy-
dell, p. 678, pl. 1, figs 10-15.

Holotype. — Specimen No. PS 21/1 figured by Storch (1985)
onPL 1, fig. 5 and text-fig. 2G; refigured herein on Fig. 12A;
from the lowermost Demirastrites triangulatus-Demi-
rastrites pectinatus Biozone at Karlik near Dobfichovice,
Bohemia.

Material. — 25 flattened, mostly complete specimens from
the Barrandian area, seven tectonically deformed flattened
rhabdosomes from the Hlinsko Zone.

Diagnosis. — Small pseudorthograptid with wedge-shaped
proximal part and parallel-sided distal part. Maximum
width of 1.2 mm attained by the ca 6™ theca. The sicula is
ca 1.7 mm long, exposed for 0.6—0.8 mm on dorsal side be-
low th I%. The virgella is divided almost immediately into a

Figure 13. Pseudoretiolites cf. perlatus (Nicholson, 1868), S 05044a,
x 4; sedgwickii Biozone, Mrakotin, locality 3a.

complex, dish-shaped ancora, often covered by a membra-
nous tissue. Thecae are simple tubes, inclined at 20-30°,
numbering 7 in 5 mm; straight thecal apertures are perpen-
dicular to thecal axis.

Discussion. — Pseudorthograptus finneyi was described in
detail by Storch (1985) and refered to Orthograptus cype-
roides Tornquist, 1897. The latter species, however, is less
tapering proximally and doesn’t possess the complex an-
cora. Its type material originates from the Cephalograptus
cometa (i.e. Lituigraptus convolutus) Biozone of Tom-
marp, Sweden. Rickards & Koren’ (1996) assigned Or-
thograptus cyperoides to Rivagraptus and excluded
the ancorate specimens figured by Storch (1985) and Loy-
dell (1991b) from Tornquist’s (1897) taxon. Indeed,
the only specimen figured by Rickards & Koren” (1996,
text-fig. 12E) is from Coronograptus gregarius Biozone
and differs from the Barrandian form also in its less pro-
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tracted proximal end and less delayed th 1°. A specimen
from the upper Coronograptus gregarius Biozone of Born-
holm, figured by Bjerreskov (1975, text-fig. 10D), differs
from that of Loydell (1991b) only in having very thin aper-
tural spines and ancora-like structure proximally. The ta-
xonomic identity of the latter two specimens is uncertain.
Specimens assigned to O. cyperoides by Hutt (1974) can be
distinguished from Ps. finneyi by their less protracted pro-
ximal part, without ancora, less delayed th 12, and thecal tu-
bes inclined at a higher angle. Both Pseudorthograptus in-
sectiformis (Nicholson, 1869) and Pseudorthograptus
inopinatus (Boucek, 1944) may be readily distinguished
from Pseudorthograptus finneyi sp. nov. by their promi-
nent thecal apertural spines, which are regularly preserved
in both Barrandian and Hlinsko material. The former two
species have less protracted and less asymmetrical proxi-
mal ends and little exposure of the sicula.

Pseudorthograptus finneyi occurs in the uppermost Co-
ronograptus cyphus and lower Demirastrites triangu-
latus-Demirastrites pectinatus biozones in the Barrandian
area, it is fairly common in the C. cyphus-Dem.
triangulatus boundary beds whereas records from the
“Monograptus” simulans Biozone are doubtful although
the specimen figured by Loydell (1991b) came from the
stratigraphically almost equivalent “Monograptus” argen-
teus Biozone. Pseudorthograptus finneyi is a common ele-
ment of the Dem. triangulatus Biozone assemblage also in
the Hlinsko area. Some specimens illustrate an extreme de-
gree of tectonic deformation (Fig. 6N).

Conclusions

The majority of graptolite biozones, so far recognized in
the Llandovery succession of the classical Barrandian area
of central Bohemia, has been identified in the Hlinsko Zone
(Tabs 1, 2 and Fig. 5). The Rhuddanian Cysfograptus vesi-
culosus and Coronograptus cyphus biozones, Aeronian De-
mirastrites triangulatus, Demirastrites pectinatus, ?“Mono-
graptus” simulans, Pribylograptus leptotheca, Lituigraptus
convolutus and Stimulograptus sedgwickii biozones and
Telychian Rastrites linnaei, Spirograptus turriculatus,
Streptograptus crispus, Monoclimacis griestoniensis,
Torquigraptus tullbergi and Oktavites spiralis biozones
were identified in loose boulders, the late Telychian Tor-
quigraptus tullbergi and Oktavites spiralis zones were
found in outcrop, in the abandoned Picek’s Quarry (Tab. 1).

No Wenlock taxa occur among the 112 graptolite spe-
cies that we have recorded in the black-shale succession of
the Hlinsko Zone (Tab. 2).

There is no striking difference between the graptolite
fauna of the Hlinsko area and that of the Barrandian area.
The lithological successions of the two areas, however, dif-
fer. Barren greenish mudstone beds which, in the Barrandian
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area, intercalate with black graptolitic shales of the upper
Llandovery Litohlavy Formation are missing in the Hlinsko
Zone (Fig. 5). The whole Llandovery succession — Mrakotin
Formation — of the Hlinsko Zone is composed of black slates
and silicites in the lower part whilst the rocks became less si-
liceous in the upper Llandovery, in the Torquigraptus
tullbergi and Oktavites spiralis biozones in particular. Light
coloured flat nodules and thin lenticular intercalations are
common in this formation and closely resemble the phos-
phatic nodules typical of Saxo-Thuringian facies of the Silu-
rian (Jaeger 1976). Thus the Llandovery sediments of the
Mrékotin Formation may have been deposited far from the
depositional sites of the coeval rocks of the Barrandian area,
apparently in less oxic, more offshore depositional settings
similar to those of the Silurian black shales of Saxo-
Thuringia, Bardo Mts of West Sudetes and Sardinia.
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