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Keynote

Prospects for a Paleozoic Astronomical Time Scale

LINDA A. HINNOV *

Fossilized Milankovitch cycles have been found in cyclostratigraphy throughout the
Cenozoic and Mesozoic eras. Numerical astronomical models have been used to cali-
brate these cycles to an OAstronomical Time ScaleO (ATS). Today, most of the Cenozoi
Era has an OabsoluteO ATS, referred tim tye@rs before present with a resolving
power of 200100 kyr from EarthOs precessiguitphnd orbital eccentricity forcing.

Prior to 50 Ma, the ATS is OfloatingO, i.e., not yet linked to absolute time with an
astronomical model, but anchored to geochronology. The resolving power is lower as
well, at 405-kyr, due to loss of high-frequeatcuracy in the astronomical models.
However, both Cenozoic and Mesozaicessions exhibit strong 405-kyr cyclicity,
interpreted as from the dominant ternEarthOs orbital eccentricity variation. The
widespread occurrence of this robust stratigraphic cycle promotes the long-standing
notion that a O405-kyr metronomeO careddgasefine the ATS. Numerous projects

are ongoing to document the stratigraphic record of 405-kyr cycles back to the start of
the Mesozoic Era.

The time is now ripe for extending the ATS into the Paleozoic Era. There is already
compelling evidence for Milankovitch cycles in Paleozoic stratigraphy. For example:
Late Permian 405-kyr stratigraphic cyclésmémal formations in South China have
been calibrated to high-precision geocdhogy and used to discriminate the astro-
nomical model that defines the 405-kyr orbitaredcity cycle with the best-fit phase.

A continuous Permian cyclostratigraphy is emerging from decades-long research of
continental deposits in the Bogda Mountains, China that could become the ONewark
SeriesO of the Paleozoic Era. One of the most remarkable paleoclimatic time series ev:
measured is from the annually resolved Early Permian Castile evaporite sequence. The
Carboniferous time scale has now beeareddily high-precision geochronology, con-
straining major marine cycleths to a 405-kyr scale. Devonian marine and continen-

tal cyclic sequences show evidence Miltstkdorcing, some with strong 405-kyr
cyclicity. The Early Paleozoic has an extensive Milankovitch-band cyclostratigraphy
that is badly in need of qualitypgeronologic controls and reanalysis.
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The interpretation of Paleozoic cyclostratigraphy presents a unique set of challenges
and limitations. Unlike the younger eras, Paleozoic biogenic sediment does not derive
from pelagic phytoplankton, but from the shallow shelf and near-shore, which is in part
controlled by sea level change. Thus Baleteep-sea cyclostratigraphy may be more
hiatus-prone than its Mesozoic-Cenozaintegparts. Paleozoic shallow-marine cy-
clostratigraphy is the main archive to be researched for Milankovitch forcing. Conti-
nental formations presumably have high-quality cyclic successions comparable to those
in the younger eras, but they suffer the same problems of correlating to a marine-based
global stratigraphic framework. The astronomical models do not provide accurate tar-
gets for calibration of Paleozoic time. Tineresmical parameters are expected to con-
tinue to operate in a similar fashion, &daster Earth length-of-day will result in
shorter period precession and obliquity cycles, and the precise evolution of length-of-
day is unknown. Chaotic motions of inner Solar System planets, including Earth, will
alter EarthOs orbital eccentricity variation, but the precise changes are likewise un-
known. The notable exception is the 405-kyr eccentricity cycle, which is predicted to
remain stable on account of the large mass of Jupiter. In sum, Milankovitch cycles
should continue to be recognizable througthe Paleozoic Era, replete with a 405-
kyr metronome for defining a Paleozoic ATS.

1Johns Hopkins University, Baltimore, Maryland, USA
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Keynote

Marine biodiversity dynamics and reef evolution in the
Early Paleozoic

WOLFGANG KIESSLING

Revisions of the Early Paleozoic time scale and new geochemical and paleoclimatic dat:
require a fresh look at Paleozoic diversity dynamics and ecosystem evolution to test for
potential links. Our view of global divgrgatterns is still strongly influenced by
SepkoskiOs compendium on the first amagfeesirances of marine animal genera. This

view must be revised because the underlying time scale and taxonomy are now outdate
and simple range data cannot be standardized for sampling. The Paleobiology Database
is more comprehensive and up to date, but published biodiversity dynamics are cur-
rently too coarsely resolved stratigraphically to explore potential links with climate
change, especially at critical boundaries.

Although revisions of the time scale are still ongoing, some new patterns emerge due
to a revised stratigraphic assignmentllettions to current stage definitions, sam-
pling-standardized analysis, and correcting for the Signor-Lipps effect: (1) Extinction
rates in nearly every Cambrian stage were greater than in the rest of the Paleozoic ant
the extinction events at the end of the former Early Cambrian (Sinsk and Hawke Bay
events) were not above Cambrian background levels, although a major reef crisis is still
evident. (2) Two big extinction pulses occurred in the latest Cambrian (Stage 10) and
the Tremadocian, both exceeding the magnitude of the end-Permian mass extinction.
(3) The Ordovician radiation occurred in two pulses, the first in the Tremadocian and
the second in the Darriwilian. (4) The end-Ordovician mass extinction was hardly a
mass extinction at all and the peak of extinction rates is concentrated at the end of the
Hirnantian whereas the end-Katian extinctions were even below Ordovician back-
ground rates. This suggests that extinctions were caused by warming after the
Hirnantian glaciations rather than cooling at the KatianBHirnantian boundary. The
same applies to reef-volume data, which indicate that the global carbonate production
of reefs increased from the Katian to the Hirnantian and then dropped significantly in
the Rhuddanian. (5) Silurian extinction rates were among the lowest in the entire Paleo-
zoic suggesting that the several OeventsO reported from this period did not have muc
effect on the survival of marine gen@ragination rates were declining erratically
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throughout the Silurian. (6) The Kelssar event (FrasnianbFamennian boundary)
and the Hangenberg event (near the DevonianbCarboniferous boundary) were each
approximately of equal intensity (and both nearly equal to the end-Hirnantian event),

although the Kellwasser event stands out as the first significant post-Cambrian reef cri-
Sis.

