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Abstract: The lowest occurrence of the planktic graptolite Demirastrites triangulatus Harkness,
1.38 m above the base of the black shale succession of the Zelkovice Formation at the Hlasna
Tteban section in central Bohemia (Czech Republic), is proposed to mark the base of the Aeronian
Stage of the Silurian System. The section, fulfils all formal requirements for stratotype of a
chronostratigraphic unit. It is proposed as a new Global Stratotype Section and Point (GSSP) to
replace the existing, inadequate stratotype in the Trefawr track cutting in the northern Llandovery
area of Wales. An abundant, well-preserved, high-diversity graptolite fauna in the section occurs
in association with common, although less stratigraphically significant chitinozoans, consistent
with the Spinachitina maennili Biozone. The section comprises the lower—-middle Aeronian (Dem.
triangulatus—Lituigraptus convolutus graptolite biozones) together with the underlying
Rhuddanian (4kidograptus ascensus—Coronograptus cyphus biozones) and Hirnantian strata.
Several graptolite genera of primary importance in global correlation (Demirastrites, Petalolithus,
Rastrites and Campograptus) have their lowest occurrences in the lower part of the triangulatus
Biozone and several key taxa indicative of the cyphus Biozone have their last appearance at or
near the proposed level of the GSSP, helping to further constrain the level for precise international
correlation. The structurally simple black shale succession is somewhat condensed but the
boundary interval is within uniform black shale without any sign of disconformity. The C,, isotope
record exhibits a minor but globally correlatable positive excursion (the Early Aeronian Carbon
Isotope Excursion/EACIE) just above the base of the triangulatus Biozone, whereas the TOC and
N isotope records indicate uninterrupted sedimentation under stable, anoxic settings. The section
can be correlated precisely with sections in Wales, the original type area for the Aeronian, and
preserves the intended biostratigraphic datum for the definition of Aeronian Stage. Long-term
preservation of this easily accessible section is secured by its location in Bohemian Karst Protected
Landscape area.
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1. Introduction

The Silurian System was the first Palacozoic System for which all boundary stratotypes of its
component series and stages were formally established during the 1980s (Holland & Bassett 1989).
With a single exception, all of the stratotypes were selected in the classic Palaeozoic locations in
Great Britain. However, subsequent progress in high-resolution stratigraphy and correlation has
revealed serious flaws in some of these early-defined stratotypes (e.g., Melchin et al., 2004).
During its Field Meeting held in Ludlow, U.K. in 2011 the International Subcommission on
Silurian Stratigraphy (ISSS) visited the boundary stratotypes of the Silurian series and stages in
Wales and England (Ray 2011) and found that several of the GSSPs did not meet current
requirements for resolution in global correlation. A unanimous decision was made to search for
better GSSPs and replace the present inadequate stratotypes. Two working groups were formally
established by the ISSS to search for new basal stratotypes for the Aeronian and Telychian stages
of the Llandovery Series.

Global correlation of offshore marine Silurian rocks relies primarily on planktic graptolites,
supplemented by organic-walled microfossils (namely chitinozoans), and conodonts, which are
commonly confined to limestone successions. Biostratigraphic correlation has been reinforced by
chemostratigraphy, particularly carbon isotope chemostratigraphy (Melchin & Holmden 2006;
Cramer et al. 2011 a.o.). Planktic graptolites are the most common and stratigraphically important
fossils to be found in anoxic black shales, which predominate in many Rhuddanian and Aeronian
offshore sedimentary successions worldwide. It has been proposed that widespread black shale
sedimentation in the Rhuddanian resulted from the Hirnantian deglaciation of the southern
hemisphere, with concomitant global warming, a rapid rise of sea-level, and temporary decline in
the rate of deep oceanic circulation (Melchin ez al. 2013). At that time, graptolitic shales spread
globally over all latitudes in which sedimentary successions are preserved and at a wide range of
water depths, whereas limestone deposition was confined to the shallower, more in-shore areas of
deeply flooded shelves and platforms. Although lowermost Silurian strata — Rhuddanian and
Aeronian — have been recognized in many Palaecozoic terrains around the globe, readily accessible
Rhuddanian-Aeronian boundary sections without a break in sedimentation or significant
lithological change that are rich in well-preserved graptolites are relatively few and for the most
part limited to Europe and China. Largely uninterrupted off-shore black shale successions with
prolific planktic graptolites are particularly widespread in the lower Silurian of peri-Gondwanan

Europe.
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We have examined the correlative potential of the Rhuddanian-Aeronian boundary sections
in the classical lower Palaeozoic succession of the Prague Synform in the Barrandian area of
central Bohemia. Graptolite biostratigraphy was integrated with the chitinozoan fossil record, and
organic carbon and nitrogen isotope geochemistry to maximize the correlation potential of the
section. The Hlasna Tieban section matches the formal requirements for a boundary stratotype (see
Salvador 1994) and is proposed herein as a replacement for the current Aeronian GSSP in the
Trefawr track cutting in Wales, U.K. (see Melchin et al. 2020 for a recent review). A detailed
lithological log of the Hlasna Tteban section was made and a variety of geochemical and rock
magnetic proxies were examined to assess the depositional and palacoredox conditions and
palaeoproductivity across the broad Rhuddanian-Aeronian boundary interval in the studied

section.

2. Present GSSP of the Aeronian Stage

The Aeronian was first defined as a stage by Cocks et al. (1984), who derived the name from the
Cwm-coed-Aeron Farm located c¢. 500 m from the base Aeronian GSSP in the Trefawr track cutting
in the northern part of the type Llandovery area of Wales. The Rhuddanian-Aeronian boundary
occurs within the Cefngarreg Sandstone Formation — a ¢. 25 m thick tongue of muddy sandstones
within Trefawr Formation (Cocks et al. 1984; Davies et al. 2010). Sparsely occurring graptolites
allow for tentative recognition of Pernerograptus revolutus (or Coronograptus cyphus),
Demirastrites triangulatus and Neodiplograptus magnus (or Demirastrites pectinatus) Biozone
assemblages. Along with the graptolites, chitinozoans of the Spinachitina maennili Biozone are
represented, and brachiopods occur intermittantly throughout the section.

The base of the Aeronian Stage was defined by the appearance of the Dem. triangulatus
Biozone graptolite fauna marked by a single occurrence of Monograptus (now Pernerograptus)
austerus sequens (Hutt) in the stratotype section. The highest evidence of the underlying
Rhuddanian C. cyphus Biozone is provided by an occurrence of Pernerograptus austerus vulgaris
(Hutt) found 18 m below the boundary “golden spike”. Temple (1988) called attention to the faunal
distribution in Trefawr track section, as being inadequate to justify selection of the stage boundary
stratotype at this section. Moreover, Zalasiewicz et al. (2009) noted the restricted stratigraphical
range of Pern. austerus sequens in the middle part of the triangulatus Biozone. Thus, the current
base of the Aeronian Stage lies within the triangulatus Biozone, and not at the base of the biozone
as it is currently used as a tool for global correlation. The nominal index graptolite itself is entirely

missing from the stratotype section. In addition, Pernerograptus austerus sequens s not an easily
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identifiable or common taxon. It has been recorded outside the Britain solely by Bjerreskov (1975)
from island of Bornholm, Denmark.

We propose that the FAD of the graptolite Dem. triangulatus should be retained as a marker
horizon in global correlation of the base Aeronian in order to respect the stability of the stage
boundary. The base of the triangulatus Biozone has been widely adopted as a marker in global
correlation (Zalasiewicz et al. 2009; Loydell 2012; Melchin et al. 2012, 2020) for this stage. The
Silurian was a time of relatively low faunal provincialism among graptolites (Goldman et al.
2013), but some differences in graptolite ranges and faunal assemblages between distant areas
have been recognised since the preliminary assessment by Melchin (1989). The new stratotype is
proposed in an area with strong faunal affinities with the original stratotype area and thus further

supports stability of the definition of the Aeronian Stage.

3. Lower Silurian Rhuddanian and Aeronian stages in the Prague Synform

The Palaeozoic succession of the Barrandian area represents the sedimentary cover of the Tepla—
Barrandian Unit, which has been considered to be an independent microplate named Perunica
(Havlicek et al. 1994; Fatka & Mergl 2009), detached from north-western Gondwana, and separate
and distant from eastern Cadomian-type terranes (Linnemann et al. 2004; Murphy et. al 2006).
Perunica remained close to Gondwana until the late Silurian (Cocks & Torsvik 2002, 2006, 2013).
Another palaeogeographical concept considered the Tepla-Barrandian Unit to be part of the
Armorican terrane assemblage or HUN superterrane, which was an integral part of Gondwana until
the late Silurian (Stampfli et al. 2002; Robardet 2003; von Raumer & Stampfli 2008). The
palaeogeographical position of Perunica (and thus of the Tepla-Barrandian Unit) within the Rheic
Ocean is uncertain due to its faunal affinities to different palacocontinents (Ebbestad et al. 2013;
Eriksson et al. 2013; Goldman et al. 2013; Kroger 2013; Meidla et al. 2013; Molyneux et al. 2013)
and a wide range of palaeolatitudes have been suggested by palacomagnetic studies (Tait et al.
1994, 1995; Krs & Pruner 1995, 1999; Krs et al. 2001; Patocka et al. 2003; Aifa et al. 2007;
Tasaryova et al. 2014).

