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New data on Telychian (Upper Llandovery, Silurian) graptolites from Spain

Nové poznatky o graptolitech svrchniho llandovery (silur) Spanélska (Czech summary)

(5 text-figs., 7 plates)

PETR STORCH

Geologicky iistav Akademie véd CR, Rozvajovd 135, 165 00 Praha 6, Czech Republic

Descriptions and/or comments on twenty Upper Llandovery (Telychian) graptolite taxa are based on new material acquired from the densely
sampled Lower Silurian black-shale sequences of the Western Iberian Cordillera and southern part of the Central Iberian Zone in Spain. One
new genus (Eurociimacis) and five new species (Euroclimacis iberica, Monograptus juancarlosi, Stimulograptus? splendens, Streptograptus
petiicoi and Torquigraptus australis) are erected.
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nated a special Mediterranean graptolite fauna and/or pro-
vince based on such tectonically broadened graptolites of
Wenlock age. Rickards et al. (1990) recognized tectonic
origin of several seemingly endemic graptolite species but
retained the Mediterranean Subprovince in their grapto-
lite biogeography review.

At some localities, however, the graptolite rhabdoso-
mes are little deformed and are often preserved in low to
moderate relief. A particularly rich and well preserved
Telychian graptolite fauna was found in the Sierra Me-
nera, Nevera, and Tremedal massifs of the Western Ibe-
rian Cordillera. Detailed biostratigraphical sampling car-
ried out by Gutiérrez-Marco & Storch (1998) yielded rich
material comprising 64 graptolite taxa. The latter paper
discussed and illustrated elements of these graptolite fau-
nas. Some species were considered new; many others
were left in open nomenclature.

This paper aims to bring formal description of or com-
ments on many of these new, little known and often mi-
sidentified species. The graptolite material from several
sections of the Western Iberian Cordillera has been re-
cently supplemented by other samples collected at Cor-
ral de Calatrava (Garcia Palacios et al. 1996a, b) and ne-
ighbouring sections in the southern part of the Central
Iberian Zone.

Geological and stratigraphical setting

The graptolite material described herein originates from
two widely separated Silurian outcrop areas of Spain.
The Corral de Calatrava section is situated c. 3.5 km
north-east of Corral de Calatrava village (Ciudad Real
Province) in the southern part of the Central Iberian Zone
of the Hesperian Massif — the largest Variscan block of
the Iberian Peninsula. The section was briefly described
by Garcia Palacios et al. (1996a, b). Early and Middle
Llandovery is represented by pale quartzose sandstones
of the Criadero Quartzite in the uppermost part of which
a local shaly intercalation with normalograptid rhabdo-
somes was found by Garcia Palacios et al. (1996a). The
quartzite unit is abruptly succeeded by a micaceous, la-
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minated black shale with common early Telychian grap-
tolites. The black shale sequence starts in the Parapeta-
lolithus hispanicus Subbiozone representing the upper-
most part of the Rastrites linnaei Biozone. In neighbou-
ring sections, however, the immediately preceding Para-
petalolithus palmeus Subbiozone has been tentatively
identified at the base of the black shale sequence. The
Telychian sequence of the Corral de Calatrava continues
with black clayey shales (Spirograptus turriculatus, Mo-
noclimacis griestoniensis, Torquigraptus tullbergi and Ok-
tavites spiralis biozones) and the same lithology is main-
tained until the early Sheinwoodian (early Wenlock). The
precise position of the Llandovery—Wenlock boundary has
not yet been determined because of the very incomplete
cyrtograptid record. Cyrtograptus centrifugus is not pre-
sent and Cyrtograptus insectus is represented only by
immature, poorly preserved specimens. The rather con-
densed Telychian sequence measures ¢. 18 m thick.

Several sections in the second outcrop area are situa-
ted in the Nevera, Tremedal and Sierra Menera massifs
of the Sierra de Albarracin Anticlinorium of the Western
Iberian Cordillera. The Western Iberian Cordillera is
a part of the European Alpine Belt which runs with a ge-
neral northwest-southeast orientation to the northeast of
the Hesperian Massif. The sections at Checa, Orihuela del
Tremedal, and El Pobo de Duefias (Guadalajara and Te-
ruel provinces) were described in detail by Gutiérrez-
Marco & Storch (1998). In the Western Iberian Cordille-
ra the early and middle Llandovery is represented by pale
quartzose sandstones of the upper part of the Los Puer-
tos Quartzite. Three shaly intercalations, with Rhudda-
nian and Aeronian graptolites, have been found in the
uppermost part of the quartzite unit (Gutiérrez-Marco &
Storch 1998). The quartzites are conformably overlain by
black shales (c. 60 m thick) of the Bddenas Formation.
The base of the Badenas Formation is sharp and so-
mewhat diachronous. The degree of diachroneity was
documented by Gutiérrez-Marco & Storch (1998) on the
basis of graptolite occurrences. The earliest Telychian
graptolite fauna representing the Paradiversograptus run-
cinatus—Monograptus gemmatus Subbiozone of the lin-
naei Biozone is developed at the base of the Bddenas
Formation at Checa (locality A of the latter authors). At
Orea — Checa road section (B) and Orihuela del Treme-
dal road sections (C, D) the Bidenas Formation starts
with hispanicus Subbiozone. Here, the exposed Telychian
sequence of the Bddenas Formation (Rastrites linnaei,
Spirograptus turriculatus, 1Streptograptus crispus, Mo-
noclimacis griestoniensis, Torquigraptus tullbergi and Ok-
tavites spiralis biozones) is composed of black shales,
with black sandy-micaceous laminites near the base of the
Formation and in the upper turriculatus Biozone. Grap-
tolites are usually well oriented by currents. The highest
beds, exposed in the sections Checa (A) and El Pobo de
Dueiias (F), correspond with the lower part of the spira-
lis Biozone.
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Gutiérrez-Marco & Storch (1998) suggested that the
Upper Llandovery black shales of the Biddenas Formati-
on of the Western Iberian Cordillera were deposited on
an open shelf (c¢. mid-shelf conditions), at a depth not
much greater under which the storm-influenced sandsto-
nes of the Los Puertos Quartzite were deposited. A simi-
lar depositional environment is envisaged for the Tely-
chian black shales and Criadero Quartzite in the southern
part of the Central Iberian Zone.

Depository of the graptolite material

Most of the specimens figured herein, including all ho-
lotypes, are housed in the Museo Geominero (ITGE),
Madrid (numbers prefixed MGM); a small number are
housed in the author’s collection in the Czech Geologi-
cal Survey Prague (numbers prefixed PS). Recently the
specimens figured by Gutiérrez-Marco & Storch (1998),
and prefixed DPM, have joined the present collection
housed in the Museo Geominero. DPM prefixes chan-
ged to MGM but the original numbers have been retai-
ned.

Terminology

In the systematic descriptions below the terminology used
is largely that of Loydell (1992, 1993a) and Storch & Ser-
pagli (1993). Thecal spacing is preferably expressed as
a two-thecae repeat distance (an abbreviation 2TRD) as
defined by Howe (1983).

Systematic part

Family Metaclimacograptidae Koren’ & Rickards, 1996
Genus Metaclimacograptus Bulman & Rickards, 1968

Type species: Diplograpsus hughesi Nicholson,
1869; original designation; from the Llandovery of the
Lake District, England.

Metaclimacograptus asejradi Legrand, 1993

Pl 1, fig. 1, text-fig. 3, fig. 9

1989 Paraclimacograptus sp.; Rodriguez Niifiez et al.,
pl. 2, fig. 5.

1993 Metaclimacograptus () asejradi nov. sp.; Legrand,
p. 423, fig. Se, f.

1998 Metaclimacograptus cf. asejradi Legrand; Gutiér-
rez-Marco & Storch, pp. 87-88, fig. 10e, 1.

Holotype: Original designation: specimen no 1815 al fi-
gured by Legrand (1993, fig. 5¢) from the Tioukeline
Claystones, north-west of Ouallene (Asejrad, Algeria);
turriculatus s.1. Biozone (early Telychian).

Material: 26 specimens, in moderate or low relief or
flattened; several are internal moulds.
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Description: Rhabdosomes are 1012 mm long, and
possess a slender nema. It widens from 0.7-0.85 mm at the
level of th1'-1? apertures to a maximum width of 1.3-14
mm which is attained at c. the level of the 4th-5th thecal
pair. The proximal end is asymmetrical, being of normalo-
graptid appearance. The primordial astogeny appears to be
of pattern H (sensu Mitchell 1987). A virgella, almost 1 mm
long is usually preserved. The thecae are doubly sigmoidally
curved. Thecal curvature is ¢onsiderably stronger in flatte-
ned specimens. The supragenicular walls of the thecae are
parallel to the rhabdosome axis. The apertural excavations
are not provided with hoods. The two thecae repeat distan-
ce (2TRD) is 1.5-1.7 mm in the distal part of the rhabdo-
some so that the thecae number 11.5-14 in 10 mm. The me-
dian septum undulates with sub-angular bending.

dies and data supplied by A. Garcia Palacios.

Remarks: Metaclimacograptus asejradi Legrand
can be distinguished from most other metaclimaco-
graptids by its robust rhabdosome with regular sub-
angular undulation of the median septum. Metaclima-
cograptus scalaris (Hisinger) which has a stratigra-
phical range similar to that of M. asejradi differs in
having stronger geniculation of the thecae and a less
undulating septum. The type material of M. asejradi
figured by Legrand (1993) slightly differs from Spa-
nish specimens in its lesser distal width and higher
thecal count (14-16, rarely 12). M. asejradi is com-
mon in the upper linnaei Biozone (hispanicus Subzo-
ne) and lower turriculatus Biozone at Corral de Ca-
latrava and all the localities studied by Gutiérrez-Mar-
co & Storch (1998).
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Metaclimacograptus flamandi (Legrand, 1993)
PL T, fig. 3; text-fig. 3, figs 7, 8

1980 “Orthograptus insectiformis”; Paris, Rickards &
Skevington, p. 164, fig. 4a.

71980 Pseudoclimacograptus sp.; Paris, Rickards & Ske-
vington, p. 164, pl. 1, figs 7, 8, 11, 12,

1993 Normalograptus (?) flamandi nov.sp.; Legrand,
p. 421, fig. Sc-d.

1998 Paraclimacograptus flamandi (Legrand); Gutiér-
rez-Marco & Storch, fig. 90.

Holotype: Original designation. The specimen no SX
245a6bis figured by Legrand (1993, fig. Se) from the
Tioukeline Claystones, I'Oued In Tsila (Asejrad, Al-
geria); 7griestoniensis Biozone (Telychian).

Material: 65 specimens, mostly flattened but some
preserved in low to medium relief.

Description: The rhabdosome is 15-20 mm long,
parallel sided except for the tapered proximal portion. The
initial dorso-ventral width is 0.75-0.85 mm at the level
of the apertures of th1'-12. The maximum width of the
rhabdosome is 1.35-1.45 mm (in flattened specimens up
to 1.45-1.9 mm) excluding the laterally projecting aper-
tural hoods and is attained at the level of the 6th—10th
thecal pair. The undulating median septum is complete.
On the obverse side of the rhabdosome it extends proxi-
mally as far as the exposed portion of the sicula. On the
reverse side it reaches the level of the aperture of th12
The sicula is visible for 0.8-0.9 mm on the obverse side
and is almost obscured on the reverse side. The sicular
aperture is 0.2 mm wide and is furnished with a c. 0.8 mm
long virgella.