1GeozZentrum Nordbayern, FachgruppelPai@at, Friedrich-Alexander-UniversitSt
Erlangen-NYrnberg, Loeweni@gt01054 Erlangen, Germany;
wolfgang.kiessling@gzn.uni-erlangen.de
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The risk of misleading eustatic and OepeirogenicO
processes in the correlattbthe Cambrian Series 2D3
boundary interval in rift and drift (passive margin)
basins

J. JAVIER ¢LVARO

In the Mediterranean region of West Geada, two regional Cambrian Series 2D3
boundaries have been proposed baseilbbitds (clvaro et al. 1993 for the Iberian
Peninsula and Geyer & Landing 1995, 2004 for Morocco) and a third one based on
acritarchs (Palacios & Moczyd*owska 1998). Although the three boundaries are obvi-
ously located at different biohorizons treyperfectly correlatable between Morocco
and Iberia (e.g., ¢clvaro et al. 2003). Althaigtselection of a GSSP for the Cambrian
Series 2D3 boundary is presently at th@fcareintense and constructive debate in
the International Subcommission on the Cambrian Stratigraphy (ISCS), the discussion
of which of these boundaries must survive as the Oregional® standard for the weste
Mediterranean region (incladiMorocco and Iberia) is becoming a Byzantine debate
based on unilateral proposals that are exclusively followed by their own supporters.
Fortunately, the day a GSSP for the CamBeaies 2D3 boundary will be selected by
the ISCS, this regiahdebate will be out of faghioor that is what | hope.

One of the major problems found by stratigraphers and palaeontologists when cor-
relating Morocco and SW Europe is the niislgaf rifting and drifting (passive mar-
gin) geodynamic processes. Regional tilting and uplifts recorded in rift basins (in some
papers, called OepeirogenicO movergentsinding et al. 2006), like those of the
Moroccan Atlas and the Iberian Ossa-Morena, cannot be directly correlated with mod-
ifications in space accommodation in passive margins. As a result of which, the strati-
graphic gaps and condensation levels found in rift basins must not be found necessarily
in passive margins. The stratigraphic setting and time span of possible cryptic uncon-
formities need facies and biostratigraphic confirmation.

A case study is offered by the rift-related tectonic uplift and tilting processes recog-
nized across the Cambrian Series 2D3 boumdaeyTatelt an®reche ~ Micmacca
units of Morocco, which disy local extension (¢lvaro & Clausen 2005, 2006, 2008;
Landing et al. 2006). They cannot be recognized all around the Anti-Atlas, the High
Atlas, and less in the Coastal Meseta of Morocco. In addition, the reported Cambrian
tectonic breakdowns of the Iberian Chains are related to extension and characterized
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by development of local slopes with breccia deposits or fragmentation of the platform
into horsts and grabens: no uplifts are described. Therefore, the tectonically induced
unconformities recorded in the Moroccan-Ossa Morena rifts must not be blindly cor-

related with supposed cryptic unconformities across the Iberian passive-margin basin.

!Centro de Astrobiolog’a (CSIC/INTA. @e Torrej—n a Ajalvir km 4, 28850
Torrej—n de Ardoz, Spain; alvarobjj@cab.inta-csic.es
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The nature of Ordovician limestonebmudstone
alternations in the Oslo-Asker area (Norway): Primary
or diagenetic rhythms?

CHLOf AMBERG, TIM COLLART? WOUT SALENBIEN, THIJS R. A.
VANDENBROUCKE, LISA M. EGGER AXEL MUNNECKE, ARNE T. NIELSEN,
"YVIND HAMMER ° AND JACQUES VERNIERS

The Hirnantian glaciation is implicated for causing one of the great Phanerozoic mass
extinctions at the end of the Ordovician. An emerging body of evidence now suggests
that global cooling and the onset of the Early Palaeozoic Ice Age (EPI), started much
earlier than previously assumed, during the Early or Mid Ordovician. This has funda-
mental importance as an early phasetifiga@ould provide a driving mechanism for

the major changes in biodiversity during the Great Ordovician Biodiversification (Trot-
ter et al. 2008). At present, however,rbig evidence is not yet conclusive. In our
project, we revisit the Oslo-Asker sections in Norway to obtain additional data on Or-
dovician climate change.

The Ordovician eustatic sea level curve for Baltica, to some extent based on litho-
logical evidence from the Oslo-Asker area in Norway (Nielsen 2004), indicates a num-
ber of lowstands of Mid and Late Ordovieig®, interpreted as glacioeustatic. During
the lowstands calcareous rhythmites were deposited, potentially recording short-term
palaeoclimatological fluctuations and potgnilaplying the presence of a significant
ice-sheet on the South Pole. However, alternatively, these limestone-mud alternations
could also be the result of different@djeinesis (Egger et al. 2013, this volume).