Silurian rocks are preserved in the Prague Synform — a structure formed during the Variscian
Orogeny (Fig. 1) — representing an erosional remnant of a continental rift basin, called the Prague
Basin by some authors, infilled by an Ordovician to Middle Devonian marine sedimentary

succession with associated basaltic volcanic rocks (for summary see Chlupac et al. 1998).
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Fig. 1. Location maps: A. Location of the Hlasna Trebari section (HT) and the location of five other reference
sections with the Rhuddanian-Aeronian boundary strata; Karlik (K), Cernosice (C), Zadni Trebari (ZT),
Vockov (V), and Nové Butovice (NB). Small inset shows generalized location of the study area in central
Europe (CZ — Czech Republic, SK — Slovakia, G — Germany, A — Austria, P — Poland). B. Simplyfied
geological map of the Prague Synform showing the same territory and sections as map A. C. Detailed
location of the Hlasna T¥ebari section. After Storch et al. (2018).

In the Prague Synform, both the Rhuddanian and Aeronian stages are represented by the
Zelkovice Formation comprising an 8—12 m thick, condensed off-shore marine, anoxic
sedimentary succession (Ktiz 1998). Black silty shales, siliceous shales and thin-bedded silicites
predominate, and clayey shales are confined to the lowermost part of the Zelkovice Formation
(Storch 2006). Strata are rich in graptolites (Bou¢ek 1953; Storch 1994, 2023) associated with
organic walled microfossils (Dufka et al. 1995). Graptolites, in particular, have been used as an
effective tool for long-range correlation with high precision. Shelly faunas are very rare.

The Zelkovice Formation overlies the pale-coloured uppermost Hirnantian mudstones of the
Kosov Formation. The onset of the anoxic black shale sedimentation coincided almost precisely
with the base of the lowermost Silurian Akidograptus ascensus Biozone (Horny 1956; Storch
1986). Sedimentation temporarily ceased in the early Rhuddanian, revived in the upper part of the
Cystograptus vesiculosus Biozone in the majority of studied sections (Fig. 2) of the Prague

Synform, and continued without interruption across the Rhuddanian-Aeronian boundary interval
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and through the entire Aeronian until deposition of a non-fossiliferous beds of pale-coloured
mudstone and claystone marking the base of the succeeding Litohlavy Formation of Telychian age
(K1iz 1975; Storch 2006; Storch & Fryda 2012). The most complete black-shale succession, with
little or no gap in sedimentation, is developed in the southwestern and northeasternmost parts of
the Prague Synform including the Hlasna Tieban section. In many sections the lower Silurian
black-shale succession is disrupted by alkaline doleritic basalt sills (Kiiz 1998). The subsequent
Variscan Orogeny affected the Zelkovice Formation only slightly, as demonstrated by only minor

and local folding, subordinate faulting, and low to moderate thermal maturity (Kiiz 1998).

4. Rhuddanian-Aeronian boundary sections of the Prague Synform

Based on earlier stratigraphical studies devoted to the Llandovery strata of the Barrandian area and
their correlation with other European regions (Bou¢ek 1953; Storch 1986, 2006), six localities
qualified for closer examination of the Rhuddanian-Aeronian boundary strata (Storch et al. 2018):
Hlasna Tieban (49°5522,93" N, 14°12'42,97"E), Karlik (49°56'30,02"N, 14°16'8,58"E), Vockov
(49°55'34,10"N, 14°10'53,60"E), Zadni Tieban (49°55'10,48"N, 14°11'5,80"E), Cernogice
(49°57'27,06"N, 14°1822,98"E) and Nové Butovice (50°2'51,11"N, 14°20'37,53"E) (Figs 1, 2).
All sections exhibit similar sedimentary successions across the Rhuddanian-Aeronian boundary.
Minor differences were found in thickness, facies details and stratigraphical extent of
disconformities. The graptolite succession is almost identical in all of the sections, minor
differences are the result of preservational artefacts and sampling biases coupled with variations

in lithology, weathering, and the thermal effects of neighbouring basalt sills.

5. The Hlasna Treban section

Of the sections listed above, the Hlasna Tteban section (Figs. 2, 3, 4), exposed on the hillside high
above the road from Hl4snd Tteban to Lety (Fig. 3A) on the left (north) bank of Berounka River,
exhibits the most complete, most readily accessible and least thermally and tectonically affected
Rhuddanian—Aeronian sedimentary succession with continuous and lithologically monotonous
sedimentation across the broad boundary interval. The section has yielded abundant, diverse and
usually well-preserved graptolites, identifiable chitinozoans, and a clear carbon and nitrogen
isotope record. The locality was first briefly described by Kodym ef al. (1931) and Ptibyl (1937).
A more detailed description and full list of references were provided by Kiiz (1992), including a

preliminary log and graptolite range chart of the Rhuddanian and Aeronian strata based upon the
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unpublished thesis of Storch (1991). Storch (2006) published a generalized sedimentary log also
including the Hirnantian sequence. Chitinozoan and acritarch data from the uppermost Hirnantian
and Rhuddanian strata were discussed by Dufka & Fatka (1993). Fryda & Storch (2014) published
the first data on the C, isotope record and TOC from the Hlasna Tteban section covering the
stratigraphic interval from the Ordovician-Silurian boundary to the convolutus Biozone. A detailed
description of the section and evaluation of its correlative potential were published by Storch et
al. (2018).

The section begins with the Hirnantian sedimentary succession exposed above a massive
sill of Silurian doleritic basalt and starts with silty shales of the middle part of the Kosov
Formation. In the middle of the hill slope, marine storm-dominated sandstones of the upper Kosov
Formation rest on this shaly succession with a prominent erosional disconformity (Brenchley &
Storch 1989; Storch 2006). Several pulses of clast-supported conglomerates with sandstone matrix
infilled a shallow channel incised unconformably into the soft shale. The conglomerates are

overlain by packets of coarse, upward-fining sandstone beds with rip-up clasts, internal erosion
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Fig. 3. Hlasna Tieban Section — field photographs:
A. Rhuddanian and lower Aeronian black shales
outcropping downslope of the sampled exposure.
Red bar indicates the base of the Aeronian Stage.
B. Sampled section after first round of sampling.
Red line marks base of the friangulatus graptolite
Biozone and proposed Rhuddanian-Aeronian
boundary. C. Rhuddanian-Aeronian boundary beds
in detail. After Storch et al. (2018).

surfaces and hummocky cross-stratification. Wave ripples and hummocky cross-stratification are
also developed in succeeding couplets of fine-grained sandstones and silty micaceous shale. The
upward-fining sequence near the top of the Kosov Formation reflects the late Hirnantian post-
glacial rise in sea-level (Brenchley & Storch 1989; Storch 2006).

The Ordovician-Silurian boundary is exposed a few metres below the upper hill-slope edge.
It is marked by an abrupt change from the yellowish bioturbated clay mudstone of the topmost
Kosov Formation to black shales of the lowermost Zelkovice Formation, with graptolites of the
basal Silurian Akidograptus ascensus Biozone. Rhuddanian sedimentation, dominated by
graptolite-rich black silty-micaceous laminites was interrupted by two discrete disconformities

(Figs. 2, 4). The upper A. ascensus and/or lowermost Parakidograptus acuminatus biozones are
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missing at the lower disconformity, and the upper Par. acuminatus and lower Cystograptus
vesiculosus biozones are missing at the upper disconformity. An uninterrupted black shale
succession begins with the upper Cystograptus vesiculosus Biozone and continues through the
Coronograptus cyphus Biozone, across the Rhuddanian-Aeronian boundary, and then through the
Demirastrites triangulatus Biozone, Demirastrites pectinatus Biozone, Demirastrites simulans
Biozone and Pribylograptus leptotheca Biozone, up to the middle Aeronian Lituigraptus

convolutus Biozone, which is slightly thermally altered by an overlying basalt sill.

ba. Fossil record and biostratigraphy

Particular attention was focused on the rich, high-diversity graptolite assemblages preserved on
each bedding plane in the Rhuddanian and Aeronian black-shale succession of the Zelkovice
Formation at Hlasna Tteban. Each 10 cm thick interval of the section was sampled in two rounds
and every graptolite, at least considered to be tentatively identifiable, was collected from a rock
volume of ¢. 0.03 m® per sample. Higher resolution sampling intervals, 5 cm thick, were used
within the immediate interval of the Rhuddanian-Aeronian boundary strata. The graptolite
collections comprised about 5000 specimens of 65 species determined from the Akidograptus
ascensus—lowermost Demirastrites simulans biozones. 59 species were identified by Storch et al.
(2018) and Storch & Melchin (2018), in the upper vesiculosus—lowermost simulans biozones. The
graptolite material is housed in the Czech Geological Survey, Prague, in the collection prefixed
with PS. A full list of graptolites and their stratigraphic ranges from the upper vesiculosus to the
lower simulans biozones are shown in Fig. 4.