The early astogeny of pattern H gives the proximal end
of M. flamandi an asymmetrical normalograptid appea-
rance. Th1' originates c. 0.4 mm above the sicular aper-
ture and grows downwards, then, 0.15-0.2 mm below the
sicular aperture, bends abruptly upwards. The distance
between the sicular aperture and the dorsal wall of the
aperture of th1' is 0.95-1.0 mm. Th1? grows upwards for
its entire length. Further thecae are doubly sigmoidally
curved, alternating, having short supragenicular ventral
walls which are parallel to the rhabdosome axis. Thecal
apertures are strongly everted. The dorsal thecal wall is
prolonged into a large hood which roofs a small, vent-
rally facing apertural excavation. These apertural hoods,
perpendicular to the rhabdosome axis and then weakly
curved towards the proximal end, project for ¢. 0.4 mm
away from the regular outline of the rhabdosome. The
dorso-ventral width of the rhabdosome attains 2.6 mm
including the apertural hoods. The apertural hoods com-
monly appear spine-like in flattened rhabdosomes. The
2TRD is 1.25-1.3 mm at th2; distally 2TRD reaches 1.6—
1.7 mm, (1213 thecae in 10 mm).

Remarks: The present material corresponds well with
the Algerian specimens described and figured by Legrand

(1993). As with the Algerian material, a normalograptid
appearance to the thecae is common in flattened speci-
mens from Spain. The undulating median septum is diff-
icult to observe in flattened material in which the nema
is pressed through and well seen in the axial part of the
rhabdosome. Thus, flattened specimens from Corral de
Calatrava and Checa may occasionally appear to be Nor-
malograptus. However, the undulating septum and alter-
nating doubly sigmoidal thecae are well seen in the spe-
cimens preserved in relief and justify placement in Me-
taclimacograptus. The species may have been derived
from M. asejradi by the progressive elongation of the
dorsal supragenicular wall which created the prominent
apertural hoods. The rhabdosome also became more ro-
bust in M. flamandi. The apertural hoods are rather long
and may resemble genicular hoods and/or the spines ty-
pical of Paraclimacograptus. This is why the Spanish
specimens have been assigned to Paraclimacograptus
brasiliensis in the past (e.g. Jaeger 1976). M. flamandi
appears to be confined to the south-western periphery of
Gondwana. Apart from its type area in Algeria, it is a
widespread species in the upper crispus, griestoniensis,
and lower tullbergi biozones of Spain and Portugal. Also
»Orthograptus insectiformis® recorded by Paris et al.
(1980) from the griestoniensis Biozone of the Ménez-
Bélair Syncline (Armorican Massif, France) undoubted-
ly belongs in M. flamandi. Another form — Pseudoclima-
cograptus sp. — figured by Paris et al. (1980) from Fran-
ce also looks very similar but differs in its higher thecal
count in 10 mm (14-18).

Family Retiolitidae Lapworth, 1873

Subfamily Petalograptinae Bulman, 1955; emend. Storch
& Serpagli, 1993

Genus Parapetalolithus Koren’ & Rickards, 1996

Type species: Parapetalolithus dignus Koren’ &
Rickards, 1996; original designation; from the guerichi
Biozone of southern Urals.

Parapetalolithus hispanicus (Haberfelner, 1931)
Pl 1, fig. 6; text-fig. 3, fig. 2

1923 Diplograptus (Petalograptus) altissimus Elles
and Wood; Gortani, p. 5, pl. 1, fig. 6.

1931 Petalograptus hispanicus nov. sp.; Haberfelner,
pp. 49-50, pl. 1, figs 11a—d.

1932 Petalograptus conicus n. sp.; Boudek, pp. 151
154, text-fig. 2a, b.

1941 Petalograptus hispanicus (Haberfelner 1931);
Boucek & Pfibyl, pp. 10-11, pl. 2, fig. 5, text-
fig. 2, figs 16-19.

1941 Petalolithus conicus (Boudek, 1932); Boudek &
Piibyl, p. 11, pl. 2, fig. 4, text-fig. 2, figs 9, 10.

1947 Diplograptus (Orthograptus) kwantungensis Sun
(sp. nov.); Chang & Sun, pp. 14, 15, pl. 1, fig. 3.

71962 P. hispanicus (Haberfelner); Romariz, p. 238,
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1967 Petalograptus conicus Boucek, 1932; Koren’
pp. 194-195, pl. 1, fig. 13.

1968 Petalograptus palmeus (Barr.); Teller & Ko-
rejwo, pl. 1, figs 4,5, 76.

1969 Petalograptus conicus Boucek; Miiller &
Schauer, fig. 9a.

1971 Petalolithus (Pet.) sp. aff. hispanicus Haberfel-
ner 1931; Schauer, pp. 4647, pl. 15, fig. 3, ?pl.
12, fig. 9.

1979 Petalolithus cf. conicus Boucek; Jaeger & Ro-

bardet, pl. 2, fig. 8.
non 1981 Petalograptus ?conicus Boucek, 1932; Bjerres-
kov, p. 19, pl. 1, fig. 8.

1982 Petalolithus altissimus Elles and Wood, 1908;
Lenz, pp. 10-12, figs 2A (non B), 12H (non A—
C).

1983 Petalolithus conicus Bouéek; Li, Song & Fu,

pp- 327-328, pl. 79, fig. 35.

non 1984 Petalolithus hispanicus (Haberfelner); Chen,

p- 44, pl. 4, figs 8, 9.

Petalolithus cf. conicus Boudek, 1932; Rodri-

guez Nifiez et al., pl. 1, fig. 7.

non 1990 Petalolithus hispanicus Haberfelner; Ge, p. 72,
pl. 5, fig. 9, pl. VII, figs 11, 24.

non 1990 Petalolithus conicus Boucek; Ge, p. 67, pl. 6,
figs 10, 25, 29,

1989

1991 Pe. conicus (Bouéek 1932), Loydell, p. 242,
fig. 9b.

1992 Petalolithus conicus (Bougek, 1932); Loydell,
pp. 39-40, pl. 2, fig. 1, text-fig. 12, figs 8, 18—
21.

1992 Petalolithus hispanicus (Haberfelner, 1931);
Loydell, pp. 4445, text-fig. 12, figs 1, 2.

1998 Parapetalolithus hispanicus (Haberfelner); Gu-

tiérrez-Marco & Storch, fig. 8r.

Lectotype: subsequent designation by Pfibyl, 1948,
p. 13; figured Haberfelner 1931, pl. 1, fig. 11a; from
the linnaei Biozone of Almaden, Sierra Morena, Spain.

Material: More than 50 flattened specimens.

Diagnosis (based on Spanish material): Robust
rhabdosome with conspicuously tapering proximal part.
The dorso-ventral width increases from 0.95-1.1 mm at
the level of the apertures of th1'-1? to 1.9-2.5 mm at the
Sth thecal pair and thence to the maximum width 2.5-
3.4 mm at the 9th—11th thecal pair. 2TRD increases from
1.3-1.45 mm at th2 to a distal maximum of 1.5-1.8 mm.
The apertures of the straight, tubular thecae are usually
perpendicular to the thecal axis; slight eversion is rarely
observed. Thecal inclination is 40-45°,

Remarks: Recent examination of the type material of
P. conicus (Boucek, 1932) and its comparison with a large
collection of the Bohemian and Spanish specimens assi-
gned in P. hispanicus (Haberfelner, 1931) indicate that
the two species are identical. Specimens from Zelkovice
in Bohemia — the type locality of P. conicus — show a re-
markable variability in thecal spacing, maximum dorso-

ventral width and the rate of dorso-ventral expansion of
the rhabdosome. They are 0.8—1.2 mm wide at the level
of the 1st thecal pair, 1.1-1.7 mm at 2nd thecal pair, 1.4—
2.2 mm at th5, and 2.3-3.4mm at th10. Distal maximum
width of 2.9-4.0 mm is reached at the level of th10-th15.
2TRD increases from 1.0-1.5 mm at th2 to 1.2-1.5 mm
at th5, 1.3-1.7 mm at th10, and, thereafter, to a distal
maximum of 1.4-1.7 mm. In addition, shorter rhabdoso-
mes, which seemingly had attained their maximum wid-
th, are usually narrower than longer, more mature rhabdo-
somes. The distal thecae of less mature rhabdosomes are
often shorter than the corresponding thecae in more ma-
ture rhabdosomes. It is possible that several earlier the-
cae have been further elongated during the continued
growth of the rhabdosome. Also the thecal inclination
varies slightly. The type specimen of P. conicus illustra-
ted by Boucek (1932) has a particularly high angle of in-
clination of the proximal thecae to the rhabdosome axis
which results in a rapid dorso-ventral widening of the
rhabdosome and higher thecal count. Some specimens
from Almaden (the type locality of P. hispanicus) hou-
sed in the Instituto de Geologia Economica CSIC have
been examined along with the material collected by Gar-
cia-Palacios et al. (1996) in the Corral de Calatrava and
by Gutiérrez-Marco & Storch (1998) in the Western Ibe-
rian Cordillera. The Spanish specimens show the same
variability as those from Bohemia.

P. altissimus Elles & Wood differs from P. hispanicus
(Haberfelner) in its broader, less tapered proximal end,
and shorter, more inclined thecae with everted apertures.
P. hispanicus occurs in the eponymous subzone of the up-
per part of the /innaei Biozone of Spain and Bohemia. It
is present also in Thuringia, Wales and elsewhere.

Parapetalolithus meridionalis (Legrand, 1998)
Pl. I, figs 2, 4, 5; text-fig. 3, figs 1, 3, 10

1998 Parapetalolithus cf. schaueri (? sp. n.); Gutiérrez-
Marco & §torch, p- 88, fig. 9p.

1998 Petalolithus (?) meridionalis nov. sp.; Legrand,
p. 211, fig. 2a-g.

Holotype: Specimen No. SX 115 a, figured by Leg-
rand (1998) on fig. 2d; from the crispus—griestonien-
sis boundary beds (Telychian) of Foum Ennemil Se-
ction, Western Tassili N"Ajjer, Algerian Sahara.

Material: More than 50 complete rhabdosomes, most
preserved flattened but some in relief.

Diagnosis: Robust parapetalolithid rapidly widening
from 1.2-1.45 mm at the level of the 1st thecal pair to
3.1-3.4 mm at the 5th pair, 4.3-4.8 mm at the 10th pair,
and thence to a maximum of 5.0-5.4 mm attained at c.
14th thecal pair. Thecae are simple tubes inclined at 40—
45° to the rhabdosome axis. Distal thecae overlap for five-
sixths to six-sevenths of their length. 2TRD increases
from c. 1.5 mm at th5 to ¢. 1.8 mm distally. The nema-
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tularium is straight, up to 2.4 mm wide, and is lanceola-
te in mature rhabdosomes.

Description: This rapidly widening and very robust,
30-40 mm long parapetalolithid possesses a large nema-
tularium. The sicula is almost 2 mm long and its apex
reaches at least the level of the aperture of th3. The sicu-
lar aperture is 0.3-0.4 mm broad and possesses a simple
1-2 mm long virgella. The thecae are simple tubes incli-
ned at 40-45° to the rhabdosome axis. Distal thecae are
often slightly concave to the proximal end. Thecal aper-
tures are also concave, being almost parallel to the
rhabdosome axis. Thecal overlap reaches five-sixths to
six-sevenths in the distal portion of the rthabdosome, whe-
re the thecae are 3.5-3.6 mm long. Dorso-ventral width
increases from 1.2-1.45 mm at the level of the apertures
of th1'-12, to 2.4-2.6 mm at the 3rd thecal pair, 3.1-3.4
mm at the 5th pair, and 4.3—4.8 mm at 10th pair. The
maximum dorso-ventral width of 5.0-5.4 mm is attained
approximately at the 13th—15th thecal pair. A prominent
nematularium is developed in the great majority of
rhabdosomes. The nematularium originated early in the
astogeny of the rhabdosome and further expanded in the
more mature thabdosomes. It is over 7 mm long and 0.4
mm wide in a specimen with six thecal pairs. In mature
rhabdosomes the nematularium up to 2.4 mm wide ex-
tends c. 30 mm beyond the rounded distal end of the the-
cate portion of the rhabdosome.