Our methodology consists of a bed-bydamabling of the calcareous rhythmites,
for an integrated geochemical (XRF) and palynological (chitinozoans) study. The XRF
analyses allow us to assess if there has been diagenetic redistribution, which would resu
in an enrichment of insolubles in the mudstones/marls and a dilution of insolubles in
the limestones; these results are presented in a separate paper by(EQger sl
volume). A true, original cyclic signal shaigd be reflected in the chitinozoan mi-
crofauna, sensitive to climatic and environmental changes (e.g., Vandenbroucke et al.
2010) whilst a uniform distribution points todva diagenetic origin of the rhythmites.

Over 800 samples have been collected for analyses in the fall of 2012. Results of the
detailed palynological analyses will be presented for the Lysaker Member of the Huk
Formation (DapingianbDarriwilian), the Frognerkilen Formation (Sandbian), the Sol-
vang Formation (Katian), and the Hoved¢ya Member of the Skogerholmen Formation
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(Katian). Preliminary palynological data from these units indicate surprisingly well-
preserved and relatively abundant palyndmdiat at first glance do not show any
major difference between the assemblageshie mudstones and limestones, at the
species level. Based on these first resiipg|dleontological data thus seems to be in
agreement with the geochemical data from the Hoved¢ya Member, provided by Egger
et al (2013, this volume).

UMR 8217 du CNRS: GZosystemes, UnhilesitZAvenue Paul Langevin, SN5,

59655 Villeneuve d'Ascq, France

’Research Unit Palaeontology, Department of Geology and Soil Science (WE13), Gher
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Wenlock on the northeastern margin of the European
platform

ANNA I. ANTOSHKINA*

Wenlock type sections for the stratigrapbhad®eme of the Western Urals have been
defined in the Kozhym River of the Subpdtats in the 1980s. Detailed study of the
conodont faunal change and lack of the early Sheinwdd@dianpositive excursions

in sections (3648 m) of the Durnayu Riwe have showed an incompleteness of the
Wenlock succession in the Subpolar Urals (MSnnik & Martma 2000). The Kozhym
Uplift during the lower Paleozoic was characterized by tectonic activity that confirms
wide development of carbonate breccias and conglobreccias in OrdovicianbSilurian de-
posits. The Wenlock deposits are charadtéyzeery shallow-water carbonates with

poor faunas dominated by stromatolites. However, just above the LlandoverybWenlock
boundary occurs an interval of limestaitstabulate corals and stromatoporoids,
indicating a short-term transgression that caused a temporary return of normal marine
conditions into back-reef basin.

In the eastern areas of the Kozhym River an unsorted bioclastic matrix of the
Manyuku Fm carbonate conglobreccias uppermost beds underlaying the Wenlockb
Ludlow BalbaOyu Reef contains mixed late TelychianDearly Sheinwoodian conodont
complex (Antoshkina 2008). The presenB®cielellef. walliser{Helfrich) testifies
to the middle Sheinwoodian age. This fact speaks about the Wenlockian cement for-
mation above the Llandovery boundary.

Westward of the Subpolar Urals, in the 1zOyayu River of the Chernyshev Swell, a
clear positiveA’C..n excursion indicative of the Ireviken Event was observed in the
middle part of the UstODurnayu Fm I§8lkén 2011). The Wenlock section (21 m)
represents a complete succession because there are well-defined sedimentological al
paleontological data of lower and upper boundaries. Dolostones, specific vadose ooids,
stromatolites, microbial-micritic muds stmes with terrigenous silt, and euryfacies
fauna especially as bioclasts are typical for this succession. Northward of the Cher-
nyshev Swell (the SharOyu River), the Wenlock deposits (about 40 m) are characterize
by a more varied fauna, tidal-upper subtidal facies. Possibly the thickest Wenlock suc-
cession (146 m) is located in the Chern@ll §ve Padimejtyvis River area) and dis-
tinguished by various and numerous benthic faunas, and the most of facies diversity b
from supratidal to subtidal (Antoshkina & Beznosova 1988).
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In the 2000s, detailed lithological studylodle cores in the Khorejver Depression
revealed some beds of brecciated cagkmili@tous-clayey rocks in which ooids were
cemented by kaolinite and bituminous matter in the Middle Member of the Veyak
Formation in the Pechora Syneclise (the Bagan area). The presence of these red-colore
rocks and the oxidized oil testifies to &linesedimentation. The kaolinite clay char-
acterizes this break as rather long fafithation of weathering crusts. These rocks
evidently resulted from a hiatus and caotrelated with a sharp regression above the
LlandoverybWenlock boundary. The Khorejver Depression during the Silurian was
characterized by local tectonic structurdtyymispecially in the Bagan-Sandivej areas.

During the Silurian, the Timmanorthern Ural sea basin was closely related to the
evolution of the Paleo-Uralian Ocean and the Pechora Plate, under geodynamic con-
ditions responsible for the passive margin platform, intra-plate depressions and uplifts,
so the most of bio- and sedimentologic events are close in time to eustatic and regional
sea-level changes (Antoshkina 2007). Ndesghkeeviken and Mulde events do not
clearly correlate with the formation of sequence boundaries because tectonic evolution
of basement blocks mask or enhance sea-level change. But it is common to follow se-
guence stratigraphical concepts and identify sequence boundaries as important levels
for past extinctions.