The Silurian succession (Fig. 4) begins with the fine black shale of the lowermost Zelkovice
Formation with graptolites of the basal Silurian ascensus Biozone, in particular Neodiplograptus
lanceolatus Storch & Serpagli, and A. ascensus Davies. The lowermost, less than 5 cm thick,
clayey black shale is separated by a discrete disconformity from overlying black silty-micaceous
laminites (Fig. 4) with graptolites of the middle acuminatus Biozone: Par. acuminatus
(Nicholson), 4. ascensus, Neodiplograptus apographon (Storch), Nd. lanceolatus, Cystograptus
ancestralis Storch, Normalograptus longifilis (Manck) and Normalograptus cf. ajjeri (Legrand).
This assemblage was discussed in a broader biostratigraphical and palaeobiogeographical context
by Storch (1996) and the species present are not listed in the range chart on Figure 4. The well-
preserved graptolites are confined to a fine black shale interval associated with a 2 cm thick grey

mudstone without graptolites, 22 cm above the base of the black shale succession.
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The upper acuminatus and lower vesiculosus biozones are missing due to another gap in

sedimentation developed across the basin. The latter disconformity separates the middle
acuminatus Biozone from silty-micaceous laminites crowded with unfavourably preserved
graptolites indicating the upper part of the vesiculosus Biozone. Dimorphograptus confertus
(Nicholson), Rhaphidograptus toernquisti (Elles & Wood), Huttagraptus billegravensis Koren’ &
Bjerreskov, Atavograptus atavus (Jones), Atavograptus? pristinus (Hutt) and the minute
Metaclimacograptus aff. slalom (Zalasiewicz) have been recognized in this 33 cm thick interval
along with the biozonal index Cystograptus vesiculosus (Nicholson) and some poorly preserved
and difficult to identify normalograptids and metaclimacograptids.
The Coronograptus cyphus Biozone comprises 0.73 m thickness of silty-micaceous laminites
passing upward into thin-bedded shale with subordinate silty-micaceous laminas. This biozone
represents an interval between the lowest occurrence of C. cyphus (Lapworth) and lowest
occurrence of Demirastrites triangulatus (Harkness). The latter almost precisely coincides with
the highest occurrence of C. cyphus. The latter taxon (Fig. 5S, T) is moderately common through
the whole thickness of the cyphus Biozone. The graptolite assemblage also includes the robust
Neodiplograptus fezzanensis (Desio) (Fig. 5J) and Pseudorthograptus obuti (Rickards & Koren’)
(Fig. 5G, Q), associated with Normalograptus fiydai Storch (Fig. 5B), Cystograptus penna
(Hopkinson) (Fig. 5C, E), Pseudorthograptus mitchelli Storch (Fig. 50), Glyptograptus ex gr.
tamariscus, abundant Rhaphidograptus toernquisti (Fig. 5D), Pribylograptus incommodus
(Tornquist) (Fig. SA), Pernerograptus sudburiae (Hutt) (Fig. SH) and Pernerograptus austerus
(Tornquist). Coronograptus gregarius (Lapworth), rare Coronograptus minusculus Obut &
Sobolevskaya (Fig. SM), uncommon Pernerograptus revolutus (Kurck) (Fig. 51) and abundant
Pernerograptus difformis (Tornquist) (Fig. SL,R) occur in the upper part of this biozone along
with several other taxa (see Fig. 4). The uppermost two 5 cm thick sampling levels of the cyphus
Biozone vyielded the lowest occurrences of Pristiograptus concinnus (Lapworth),
Metaclimacograptus undulatus (Kurck) and Pseudorthograptus radiculatus (Manck) (Fig. 5F)
identified as Pseudorthograptus finneyi by Storch et al. (2018). Pseudorthograptus inopinatus
(Boucek) and Glyptograptus perneri Storch appear only a few centimetres below the FAD of
Demirastrites triangulatus (Harkness). Also a single specimen of Pernerograptus sp. nov., an
easily recognizable species (Fig. 5K), confined to the uppermost cyphus Biozone in Spain (PS,
personal observation), came from this level.

Fine black shales with abundant and well-preserved graptolites (Fig. 6) occur across the
Rhuddanian-Aeronian boundary interval. The base of the Aeronian Stage is here considered to

coincide with the base of the Demirastrites triangulatus Biozone, defined by the lowest and

12



International Subcommission on Silurian Stratigraphy

Fig. 5. Graptolite fauna of the upper Rhuddanian Coronograptus cyphus Biozone — selected taxa. A.
Pribylograptus incommodus (Térnquist), PS4083, mesial fragment from HT207-210. B. Normalograptus frydai Storch, P$3563 from
the lower part of the Biozone. C. E. Cystograptus penna (Hopkinson), C. P$3428, middle part of the Biozone. E. P$3964, juvenile
rhabdosome from HT240-250. D. Rhaphidograptus toernquisti (Elles &Wood), PS 3964, HT240-250. F. Pseudorthograptus radiculatus
(Manck), P$3945, HT205-210. G. Q. Pseudorthograptus obuti (Rickards & Koren'), G. P$4142, HT207-210, Q. P$3462, upper part
of the Biozone. H. Pernerograptus sudburiae (Hutt), P$4006, mesial fragment from HT220-230. |. Pernerograptus revolutus (Kurck),
PS$3914, mesial fragment from HT210-215. J. Neodiplograptus fezzanensis (Desio), PS$4013/3, HT240-250. K. Pernerograptus sp.
nov., P$3965, HT207-210. L. R. Pernerograptus difformis (Térnquist); L. P$4280, mesial part from the uppermost cyphus Biozone,
R. P33961, HT207-210. M. Coronograptus minusculus Obut & Sobolevskaya, P$3919, HT207-210. N. U. Atavograptus atavus
(Jones); N. P34088, distal fragment from HT207-210, U. P$4109, sub-proximal part from HT220-230. O. Pseudorthograptus mitchelli
Storch, P33915, HT220-230. P. Korenograptus nikolayevi (Obut), P$3953, HT210-215. S. T. Coronograptus cyphus (Lapworth); S.
PS4279/2, proximal part from the middle cyphus Biozone, T. P$3950, HT210-215. A, D-K, M-P, R, T, U from the Hlasna
Treban Section (HT); B, C, L, Q, S from V&eradice described by Storch (2015). Scale bar represents 1 mm.

After Storch et al. (2018), updated.
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Fig. 6. Slab from the lower part of the triangulatus Biozone at Hlasna Ttebari Section (PS4281, Sample HT
190-195) showing graptolite assemblage dominated by the zonal index fossil Demirastrites triangulatus
(Harkness). Scale bar represents 10 mm.

immediately abundant occurrence of the eponymous graptolite, Dem. triangulatus (Fig. 7TL-N) [=
Monograptus separatus triangulatus of Sudbury (1958)] 1.38 m above prominent and abrupt
change in lithology from pale colored, yellowish mudstones of the topmost Kosov Formation to
black graptolitic shales of the Zelkovice Formation (see Fig. 4). The lowermost part of the 0.67 m
thick Dem. triangulatus Biozone is marked by a rapid graptolite diversification, including the
successive appearances of several new lineages, mostly of monograptids with isolated and hooked
thecae (first Demirastrites, then Rastrites and Campograptus) as well as the first species of
Petalolithus with its tabular, biserial thabdosome. Petalolithus ovatoelongatus (Kurck) (Fig. 7Q)
appeared in the first 5 cm thick sample above the boundary stratum. Also, Rastrites longispinus
Perner (Fig. 7G, H), Campograptus rostratus (Elles & Wood) (Fig. 7P), Demirastrites brevis
(Sudbury) (7D), and, surprisingly, the robust Neodiplograptus magnus (Lapworth) (71) joined the
assemblage in the lower part of the triangulatus Biozone, whereas Campograptus communis
(Lapworth), Demirastrites campograptoides Storch & Melchin (Fig. 7J) and “Monograptus”
walkerae rheidolensis Rickards, Hutt & Berry appeared in the upper part of the biozone. In turn,
Atavograptus? pristinus and C. cyphus disappeared at the top of the cyphus Biozone and the last
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Fig. 7. Graptolite fauna of the lowermost Aeronian Demirastrites triangulatus Biozone — selected taxa. A.
Pristiograptus concinnus (Lapworth), PS3949, mesial part from HT180-190. B. Glyptograptus perneri Storch, P$3943, HT205-207. C.
Pernerograptus sudburiae (Hutt), P$3910b, HT200-205. D. Demirastrites? brevis (Sudbury), P$4162, HT180-185. E. Coronograptus
gregarius (Lapworth), PS 3922, HT150-160. F. Pernerograptus revolutus (Kurck), P83959, HT205-207. G. H. Rastrites longispinus
Perner; G. P$4103a, HT140-150, H. PS3954, HT160-170. |. Neodiplograptus magnus (H. Lapworth), P$3916, HT180-190. J.
Demirastrites campograptoides Storch & Melchin, P53988a, HT160-170. K. Normalograptus sp., cf. scalaris (Hisinger), PS 3956,
HT185-190. L-N. Demirastrites triangulatus (Harkness); L. P$4219, HT195-200, M. P$4220, HT195-200, N. P34224 early
morphotype common in HT200-205. O. Pseudorthograptus inopinatus (Bougek), P$3923, HT205-207. P. Campograptus rostratus
(Elles & Wood), P§3912, HT140-150. Q. Petalolithus ovatoelongatus (Kurck), HT160-170. R. Metaclimacograptus undulatus (Kurck),
PS4131, HT180-185. S. Pseudorthograptus radiculatus (Manck), P$3948, HT205-207. T. Rhaphidograptus toernquisti (Elles &Wood),

P$4150, HT160-170. All specimens from the Hlasna Trebari Section, scale bar represents 1 mm. After Storch
et al. (2018), updated.
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Fig. 8. Graptolite fauna of the lower Aeronian Demirastrites pectinatus Biozone — selected taxa. A.
Pseudorthograptus inopinatus (Bougek), PS4011, HT120-130. B. Pernerograptus? chrysalis (Zalasiewicz), P$4020, mesial part from
HT120-130. C. O. Demirastrites major (Elles & Wood); C. P§3925, HT90-100, O. PS 3929, HT90-100. D. Campograptus communis
(Lapworth), P$3960, broken rhabdosome from HT120-130. E. Normalograptus scalaris (Hisinger), P$4102, juvenile rhabdosome from
HT40-50. F. Coronograptus gregarius (Lapworth), P$3918, late form with long sicula from HT90-100. G. Rhaphidograptus toernquisti
(Elles &Wood), P$4106/2, HT30-40. H. Petalolithus minor (Elles), P$3951, HT70-80. |. “Monograptus” walkerae rheidolensis Rickards
et al., PS4009, HT100-110. J. Petalolithus ovatoelongatus (Kurck), P$4018, HT90-100. K, P. Demirastrites pectinatus (Richter); K.
P34057, HT70-80, P. P$3931, HT90-100. L. Rickardsograptus thuringiacus (Kirste), P$4100, HT10-20. M. Rastrites longispinus
Perner, P54015, broken mature rhabdosome from HT110-120. N. Torquigraptus sp. aff. denticulatus (Térnquist), PS4068a, juvenile
specimen from HT70-80. Q. Pristiograptus concinnus (Lapworth), P$4125, mesial fragment from HT130-140. All specimens from

the Hlasna TFebari Section, scale bar represents 1 mm. After Storch et al. (2018).
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Ps. obuti was found a few centimetres above the biozonal boundary at the level where Pet.
ovatoelongatus made its lowest occurrence. Nd. fezzanensis, At. atavus (Fig. SN, U), Pern.
revolutus, Pern. difformis and Prib. incommodus have their highest occurrences in the lower part
of the triangulatus Biozone. In total, 31 graptolite species have been found in the triangulatus
Biozone of the Hl4asna Tteban section.