The nematularium appears to have a thickened axis or
third list and does not exhibit any axial twisting. It may
be t-shaped in cross-section.

Remarks: The present material matches recently
described ,, Petalolithus “ meridionalis Legrand, 1998
from the crispus—griestoniensis biozones of Algerian Sa-
hara. The species is reassigned to Parapelalolithus with
respect to its simple, unancorate virgella. Even consi-
dering the occasional flattening and slight tectonic de-
formation of the Spanish material, P. meridionalis (Le-
grand) is still broader than any other parapetalolithid.
The robust proximal portion of P. meridionalis (Leg-

Spanish material. Chinese specimens of similar dorso-
ventral width, assigned to P. latus Barrande by Chen
(1984), belongs in a new species, resembling Parape-
talolithus palmeus (Barrande) according to my obser-
vation of the type material. In the previous lists of the
Telychian graptolite faunas of the Iberian Peninsula,
specimens of P. meridionalis were referred to Petalo-
graptus giganteus BouCek & Pfibyl. Recent examinati-
on of the highly tectonically deformed type material of
Pet. giganteus, which originates from the linnaei Bio-
zone, suggested that the species should be regarded as
a junior synonym of P. hispanicus (Haberfelner).

The large nematularium of P. meridionalis resembles
the three-vaned nematularium of Cystograptus vesiculo-
sus Nicholson (Urbanek et al. 1982) rather than twisted,
probably spiraliform nematularium of P. schaueri (see
Schauer 1971, pl. 10, fig. 10). It also originated early
within the thecate portion of the rhabdosome and deve-
loped during later astogeny.

P. meridionalis (Legrand) is a common and widespre-
ad graptolite in the crispus and griestoniensis biozones
(middle Telychian) of the Iberian Peninsula. The speci-
mens of Parapetalolithus sp., aff. schaueri listed by Gu-
tiérrez & Storch (1998) from the turriculatus Biozone of
the Checa section may be P. schaueri; they have less ro-
bust proximal portions and less overlap to their thecae,
than P. meridionalis.

Subfamily Retiolitinae Lapworth, 1873; emend. Lenz &
Melchin, 1987
Genus Pseudoplegmatograptus Ptibyl, 1948

Type species: Retiolites perlatus var. obesus La-
pworth, 1877; original designation; from Elwand Wa-
ter, Melrose, Borders, Scotland.

Pseudoplegmatograptus obesus (Lapworth, 1877)
PL 11, fig. 4

rand) is even wider, and more rapidly widening than that 1877 Retiolites perlatus var. obesus Lapw.; Lapwor-
of P. schaueri (Loydell), although the specimens of the th 1877, p. 137, pl. 6, fig. 29.

latter species collected in Wales (Loydell 1992) and Ger- 1908 Retiolites (Plegmatograptus) obesus Lapworth;
many (Schauer 1971, described as Petalolithus palme- Elles & Wood, p. 342, pl. 34, figs 12a—c, text-
us posterus) have not reached the maturity common in fig. 223a—c.

Text-fig. 3. 1, 3, 10 — Parapetalolithus meridionalis (Legrand, 1998): 1 — MGM 3469 S (griestoniensis Biozone), 3 — MGM 3413 S =

(griestoniensis Biozone): 10 — MGM 3467 S (2crispus Biozone)

2 — Parapetalolithus hispanicus (Haberfelner, 1931), MGM 3457 S, (linnaei Biozone, hispanicus Subzone);
4-6 — Streptograptus pericoi sp. n.: 4, 6 — MGM 3480 S, (the same slab, linnaei Biozone, hispanicus Subzone), S — MGM 3481 S (linnaei Biozo-

ne, hispanicus Subzone);,

1, 8 — Metaclimacograpius flamandi (Legrand, 1993): 7 — MGM 3479 S, (griestoniensis Biozone), 8 —- MGM 3421 S (lower tullbergi Biozone);
9 — Metaclimacograptus asejradi Legrand, 1993: MGM 3485 S, (linnaei Biozone, hispanicus Subzone);
11-13 — Oktavites? falx (Suess, 1851): 11 — MGM 3579 S, (upper spiralis Biozone), 12, 13 — MGM 3474 S, (the same slab, upper spiralis Biozo-

ne);

14a, b, 15 - Stimulograptus? splendens sp. n.: 14a, b — MGM 3466 S (holotype, uppermost tullbergi Biozone), 15— MGM 3409 S, (lower spiralis

Biozone);

1-6, 8, 9, 14a, b — from Checa A locality; 7 — from Estacién de Belalcdzar, 10-13 from Corral de Calatrava, 15 — from El Pobo de Duefias; all

specimens x5, except of (7) x10
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non 1944 Plegmatograptus obesus obesus (Lapworth,
1877); Boucek & Miinch, pp. 6-9, pl. 1, figs 1,
2, text-figs la—g, 2a, b.

1993a  Pseudoplegmatograptus obesus (Lapworth,
1877); Loydell, pp. 59-61, text-fig. 13, fig. 24.
(see for full synonymy).

1998 Pseudoplegmatograptus sp. n.; Gutiérrez-Mar-

co & Storch, p. 89, fig. 7c.

Holotype: By monotypy; figured by Lapworth (1877,
pl. 6, fig. 29) and refigured by Elles & Wood (1908,
pl. 34, fig. 12b); the specimen no. BU 1363 from the
Gala Beds of Elwand Water, Melrose, Borders,
Scotland.

Material: 2 complete and 9 incomplete flattened spe-
cimens and several fragments.

Description: Large pseudoplegmatograptid with
well developed external appendages and membranous tis-
sue appearing to form an external cover to the rhabdoso-
me. The rhabdosome expands rapidly from c. 1.9 mm to
its maximum width of 6.8-8.0 mm which is attained at
about the tenth thecal pair. The rhabdosome is over
40 mm long and 9.0-10.0 mm wide, including the aper-
tural spines and external membrane. The meshwork of
lists appears irregular, the subhexagonal meshes being
¢. 0.4 mm in diameter. Septal bars (for explanation see
Loydell, Storch & Bates 1997) are inclined at an angle
of 60-65° to the rhabdosome axis. 2TRD is 2.0-2.2 mm.
Thecae number 9-10 in 10 mm (rarely up to 10.5). The
thecal apertures are provided with paired, proximally cur-
ved spines, the distal portions of which ramify into spa-
thes-membranous appendages forming the external cover
to thecae apertures (for explanation see Bates & Kirk
1992).

Remarks: The present material differs from Ps. obe-
sus Lapworth, as described and illustrated by Elles &
‘Wood (1908) in having a wider rhabdosome with less clo-
sely packed thecae. The differences, however, can be ex-
plained by the flattening and weak tectonic deformation
of Spanish material. Much greater differences can be ob-
served when the present specimens are compared with
those described from the crispus—griestoniensis biozones
of Central Europe (Barrandian area, Thuringia). Those
specimens from the upper turriculatus—tullbergi biozo-
nes of these areas are 4-5 mm wide, including the aper-
tural spines. Similar specimens, although badly preser-
ved, were found in the crispus Biozone of the Orihuela
del Tremedal section (Gutiérrez-Marco & Storch 1998).
The latter authors, however, followed Boudek & Miinch’s
(1944) conception of Ps. obesus and mistakenly assigned
these diminutive specimens to Lapworth’s (1877) speci-
es. The present material from Orihuela del Tremedal is
too poor to serve as a reliable basis for comparison with
the other, probably valid pseudoplegmatograptid species
introduced by Boucek & Miinch (1944).

Family Monograptidae Lapworth, 1873
Genus Euroclimacis gen. n.

Name: After all-European geographic distribution of
the genus and monoclimacid origin of the thecae.

Type species: Monograptus aduncus Boucek, 1931,
p. 295, fig. 2a—c; from the shurchisoni Biozone (She-
inwoodian, Wenlock) of Vyskodilka section at Praha-
Mald Chuchle, Czech Republic.

Diagnosis: Rhabdosome dorsally curved in the pro-
ximal part and ventrally curved or almost straight in the
distal part. Thecae of monoclimacid type, with strong ge-
niculum, narrow aperure and, particularly in proximal the-
cae, pronounced apertural hood formed by elongated dor-
sal thecal wall. In some species the whole metathecal tu-
bes are further elongated giving the metathecae a hoo-
ked appearance.

Remarks: The genus erected herein includes four clo-
sely similar species: Euroclimacis adunca (Boudlek,
1931), Euroclimacis iberica sp. n., Euroclimacis radoti-
nensis (Boucek, 1931), and Euroclimacis deflexa (Bou-
¢ek, 1931). Assignment of ,,Monograptus* capillaceus
Tullberg to Euroclimacis is uncertain because of its po-
orly known apertural development. ,,Monograptus* hem-
manni Pfibyl — the species based on several straight di-
stal fragments — has similar apertural hoods but weakly
inclined, much overlaping thecae. The representatives of
Euroclimacis gen. n. range from the late Telychian (spi-
ralis Biozone) to the early Sheinwoodian (murchisoni—
Jfirmus biozones) and have not yet been recorded outside
Europe.

Euroclimacis iberica sp. n.
Pl 111, figs 4-7; text-fig. 4, figs 2-4, 8

Name: After Iberian Peninsula in which the species was
found.

Holotype: MGM 3470b S figured on pl. 111, fig. 7
and text-fig. 4, fig. 4, complete, flattened rhabdosome
from the upper spiralis Biozone (late Telychian, Llan-
dovery) of the Bddenas Formation in the Corral de
Calatrava section (Ciudad Real province, Spain).

Material: More than 50 rhabdosomes, flattened, of-
ten complete.

Diagnosis: Doubly curved rhabdosome increases
slowly in dorso-ventral width from 0.6 mm at th2 to 0.8—
0.85 mm at th20 and thence to a distal maximum of
1.15 mm. Dorsal curvature until th8—12, thereafter fol-
lowed by ventral curvature. Thecae have gently inclined
ventral walls, steep interthecal septa and small apertures
covered by prominent hoods comprising 2/5-1/5 of the
dorso-ventral width. 2TRD increases from 1.6-1.8 mm
at th2 to 2.0-2.1 mm distally.

Description: Rhabdosome is characteristically dou-
bly curved, dorsally until th8-12 and then ventrally. Dor-
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so-ventral width increases from 0.6-0.65 mm at the le-
vel of thl to 0.7-0.8 mm at th10, 0.8-0.85 mm at th20,
and thence gradually attains the distal maximum
1.15 mm.