Analysis of successions in the Pechora Syneclise, Chernyshev and Chernov swell:
and the Subpolar Urals sections are essential to the solution of the Wenlock strati-
graphic problems on the northeasterngaao Platform margin. Different complete-
ness of the Wenlock successions is the reflex of different character of sedimentation,
which occurred in periodic changes of regressions and transgressions environments ir
the very shallow-water sea basin during this time.

YInstitute of Geology, Komi Science Ceati®ranch, Russian Academy of Science,
Syktyvkar, Russia
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Placing Upper Ordovician Obutter shaleO LagerstStten
within a sequence stratigraphic framework

CHRISTOPHER D. AUCOIN, CARLTON BRETT, THOMAS MALGIERF AND
JAMES THOMKA!

The Upper Ordovician Cincinnatian contains several bed packages colloquially referred
to as Obutter shalesO or OtrilobiteCshalese packages are typified by 1D2 meter
intervals of claystone with isolated lelstidimestone beds found throughout. The
limestone beds display the usual brachiopg@doan dominated fauna typical of the
Cincinnatian. Conversely, butter shales typified biréptoceras dusshrale of the
Waynesville Formation have faunas dominated by bivalve mollusks, orthoconic cepha-
lopods, and trilobites (Frey 1987). This siggepersistent change in environmental
conditions from the rest of the Cincinnatian and the butter shales. Similarly, some of
the butter shales have been shown to range laterally over at least 135 km (Key et al.
2010) indicating that these are not merely isolated localized event. These claystones ar
most widely known for their LagerstStteality preservation of the trilobitsstelus
andFlexicalymenAs a result, much of the previous work has focused on the tapho-
nomy of the trilobites, which can be found in a variety of orientations including prone,
oblique and enrolled.

Butter shales have been identified in a number of the Cincinnatian formations in-
cluding the Grant Lake, Arnheim, Waynesville and Liberty formations in ascending
order (Frey 1987; Ferree 1994; Schumacher & Shrake 1987). In addition to better
characterizing the faunal content of the various claystone packages, we are also workin
to understand the position and relationships of the butter shales within sequence stra-
tigraphy. One study, which focused on the Mt Orab butter shale of the Arnheim For-
mation (Hunda et al. 2006), has been plagetie authors within the highstand sys-
tems tract of sequence C4 (Holland & Patzkowsky 1996). We agree with this interpre-
tation and argue that the butter shales are typically situated within highstands of fourth
order cycles, nested within late highstands to early falling stages of third order cycles.
The amplification of sediment influx into relatively deep offshore areas created a sedi-
mentary Osweet spotO. We suggest thateéhslmies represent periods of fairly rapid
background mud deposition punctuated by episodic depositional events, which smoth-
ered organisms allowing for the exceptional preservation. Likewise, this steady deposi-
tion was also disrupted by periods of sediment starvation representing smaller trans-
gressive phases within an overall regressive package.
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The A3C.apcurve from the Green Point succession in
western Newfoundland, Canada and correlation of the
GSSP section of the CambrianBOrdovician boundary

KAREM AZMY?, SVEND STOUGE, GABRIELLA BAGNOLIAND UWE BRAND*

The Green Point Formation of the Cow HEadup in western Newfoundland (Can-

ada) represents the Global StratotypttoS8eand Point (GSSP) for the Cambrianb
Ordovician systems boundary. A n&@.., curve from the Green Point section has

been constructed (Fig. 1) because (1) no high-resolution carbon isotope profile was
previously presented for the GSSP section and (2) the exact stratigraphic level of the
CambrianbOrdovician boundary, based ordomidiozonation, has become recently

an issue of debate (Terfelt et al. 2012. pgrkviously constructed C-isotope profile
(Nowlan 1995) was based on lower resolfi¢ilshsampling protocols and whole-sam-

ple analyses that resulted in overlooking the significant variations associated with the
boundary.

The middle Cambrian to Middle Ordovician Cow Head Group (up to 500 m thick)
is composed of marine fine-grained clastic and carbonate sediments that accumulated
on the slope along the Laurentian margin. Significant conglomerate beds (megabrec-
cias) interrupt the succession and contain blocks of marine shallow and deep water
carbonates (James & Stevens 1986).

The deep slope marine Green Point Formation is dominated in the lower part by
shales (Martin Point Member) and in the upper part (Broom Point Member) by lime
mudstones that retained their micritic textures and sedimentary fabrics (rhythmites).

The &C values of 84 well-preserved micrite microsamples range from -4.74 to
+1.74 (VPDB) (Fig. 1). The &C values show insignificant correlation with their
Mn/Sr (R = 0.06) and total REEREE) counterparts, which suggests that they retain
their near-primary®C signatures that can be utilitedeconstruct a reliable C-iso-
tope profile for high-resolution global correlations.
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Fig. 1.The Green Point section of western Newfoundlanthdaathe GSSP section for the CambrianBOrdovician
boundary, and the detailekfC.. profile. The grey horizontal line at the base of Bed 23 marks the initiation of a
composite negative shift (several peaks) starting at the base of the Broom Point Member of the Green Point Formation
(Cow Head Group). These reflections indicate a signifiesugiecim sea level and the composite negative shift begins

two meters below the GSSP level. The conodont ligpaphy is modified from Terfelt et al. (2011).
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The AC..wprofile reveals a composite negative shift (three peaks) of ~6.0&, which
starts at the base of the Broom Point Mgméflecting a significant change in sea-
level. The negativ&C.. Shift is consistent with the change from relatively shale-
dominated (Martin Point Member) to more carbonate dominated lithology (Broom
Point Member) and reflects a drop in sea-level.