The diversification of triangulate monograptids continued (Storch & Melchin 2018) through
the succeeding, 1.34 m thick Demirastrites pectinatus Biozone. Along with the proliferation of C.
gregarius (Fig. 8F) and R. longispinus (Fig. 8M), demirastritids further diversified, being
represented by the biozonal index Demirastrites pectinatus (Richter) (Fig. 8K, P) [= M. fimbriatus
(Nicholson)] and Demirastrites major (Elles & Wood) (8C, O) with its long, ventrally curved
thecae and an elongated proximal part. Dem. triangulatus last appeared in the lower part of the
pectinatus Biozone along with Pr. concinnus (Fig. 8Q), Ps. radiculatus and the previously fairly
common Ps. inopinatus (Fig. 8A). The Campograptus lineage gave rise to Campograptus
pseudoplanus (Sudbury) with an elongated proximal part. Uncommon “Monograptus” walkerae
rheidolensis (Fig. 81) continued to the upper part of the biozone. Pernerograptus with its biform
thecae isrepresented by Pern. sudburiae and less common Pern. chrysalis (Zalasiewicz) (Fig. 8B).
Pribylograptus sp. with long ventral apertural spines closely resembles the species figured by
Loydell et al. (2003) from the triangulatus Biozone of Latvia. Rh. toernquisti (Fig. 8G) dominated
among the biserial and unibiserial taxa, being accompanied by Metacl. undulatus, Gl. perneri,
Normalograptus scalaris (Hisinger) (Fig. 8E), Rickardsograptus thuringiacus (Kirste) (Fig. 8L),
Petalolithus minor (Elles) (Fig. 8H), Pet. ovatoelongatus (Fig. 8]), and the lowest specimens of
Petalolithus praecursor Boucek & Piibyl. Robust rhabdosomes of Nd. magnus, spinose Ps.
inopinatus and wedge-shaped Ps. radiculatus have their highest occurrences in the lower and/or
middle part of the pectinatus Biozone the total graptolite fauna comprises 30 species. Black shales
are gradually replaced by siliceous strata in the upper part of the pectinatus Biozone, including
silty silicites that alternate with siliceous shales through the succeeding 1 m thick Demirastrites
simulans Biozone. Dem. simulans (Pedersen) and Pseudorthograptus insectiformis (Nicholson),
are associated with taxa continuing from the lower part of the pectinatus Biozone, whereas Dem.
pectinatus, R. longispinus and Rh. toernquisti vanish from the fossil record. Higher up, beyond the
succession presented on Figure 4, Rastrites geinitzii Tornquist, Monograptus mirus Perner and
Campograptus millepeda (McCoy) joined the assemblage of the simulans Biozone in the Hlasna

Tieban section.
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Black siliceous shales interbedded with platy, black silty silicites compose the 1.3 m thick
Pribylograptus leptotheca Biozone and the more than 2 m thick lower half of the Lituigraptus
convolutus Biozone. The latter biozone is thermally altered by an overlying ca 2 m thick basalt sill
that intruded the overlying black shales and pale-coloured mudstones of the lower Lithohlavy
Formation. Graptolites are less well preserved and difficult to collect from the thermally affected
silicites but the general faunal composition matches that described by Storch (1998) from Tma.

The section was also sampled for organic walled microfossils using the same regular
intervals (10 cm and 5 cm) from the Silurian-Ordovician boundary to base of simulans Biozone.
42 samples were analyzed by Butcher (2016) and Vodicka & Butcher (2023).

The obtained chitinozoans show a relatively diverse assemblage that includes typical lower
Silurian genera, such as Angochitina, Ancyrochitina, Belonechitina, Conochitina, Cyathochitina,
Sphaerochitina and Spinachitina. However, the preservation of chitinozoans varies from moderate
to poor and hampers exact determination of some species. Preliminary analyses conducted by
Butcher (2016) complement and extend through the lower Aeronian earlier, largely Rhuddanian
chitinozoan data published by Dufka & Fatka (1993). Data from Butcher (2016), Vodicka &
Butcher (2023), and Fig. 9 indicate that boundary interval occurs within the Spinachitina maennili
chitinozoan Biozone, which is consistent with data from the type Llandovery area (Davies et al.
2013).

Spinachitina cf. maennili reported from the Hlasnd Ttiebanl section represents a taxon
morphologically similar to S. maennili (Nestor, 1980). The taxon has been left in open
nomenclature here, however, due to some differences in morphology, dimensions and the absence
of preserved spines in the Hlasna Tieban specimens in comparison to the type material. The
difficulties of confident identification due to poor preservation of this taxon were noted also by De
Weirdt et al. (2019, p. 18), who stated that it is difficult to differentiate between Conochitina electa
(the eponymous species of the underlying C. electa Biozone) and damaged specimens of S.
maennili. The Spinachitina maennili biozone has been established as a global biozone ranging the
interval of the uppermost Rhudannian to the lower Aeronian (Verniers et al. 1995). However, the
species has been reported only in the tropical realm so far, i.e. Baltica (Nestor 1980, 1994, 1999;
Grahn 1988, 1995; Loydell et al. 2010 and Ménnik et al. 2015), Laurentia (Grahn 1985) and
Avalonia (Davies et al. 2013; De Weirdt et al. 2019). Although Verniers et al. (1995) referred to
Paris et al. (1995) for the occurrence of S. maennili in Saudi Arabia, Paris et al. (2015) later
included these specimens in the synonymy of S. geerti Paris, 2015. Thus the applicability of S.
maennili Biozone as a global zone is called into question, as an unequivocal report of S. maennili

outside the tropical realm is still missing. Nestor (1994, p. 123 and Nestor 1998, p. 226) also
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Fig. 9. Range chart of selected chitinozoans from upper vesiculosus—lower simulans graptolite biozones of
the Hlasna Tfeban section.

reported that S. maennili occurs ‘in deeper-water sections’, and the absence of this index taxon in
shallow water is further discussed by Nestor (1998) and Loydell et al. (2010).

In the Hlasna Tteban section, S. cf. maennili appears in in the same level as D. triangulatus,
i.e. the FAD of S. cf. maennili is coincident with the proposed base of Aeronian (Fig. 9). The same
level is marked by the appearance of another species, Spinachitina sp. A. However, S. sp. A
represents a new species and its correlation potential is thus limited. Other chitinozoan species are
either long ranging or have a limited abundance and do not show much correlation potential. What
is clear, however, is that the Rhuddanian-Aeronia boundary in the section herein sees a significant
appearance of new taxa at or just above the boundary horizon. However, due to poor preservation

and the uncertainties regarding the taxa within the genus Spinachitina (which is recognised by
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most chitinozoan authors as being in need of detailed revision), these are retained largely in open
nomenclature and cannot yet be correlated globally with confidence. Echoing the statement of De
Weirdt et al. (2019) for the proposed Rheidol Gorge GSSP section therein, the chitinozoans in the
Hlasna Tteban section may ‘act as an auxiliary marker for the boundary level, albeit not a very

precise one’.

bb. Sedimentary succession

Three principal hemipelagic lithotypes (Fig. 10) are developed in the lower Silurian Zelkovice
Formation in the Hlasnd Ttebai section. The stratigraphical distribution of these three lithotypes
is consistent with other sections of the southern limb on the Prague Synform (see Fig. 2).

(1) Black silty-micaceous laminites (Fig. 10A) represent claystones, densely intercalated with
mainly about 0.5 mm thick, medium to poorly sorted silt laminae, which are mainly composed of
subangular quartz and K-feldspar (with an albite component) grains. To a lesser extent, muscovite
and framboidal pyrite, the latter infilling and/or replacing organic matter remnants, occur in silt
laminae. Well-rounded zircon grains are rare in the silt laminae. In claystone intercalations c. 40
um thick discontinuous laminae composed exclusively of organic matter are common, which
could possibly represent either microbial mats or other compacted organic material. Moreover,
authigenic TiO; is a common feature of the clay matrix.

Thickness of the laminites is about 70 cm starting just above the lower disconformity
documented by the gap in the graptolite record (see Fig. 4). The second disconformity is developed
about 30 cm above base of the laminites, and above that there are upward-fining laminites. The
transition between the laminites and black shales is gradual, within about a 1 m thick interval in
which sets of silty-micaceous laminae alternate with black shale. Laminites with high TOC (ca 6
wt. %), lacking any benthic body fossils or trace fossils, were deposited in an oxygen-deficient
environment. In the acuminatus Biozone, however, two thin beds of pale mudstone (Fig. 9B) are
intercalated within the laminite succession, presumably indicating temporary increases of very fine
clastic material input and, perhaps, disrupted anoxia. The laminites have been interpreted by
Oczlon (1992) as deposits from contour currents sweeping a sea-bottom high. This interpretation
is supported by the palacogeographical distribution of laminites in the Prague Synform and their
coupling with the above-noted gaps in the sedimentary record (Storch 2006).