The sicula is 1.2—-1.4 mm long and has a 0.25-0.3 mm

wide aperture. The sicular apex reaches up to half way
up th2. Thl is 0.8-0.9 mm long. The thecae overlap for
¢. one-quarter of their length in the proximal part of the
rhabdosome and even less distally. The interthecal septa
appear to be short and steeply inclined. The ventral the-
cal walls of the proximal thecae are inclined at 10-15°
to the rhabdosome axis, being slightly everted at the ven-
tral apertural lip. The ventral wall of distal thecae is al-
most parallel to the rhabdosome axis. Dorsal walls of the
metathecae are prolonged into prominent hoods throug-
hout the rhabdosome and cover small, narrow, almost slit-
like apertures. The apertural hoods comprise c¢. two-fifths
of the dorso-ventral width of the rhabdosome proximal-
ly and c. one-fifth of the width distally. The 2TRD is 1.6—
1.8 mm at the level of th2 and gradually increases to 2.0—
2.1 mm distally.
Remarks: Euroclimacis iberica sp. n. is a common
species in the upper part of the spiralis Biozone in the
Corral de Calatrava section. This level probably correla-
tes with the lapworthi Biozone of the global reference
zonal scheme by Koren’ et al. (1996). E. iberica belongs
in a distinctive group of uppermost Llandovery—lower
Wenlock monograptids, of questionable generic status
until now, which has been described from Bohemia (Bou-
¢ek 1931, Pfibyl 1940, Storch 1994) and reported also
from Wales (Loydell & Cave 1996) and Estonia (Loydell
et al. in press). These are Euroclimacis adunca (Bouéek),
Euroclimacis deflexa (Boucek) and Euroclimacis radoti-
nensis (Boucek), all of which have hooded to hooked the-
cae and a dorsally curved proximal part of the rhabdoso-
me. E. radotinensis differs from E. iberica in having well
developed apertural hooks, and an almost straight distal
portion of the rthabdosome. E. adunca has smaller and
distally often missing apertural hoods, a more rapid in-
crease in rhabdosome dorso-ventral width, stronger dor-
sal curvature of the proximal portion of the rhabdosome
and, thereafter, weaker ventral curvature. E. deflexa has
a narrower rhabdosome, without ventral curvature, and
less hooded, widely spaced thecae.

Genus Monograptus Geinitz, 1852 sensu lato

Type species: Subsequent designation by Bassler
1915; Lomatoceras priodon Bronn, 1835; from the Si-
lurian of Germany.

Monograptus curvus Manck, 1923
PL III, figs 2, 3; text-fig. 4, figs 1, 6, 7

1923 Monograptus curvus spec. nov.; Manck, p. 286—
287, text-fig. 2, figs 20-25.
1931 Monograptus curvus Manck; Hemmann, p. 121,

pl. 5, figs 3, 4.

1945 Spirograptus curvus (Manck 1923); Pfibyl,
p- 1618, pl. 3, figs 1, 2; pl. 4, figs 2-7.
1971 Monograptus (Spirogr.) proteus proteus Manck

1923; Schauer, p. 75, pl. 31, figs 4-6.
non 1982Monograptus curvus Manck, 1923; Lenz,
pp. 73-74, figs 6A, C, 22C, D.

Lectotype: Subsequent designation by Pfibyl 1945,
specimen figured by Manck (1923, text-fig. 2, fig. 20)
from the crenulata Biozone at Oelsnitz (Vogtland, Ger-
many).

Description: The rthabdosome is ventrally coiled ex-
cept for the proximal part in which the axis is twisted so
that the most proximal thecae are situated on the dorsal
side. The sicular end has not been encountered in the pre-
sent material from Corral de Calatrava. The few proxi-
mal thecae available in the present material, are low, tri-
angular, ¢. 0.6 mm high, isolated, and provided with small
apertural hooks. 2TRD is 2.3 mm. The mesial thecae af-
ter the axial twisting of the rhabdosome are triangular,
with ventral thecal walls inclined at an angle of 30° to
the rhabdosome axis. They overlap for about one-quar-
ter of their length. The apertural hooks gradually change
into apertural hoods composed of the dorsal wall of the
theca. About 10 mm distalwards from the axial twisting,
the rhabdosome attains ¢. 1.3 mm in the dorso-ventral
width. 2TRD is 1.7-1.9 mm. The thecal inclination in-
creases to 40°. The most distal thecae appear to be sim-
ply triangular, without any apertural hooks or hoods.
Remarks: Our specimens, coming from about the
lower third of the spiralis Biozone, correspond well with
those figured by Manck (1923) and Hemmann (1931)
from Germany. Rich material from the Barrandian area
was referred to in Pfibyl’s (1945) redescription of the spe-
cies. M. curvus appears to be restricted to the tullbergi/
spiralis Biozone boundary beds and the lower part of the
spiralis Biozone. The specimens figured by Lenz (1982)
from Northern Canadian Cordillera differ in having a less
curved, proximally straightened rhabdosome and less
hooked and more overlapping thecae.

Monograptus drepanoformis Toghill & Strachan, 1970
PL V, figs 1, 2; text-fig. 4, figs 9, 13a, b

1970 Monograptus drepanoformis sp. nov., Toghill &
Strachan, p. 517-518, pl. 104, figs 1-4, text-
fig. 2 a—f.

1975 Monograptus drepanoformis Toghill & Strachan,
1970; Bjerreskov, p. 75, fig. 21 C.

1980 Monograptus cf. drepanoformis Toghill & Strachan;
Paris, Rickards & Skevington, p. 164-165, fig. 4B.

71984 Monograptus drepanaformis Toghill and Strachan;
Chen, pp. 73-74, pl. 17, figs 3, 9, 10.

71990 Monograptus drepanoformis Toghill et Strachan;
Ge, p. 94, pl. 13, figs 1-7, pl. 14, figs 1, 2.

1998 Monograptus drepanoformis Toghill & Strachan;
Gutiérrez-Marco & Storch, fig. Of.



122

Journal of the Czech Geological Society 43/3(1998)

Holotype: Original designation Toghill & Strachan
(1970); specimen BMNH Q3072b figured on pl. 104,
fig. 1, text-fig. 2a; from the griestoniensis Biozone of
Grieston Quarry, Innerleithen, Peebleshire, Scotland.

Material: Thirty flattened specimens.

Description: The short, tightly ventrally curved
rhabdosome has a straight or slightly dorsally recurved pro-
ximal end. The sicula is 1.0-1.3 mm long with its apex
attaining the base of th2. The thecae are triangular, isola-
ted, simply hooked with proximally facing apertures. The
first two or three thecae are axially elongated, 0.35-0.4 mm
high. 2TRD is 2.1-2.5 mm at th2. The rhabdosome rapi-
dly widens from th3 or th4. The maximum width attained
is 0.75-0.9 mm. Distally, 2TRD is c. 1.7 mm.
Remarks: Rhabdosomes from the griestoniensis Bi-
ozone of the Western Iberian Cordillera match well the
type material described by Toghill and Strachan (1970),
except in having a lesser distal width. Spanish specimens
are, however, immature having no more than 8 thecae.

The Chinese specimens assigned to M. drepanoformis
by Ge (1990) differ in having a longer (1.2-1.5 mm) and
more robust sicula which reaches one-half to two-thirds
up th2 (personal observation). The distal widening of the
rhabdosome is more gradual in Chinese specimens. The
similar ,,Streptograptus” sinicus (NIGP, 1974) has a very
similar rhabdosome morphology, but is more robust pro-
ximally and possesses incurved thecae of almost strep-
tograptid appearance.

Monograptus gemmatus Barrande, 1850
PL 11, figs 1, 2; text-fig. 4, fig. 11

1993a “Monograptus” gemmatus (Barrande, 1850); Loy-
dell, p. 126-128, pl. 5, figs 13, 16; text-fig. 22, figs
7,9,11, 12, 16, 17, 20, 21, 28, 29; text-fig. 23, figs
18, 20. (see for full synonymy).

Holoty pe: By monotypy, specimen L27590 figured by
Barrande (1850) on pl. 4, fig. 5 (refigured Boudek &
Pribyl, 1951, pl. 3, fig. 13); from the linnaei Biozone,
Zelkovice Formation, Zelkovicc, Bohemia.

Material: 12 flattened rhabdosomes, mostly complete.

Description: The rhabdosome is coiled into a loose,
probably conical spiral. The sicula has not been found in
the present material. The proximal thecae are on convex
side of the spiral whilst the distal thecae are either on ven-

tral side of the curvature or perpendicular to the bedding
plane. Proximal thecae have thread-like prothecae and lo-
osely hooked isolated metathecae. The proximal width of
the rhabdosome is ¢. 0.4 mm and the 2TRD is ¢. 1.8 mm.
Distally the thecae become low triangular with metathe-
cal hooks comprising more then one-half of the 0.6 mm
wide rhabdosome. Distally, 2TRD attains 2.4 mm.
Remarks: The present material agrees well with the
Welsh specimens, described by Loydell (1993) in grea-
ter detail. It occurs in the lower part of the linnaei Bio-
zone being accompanied by common Paradiversograp-
tus runcinatus and other species in the Checa section.
Gutiérrez-Marco & Storch (1998) employed M. gemma-
tus and P. runcinatus as index taxa defining the lower-
most subzone of the linnaei Biozone in Western Iberian
Cordillera. This subzone may be correlated with the gem-
matus and runcinatus subzones erected by Loydell (1991)
in the lowermost Telychian of the Welsh Basin.

Monograptus juancarlosi sp. n.

PL IV, figs 2, 7; pl. VII, figs 3, 5; text-fig. 4, fig. 5

1998 Monograptus sp. n. A, Gutiérrez-Marco & §torch,
p. 89, text-fig. 9.

Name: After Dr. Juan Carlos Gutiérrez-Marco.

Holotype: MGM 3462 S figured on pl. IV, fig. 7 and
text-fig. 4, fig. 5, an external mould of 61 mm long in-
complete rhabdosome preserved in moderate relief; se-
veral other rhabdosomes on the same slab from the
lower tullbergi Biozone (middle Telychian) of the B4-
denas Formation in the Checa section (Guadalajara
Province, Western Iberian Cordillera, Spain). Housed
in the Museo Geominero (ITGE), Madrid.

Material: More than 50 rhabdosomes in all states of
preservation; proximal portions appear to be common
but the sicular end is missing.

Diagnosis: Gently dorsally curved rhabdosome very
slowly and regularly widens from 0.2-0.25 mm to 0.8 mm.
The maximum width of 0.95 mm is attained at least 100
mm away from the proximal end. Thecae hooked throug-
hout the rhabdosome, having simple, proximally directed
apertures. Metathecal hooks comprise two-fifths to one-half
of the dorso-ventral width proximally and one-third distal-
ly. Thecal overlap negligible. 2TRD decreases slowly di-
stalwards from 2.4-2.5 mm to 1.9-2.1 mm.

Text-fig. 4. 1, 6, 7 — Monograptus curvus (Manck, 1923): 1 - MGM 3472 S, 6, 7 - MGM 3471 § (the same slab), (spiralis Biozone); =
2-4, 8 — Euwroclimacis iberica sp. n.: 2 — MGM 3475 8, 3 — MGM 3473 S, 4 - MGM 3470b S (holotype), 8 — MGM 3476 S, (upper spiralis

Biozone);

5 — Monograptus juancarlosi sp. n.: 5 — MGM 3462 S, (holotype, lower fullbergi Biozone);

9, 13a, b — Monograptus drepanoformis Toghill & Strachan, 1970: 9 — MGM 3426 S, 13a, b —- MGM 3427 S (griestoniensis Biozone);
10 — Streptograptus linearis Chen, 1984: MGM 3438 S (linnaei Biozone, hispanicus Subzone);

11 — Monograptus gemmatus (Barrande, 1850), 1 —- MGM 3444 S, (linnaei Biozone, runcinatus—gemmartus Subzone);

12a~c — Torquigraptus arcuatus (Boucek, 1931): MGM 3465 S, (lowermost griestoniensis Biozone);

14 — Stimulograptus becki (Barrande, 1850), MGM 3434 S, (linnaei Biozone, hispanicus Subzone);

1-4, 6-8, 12a—c — from Corral de Calatrava, 5, 9-11, 13a, b, 14 — from Checa A; all specimens x5.
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Description: The rhabdosome is gently dorsally cur-
ved throughout. The longest, but still incomplete speci-
men measured 172 mm. Fragmentary rhabdosomes ex-
ceeding 100 mm long are common in the present mate-
rial but the sicular end has not been detected. The most
proximal fragments are 0.25-0.3 mm wide, having axi-
ally elongated, hooked thecae. There the prothecae are al-
most parallel-sided, terminating in small metathecal ho-
oks which comprise two-fifths to one-half of the dorso-
ventral width of the rhabdosome. 2TRD is 2.1-2.5 mm.
Within the following c. 60 mm of its length the rhabdo-
some slowly widens from 0.4 mm to 0.8 mm. 2TRD de-
creases from 2.4-2.5 mm to 1.9-2.1 mm, The most di-
stal fragments attain 0.95 mm in width, having a 2TRD
of 2 mm or less. The thecae are simply hooked and al-
most or entirely isolated throughout. The ventral prothe-
cal walls are inclined at an angle of less than 10° in the
proximal part of the rhabdosome, at 10-15° mesially, and
at 25-30° in the most distal part. Prothecal bases take up
c. one-third to one-half of the rhabdosomal width. Meta-
thecal hooks are terminated by simple, proximally direc-
ted apertures.