The combination of C-isotope stratigraplith biozonation provides a powerful
tool of high-resolution global correlations. The C-isotope curve presented here shows
that the negativé&C shift starts at the Martin Point/Broom Point members boundary,

a level slightly lower than that of the suggested golden spike, that was placed in the
Clavohamulus hintoeinodont Subzone of tBerdylodus intermediaaodont Zone,

and below the FAD dépetognathR®uctivaguéTerfelt et al. 2012) and the FAD of
planktic graptolites (Cooper et al. 2001).

!Department of Earth Sciences, Memariatdity of Newfoundland, St. JohnOs, NL,
A1B 3X5 Canada; kazmy@mun.ca

’Geological Museum, Universityp#rdagen, ster Voldgade 5, DK-1350
Copenhagen K, Denmark; svends@snm.ku.dk

*Dipartimento di Scienze della Terra, Universita® di Pisa, via Santa Maria 53, 56126
Pisa, Italy; bagnoli@dst.unipi.it

‘Department of Earth Sciences, BroakdiyivSt. Catharines, Ontario L2S 3A1
Canada; uwe.brand@brocku.ca

References

Cooper, R.A., Nowlan, G.S. & Williams, S.H., 2001 b@l&tratotype Section and Point for base of the
Ordovician Systeripisodes 249D28.

James, N.P. & Stevens, P.K., 1986: Stratigeaphgorrelation of the CambrobOrdovician Cow Head
Group, western Newfoundlargleological Survey of Canada BulletiiB&a3.

Nowlan, G.S., 1995: Variations in marine carbon isotope r&@kstlirough the CambrianBOrdovician
boundary intervalnternational Cambri@®rdovician boundary workingugr St. JohnOs, Newfound-
land (Canada), December, 1995

Terfelt, F., Bagnoli, G. & Stouge, 312: Re-evaluation of the conodapetognathasd implications
for the base of the Ordovician System GSS$iaia 45227D237.

33



The early Rhuddanian survival interval of the
Ordovician/Silurian extinction in the Central Oslo
Region

B. GUDVEIG BAARL}

The Asker District in the central Oslo Region records the entire Rhuddanian Stage
with a continuous presence of shelly fossils through 168 m of strata. Baarli & Harper
(1986) published a preliminary investigatiom relict Ordovician brachiopod fauna

from the basal layers of the Rhuddanian. As later confirmed by Rong & Zahn (2006)
and others, they found that Ordoviciarctelphased out gradually during the Early
Rhuddanian and that, likewise, new Silurian species came in gradually. This study con-
centrates on the interval when the relict Ordovician fauna was phased out, but before
the Silurian fauna became fully present. This corresponds to the survival interval, a
pause often found after a mass extinction before extensive radiation takes place (Harris
& Knorr 2009).

A survival stage is characterized by long ranging, eurytopic, opportunistic taxa of
small sizes and assemblages with lowtdifléesries & Knorr 2009, among others).

As expected, the brachiopods in this interval from the central Oslo Region are long
ranging, both with solid roots in the Oradamn and a strong Silurian presence. Most
recorded earliest Rhuddanian brachiopod faunas belong to Benthic Assemblage (BA)
2b3 and seldom 4 (Rong & Zahn 2006). In contrast, some of the early Rhuddanian
assemblages of the Solvik Formation biel@®#5. The Rhuddanian to mid-Aeronian

Solvik Formation shows two shallowing events that range from BA5 to 3. The three
dominant genera from the survival intelwedtocortezorthlseangelland Eoplec-
todontaoccur continuously through the Solvik Formation and, thus, span BA5 to 3,
testifying to eurytopic life styles. In additiamgngells a genus with an opportunistic
behavior: at times overwhelmingly dominant, but more often only present.

Samples were compared for abundance and diversity from the two BA5 intervals,
the survival interval between 50 and 80 m above the base of the formation, and the one
from the base of the Aeronian where a normal ecosystem is expected. The survival in-
terval had the lowest number of brachiopod species per sample (average 8.8) and lowes
average number of normative brachiopod specimens (54) for a 10-kg sample. This is in
stark contrast to the BA5 assemblages at the base of the Aeronian with the former num-
bers being 207 and the latter 15.4 per sample. High diversity in BA5 faunas is fre-
guently reported from Silurian strata.
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Decrease in body size during a crisis, the Lilliput Effect, is here used as originally
defined for decrease in the body size of certain species during the crisis and increas
during recovery (Urbanek 199BYyotocortezorthis prirh@angellacissdicoelosia
osloensand Eoplectodonta duplicagere measured for maximum width and length
from the two intervals with BA5. Despite limited material, the first three genera showed
a statistically significant increase in size from the Rhuddanian to Aeronian (i.e., a Lilli-
put Effect in earliest Rhuddanian) whileluplicatahowed no significant size differ-
ences. Contrasting trends in size after the Ordovician/Silurian mass extinction also were
found for higher taxonomic ranks in South China (Huang2&14).

Protocortezorthis priogzurred in sufficient numbers to show that there also was a
decrease in average size from the base of the formation towards the survival interval
possibly indicating increasingly adverse growth conditions (Fig. 1). Insufficient food
supply and low temperatures are frequently blamed for the Lilliput Effect, among many
other factors. One contributing cause may be lack of bottom stabilizing shell litter and
algae causing soft bottoms where many larger shells founder.