(i1) Black shales (Fig. 10C) are present in the Hlasnd Tteban section from the upper cyphus
Biozone, through Rhuddanian-Aeronian boundary to the lower pectinatus Biozone. This lithotype

represents weakly laminated claystones (grainsize < 20 pm) with dispersed grains of quartz, K-
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feldspar and muscovite with a maximum size of 40 um. Discontinuous up to 5 um thick laminae
of organic matter with dispersed pyrite are common. In addition, two discontinuously zoned,
authigenic barium K-feldspar grains were found, which could point to low temperature fluid
alteration of the claystones. Lower Silurian graptolitic black shales, which were spread across peri-
Gondwanan Europe are widely regarded as off-shore anoxic deposits. The poorly developed
lamination in the Hl4asnd Tieban section indicates rather continuous hemi-pelagic sedimentation

without significant breaks.

Fig. 10. Thin sections of principal lithotypes developed in the Rhuddanian-Aeronian succession at Hlasna
Treban. A. Silty-micaceous laminite, acuminatus Biozone. B. Black shale, uppermost cyphus Biozone. C.
Black siliceous shale, pectinatus Biozone. Scale bar represents 2 mm. After Storch et al. (2018).

(ii1) Black siliceous and silty shales (silty silicites, Fig. 10D) developed gradationally from
the previously described lithotype in the upper part of the section shown on the log. This facies
consists of couplets of about 5 cm thick siliceous shale and about 10 cm thick silty, coarsely
laminated shale enriched with silica (silty silicite). The transition between these lithologies is
gradual over a scale of a few milimetres. Exceptional K-feldspar and muscovite grains of a
maximum size of 50 um are dispersed in the laminated shale matrix with abundant, largely quartz
grains < 20 pum. Partially recrystallized quartz grains form silica cement. Discontinuous, 15 pm
thick laminae composed entirely of organic matter are common. Phosphate occurence is
characterized by crandallite and churchite grains, the latter enveloped by organic matter. The
origin of remobilized silica remains unclear as primary sedimentary textures are obscured by
diagenetic processes. It seems linked with either recurrent periods of increased input of fine-
grained clastic quartz or primary cyclicity due to periodic enrichment of sediment by biogenic

silica, although no undoubted radiolarians or sponges have been found.
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5c. TOC and organic carbon and nitrogen isotope geochemistry

The section was densely sampled for total organic carbon content (TOC) as well as for carbon and
nitrogen isotope composition using the same regular intervals (10 cm and 5 cm) from the Silurian-
Ordovician boundary to the base of the simulans Biozone to increase the resolution from the
previous sampling over a stratigraphically wider range (from the Ordovician/Silurian boundary to
the convolutus Biozone), presented by Fryda & Storch (2014). The new sampling (Fig. 4) included
37 samples for nitrogen and organic carbon isotope composition and TOC. The methodology was
described in Storch at al. (2018).

The newly gathered data on TOC and organic carbon isotope composition (Fig. 11) confirm
previously published data (Fryda & Storch 2014), collected from another outcrop at Hlasna
Tteban, situated about 8 m SW of the proposed GSSP in its lower part (Fig. 3). Note that Fryda &
Storch (2014) did not note the presence of the upper disconformity or the occurrence of the
acuminatus Biozone in the lower part of their section. They were following the biostratigraphical
data of Storch (2006). Therefore, a short interval between the lower and upper disconformities (i.e.
samples 340-330, 330-320 and 320-310; see Fig. 4) belonging to the acuminatus Biozone is
identical to the lithological sequence from about 5 to 40 cm above the Ordovican-Silurian
boundary shown by Fryda & Storch (2014, fig. 4) as the lower part of the vesiculosus Biozone.

The §'°N values vary from -0.9 to 0.1%o through the measured section and reveal a weak,
but statistically significant decreasing trend from the cyphus to middle triangulatus Biozone, from
which point the §'°N values start to increase upwards to the lower part of the pectinatus Biozone
(Fig. 12). The §'°N values in higher part of the pectinatus Biozone seem to decrease slightly and
again increase in the youngest strata (Fig. 11).

The Rhuddanian-Aeronian boundary interval exhibits no change in evolution of the nitrogen
isotopic record and is characterized by 8'°N values of c. -0.5%o. On the other hand, the organic
carbon isotope record exhibits minor but world-wide correlatable positive excursion just above the
base of the triangulatus Biozone. The TOC content increases from the vesiculosus Biozone
upwards and reaches its highest values close to the Rhuddanian-Aeronian boundary, from which
point it significantly decreases into the overlying strata (Fig. 11).

Taken together, probably not all short-term §'3C and &'°N fluctuations can be traced
because of the rather low rate of sedimentation at the Hlasna Tieban section. Nevertheless, the
815N data suggest that main community of primary producers could have been the same throughout
the whole studied interval. However, their identity is difficult to determine without additional data

on organic chemistry (e.g., Capone ef al. 2008). On the other hand, the TOC record revealed a
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Fig. 11. Corg and Npui isotopic record in the Hlasna Treban section plotted with TOC. Base of the Aeronian
Stage marked by red line. See Fig. 4 for lithology explanations and abbreviations. After Storch et al. (2018).

distinct change at the level proposed herein to mark the base of the Aeronian Stage of the Silurian

System. Rather constant TOC values of about 6 wt. % in the upper part of the Rhuddanian start to

decrease significantly. It is difficult to distinguish whether the decreasing trend was caused by an

increasing sedimentation rate, by decreasing of paleoproductivity, or a combination of the two.

The newly gathered 5'3C data confirm the results of the previous study (Fryda & Storch 2014) and

show a minor positive excursion just above the base of the triangulatus Biozone (Fig. 11). This is

correlative with early Aeronian positive excursion (EACIE) recorded in Laurentia (Melchin &

Holmden 2006; Braun et al. 2021), Baltica (Hammarlund ef al. 2019) and south China (Li et al.

2019) and further enhances correlative potential of the Hlasné Tteban section.

5d. Redox element proxies.

Cerium anomalies can reflect the redox conditions of the overlying water column and the cerium

composition of strata is resistant to changes during burial and diagenesis (Wignall 1994). The

calculated Ce/Ce* values of the Hlasna Tteban samples yielded a variation from 0.90 to 1.14 (Fig.
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12). Possible correlation of the positive Ce/Ce* values with zircon accumulations in shales can be
ruled out with the exception of the pale mudstone from the acuminatus Biozone (Fig. 12), which
reached the highest positive Ce/Ce* (1.14) and the highest Zr content (364 ppm). Hence, Ce/Ce*
ratios of 1.04—1.14 suggest that Rhuddanian sediments were deposited under anoxic (reducing)
conditions. Certain parts of the Aeronian (Ce/Ce* = 0.90-1.07) sedimentary record (middle
triangulatus and upper pectinatus biozones) could have been deposited under anoxic conditions
interrupted by occasional bottom water ventilation.

Vanadium is a redox-sensitive element, the sedimentary geochemistry of which is similar to
that of Ni, although subtle variations in their occurrence are capable of providing useful
palacoenvironmental information (Wignall 1994). Hence V/(V+Ni) can serve as a redox proxy
(Fig. 12). Wignall (1994) reported V/(V+Ni) ratios of 1-0.83 for euxinic conditions, 0.83—0.57 for
anoxic conditions, 0.57-0.46 for dysoxic conditions, and < 0.46 for oxic conditions. Both V and
Ni in Hlasné Tteban samples seem to be authigenic when compared to Ti/Al and Zr, i.e. to detrital
input proxies (Fig. 12). It cannot be ruled out that V/(V+Ni) values in laminites of the acuminatus
and vesiculosus biozones could be obscured by detrital input of vanadium shifting the V/(V+Ni)
proxies to higher (euxinic) levels (Fig. 12). Taking into account the V/(V+Ni) values ranging from
0.90 to 0.98, the sedimentary record of the Hlasna Tteban section could reflect deposition under
euxinic conditions, which is supported by the abundant occurence of framboidal pyrites in the
laminite facies. However, the size of the framboids ranges from 5 to 10 pm in diameter which
correlates with both a syngenetic origin within euxinic water column (<6 um) and a diagenetic
origin (>6 um) within sediment (Wilkin et al. 1996; Wignall et al. 2005). A possible explanation
of the occurrence of both syngenetic and diagenetic pyrite framboids could be intermittent euxinia.