Remarks: M. juancarlosi may be distinguished from
other Telychian monograptids by its slowly widening,
gently dorsally curved rhabdosome which possesses sim-
ply hooked, non-overlapping thecae. It differs also from
Torquigraptus arcuatus (Boucek) in its very slow rate of
increase in dorso-ventral width, lesser dorsal curvature of
the rhabdosome, and hooked, proximally facing thecal
apertures without any twisting. Stimulograptid assign-
ment of M. juancarlosi may be excluded due to its ha-
ving simple apertures without any spines (pl. VII, figs 3,
5). The species is common in the upper part of the gries-
toniensis Biozone and lower and middle parts of the tul-
Ibergi Biozone at Checa (Western Iberian Cordillera) and,
rarely, in the same level at Corral de Calatrava.

Genus Oktavites Levina, 1928

Type species: Subsequently designated by Obut
(1964); Graptolithus spiralis Geinitz, 1842; from the
Llandovery of Germany.

Oltavites? falx (Suess, 1851)
Text-fig. 3, figs 11-13

1851 Graptolithus falx; Suess, p. 35, pl. 9, fig. 10a, b.

1945 Spirograptus falx (Suess, 1851); P¥ibyl, pp. 31—
32, pl. 5, figs 1-6.

1952 Spirograptus falx Miinch, p. 117.

non 1982 Monograptus falx (Suess, 1851); Lenz, pp- 80-
81, figs 7N,P,Q; 24G-1.

71990 Oktavites falx (Suess); Ge, pp. 152153, pl. 64,
figs 3, 6, 9.

1993 Oktavites? falx (Suess, 1851); Loydell & Cave,
fig. 8k-n.

Lectotype: Designated Pfibyl (1945). Specimen
L31091 figured by Suess (1851) on pl. 9, fig. 10a; from
the spiralis Biozone of Litohlavy Formation, Praha-
Mald Chuchle, Bohemia. The specimens figured by
Suess (1851) are small fragments without proximal
ends. Thus the present conception of O. falx is practi-
cally based on the better preserved specimens figured
by Piibyl (1945).

Material: 35 flattened, mostly complete rhabdosomes.

Description: The rhabdosome is falcate in the pro-
ximal part. This rhabdosomal form is developed in both
the type specimen of O. falx figured by Suess (1851) and
the topotypic rhabdosomes figured by Pfibyl (1945).
More mature rhabdosomes found at Corral de Calatrava
are coiled, however, in open, helical spiral resembling the
spiral procladia of some cyrtograptids. The rhabdosomes
also show gradual axial twisting beginning at the ¢. 10th—
15th theca. The rhabdosome widens from 0.55-0.6 mm
at th1 to 0.8-0.9 mm at th5 and 1.0-1.1 mm at th10. The-
reafter the true dorso-ventral width is obscured by the
axial twisting of the rhabdosome.

The apex of the 1.0-1.2 mm long sicula reaches the
top of thl. The sicular aperture is 0.2 mm wide. Proxi-
mal thecae are triangular, with narrow prothecae. The 3rd
protheca is 0.15 mm broad. The metathecae posses
a small apertural hooks with a laterally expanded, dorsal
rostrum. The apparent lateral twisting of the apertures
may have been caused by diagenetic flattening. In some
specimens the laterally extended rostrum seems to be ter-
minated in a pair of lateral spines. Mesial thecae beco-
me higher-triangular, having considerably broader prothe-
cae (0.4 mm at the level of th8).

2TRD2 is 1.35-1.5 mm, 2TRDS is 1.45-1.7 mm; the

maximum 2TRD, attained ¢. 20 mm from the proximal
end of the rhabdosome, is 2.1 mm. The most distal the-
cae number 9.5-10 in 10 mm whilst the proximal thecae
number ¢. 12 in 10 mm.
Remarks: Immature rthabdosomes collected from the
upper part of the spiralis Biozone of the Corral de Calat-
rava section well correspond with the topotypic material
from Bohemia (see also description given by Piibyl 1945).
The more mature specimens suggest a distinct similarity
to some early cyrtograptids, particularly Cyrtograptus la-
pworthi Tullberg, 1883 which has also a similar stratigra-
phical range. Immature rhabdosomes of C. lapworthi, wi-
thout metacladium, can be distinguished from 0.? falx by
their more robust and less curved proximal part. Another
similar form — Cyrtograptus? sp. — was illustrated by Loy-
dell & Cave (1996, fig. 11i). Mature rhabdosomes of 0.7
Jfalx suggest that some early cyrtograptids may have evol-
ved from this, or a similar, closely related form.

The species is provisionally placed in Oktavites Levi-
na untill its thecal form is better recognized. O. spiralis
(Geinitz) may be distinguished from 0.7 falx by its more
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coiled, rapidly widening rhabdosome with greater dorso-
ventral width (c. 3 mm), highly triangular thecae, and pro-
minent rostral spines. Monograptus aff. falx discussed by
Zalasiewicz (1994) differs from 0.7 falx in having sim-
ply hooked rather then rostrate thecae and broader pro-
thecal bases. Tectonically widened specimen figured on
text-fig. 3, fig. 11 comes from the same beds as those fi-
gured on figs 12 and 13. It resembles Monograptus vesi-
culosus Perner in its broader, densely packed thecae. The
latter species may be distinguished from 0.7 falx by its
robust, less protracted proximal end, narrower prothecae
and, unlike the illustrations given by Perner (1897), the
sicula reaching dorsall wall of the th2. Dorsal curvature
of M. vesiculosus is less accentuated proximally.

Genus Paradiversograptus Sennikov, 1976

Type species: Rastrites capillaris Carruthers, 1867;
original designation; from the Birkhill Shales of Mof-
fat, Dumfries & Galloway, Scotland.

Paradiversograptus runcinatus (Lapworth, 1876)

PL 1V, fig. 4

1993a Paradiversograptus runcinatus (Lapworth, 1876a);
Loydell, p. 149, 152153, text-fig. 26, figs 1-9, 15
(see for full synonymy).

1998 Paradiversograptus runcinatus (Lapworth);
Gutiérrez-Marco & Storch, fig. 8a.

Lectotype: Subsequent designation by Boudek & P¥i-
byl 1942, specimen BU 1639 figured by Lapworth
(1876a) on pl. 20, fig. 4c (refigured by Elles & Wood,
1913, pl. 45, fig. 2e); from the Upper Birkhill Shales
of Glenkiln Burn, Kirkmichael, Strathclyde, Scotland.

Material: More than 30 flattened specimens, Many
rhabdosomes are complete with well preserved sicular
ends. No trace of bipolar growth was observed.

Description: The proximal end of the rhabdosome,
comprising th1—4, is gently dorsally curved. Thereafter the
rhabdosome becomes gently ventrally curved. The maxi-
mum length of the rhabdosome exceeds 60 mm in the pre-
sent material. The sicula is ¢. 1.2 mm long and attains up
the level of the dorsal wall of the first metatheca. The first
thecae are (.35-0.4 mm high. The dorso-ventral width of
the rhabdosome is 0.45 mm at th10. The maximum width
of 0.7 mm is attained in the distal part of the mature rhabdo-
somes. The 2TRD is 1.8-2.2 mm at th2, and 1.9 mm at
th10. Most distally, 2TRD is c. 2.1 mm. The prothecae are
parallel sided whilst the metathecae form simple hooks
with, proximally faced, elongated apertural portions. The
hooks comprise c. one-third of the dorso-ventral width of
the rhabdosome. The thecae do not overlap.

Remarks: Apart from its shorter sicula the present ma-
terial agrees well with the specimens described by Loy-
dell (1993a). Bipolar specimens, rare in Loydell’s (1993a)
material have not yet been recorded from Spain.

Genus Stimulograptus Piibyl & Storch, 1983

Type species: Graptolithus halli Barrande, 1850;
original designation; from the Llandovery linnaei Bi-
ozone, Zelkovice, Bohemia.

Stimulograptus becki (Barrande, 1850)
PL 11, fig. 5; text-fig. 4, fig. 14

1850 Graptolithus becki Barr.; Barrande, pp. 50-51,
pl. 3, figs 14-16, non 17, 18.

1993a Stimulograptus becki (Barrande, 1850); Loydell,
pp- 72-74, pl. 3, fig. 2, text-fig. 15, figs 1, 2, 9
13 (see for full synonymy list).

1998 Stimulograptus becki (Barrande); Gutiérrez-Marco
& Storch, fig. 8e.

Lectotype: Subsequent designation by P¥ibyl 1948,
specimen L 27585 figured by Barrande (1850) on pl. 3,
fig. 15; from the linnaei Biozone of Zelkovicc, Bohe-
mia.

Material: 16 specimens preserved in relief and over
50 flattened, often fragmentary rhabdosomes.

Description: The rhabdosome is gently dorsally cur-
ved to th5-7 and thereafter is gently dorsally curved. The
dorso-ventral width of the rhabdosome increases very
slowly from ¢. 0.4 mm at th1 to 0.6 mm at th10. A ma-
ximum width of ¢. 1.0 mm is attained several centimet-
res from the proximal end. Both the sicula and thecae
correspond well in shape and size with those of the type
and topotypic specimens from Bohemia as well as with
Loydell’s (1993) descriptions of the Welsh material. The
apertural spines were rarely detected in Spanish speci-
mens. 2TRD is 2.0 mm at th2 and thereafter varies
between 1.8 and 2.1 mm.

Remarks: In Spain, S. becki is a common species in
the upper part of the linnaei Biozone (palmeus and his-
panicus subzones) and lower furriculatus Biozone in both
the Western Iberian Cordillera sections (Gutiérrez-Mar-
co & Storch 1998) and in Corral de Calatrava and neig-
hbouring localities.

Stimulograptus? splendens sp. n.

Pl. IV, figs 3,6; text-fig. 3, figs 14a, b, 15

1998 Monograptus sp. n. B, Gutiérrez-Marco & Storch,
p. 89, text-fig. 9.

Name: Latin ,splendens” meaning splendid.

Holotype: MGM 3466 S figured on pl. IV, fig. 6 and
text-fig. 3, fig. 14a; rthabdosome preserved in modera-
te relief; several other rhabdosomes on the same slab;
from the uppermost tullbergi Biozone (middle-late Te-
lychian, Llandovery) of the Biddenas Formation in the
Checa section (Guadalajara Province, Western Iberian
Cordillera, Spain).
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Material: More than 100 specimens, mostly flattened,
some in low relief. Many proximal portions available.

Diagnosis: Rhabdosome straight, except for dorsal-
ly curved proximal part. Curved portion comprises 6-10
proximal thecae. The dorso-ventral width (DVW) incre-
ases slowly from 0.7-0.8 mm to a maximum of ¢. 1.6 mm.
The sicula is 1.7-1.9 mm long and reaches almost half
way up th2. Thecae are uniform, simply hooked, without
significant overlap. Apertural hooks comprise two-fifths
of the DVW. 2TRD increases from 1.7-1.9 mm at th2 to
2.1-2.4 mm in the most distal thecae.