Fig. 1.Variation in width folP. primathrough the Solvik Formation. Nodesate average width. Vertical lines are
error bars calculated frontdr Quartile Range estimates.
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OCedariaosteand theCedari&Zone (Cambrian:
Guzhangian) of Laurentia

LOREN E. BABCOCK? AND MARK T. BARANOSK}

Chronostratigraphic correlation of Cambsimata across the Laurentian palaeoconti-

nent has for a long time posed a number of challenges. Among the challenges are stron(
biofacies contrasts between lithofacies, and taxonomic issues, both of which are exem:
plified in the application of some polymerid biozones suchCasitireZone.

Lithofacies indicate that the Laurentian craton was encircled by a broad marine
shelf. Shallow-water carbonate platf@onsmonly separated muddy inner-shelf or
restricted lagoons from open-shelf an@ glopironments. During times of carbonate
platform development, inner-shelf and outer-shelf to slope environments normally
hosted separate trilobite biofacies (e.g., Robison 1976; Robison & Babcock 2011).
Strata of the inner shelf are characterized by endemic trilobites, and strata of the outer
shelf strata contain a mix of endemic and cosmopolitan forms including agnostoids.
There are few taxa in common between these regions, which results in uncertainty
about correlations based on the ranges of trilobites.

Traditional subdivisions of the Laurentian OUpperO Cambrian were based on taxa
from inner-shelf environments, but correlations around the margin of the continent
and to other palaeocontinents have been based principally on taxa from outer shelf
facies. Chemostratigraphic information, lwvban bridge the gaps in biostratigraphic
information between shelf areas, is not available for some key areas.

The CedariaZone, which was commonly used to mark the base of the traditional
OUpperO Cambrian in Laurentia (e.g., Lochman-Balk & Wilson 1958; Robison 1964),
was largely founded on the range of a puGidarisspecies;. wooste(iVhitfield
1878) from the Eau Claire Formation of WissionUSA, where it occurs in lithofa-
cies of the inner shelf. The type spectésdziriaC. prolificaValcott 1924, and other
species assigned to the genus are from open shelf to slope environments (e.g., Robiso
1988). In most places, tBedariaZone is applied in outer shelf lithofacies (see Bab-
cock et al. 2011; Robison & Babcock 2011).

Cedaria prolifida a libristomate (corynexochid) trilobite that has a functional facial
suture. All other species assigned to the genus €x0epb&ieriikewise have func-
tional facial suturesCOwoostetias a cephalic morphology unique among trilobites:
an ocular plate delimited by a circumaucsiiture (Hughes et al. 1997). The species
lacks a facial sutur€.Qwoosteprobably has a sister group relationship to the clade
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that includeLedarigprolificaand its close relatives. Taxonomic reassignment of the
inner-shelf-dwellingd3Owoostedasts some uncertainty on the meaning Gettiaria
Zone.

Work on trilobites recovered from the subsurface of Ohio and adjacent areas of the
USA is helping to resolve generalities of the correlatiorCefdrgsZone. Based on
available evidence, most, if not all, of OhioOs subsurface Cambrian is limited to provi-
sional Series/Epoch 3 through the Furarfgggies/Epoch. A new, incomplete exoskel-
eton recovered from the Mt. Simon Formation is consistent with an age of provisional
Epoch 3 (probably Guzhangian). Scleriteasveeed from the lower part of the Knox
Dolomite, includingCrepicepha®ig\phelas@sancElvinia?, indicate that this part of
the Knox is of Furongian age. The presend@.@iv@osterin the Eau Claire For-
mation (Babcock 1994), which lies above the Mt. Simon Sandstone and below the
Knox Dolomite, is, based on its stratigraphic position, consistent with an age of Epoch
3 (Guzhangian Age).
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Palynology and sedimentology of the Upper
Ordovicianblowermost Llandovery in the RSst(Enga-1
core, southern Sweden

AHMED S. BADAWY, PER AHLBER®& MIKAEL CALNER, KRISTINA
MEHLQVIST? AND VIVI VAJDA?

The RSstEnga-1 drillcore from west-central Scania (SKEne), southern Sweden, has pr
vided important information on the Ordovician and Silurian stratigraphy of southern
Scandinavia (Bergstrdm et al. 1999; PElsson 2002; KorenO et al. 2003). The core drillin:
penetrated an approximately 96 m thidkrsentary succession of Upper Ordovicianb
Llandovery rocks. In ascending order, this succession comprises the upper Sularp
(Sandbian), Skagen (SandbianbKatiargséno(Katian), FjScka (Katian), LindegErd
(KatianbHirnantian), and Kallholn (uppest HirnantianBTelychian) formations
(BergstrSm et al. 1999). A palynological and sedimentological study has been per-
formed on the Katianblowermost Llandovery succession of the core, with the aim to
refine the biostratigraphic framework and interpret the depositional environments.

The Skagen Formation has a thickness of 2.5 m and consists of calcareous mudstone
and grey, bedded limestone rich in trilobite fragments. It has been interpreted as re-
flecting a shallowing of the depositionafrenrient caused by a eustatic sea level drop
(BergstrSm et al. 1997). In the RSstEngdlebokj this interpretation is supported by
the development of a discontinuity surface with solution structures at the top of the
Skagen Limestone, inferably a sequence boundary. This regressive episode was su
ceeded by a return to deeper-water conditions and deposition of the Mossen Formation
and the FjScka Shale during the lateuK&tif. Bergstrm et al. 1999). The FjScka
Shale is a widespread dark grey to blaganioirich shale containing graptolites of the
Pleurograptus linedtisie (PEIsson 2002; Calner et al. 2010). The base of FjScka Shale
represents a flooding surface and in the RSstEnga-1 core, the lowermost part of the
formation was likely deposited under anoxic conditions during a pronounced transgres-
sion. The Kallholn Formation represents a new deepening period in the latest
Hirnantian and forms a thick unit of anoxigébxic dark grey, graptolitic shales over
much of southern Scandinavia. It reflectsustatic sea levide related to the
Hirnantian deglaciation.