The minimum V/(V+Ni) value of 0.90, representing a shift towards rather anoxic conditions,
is recorded at the base of triangulatus Biozone, i.e. at the base of Aeronian (Fig. 12). The character
of chemical conditions of deposition could be additionaly examined using the V/Cr index (Jones
& Manning 1994), which is also a valuable measure of palacoredox conditions (Fig. 12). Ratios
of V/Cr are in the range of 2.5-3.4 in the acuminatus Biozone, 4.1-5.5 in the vesiculosus Biozone,
4.4-9.0 in the cyphus Biozone, 4.4—10.3 in the triangulatus Biozone, 5.6—14.4 in the pectinatus
Biozone, and 9.27 in the simulans Biozone. This could suggest dysoxic—anoxic conditions for the
acuminatus—vesiculosus biozones and anoxic conditions during deposition of cyphus—simulans
biozone sediments. However, Cr positively correlates with Ti/Al and Zr proxies and hence its
concentration is not authigenic but rather dependent on detrital input, which caused a shift towards
dysoxic values (2.5—4.1 of V/Cr) in the acuminatus and vesiculosus biozones and possibly lowered

levels of anoxia in the other biozones. Taken together, the geochemical evidence indicates that the
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Fig. 12. Stratigraphic distribution and values of selected ratios of sedimentary proxies and redox-sensitive
trace elements. Base of the Aeronian Stage marked by red line. See Fig. 4 for lithology explanations and
abbreviations. After Storch et al. (2018).

black shales of the Hlasna Tieban section were deposited under anoxic or even euxinic conditions
according to V/Cr ratios. The base of triangulatus Biozone (base of Aeronian) is marked by a

change to less strongly reducing depositional conditions.
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In addition, the Th/U ratio also serves as a proxy for the redox conditions of a depositional
environment, distinguishing anoxia at values of Th/U < 2 (Wignall 1994; Wignall & Twitchett
1996). The black-shale succession of the Hlasna Tteban section provided low Th/U values in the
range of 0.08-0.29 (Fig. 12), which is typical for anoxic environments. The values of Th/U
gradually increase from the vesiculosus Biozone to the upper triangulatus Biozone, with a marked
drop at the base of the pectinatus Biozone. The upper part of the pectinatus Biozone, characterized
by the onset of siliceous shales, possibly reflects a shift towards less reducing depositional
conditions, yet still anoxic, as documented by the increase in Th/U, and a decrease in V/(V+Ni)
and V/Cr. The acuminatus Biozone is marked by decreasing Th/U and V/(V+Ni) and by an
increase in V/Cr, which could possibly correspond to a lesser detrital component, as suggested by
the lower frequency of coarse silty laminae.

Molybdenum content (8—122 ppm) does not correlate with either V/(V+Ni) (Fig. 11) or TOC
(Fig. 11) in the acuminatus—triangulatus biozones. However, the highest Mo contents in the shales
of the pectinatus Biozone fit slightly better with the V/(V+Ni) and TOC curves. The latter could
be explained via additional release and reduction of molybdenum from organic matter and pointing
to the anoxic character of the pore waters (Calvert & Pedersen 1993). However, the lack of
correlation of Mo with TOC in Rhuddanian shales and laminites and in samples from the Aeronian
triangulatus Biozone instead indicates Mo uptake from water by authigenic sulphides, the
formation of which occurs in anoxic conditions and should be most rapid under euxinic conditions
(Algeo & Maynard 2004). In addition, phosphorus content (125-2546 ppm), serving as a
palaeoproductivity proxy, shows a similar pattern to that of molybdenum (Fig. 12). Therefore, the
shales of the pectinatus Biozone preserved remineralized P, which was not released into water
column during decomposition of organic matter but remained immobilized in phosphatic form in
shales. Conversely, decompositional phosphorus from the acuminatus—triangulatus biozones was

likely lost into water column.

b5e. Magnetic susceptibility

Magnetic susceptibility was examined in 76 whole-rock samples collected from the section using
a 5 cm vertical interval. The methodology was described by Storch et al. (2018). Magnetic
susceptibility data show prominent decreasing trend (from values around 70 to values around 20
x 10”m’kg!) and an oscillatory pattern in the lower and middle Rhuddanian succession beginning
from the incomplete ascensus, acuminatus and vesiculosus biozones, through the cyphus Biozone

toward the base of the Aeronian (Figure 13). In the lower part of the Aeronian succession, in the
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Fig. 13. Magnetic susceptibility in the Hlasna Trebari section. Base of the Aeronian Stage marked by red
line. See Fig. 4 for lithology explanations and abbreviations. After Storch et al. (2018).

triangulatus and pectinatus biozones, MS data show quite low and uniform values without
noticeable peaks or variations (average value 10.5 x 10”m°kg"). The general decreasing trend
continues toward the base of the simulans Biozone. The MS curve through the studied section
strongly reflects the gradual change in lithology. Oscillations of MS in the lower and middle
Rhuddanian succession, represented by the silty-micaceous laminites in the lowermost part of the
studied section, and alternating with black shales higher in the section, reflect a decreasing
proportion of coarser detrital material and probably also a change in the mineralogy (a slightly
increased amount of dispersed limonite). In the upper half of the triangulatus and lower half of the
pectinatus biozones MS oscillations weaken, which reflects the prevailing uniform lithology of
black shale with almost no silty-micaceous intercalations and laminae. A further decrease in MS

in the upper part of the pectinatus Biozone and lowermost part of the simulans Biozone reflects
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the increasing proportion of a diamagnetic component — quartz — in the black shales, and the

lithology changing toward siliceous shales and silty silicites.

6. Biodiversity and palaeobiogeographical outline of the graptolite fauna across
the Rhuddanian-Aeronian boundary

In the Prague Synform, the uppermost Rhuddanian and lowermost Aeronian beds yield a highly
diverse graptolite fauna that represents a substantial proportion of global graptolite species
diversity at this time. Global diversity reached a maximum of slightly more than 60 species in the
early Aeronian according to Cooper et al. (2014). Of this total 31 species have been found in the
triangulatus Biozone of the Hlasna Tteban section.

(i) Among biserial and uni-biserial graptolites, the long-ranging Rhaphidograptus
toernquisti predominates through the boundary interval, accompanied by slender, for the most part
poorly preserved specimens of Metaclimacograptus aff. slalom and abundant Metaclimacograptus
undulatus. Glyptograptids of G/. tamariscus affinity (Glyptograptus ex gr. tamariscus) are difficult
to identify confidently when unfavourably preserved. Glyptograptus perneri had its lowest
occurrence 3 cm below the FAD of Dem. triangulatus in the Hlasna Tieban section. The
Rhuddanian-Aeronian boundary interval is further characterized by the incoming of the relatively
common and easily identified wedge-shaped Ps. radiculatus (which has its FAD c. 10 cm below
FAD of Dem. triangulatus) and the multi-spinose Ps. inopinatus (FAD c. 3 cm below the lowest
Dem. triangulatus), both of which range through the triangulatus Biozone to the lower part of the
pectinatus Biozone (Fig. 4). Whereas Ps. inopinatus is known from the triangulatus Biozone of
northeastern Spain (Gutierrez-Marco & Storch 1998) and probably the cyphus Biozone of the south
Urals in Kazakhstan and the Arctic Canada (Koren’ & Rickards 1996), the minute Ps. radiculatus
occurs in Thuringia, Germany (Manck 1918, Maletz et al. 2021), Prague Synform and Hlinsko
area of Bohemia (Storch 2023, = Ps. finneyi of Storch & Kraft 2009), the Rheidol Gorge, Wales
(Melchin et al. 2023), and the Hubei (Maletz ef al. 2021) and Sichuan (PS personal observation)
provinces of China. Pseudorthograptus mitchelli vanished in the uppermost part of the cyphus
Biozone but the robust Ps. obuti, which occurs from the Urals through Lithuania, Norway,
Thuringia, and Bohemia to Morocco and also Myanmar, survived into the lowermost triangulatus
Biozone (c. 8 cm above the base in Hlasnd Ttebail) where it is replaced by Petalolithus
ovatoelongatus — the rather cosmopolitan earliest representative of the genus Petalolithus occuring
at least across peri-Gondwana, Avalonia and Baltica. The stratigraphically highest specimens of

the robust Neodiplograptus fezzanensis, rarely found in the triangulatus Biozone, precede the
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advent of the closely similar Neodiplograptus magnus in the middle triangulatus Biozone. Nd.
fezzanensis represents a typical element of the Gondwanan and peri-Gondwanan realm (Algeria,
Bohemia, Libya, Morocco, Niger, Spain; Storch & Massa 2003) in the cyphus Biozone whereas
Nd. magnus is an abundant biozonal index species in the Welsh Basin and other parts of Britain
(Toghill 1968; Zalasiewicz & Tunnicliff 1994; Zalasiewicz et al. 2009; Melchin et al. 2023). In
the Welsh Basin, however, Nd. magnus had its lowest occurrence much higher than in the Prague
Synform, above the FAD of Demirastrites fimbriatus (Nicholson), which is a junior synonym of
Demirastrites pectinatus (Richter) as cited in this paper.

(1)) Monograptid graptolites (uniserial taxa) underwent remarkable diversification and
evolutionary progress through the Rhuddanian-Aeronian boundary interval. The almost
simultaneous appearance of several genera with novel isolated and hooked triangular thecae (Fig.
5D, G, H, J, L-N, P: Demirastrites, Rastrites, Campograptus) has a good potential for global
biostratigraphical correlation despite the fact that few of the individual species may be regarded
as truly cosmopolitan. As more morphological information emerges, closely similar and related
species, formerly regarded as a single cosmopolitan taxon tend to be confined in marine basins
and oceans around different continents (Sun et al. 2022). In the Prague Synform and the Hlasna
Tteban section itself, the base of the Aeronian succession is clearly marked by the advent of Dem.
triangulatus — the earliest species with isolated high-triangular thecae furnished with laterally
extended apertural horns. The species is widely distributed in peri-Gondwana, Avalonia and
Baltica. Its occurrence in circum-equatorial province of Melchin (1989), comprising North
America, Siberia and China, need further examination although Maletz et al. (2021) stated that
their specimens from Hubei, China closely match early form of Dem. triangulatus recognized by
Storch & Melchin (2018) in Bohemia.