Description: The rhabdosome is straight except for
the dorsally curved proximal portion. This arcuate dor-
sal curvature comprises 6—10 proximal thecae. The dor-
so-ventral width increases slowly from 0.7-0.8 mm at the
level of thl to 0.9-1.0 mm at the level of th10. A width
of 1.6 mm is attained ¢. 40 mm from the proximal end;
distal fragments are even wider.

The sicula is 1.7-1.9 mm long and reaches one-third
to one-half up th2. Its aperture is slightly expanded in
some specimens, and is provided with a tiny virgella. The
thecae are simply hooked throughout, without any signi-
ficant overlap. The apertural hooks comprise two-fifths
of the rhabdosome width. In some specimens, the aper-
tural hook appears to be formed by the dorsal and lateral
walls only so that it resembles a hood rather than a hook.
Th1 is 1.0-1.1 mm long and 0.7-0.8 mm high. 2TRD is
1.7-1.9 mm at th2, 1.95-2.1 mm at th10, and slowly in-
creases to 2.1-2.4 mm in the most distal fragments.
Remarks: S.? splendens sp. n. may be easily distinguis-
hed from M. priodon (Bronn, 1835) and M. parapriodon
Boucek, 1931 by its dorsally curved, slowly widening
rhabdosome and non-overlapping thecae. It appears to be
related to M. rickardsi minor Hutt, 1975 from which it dif-
fers in its prominent dorsal curvature, longer sicula and
lesser difference between proximal and distal thecal spa-
cing. The short apertural processes, resembling those
described in M. rickardsi rickardsi and M. rickardsi mi-
nor may, however, attach to the dorsal wall of the meta-
thecal hook. Loydell (1993a) synonymized M. rickardsi
minor with M. priodon. Paris et al. (1980) assigned simi-
lar species from the crispus and griestoniensis biozones
of the Armorican Massif to ?Monograptus rickardsi mi-
nor and Monograptus sp. A respectively. The thecal over-
lap of these taxa is not clearly visible. Monograptus no-
vaki Boutek differs from $.? splendens in its arcuate, re-
gularly dorsally curved and more rapidly widening rhabdo-
some. Isolated proximal portions of the two species, howe-
ver, show almost identical dorsal curvature and thecal cha-
racters and may be easily mistaken. No spines have been
so far recorded on thecal apercures of M. novaki. Stimu-
lograptus clintonensis (Hall) — another similar species —
may be distinguished from S.? splendens by its high-tri-
angular thecae and straight rhabdosome without proximal
dorsal curvature. In according to Loydell & Cave (1993)
S. clintonensis is common in shallower, shelf settings si-

milar to those proposed by Gutiérrez-Marco & Storch
(1998) for Monograptus sp. n. B, i.e. for 8.7 splendens.

M. splendens sp. n. appears to be widespread and com-
mon species of the upper tullbergi and lower spiralis bi-
ozones of the Iberian Peninsula. It is abundant in E1 Pobo
and Checa sections (Western Iberian Cordillera), in Cor-
ral de Calatrava (southern part of the Central Iberian
Zone) and has also been recorded from the southern Py-
renees.

Genus Streptograptus Yin, 1937

Type species: Designated by Loydell & Chen,
1991; Graptolithus plumosus Baily, 1871; from the
Llandovery of Tieveshilly, County Down, Northern Ire-
land. Yin (1937) designated Monograptus nodifer Tor-
nquist, 1881 sensu Elles & Wood 1913 as the type spe-
cies of Streptograptus. Elles & Wood’s (1913) speci-
mens, however, belong in S. plumosus (Baily).

Streptograptus linearis Chen, 1984
Pl. 11, fig. 3; text-fig. 4, fig. 10

1984 Streptograptus anguinus linearis subsp. n.; Chen,
p. 72, pl. 16, figs 6, 9-11, 14, 15; pl. 17, fig. 1.

1998 Streptograptus cf. johnsonae Loydell (? sp. n.);
Gutiérrez-Marco & Storch, p. 89, text-fig. 8b.

Holotype: Specimen NIGP 59858 figured by Chen
(1984) on pl. 16, fig. 11; from the ,,exiguus Biozone*
(uppermost part of guerichi Biozone), Nanjiang, Si-
chuan, China.

Material: Three complete flattened rhabdosomes and
several fragments.

Diagnosis: Rhabdosome slender, ventrally curved,
fish-hook shaped. Streptograptid metathecae comprise
c. one-half of the rhabdosome width. Rhabdosome wid-
th expands from 0.3-0.35 mm at th1 to 0.6-0.65 mm di-
stally.

Description: The slender, ventrally curved rhabdo-
some resembles an open fish-hook in its shape. Its dor-
so-ventral width increases from 0.3-0.35 mm at thl, to
0.45-0.5 mm at th10, and to a distal maximum of
0.65 mm. The sicula is c¢. 0.8 mm long and its apex re-
aches to the level of the top of th1. Prothecae are paral-
lel-sided; typical streptograptid metathecae comprise
c. one-half of the rhabdosome width. The apertures are
broadened longitudinally. 2TRD is 1.5-1.8 mm in the
proximal part of the rhabdosome, distally it increases
to 1.8-1.9 mm.

Remarks: The rhabdosomes described herein agree
well with the type specimens of Streptograptus linearis
figured by Chen (1984). They have the same rhabdoso-
mal and thecal shape, dorso-ventral widths and 2TRDs.
S. linearis differs from the otherwise similar S. johnso-
nae Loydell in its wider rhabdosome, less pronounced
ventral curvature and less closely spaced thecae. S. pefi-
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Ius Hutt — another similar species described from Eng-
lish Lake District (Hutt 1975) — is still more gracile (ma-
ximum width 0.3 mm) and has also more closely spaced
thecae. §. linearis has been found in the lower patt of the
hispanicus Subzone of the [innaei Biozone in the Checa
Section whilst the two other taxa discussed herein came
from the younger utilis Subzone. Loydell (1993b) iden-
tified S. linearis also in Linnarsson’s collection which
originates from Klubbudden in Sweden.

Streptograptus pericoi sp. n.
PL 11, fig. 6; text-fig. 3, figs 4-6

Name: After Dr. Pedro (,,Perico*) Herranz Aratijo.

1998 “Paradiversograptus” aff. runcinatus (Lapworth);
Gutiérrez-Marco & Storch, p. 90, fig. 10a, b, d.

Holotype: MGM 3480 S figured on pl. 11, fig. 6 and
text-fig. 3, fig. 4; ventrally curved distal part of the
rhabdosome preserved in moderate relief, proximal
portion on the same slab; from the upper part of the
linnaei Biozone (hispanicus Subzone, early Telychian)
of the Bddenas Formation at Checa section (Western
Iberian Cordillera, Guadalajara Province, Spain).

Material: 6 more-or-less complete specimens preser-
ved in low to moderate relief, and several fragments.

Diagnosis: Rhabdosome robust, gently doubly cur-
ved, Dorsally curved proximal end is 0.25 mm wide;
ventrally curved distal part slowly widens to 0.9 mm.
Prothecae narrow towards prominent, coiled metathecae
of almost semicircular profile which comprise ¢. two-fi-
fths of dorso-ventral width of the rthabdosome proximally
and c. one-half of the width in the distal part. Distal me-
tathecae occupy one-half of the thecal length. Axially ex-
tended apertures face the dorsal wall of the rhabdoso-
me. 2TRD is 1.7-2.0 mm proximally and 1.6-1.9 mm
distally.

Description: Streptograptid with gently ventrally
curved rhabdosome, the most proximal portion of which
may be weakly dorsally recurved. The rhabdosome widens
slowly from the initial width 0.25 mm (height of thl) to
a maximum width of 0.8-0.9 mm. Thecae provided with
node-like prothecal folds; prothecae narrow towards the
metathecal portion. Prominent metathecae of medium, al-
most semicircular profile have extended apertures which
face the dorsal wall of the rhabdosome. The metathecae
comprise c. two-fifths of the proximal dorso-ventral wid-
th of the rhabdosome and c. one-half of the width in the
distal part of the rhabdosome. Distal metathecae occupy
one-half of the thecal length. The thecal aperture is ex-
tended and faces the dorsal wall of the rhabdosome. The
sicula is ¢. 1 mm long and reaches the top of thl. 2TRD
is 1.7-2.0 mm in the proximal part of the rhabdosome and
thereafter decreases slightly to 1.6-1.9 mm.
Remarks: Streptograptus pericoi sp. n. may be distin-
guished from most other early Telychian streptograptids by

its distally more robust, gently but regularly ventrally cur-
ved rhabdosome with prominent medium profile metathe-
cae. Streptograptus pseudoruncinatus (Bjerreskov, 1975),
one of the few species having streptograptid thecae and the
rthabdosome of similar shape and dimensions, differs from
S. pericoi in having lower profile, more closely spaced the-
cae (2TRD - 1.2-1.6 mm after Loydell 1993a). Proximal
portions of S. filiformis Chen may be easily misidentified
with those of S. pericoi which occur in the same horizon
in the Checa section. Proximal portion of S. pericoi, howe-
ver, is a more rapidly widening and more ventrally cur-
ved. Distal portion of S. pericoi may be distinquished from
otherwise similar S. plumosus by its considerably distally
narrowing prothecae and broader metathecae of semicir-
cular profile. Monograptus pseudobecki Boudek & Pribyl,
1942 is also similar but has a more rapidly broadening
rhabdosome and possesses narrower, rather hooked than
streptograptid metathecae. Paradiversograptus runcinatus
(Lapworth) differs in having hooked thecae.

S. pericoi was found only in the Checa section. It is
uncommon in a thin bed in the upper part of the linnaei
Biozone (hispanicus Subzone).

Genus Torquigraptus Loydell, 1993

Type species: Graptolithus Proteus var. plana Bar-
rande, 1850; original designation; from the upper Llan-
dovery (linnaei Biozone) of Zelkovice, Bohemia.

Torquigraptus arcuatus (Boudek, 1931)

PL. 1V, fig. 5; pL. V, figs 3-5; text-fig. 4, fig. 12a—c; text-
fig. 5, figs 3a—c, 11

1931 Monograptus arcuatus sp. n.; Boudek, p. 7, text-
fig. 7a, b.

1939 Monograptus arcuatus Boucek; Miinch, p. 20, text-
fig. 26.

1945 Spirograptus arcuatus (Boucek, 1931); Pribyl,
p. 35, pl. 8, figs 4, 5.

1993 “Monograptus” arcuatus Boucek, 1931; Loydell &
Cave, fig. 50, p.

1998 Torquigraptus cf. arcuatus (Boutek); Gutiérrez-
Marco & Storch, p. 90, fig. 9k.

Lectotype: Subsequent designation by Pfibyl 1945;
specimen 131368 figured by Boudek (1931) on text-
fig. 7a; from the upper crispus—lower griestoniensis
Biozone of Radotin, Bohemia.

Material: Over 40 more-or-less complete rhabdoso-
mes, including several proximal portions. The speci-
mens from Corral de Calatrava are flattened; those
from Orihuela del Tremedal are preserved in modera-
te relief.

Diagnosis: Rhabdosome with regular dorsal curva-
ture. Several proximal thecae axially elongated (2TRD 2
is 2.5-3.0 mm, 2TRD 5 is 2.3-2.8 mm), 0.25 mm high
and simply hooked. Distalwards the apertural parts of the
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The sicula is 1.1 mm long, having a c. 0.1-0.15 mm wide
aperture, its apex reaching about two-thirds up thl. The ear-
liest three to five thecae have axially elongated low-angle
prothecae and tiny, probably hooked metathecae. The pro-
thecal bases are 0.1 mm wide in the first few thecae, the the-
cal height of which attains 0.2 mm. The following thecae
become less axially elongated having more prominent, iso-
lated torquigraptid metathecae with hooked and twisted aper-
tures. Thecal overlap is negligible. The width of the rhabdo-
some increases to 0.6 mm at the level of ¢. th6. The maxi-
mum width of 0.9 mm (in low relief) is attained at th8—th10.
2TRD decreases from 2.4 mm at th3, to 2.1 mm at th6. Di-
stally, 2TRD is ¢. 1.8 mm. The prothecal base comprises
one-third of the rhabdosome width at the level of th10 (0.3
mm of 0.9 mm high theca); more distally the prothecal bases
comprise two-fifths of the rhabdosome width.