Based on palynology, the succession can be subdivided into three informal paly-
nozones. Palynozone | occurs in the uppermost FjiScka and lower LindegCrd formation:
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(upper Katian) and is characterizedthay occurrence of the key acritaBbhbk
tisphaeridiumBuedingiisphaeridium balticand Orthosphaeridium inflaturiihe
cryptospore speci€strahedraletes medindrasisalso been identifidthe record of
cryptospores within this palynozone provides the oldest evidence of early land plants in
Baltica. The occurrence of diagnosticyBtlddle Ordovician reworked acritarchs
(e.g.,Striatothec& oryphidiunand Acanthodiacrodiuspp.) suggest a detrital Avalo-

nian sediment provenance and foreland-type sedimentation.

Palynozone Il occurs in the upper eg@Erd Formation (Hirnantian) and is char-
acterized by the occurrencdoofg-ranging acritarchs (e.geryhachiurand Mi-
crhystridiujrand a micro-phytoplankton turnover recognized by the appearance of sev-
eral taxa with a Silurian affinity (eAgnmonidiunspp.,Diexallophasis denticubatd
Tylotopalla caelamenigulibe cryptospore assemblage comprises the Bpieahes
draletes medineriBigrayiandPseudodyadospora petasasghat have been reported
globally from coeval assemblages.

Palynozone Il occurs in the lower Kallholn Formation (uppermost Hirnantianb
lower Llandovery) and is characterized by the presence of sphaeromorph acritarchs to-
gether with a relatively high abundance of graptolites. Throughout this palynozone, the
acritarchs show a low abundance, which is in accordance with palynological studies
from coeval strata in other parts of the world.

The acritarchs from the LindegErd Mudstearownish black, indicating a Ther-
mal Alteration Index (TAI) of 4, which is considered to be post-mature with respect to
oil generation. The high thermal maturity is probably the combined result of a relatively
deep burial in a foreland basin setting and extensive magmatic activity during the early
Permian.
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New mid-Cambrian palaeoscolecid sclerites of
Hadimopanella oezgfrelm the Cantabrian
Mountains, northern Spain

TANIA BARRAG¢N!, JORGE ESTEVEDIEGO C. GARCEA-BELLIDG SAMUEL
ZAMORA* AND J. JAVIER ¢LVARO

Statistical analyses have been carried out in a representative céfladiioopdnella
oezguelbedik 1977 sclerites, sampled in the middle Cambrian Genestosa Member
(Oville Formation) of the Cantabrian Mountains, Spain. The aim of the study was to
determinate the morphological variability of these phosphatic button-like palaeoscole-
cid sclerites. Several characteristics ofrga side of the measured sclerites were con-
sidered, such as the number of dorsakctebnodes; the diameter and cusp rounded-
ness of dorsal nodes; the eccentricity of the tuberculated/ornamented surface inside the
sclerite outline; the relative width of the marginal brim; the relative size of the smooth
surface versus the tuberculated surface. The statistical analysis (cluster and principa
coordinates) identifies two broad mogshaps (A and B), with subsequent sub-
groups. Morphogroups A and B have been compared through principal coordinates
with other sclerites classifietHadimopanella oezgaelil those genera that contain
this paraspecies, found in Gondwana and Siberia, including the Mila Formation (Iran;
Wrona & Hamdi 2001), the Lincara Formation (northern Spain; Boogaard 1983), the
Georgina Basin (Australia, MYller & Hinz-Schallreuter 1993), the Campo Pisano for-
mation (Sardinia; Elicki 2006), the tlgasel¢ere Formation (Kirgizia; MSrss 1988),
the Korrelasyonunda Formation (Gedik 19W¥@re the holotype was described, the
,al Tepe formation (Sarmiento et al. 2001), western area of Taurids (Gedik 1989) all
of them from Turkey and the Sinsk Formation (Siberia; lvantsov & Wrona 2004).
Only the Siberian sclerites are part of a complete and articulated scleritome. This anal-
ysis shows three broad groups (previeumsl B, and new C). Two isolated sclerites
belonging to Siberian specimens are out of all ellipses of 95 per cent of confidence (Fig.
1).

These results emphasize the idea that isolated sclerites are useless for taxonomic a
signment of palaeoscolecids because (1) the same sclerital morphotype can appear i
different complete palaeoscolecid scleritomes (e.g., morphotype C occurs in the genere
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WronascolandSahascojeand (2) a single palaeoscolecid scleritome can display dif-
ferent sclerite morphotypes (e.g., morplestyPsl, Ps2 and Ps3 forming the scleri-
tome ofWronascolex spindsaistsov & Wrona 2004).