Uppermost Rhuddanian strata can be distinguished by abundant and easily recognizable
rhabdosomes of the biozonal index C. cyphus, associated with early populations of Coronograptus
gregarius, abundant Pernerograptus sudburiae (formerly assigned to Monograptus argutus by
Boucek 1953 and Storch 1994) and the common, robust Pernerograptus difformis with high-
triangular mesial thecae. Coronograptus cyphus disappears 1-2 cm below, and Pern. difformis c.
3 cm above the lowest Dem. triangulatus. Pernerograptus revolutus is also confined to the
boundary interval. Pernerograptus sp. nov. (Fig. 4K), readily distinguished by its crook-shaped
rhabdosome with few triangular mesial thecae and rather short proximal part, has been detected
1-3 cm below the boundary. This form is a striking element of the graptolite assemblage of the
uppermost cyphus Biozone in Spanish sections (PS, personal observation). Rhabdosomes

questionably assigned to Pernerograptus sequens have been recorded in several samples of the
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triangulatus Biozone beginning 2 cm above the base of the Rhuddanian succession. This species,
confined to middle part of the triangulatus Biozone in Wales (Zalasiewicz et al. 2009), was further
reported by Bjerreskov (1975) from upper triangulatus and lower pectinatus subzones of the
Coronograptus gregarius Biozone of Bornholm (Denmark). Rastrites longispinus (the
stratigraphically lowest species of Rastrites in Europe), Demirastrites brevis and Campograptus
rostratus had their lowest occurrences 20 cm above the base of the Aeronian succession in the
Hléasna Tieban section, still in the lower third of the triangulatus Biozone. Rastrites longispinus is
widespread in the triangulatus and pectinatus biozones of the broader European realm (peri-
Gondwana, Avalonia and Baltica).

The present results and evaluation of published data have shown that high-resolution
correlation of the Hlasna Tteban section will be easy and straightforward with sections in the
Prague Synform and those from Morocco, Portugal and Spain through Italy, Serbia, Bulgaria and
Turkey in the south across central Europe to the east Baltic countries, Sweden, Denmark and
Britain in the north. Although the lowest occurrence of Dem. triangulatus is a good anchor for any
intercontinental biostratigraphical correlation, high-resolution correlation of the European
graptolite sequence with those of North America, Siberia and China would benefit from further,

world-wide systematic revisions of respective faunas.

7. Readily correlatable Rhuddanian-Aeronian boundary strata worldwide

Anoxic black shales rich in planktic graptolites are particularly widespread in the lowermost
Silurian (Melchin et al. 2013) and the same litho- and bio-facies continued through the

Rhuddanian-Aeronian boundary interval in many parts of the world.

Britain. — A continuous sequence of Rhuddanian-Aeronian boundary strata crops out in the
Rheidol Gorge, east of Aberystwyth in mid Wales. The succession alternates between grey
bioturbated mudstones in which graptolites are uncommon and black shales with a common and
highly diverse graptolite fauna of the C. cyphus and Dem. triangulatus biozones. Although the
rocks are cleaved and low-grade metamorphosed, both graptolites and associated chitinozoans of
the Spinachitina maennili Biozone are moderately to well-preserved (Melchin et al., 2023).
Sudbury (1958) published a list of graptolite taxa recorded from her gregarius Biozone, which
roughly corresponds with the Dem. triangulatus, Nd. magnus and Prib. leptotheca biozones of
Zalasiewicz et al. (2009) and Loydell (2012). The graptolite fauna has been revised and Sudbury's
identifications reassessed by Melchin ef al. (2023) in their detailed study of the Rheidol Gorge
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section. Petalolithus ovatoelongatus appears well above the lowest Dem. triangulatus and R.
longispinus is reported from the Neodiplograptus magnus Biozone in association with Dem.
pectinatus (= fimbriatus) and Camp. communis similarly as in Bohemia. A similar pattern of
species occurrence through the boundary interval has been also recorded in Ps. radiculatus, Pr.
concinnus and several other species common with the Hlasna Tteban section. The Rheidol Gorge
section is also being proposed to the ISSS voting members as another candidate for the replacement
Rhuddanian-Aeronian GSSP (Melchin et al. 2016, 2023).

Toghill (1968) described the lower and middle Llandovery succession of the Birkhill Shales
at Dob’s Linn near Moffat, southern Scotland. He recognized the upper Rhuddanian cyphus
Biozone, which is closely comparable to the cyphus Biozone applied here. The black mudstones
of the cyphus Biozone are separated by ca 0.3 m thick graptolite-barren claystone with calcareous
nodules from the overlying black mudstones of the gregarius Biozone. The base of the gregarius
Biozone is marked by the lowest occurrence of Dem. triangulatus s.l. whereas C. gregarius is
reported from as low as the middle cyphus Biozone. The gregarius Biozone of Toghill, however,
includes in its upper part an interval with Dem. pectinatus (the senior name to M. fimbriatus) and
Nd. magnus. The Dob’s Linn succession requires more detailed study for a full systematic

documentation of its Rhuddanian-Aeronian graptolite faunas.

Central, Western and Southern Europe, Northwestern Peri-Gondwana. — A rather condensed and
tectonized succession of hemipelagic black clayey and siliceous shales and cherts with abundant
graptolites occurs in Thuringia and Vogtland, Germany. The Rhuddanian-Aeronian boundary beds
have been described from several sections near Ronneburg and Hohenleuben by Schauer (1971).
The graptolite fauna appears to be closely related to that of the Bohemian sections but detailed
comparison suffers from the effects of tectonic strain on the Thuringian graptolites. The uppermost
Rhuddanian strata belong to the cyphus Biozone. The lower Aeronian gregarius Biozone is marked
by common Dem. triangulatus associated with Dem. pectinatus. However, some graptolite
occurrences, such as that of Petalolithus minor in the middle cyphus Biozone, and C. cyphus, H.
acinaces and Pern. difformis from the lower triangulatus Biozone call for further field work and
taxonomic examination of the fauna.

Graptolite-bearing black-shale sections through Rhuddanian-Aeronian boundary strata have
also been recorded in the Carnic Alps (Oberbuchach section of Jaeger & Schonlaub 1980) and in
the Seville Province of Spain (sections around El Pintado reservoir in Valle Syncline, Jaeger &
Robardet, 1979). Both sections are in need of more detailed work to be correlated with proper

resolution.
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Northeastern Europe, sections located on Baltica. — Rhuddanian-Aeronian boundary strata, which
are unfavourably exposed on Bornholm, were described in the comprehensive graptolite paper by
Bjerreskov (1975). The poorly exposed upper Rhuddanian succession was assigned to the Pern.
revolutus Biozone since C. cyphus is very rare on Bornholm and in Sweden. The lowermost
Aeronian was referred to the gregarius Biozone, the base of which is indicated by the almost
simultaneous lowest occurrences of C. gregarius and Dem. triangulatus s.s. Accordingly,
Bjerreskov (1975) divided her gregarius Biozone into a lower triangulatus Subzone and upper
pectinatus Subzone, which both match with biozones as applied in Bohemia. The FAD of Pet.
ovatoelongatus closely follows that of Dem. triangulatus whereas R. longispinus debuts somewhat
higher, in the upper part of the triangulatus Subzone. Loydell et al. (2017) described the
Rhuddanian-Aeronian boundary interval in the Sommerode-1 borehole situated near the section
studied by Bjerreskov (1975). They recognized Pern. revolutus Biozone in the uppermost
Rhuddanian, followed by the triangulatus Biozone in the lowermost part of the Aeronian
succession. Reassessed graptolite assemblages closely resemble those reported from Bohemia,
including the successive appearance of principal marker species.

Waern (1960) reported graptolite-bearing Rhuddanian-Aeronian boundary beds from the
Silvberg Section in Dalarna, Sweden, with a rather condensed upper Rhuddanian revolutus Zone
overlain by the gregarius, folium, cometa and sedgwickii biozones of the Aeronian Stage.

The subsurface extent of upper Rhuddanian and Aeronian mudrocks with graptolites and
chitinozoans has been documented in numerous drill cores in Latvia and Lithuania. The moderate
diversity graptolite fauna of the cyphus and triangulatus zones, described by Paskevicius (1979),
exhibits close similarity to that of peri-Gondwanan Europe, after some taxonomic reassessment.
The middle and upper parts of the triangulatus Biozone in the sense of Paskevicius (1979),
however, correspond with pectinatus, simulans and perhaps also leptotheca biozones of Storch
(2006) and herein. Several marker species of the leptotheca Biozone, including Campograptus
millepeda and Petalolithus folium have been reported from the upper triangulatus Biozone of
Lithuania by Paskevicius. The suggested base of the Aeronian Stage and the whole triangulatus
graptolite Biozone correlate with a level within the Aspelundia expansa conodont Biozone as
shown by the integrated graptolite and conodont data from the Aizpute-41 core, Latvia (Loydell et
al. 2003).

China, Yangtze Platform. — A large number of richly fossilliferous sections across the Rhuddanian-
Aeronian boundary interval is available on the Chinese Yangtze Platform. Detailed knowledge of

these sections is lacking since earlier authors focused on the late Rawtheyan and Hirnantian
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succession and Ordovician-Silurian boundary interval in particular. Rhuddanian-Aeronian
boundary strata are within the rather uniform, offshore, black shale succession of the lower and
middle Llandovery Lungmachi (or Longmaxi) Formation all over the Yangtze Platform (Fan et al.
2011).

Chen & Lin (1978) defined a “Pristiograptus” cyphus — “Monoclimacis” lunata Biozone in
the upper Rhuddanian of the Tongzi area of the northern Guizhou Province. The rich graptolite
assemblage of the biozone, however, included genera typical of Aeronian strata elsewhere in the
world (Petalolithus, Rastrites and triangulate monograptids of Dem. triangulatus affinity). Hence
the base of the Aeronian Stage likely occurs within the cyphus—Ilunata Biozone of Chen & Lin
(1978). The C. gregarius Biozone as recognized in the lower Aeronian succession, was divided
into the lower Rastrites guizhouensis and upper Dem. triangulatus subzones. Graptolite
assemblages are markedly different from those of Baltica, Avalonia and peri-Gondwanan Europe
in species represented and in the relative diversity and abundance of the genera.