Mesial and distal thecae are oriented perpendicular to the
plane of the rhabdosome spiral so that the true shape of the
metathecae and the dorso-ventral width of the rhabdosome
are usually obscured by the ,,scalariform view",.
Remarks: Proximal fragments of T. australis may be
difficult to distinguish from T. tullbergi. The thecae of the
two species seem to be almost identical in form and size.
The former species, however, more rapidly increases in
dorso-ventral width and has broader prothecal bases
which comprise one-third to two-fifths of the DVW from
c. th10. The distal appearance of the thecae developes
later in T. tullbergi. Beginning at the second half of the
first whorl the thecae are perpendicular to the spiral pla-
ne in T. australis. The circular outline of the regular spi-
raliform rhabdosome distinguishes T. australis from all
other torquigraptids except T. spiraloides which, howe-
ver, was probably of helical form. T. spiraloides also dif-
fers from T. australis in having more isolated and higher
metathecae and a more rapid proximal increase in dor-
so-ventral width. Oktavites contortus (Perner) may be
easily distinguished from T. australis by its slender, axi-
ally elongated proximal portion which widens rapidly
within th6-th9 (as shown by the specimen figured by Per-
ner 1897 and Piibyl 1945, pl. 9, fig. 11, and many other
rhabdosomes collected by the author). T. proteus has a
helically spiralled rhabdosome with a more elongated,
slender proximal portion and a considerably wider distal
portion with high-triangular thecae.

The species is common in the griestoniensis Biozone
of both the Central Iberian Zone and Western Iberian Cor-
dillera. It is also common in the same biozone of the Bar-
randian area in Bohemia (Storch 1994, Monograptus cf.
contortus). Other records are from Sardinia (Storch &
Serpagli 1993, Monograptus cf. contortus) and Wales
(Zalasiewicz 1994, Torquigraptus tullbergi cf. spiraloi-
des). The overall stratigraphical range of T. australis is
probably upper crispus Biozone to Nowermost crenula-
ta and/or tullbergi Biozone.

Torquigraptus flagellaris (Tornquist, 1892)
Text-fig. 5, figs 2, 5, 6

1892 Monograptus flagellaris, Tornquist, pp. 42-43,
pl. 3, figs 31-33.

1913 Monograptus flagellaris Tornquist; Elles & Wood,
p- 457, pl. 46, fig. 3, text-fig. 315.

11931 Monograptus flagellaris (Toernquist); Haberfelner,
pp- 137-138, pl. 2, fig. 8a—d.

1945 Spirograptus flagellaris (Tornquist 1892); Pribyl,
pp. 14-15.

1998 Torquigraptus flagellaris (Toérnquist); Gutiérrez-
Marco & Storch, fig. 9f.

Lectotype: Subsequent designation by Piibyl 1945;
the specimen figured by Tornquist (1892) on pl. 3,
fig. 31; from Nittsjo, Sweden.

Material: 45 flattened specimens, including several
complete rhabdosomes with siculae.

Description: The rhabdosome is coiled into a high
helical spiral, with a short, dorsally curved proximal por-
tion. At the level of th4-th7 the rhabdosome axis twists
abruptly so that the remainder of the rhabdosome appears
to be ventrally coiled. A maximum of one-and-a-half
whorls were recorded in the present material. The sicula
is 0.9-1.0 mm long and its apex attains the level of the
dorsal wall of the first metatheca. Thecae are triangular
in shape throughout the whole rhabdosome, being isola-
ted proximally and overlapping a little distally. The ven-
tral wall of the distal thecae is inclined at 35-40° to the
rhabdosome axis. The small, laterally twisted metathecal
hooks, of torquigraptid appearance, terminate in lateral-
ly facing apertures. Thecal height is 0.6 mm at th1-2; the
maximum rhabdosome dorso-ventral width — 1.25 mm —
is attained between th8 and th10. 2TRD at th2 is 2.1 mm;
distally the 2TRD increases slightly to 2.2 mm.
Remarks: The Spanish material, common in the up-
permost tullbergi and lower spiralis biozones, is very si-
milar to the type material figured by Tornquist (1892).
Boucek (1953) listed T. flagellaris from the griestonien-
sis Biozone of Bohemia. All specimens from his colle-
ction, however, originate from the crenulata (i.e. tullbergif
spiralis Biozone boundary beds.

Torquigraptus tullbergi (Boucek, 1931)

PL 100, fig. 1; pl. 1V, fig. 1, pl. VI, figs 2, 4-6; pl. VII,
figs 1, 2, 4, 6; text-fig. 5, figs 7-10

1931 Monograptus tullbergi Boucek, p. 8, text-fig. 9f, g.

1931 Monograptus communis var. rostratus (Elles und
Wood); Haberfelner, pp. 43-44, text-fig. 2a, b.

1931 Monograptus intermedius (Carruthers); partim Ha-
berfelner, pl. 1, fig. 26¢, non 26a, b, d, text-fig. 3a,
b.

1945 Spirograptus tullbergi tullbergi (Boucek 1931);
Pribyl, p. 17, pl. 6, figs 1-6.

1970 Monograptus spiralis (Geinitz) sensu Elles and
Wood; Toghill and Strachan, p. 518, pl. 104,
figs 5-7, 78, 9, pl. 105, fig. 14.
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1971 Monograptus (Spirogr.) tullbergi tullbergi Boucek,
1931; Schauer, pp. 75-76, pl. 29, figs 17-18;
pl. 34, figs 3-4.

1975 Monograptus tullbergi Boucek, 1931; Bjerreskov,
p. 66, fig. 19C.

1994 Torguigraptus tullbergi tullbergi (Boucek, 1931);
Zalasiewicz, p. 385, text-fig. 8 E, F.

1998 Torquigraptus tullbergi (Boudek); Gutiérrez-Mar-
co & Storch, fig. 9c.

1998 Torquigraptus cf. tullbergi (Bouéek) — ? sp. n.; Gu-
tiérrez-Marco & Storch, p. 90, fig. 9d.

Lectotype: designated Pfibyl (1945); the specimen
No L30524 figured by Boucek (1931, fig. 9f) from the
Litohlavy Formation (mid-late Telychian) at Barrande’s
locality “Colony Lapworth” near Zdice, Bohemia.
Housed in the National Museum, Prague.

Material: More than one hundred rhabdosomes, some
with the sicular end, some late mature, preserved both
flattened and in moderate relief.

Description: The rhabdosome is coiled into a loo-
se, low-conical spiral. Late mature rhabdosomes, compo-
sed of almost two whorls (¢. 540-720°) may attained
more than 100 mm in length. The second whorl, in which
the rhabdosome axis is twisted, opens rapidly so that the
distal end of the rhabdosome becomes almost straight,
with only slight ventral curvature.

The sicula is 1.0-1.2 mm long and reaches up to 2/3
up thl. The proximal thecae are axially elongated, very
low-triangular in shape, being 0.1 mm in diameter at the
level of the early protheca. Their metathecae are small,
probably simply hooked. A small prothecal fold has been
observed. The mesial and distal thecae are triangular, ty-
pically torquigraptid. Metathecae are isolated, of almost
rastritiform appearance, but slightly ventrally coiled. The
laterally twisted apertural part of the metatheca faces the
reverse side of the rhabdosome. The apertures appear to
be slightly expanded transversely.

Th1 is ¢. 1.2 mm long and 0.15-0.2 mm high. The dor-
so-ventral width of the rhabdosome further increases from
0.2-0.25 mm (th2) and 0.5-0.8 mm (th5) to 0.9-1.1 mm
at th10. Then the dorso-ventral width of the rhabdosome
increases more gradually, measurement being complica-
ted by the twisted rhabdosome. The distal width of the
longest rhabdosomes is 2.1 mm. The early parts of the
proximal prothecae are 0.1-0.15 wide; the early parts of
the most distal prothecae are up to 0.9 mm wide. 2TRD
is 2.2-2.4 mm at th2, 1.9-2.3 mm at th5 and 1.75-2.05
mm at th10. Distally, 2TRD reaches 2.1-2.45 mm.
Remarks: During the astogeny of T. tullbergi, the me-
tathecal part of the theca increases in the proportion of
the theca which it represents. The most proximal thecae
have long, slowly expanding prothecae and very small,
hooked metathecae. Distally, the prothecal portion is gra-
dually suppressed in favour of the progressively develo-
ping metatheca. This astogenic development, however,

can be more or less delayed in different specimens. This
may explain the apparent polymorphism in the proximal
shape and elongation of rhabdosomes observed as bed-
ding-plane assemblages (thanatocenoses). Even more pro-
nounced differences emerge when assemblages from dif-
ferent bedding planes are compared. Some specimens of
T. tullbergi have almost arcuate proximal portions with
many elongated prothecae and a gradual increase of the
dorso-ventral width; other specimens are almost fish-hook
shaped proximally, having more rapid development of the
metathecae. The type specimen figured by Bougéek (1931)
is one of those specimens with a less elongated proximal
part and a more rapid increase in the dorso-ventral wid-
th of the rhabdosome.

The large variability observed in both Iberian and Bo-
hemian populations, may embrace even specimens having
a gracile, very elongated proximal portion of the rhabdo-
some. These were separated by Gutiérrez-Marco & Storch
(1998) from the coeval T. tullbergi and left in open no-
menclature (7. cf. tullbergi — ? sp. n.) until further, more
complete material was available. Other specimens resem-
bling T. cf. tullbergi (? sp. n.) have been figured by
Schauer (1971, pl. 29, fig. 17) and Zalasiewicz (1994,
text-fig. 8F). In the light of new biometric data, we refer
all of these specimens to Torquigraptus tullbergi (Bou-
¢ek, 1931).

Torquigraptus tullbergi resembles T. spiraloides (Pfi-
byl) in its spiraliform rhabdosome and laterally twisted
torquigraptid thecae. It differs from the latter species in
having a gracile, elongated proximal portion to the
rhabdosome and a less tightly enrolled spiral which re-
sembles some cyrtograptid procladia. The sicula is lon-
ger and the proximal metathecae smaller in 7. tullbergi.