Ni (1978) studied the graptolites of the Lungmachi Formation from the Yichang (Yangtze
Gorges) area of the western Hubei Province. The level of the Rhuddanian-Aeronian boundary is
unclear, however, as Rastrites (R. cirratus Ni) was reported from as low as the upper Rhuddanian
Pristiograptus leei Biozone, whilst monograptids of the Dem. triangulatus group were missing in
the lower Aeronian triangulatus Biozone of Ni (1978). Wang (1985) reported Dem. triangulatus
from the Yangtze Gorges region and reconciled the Rhuddanian and Aeronian graptolite
biozonation of the area with the international standard (see Loydell 2012), although notable
differences in graptolite faunas did not allow for high resolution correlation with European
sections.

Rhuddanian and Aeronian black shales of the Lungmachi Formation exposed in
Guanyingiao, in Qijiang District of Sichuan Province were documented by Jin ef al. (1982). Both
sedimentary rocks and graptolite fauna are consistent with those encountered in other regions of
south-central China. The C. cyphus and P. leei biozones have been recognized in the upper
Rhuddanian while the lower Aeronian commenced with the triangulatus Biozone, overlain by the
Camp. communis Biozone. The base of the Aeronian is marked by the FAD of Dem. triangulatus
followed by abundant rastritids. Petalolithus palmeus gqijiangensis Zhao, reported from the
uppermost Rhuddanian /eei Biozone, which closely resembles the robust rhabdosomes of
Pseudorthograptus obuti or Ps. mutabilis.

In connection with the current search for a new Aeronian GSSP, the well-exposed
hemipelagic black shales of the Rhuddanian-Aeronian boundary interval, rich in well-preserved

graptolites and chitinozoans, have been studied in Shuanghe and Yuxian sections in southern
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Sichuan (authors’ unpublished data) and in Shennongjia anticline in northwestern Hubei (Maletz
et al. 2021). A probable gap in sedimentation at the base of the triangulatus Biozone is indicated
in the latter section by sudden and simultaneous appearance of a number of taxa incoming together
with the lowest Dem. triangulatus. Shao et al. (2018) proposed the Liangshan Danangou section
in southern Shaanxi as possible stratotype section but Storch & Melchin (2018) noted that their

only illustrated specimen of Dem. triangulatus does not belong to this species.

Siberia. — Silty shales rich in upper Rhuddanian and lower Aeronian graptolites were documented
by Sennikov (1976) from several sections in the Gorny Altai, although the Rhuddanian-Aeronian
boundary interval has never been studied in particular detail in this region. A Dem. triangulatus
Biozone overlying the upper Rhuddanian cyphus Biozone witnessed the FADs of triangulate
monograptids, petalolithids and rastritids. However, specimens assigned by Sennikov (1976) to
Dem. pectinatus are confined to the lower part of the triangulatus Biozone as opposed to European
records of the species which come for the most part from above the range of Dem. triangulatus.
Subsequent revision based upon the richly fossiliferous reference section near Ust-Chagirka (Obut
& Sennikov 1985) introduced the triangulatus-gregarius Biozone embracing all Aeronian strata
up to the base of L. convolutus-Ceph. cometa Biozone. In the Voskresenka-4 section in Gorny
Altai, described by Sennikov et al. (2008), Dem. triangulatus first occurs above the LAD of C.
cyphus, and the first appearances of Rastrites and Camp. communis occur just above that of Dem.
triangulatus, a pattern similar to that seen at Hlasna Tteban, so this may be the most complete
Rhuddanian-Aeronian boundary section in the region.

Numerous drill cores running through Rhuddanian-Aeronian boundary strata were
documented by Obut et al. (1968) from the Norilsk area (southwestern Siberian Platform). The
lower Silurian succession, which rests unconformably on middle Ordovician shales and/or
limestones, begins with dark grey calcareous shales of the upper Rhuddanian cyphus Biozone
and/or lower Aeronian triangulatus Biozone. The Rhuddanian-Aeronian boundary was recorded
in nine boreholes. The rich and well-preserved graptolite faunas described by Obut et al. (1968)
exhibit some similarity in species composition and relative abundance to faunal assemblages of
the Yangtze Platform although no attempt has been made for rigorous comparison. No actual
specimens of C. cyphus were recorded in the cyphus Assemblage Biozone. The base of the
Aeronian is marked by the almost simultaneous lowest occurrences of Demirastrites (specimens
assigned to Dem. triangulatus and Dem. pectinatus by the latter authors), C. gregarius and Pet.
ovatoelongatus, closely followed by R. longispinus and “Stavrites” rossicus Obut & Sobolevskaya.

Campograptus debuts in the stratigraphically higher part of the triangulatus Biozone.
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Northern Canada. — The Rhuddanian-Aeronian successions of dark grey to black calcareous shales
with thin limestone interbeds exposed on Cornwallis Island, Nunavut were documented by
Melchin (1989). New data pertaining specifically to the Rhuddanian-Aeronian boundary interval
were presented by Melchin & MacRae (2014). Boundary strata are marked by a sequence of
closely spaced FADs of Pr. concinnus, Dem. triangulatus and Petalolithus sp. The base of the
triangulatus Biozone coincides with weak positive shift in §'3C,, values detected by Melchin &
Holmden (2006).

Black shales of the Rhuddanian-Aeronian boundary interval exposed in northern Canadian
Cordillera of Yukon and Northwest Territories were documented by Lenz (1979). The uppermost
Rhuddanian was assigned to the gregarius Biozone, which is overlain by the lowermost Aeronian
triangulatus Biozone. Description of the sections from Peel River area has been provided by
Melchin in Strauss et al. (2020). The base of the triangulatus Biozone was defined by the lowest
occurrence of Demirastrites. The graptolite fauna described by Lenz (1982) exhibits notable
similarity to likely coeval assemblages of China (Yangtze Platform) and Cornwallis Island of the

Canadian Arctic.
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8. Suitability of the Hlasna Trebaii section as a base Aeronian GSSP

The section proposed as new GSSP, located near Hlasna Tteban village fulfils almost all of the

requirements for boundary stratotype listed by Cowie et al. (1986) and Salvador (1994) as

reviewed by the following checklist. All critical GSSP attributes are present.

The requirements for a GSSP

The Hlasna Treban section

Exposure over an adequate thickness

Yes (with respect to the facies)

Continuous sedimentation without gaps or

condensation close to the boundary

Yes (the only gaps are down the section in

the vesiculosus and acuminatus biozones)

diagenetic alteration

Rate of sedimentation Low
Absence of sedimentary and tectonic Yes
disturbance

Absence of metamorphism and strong Yes

Abundance and diversity of well-preserved

fossils

Yes (abundant, high-diversity, well-preserved
planktic graptolites, less well-preserved

chitinozoans

Absence of facies changes at/or near the

boundary

Yes (uniform facies and lithology)

Presence of lithological marker beds

Yes (abrupt change of lithology 1.38 m below
the proposed boundary)

Facies favourable for long-range correlations

Yes

Radioisotopic dating No (but the black shales may be suitable for Re-
Os dating)

Magnetostratigraphy No (no data obtained to date, but thermal
alteration is low)

Chemostratigraphy Yes (8'*Corg isotope record with minor positive

excursion just above the boundary level)

GSSP indicated by a permanent fixed marker

Yes (if elected)

Physical and logistical accessibility

Yes (open access year-round)

Free access for research

Yes (located in Bohemian Karst Protected

Landscape Area)
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9. Summary

We propose the Hlasné Tteban section as a GSSP for the base of the Aeronian — the second stage
of the Silurian System — at the point marked by the lowest occurrence of Demirastrites
triangulatus, which also defines the base of the Dem. triangulatus graptolite Biozone. Data from
Bohemia and an overview of published records worldwide have demonstrated that Dem.
triangulatus is a readily identifiable and widely applicable tool for stratigraphical correlation. The
FAD of Dem. triangulatus occurs 1.38 m above the base of Silurian black shale succession of the
Zelkovice Formation, just below a minor positive shift in 8'3C, values recorded in the lower part
of the triangulatus Biozone and recognized in many other parts of the world (e.g., Braun et al.,
2021). The lower triangulatus Biozone clearly exhibits a rapid graptolite diversification event of
sudden successive appearance of several new lineages: monograptids with isolated and hooked
thecae (genera Demirastrites, Rastrites and Campograptus) and Petalolithus with its ancorate
biserial rhabdosome, tabular in cross section. The graptolite succession can be readily correlated
worldwide as opposed to that of the current stratotype in the Welsh Basin.

Sedimentation within the boundary interval is continuous, without any facies change. The
abundant, diverse and readily identifiable graptolite faunas are present in almost all Aeronian and
Rhuddanian strata, including all strata in the boundary interval. Chitinozoans of the maennili
chitinozoan Biozone occur in the Rhuddanian-Aeronian boundary interval. There are no
significant structural complexities in the stratigraphical succession comprising the upper
Hirnantian, Rhuddanian and lower and middle Aeronian (4. ascensus — L. convolutus biozones)
exposed on this hill slope locality. The section lies within Bohemian Karst Protected Landscape
Area. Both study and access by a narrow foot path uphill from the Hlasna Ttebaii — Rovina road
are unrestricted. Hlasna Tteban is readily accessible by car and train from Prague in a half an hour.
Other Bohemian sections spanning the Rhuddanian-Aeronian boundary interval (Karlik, Vockov
near Karl$tejn, Zadni Ttebati, Cernosice and Nové Butovice) archive sedimentary and graptolite

records fully consistent with those described from the proposed stratotype.
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