T. tullbergi is a common component of mid-late Tely-
chian graptolite faunas in many parts of the world and
has, thus, considerable value in biostratigraphical corre-
lation. In Spain (Gutiérrez-Marco & Storch 1998) and
Bohemia (Storch 1994) it gives the name to the tullbergi
Biozone corresponding in age to the crenulata Biozone
elsewhere. T. tullbergi appears together with late popu-
lations of Monoclimacis griestoniensis Nicol, s.s. (as
documented by Gutierréz-Marco & Storch 1998) and di-
sappears in the lower part of the spiralis Biozone. Simi-
lar specimens from the lower part of the griestoniensis
Biozone, formerly assigned to this species, belong in
T. australis sp. n. Schauer (1971) reported T. tullbergi also
from the turriculatus and crispus biozones but all speci-
mens figured in his paper come from Ronneburg I secti-
on, in which the crenulata and spiralis biozones were
sampled.
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Nové poznatky o graptolitech svrchniho llandovery (silur) Spanélska

Rozsdhlé vychozy Eernych graptolitovych bidlic, postupng dokumentované z mnoha provincif Spanélska i Portugalska, &inf z Pyrenejského poloostrova
klitovou oblast pro pozndnf biostratigrafie a graptolitovych faun spodniho siluru peri-Gondwanské Evropy. Predlozend price shrnuje nové poznatky
o graptolitové fauné svrchniho llandovery (telych) zdpadni &4sti Centrdln{ iberské kordillery (masivy Sierra Menera, Nevera a Tremedal) a jizn{ &dsti
centrdlnf zény iberského masivu. Prace navazuje na vysledky stratigrafického a paleoekologického vyzkumu obou oblasti (Gutiérrez-Marco — $torch
1998, Garcia Palacios et al. 1996a, b). Detailnim vzorkovanim nékolika profilt svrchnim llandovery bylo uvedenymi autory zji§téno pies 60 druhi
graptolitdi, z nichZ fada byla citovdna v oteviené nomenklatufe, event, Jjako ,,? n. sp.*. VEtsina t&chto novych, nebo nedostate¢ns zndamych taxoni je
systematicky zpracovdna v této prdci (Euroclimacis n. gen., Euroclimacis iberica n. sp., Monograptus juancariosi n. sp., Stimulograptus? splendens
n. sp., Streptograpius pericoi n. sp. a Torquigraptus australis n, sp. a popisy ¢i komentdfe k dal§fm 15 druhiim).

Svrchnollandoverskd graptolitové fauna Pyrenejského poloostrova je nejbliz3f fauné armorického masivu ve Francii. Kromé& mnoha druhi s témég
celosvétovym roziffenim je také mnoho druhii spolednych s Ceskym masivem (torquigrapti, petalograpti), zatimco nékteré diskutované taxony
(metaclimacograpti, P. meridionalis) byly dosud zndmy jen ze severnf Afriky (z AlZirska, Libye, Tuniska).
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Explanation of plates

Plate I

1 — Metaclimacograptus asejradi Legrand, 1993, MGM 3485 S, (linnaei Biozone, hispanicus Subzone).

2,4, 5 - Parapetalolithus meridionalis (Legrand, 1998), 2 - MGM 3467 S (Pcrispus Biozone), 4 - MGM 3413 § (griestoniensis Biozone), 5 — MGM 3478
S (griestoniensis Biozone).

3 — Metaclimacograptus flamandi (Legrand, 1993), MGM 3479 S, (griestoniensis Biozone).

6 — Parapetalolithus hispanicus (Haberfelner, 1931), MGM 3457 S, (linnaei Biozone, hispanicus Subzone).

1, 4-6 from Checa A locality, 2 from Corral de Calatrava section and 3 from Estacién de Belalcdzar (Corral de Calatrava area); 1, 3 x10; 2, 4-6 x5.

Plate II

1, 2 — Monograptus gemmatus (Barrande, 1850), | - MGM 3444 S, 2 - MGM 3458 S, (linnaei Biozone, runcinatus—gemmatus Subzone).
3 — Streptograptus linearis Chen, 1984, MGM 3438 S (linnaei Biozone, hispanicus Subzone).

4 — Pseudoplegmatograptus obesus (Lapworth, 1877), MGM 3428 S, (linnaei Biozone, hispanicus Subzone).

5 — Stimulograptus becki (Barrande, 1850), MGM 3434 S, (linnaei Biozone, hispanicus Subzone).

6 — Streptograptus pericoi sp. n., MGM 3480 S, (holotype, linnaei Biozone, hispanicus Subzone).

All specimens from Checa A locality; x5.

Plate III

1 — Torquigraptus tullbergi (Bouéek, 1931), P§ 696, (tullbergi Biozone).

2,3 - Monograptus curvus Manck, 1923, MGM 3471 S (the same slab, lower spiralis Biozone).

4-7 - Euroclimacis iberica sp. n., 4 —MGM 3473 S, 5 — MGM 3477 S, 6 - MGM 3475 S, 7 — MGM 3470b S (holotype), (upper spiralis Biozone).
1 — from El Pobo de Dueiias locality (F), 2-7 from Corral de Calatrava section; 1-4, 6, 7 x5; 5 x10.

Plate IV

1 — Torquigraptus tullbergi (Boudek, 1931), MGM 3411 S, (tullbergi Biozone).

2,77 — Monograptus juancarlosi sp. n., MGM 3462 S (the same slab, holotype figured on fig. 7), (lower tullbergi Biozone).

3, 6 — Stimulograptus? splendens sp. n., 3 — MGM 3409 S, (lower spiralis Biozone), 6 - MGM 3466 S (holotype, uppermost fullbergi Biozone).
4 — Paradiversograptus runcinatus (Lapworth, 1876), MGM 3455 S (linnaei Biozone, runcinatus—gemmatus Subzone).

5 — Torquigraptus arcuatus (Bougek, 1931), MGM 3416 S, (upper ?erispus Biozone).

1, 3 — from El Pobo de Dueiias locality (F), 2, 4, 6, 7 — from Checa A locality, 4 — from Orihuela del Tremedal, section C; 1, 3, 5, 6 x5; 2, 4, 7 x3.

Plate V

1, 2 — Monograptus drepanoformis Toghill & Strachan, 1970, | - MGM 3427 S, 2 — DPM 3426 S (griestoniensis Biozone).
3-5 — Torquigraptus arcuatus (Bougek, 1931), 3 — MGM 3580 S, 4 - MGM 3464 S, 5 — MGM 3465 S, (?lowermost griestoniensis Biozone).
1, 2 — from Checa A locality, 3-5 — from Corral de Calatrava section; 1, 3-5 x5: 2 x10.

Plate VI

1, 3 — Torquigraptus australis sp. n., 1 - MGM 3412 S (holotype), 3 — MGM 3420 S, (griestoniensis Biozone).
2, 4-6 — Torquigraptus tullbergi (Bougek, 1931), 2 - MGM 3419a S, 4, 6 — MGM 3463 S (the same slab), 5 — MGM 3408 S, (tullbergi Biozone).
All specimens from Checa A locality, x5.

Plate VII

1,2, 4, 6 — Torquigraptus tullbergi (Boucek, 1931), 1 —PS 900, (the sicula and th1), 2—PS 901 (ca 10th theca, obverse view), 4 — PS 905 (9—11th thecae,
reverse view), 6 — PS 904 (7th theca, obverse view), (tullbergi Biozone).

3, 5 — Monograptus juancarlosi sp. n., 3 — PS 902 (mesial thecae), 5 — P§ 903 (late mesial theca), (lower fullbergi Biozone).

All specimens from Checa A locality, SEM photos, 1, 5 x90; 2 x45; 3 x70; 4 x37; 6 x100. White scale bar = 0,1 mm.
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For explanation see p. 134
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P. Storch: New data on Telychian (Upper Llandovery, Silurian) graptolites from Spain (P1. 1I)




Journal of the Czech Geological Society 43/3(1998)

P. Storch: New data on Telychian (Upper Llandovery, Silurian) graptolites from Spain (P1. III)
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P. Storch: New data on Telychian (Upper Llandovery, Silurian) graptolites from Spain (P1. IV)
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P. Storch: New data on Telychian (Upper Llandovery, Silurian) graptolites from Spain (P1. V)
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P. Storch: New data on Telychian (Upper Llandovery, Silurian) graptolites from Spain (P1. VI)
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RECENZE

P. W. Harben — M. KuzZvart: Industrial Minerals: Global
Geology (1997). — Vydavatel: Industrial Minerals Information Ltd., Park
House, Park Terrace, Worcester Park, Surrey, KT4 7HY, England. Cena
198 US dolarf.

Kniha je spojenym 3. vyddnim publikace P. W. Harbena a R. L. Batese a
2. vyddnim price M. KuZvarta a je vénovdna dvéma vyjfmeénym
specialistiim v oblasti nerudnych surovin, profesoru R. L. Batesovi z Ohio
State University a P. M. Tatarinovi z Gornyj Institut, Petrohrad. Deklaruje,
#e je jakymsi mostem mezi Vychodem a Zapadem, nebot po dobu studené
vilky byly tdaje o nerostném bohatstvi tehdejétho SSSR a jeho sateliti
t€méf nepfistupné,

Na 462 strinkdch, véetné 199 obrdzki a 194 tabulek, je abecedné
diskutovdno 48 komodit, poéinaje azbestem a kone zeolity. Diskusi
jednotlivych komodit pfedchdzi ivod, v némz se autofi dotykaji nékterych
specifik nerudnych surovin, které na rozdil od rudnich material& nebo
energetickych surovin maji prednost v tom, Ze jejich odbyt neustdle vzriista
bez dramatickych vykyvi. Tak napf. samotnd hodnota vyt'éienych
‘$té€rkopiskil je ekvivalentni hodnoté vytéZeného zlata a prevysila hodnotu
médi, hodnota vytézenych jilovych surovin je vy$3 nez hodnota Zeleznych
rud. Nerudné suroviny se staly nezastupitelnymi materidly v budovani
modern{ spole¢nosti. Je zminéna role nerudnych surovin v Zivotnim
prostiedi a zdravotnich disciplindch, déle ptechod od dive téZenych nerostd
k jinym surovindm. Napf. berylium se zagind ziskédvat z bertranditu misto
pegmatitového berylu, sira vice z recyklovanych surovin nez z primarnich
zdrojti, magnezium z moiské vody nez z magnezitu, atd. Aby nedoslo

k ohroZeni doddvek nékterych materidld diky politické nestabilité v riiznych
Cdstech svéta, jsou nékteré tradi¢ni zemé, které v neddvné minulosti byly
hlavnim zdrojem nékterych komodit, nahrazovany jinymi. Jako piiklad se
uvadi Austrilie, kterd se diky nélezu obrovskych loZisek diamantt doslova
z ni¢eho stala jejich nejvétsim producentem (diive Jizni Afrika) a zdroveii
si vytvofila vlastni trh a rozesla se s tradiénim trhem ovlddanym belgickym
DeBeers. Konec tivodni kapitoly patfi vyjmenovdni zdroji odkud autofi
Cerpali informace, a také doporuéenf literatury, z ni lze ziskat dalsi data
o nerudnych surovindch.

Nisleduje kapitola ,,od magmatu k metamorfismu a zpét“, v nf# jsou
na dvandcti strdnkédch uvedeny geologické procesy a typy loZisek, od
magmatickych po sedimentdrni a metamorfni. Tato kapitola je doplnéna
pfehlednou tabulkou genetickych typfi loZisek nerudnych surovin (5 str.).

V systematické ¢dsti jsou popisovidny jednotlivé komodity. V tivodu ke
kazdé suroving je uvedena mineralogickd, chemickd a fyzikdln{
charakteristika nerostu nebo horniny, sou¢asné pouZiti v primyslu, véetné
vyhledu do 21. stoleti, spotfeba a produkce, typy lozisek, coz je dilezité
pro vyhledavani novych akumulaci, svétovd loZiska, vlastnosti a pouZiti
Jejich suroviny, piicemz se diiraz klade na loziska v USA, stfednf a vychodni
Evropé a byvalém SSSR, ale nejsou opominuta Zddnd vyznamnd loZiska
v kterékoliv &dsti zem&. Pozornost je rovnéZ vénovina metoddm
vyhleddvini (geochemické, geofyzikélni), priizkumu, t€Zby a dpravy dané
suroviny.

Objemné kompendium m4 jen minimum nedostatkd (pfeklepy,
nesprdavné uvedené grafy) a patii mezi price bez nichZ se neobejde nejen
loZiskovy geolog, ale ani fada dalsich geovédnich a technologickych
disciplin. Kniha bohuZel nezahrnuje stavebni suroviny, které by viak
nepochybné zasluhovaly pro sviij rozsah zvIdstni publikaci.

Jaroslav Hak