Fig. 1.Principal coordinates diagram showing the main morphogroigzirabpanella oezgérelin Gondwana and
Siberia and the erected genera that ndhtaiparaspecies. The schematic dyawire representative examples of the
morphogroups identified in dregs from the Genestosa Member. Only the Siberiaarsdiaxid@e®mically reported.
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Chitinozoan biostratigraphy in the Haljala Regional
Stage, Upper Ordovician: A new high-resolution
approach from NE Estonia

GARMEN BAUERT, JAAK NiLVAK ! AND HEIKKI BAUERT*

Chitinozoans are among the most useful index fossils in the Upper Ordovician strata
of Baltoscandia (N>lvak & Grahn 1993) areqfrently used foredtifying regional
stage boundaries as well as aiding interregional correlations. In this study we test the
usefulness of chitinozoans for subdividing the Haljala Regional Stage and tracing its
boundaries, based on high-resolution sampling of three borehole sections from NE Es-
tonia. The Haljala Stage was introducedbbpusson (1995) as a single unit in place
of the previously used Idavere and J>hvi stages (now used as substages). The reason f
erecting this new chronostratigraphic wai$ laid on a ground that no conspicuous
changes in macrofossil nor in microfossil faunas occur at this boundary (Jaanusson
1995). However, few detailed data on aydtian distribution within the Haljala Stage
have hitherto been available.

The current study is based on 128 closely spaced samples from the variably argilla-
ceous calcarentic limestones of the uggeniivikonna Formation (Kukruse Stage)
to lowermost Kahula Formation (Keila Stage) of the Tamsalu-565, Piilsi-729, and Vas-
knarva-0639 drill cores. In total, 13 clitinan genera and 38 species were recorded
in the studied sections. A particular feature of the assemblage is high diversity of desmo-
chitinids (11 species). The number ofiepgrer sample is rather high, mostly 10D14
in the studied interval, while the average for the Upper Ordovician in Estonia is less
than ten. Based on chitinozoan ranges in the studied sections, 13 species were identifie(
as biostratigraphically most valuable. These include the zondtispeciglstina rhe-
nana Armoricochitina granulifengochitina curvathagenochitina dalbyerBes
lonechitina hirsyt@pinachitina cervicoramlAngochitina multipl@blvak & Grahn
1993). Moreover, it was confirmed that beside the named zonal forms, several other
chitinozoan species likercochitinap. affspineturrDesmochitina juglandiforis
nodosa. lataandPistillachitinap. 1 can be successfully applied for correlating sedi-
mentary rocks of Haljala age in the East Baltic area as well as in some areas of Swede
The most prominent changes in the chitinozoan fauna were observed at the
Kukruse/Haljala boundary, which is marked by a set of well-developed hardgrounds in
the studied cores. These hardgrounds refmdsatus in the rock record, which, based
on chitinozoan distribution, is of variable temporal extent.
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The chitinozoan distribution in the Haljala Stage of the studied cores in NE Estonia
revealed that the observed ranges and assemblages match well with those described fro
other sections in Estonia but also ied&n (see Grahn & N>lvak 2010). The high-
resolution sampling used in this study has allowed us to considerably refine the strati-
graphic usefulness and precision of distribution of several previously distinguished key
species, increasing thus the reliability of their FAD and LAD data. Our study confirmed
that the IdaverebJ>hvi substage boundary does not mark any substantial change in chi-
tinozoan assemblages in NE Estonia ankteiscan only be traced by the presence
of Grefsen complex of K-bentonite bedgg&m et al. 1995). It is also worth men-
tioning that a number of volcanic ash-fatterded within the Haljala and Keila stages
seem to have had no impact on chitinozoan faunas.

YInstitute of Geology at Tallinn University of Technology; baltoscandia@yahoo.com,
nolvak@gi.ee
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Depositional environments of Ordovician and Silurian
sediments of the Siljan impact structure (Sweden) b
insights from organic geochemistry

ULRICH BERNER, OLIVER LEHNERT*® AND GUIDO MEINHOLD *

Geochemical investigations in the vicinity of EuropeQs largest impact structure (Siljan,
Central Sweden) focused for years ogeatimconcepts (Gold 1999). These models
largely neglected state of the art inorgathicrganic geochemistry. Past investigations

of the hydrocarbon potential of the early Palaeozoic sedimentary rocks in the ring-
shaped structure already suggested thathglolon generation of the organic-rich sed-
iment was induced by heating through the impact of the large bolide which led to
sufficient thermal maturation of the source rocks (e.g., Vlierboom et al. 1986). Vatten-
fall started a Deep Gas project in the early 1980s (e.g., Donofrio et al. 1984) aiming at
the evaluation of possible abiogenic gas production from the Siljan structure.

In the depression around the 30 km wide central uplift (Siljan Ring; e.g., Juhlin &
Pedersen 1987), Ordovician and Silurian strata were preserved from post-impact ero-
sion, and we studied sediments recovered from three drill sites (Mora 001, StumsnSs 1
& Solberga 1) for their geochemical variability to evaluate depositional environments
and possible diagenetic alterations of organic matter.

At Mora 001, organic carbon and sutfoncentrations suggest changes between
lacustrine and marine environments during Silurian times, and indicate that organic
matter was likely affected by microbial sulfate reduction (diagenesis). Biomarker data
provide additional information on deposiibenvironments and the organo-facies of
the sediments (Fig. 1), and clearly inditatteSilurian sediments at Mora 001 were
deposited at either fully lacustrine to slightly brackish conditions with no or low marine
algae present, but significant input from landplants.

The organic carbon and sulfur concentrations of Solb&rggekt sedimentation
in marine environments, and diagenesis of the organic matter was obviously affected
by sulfate reduction. Biomarkers derivath fnarine algae are abundant in the sedi-
ments and clearly support marine environments for Ordovician and Silurian rocks. In
addition, significant concentrations of landplant-derived biomarkers indicate likely
coastal rather than open marine conditions (Fig. 1).

The studied strata in the Siljan ring structure formed during the Early Palaeozoic
on the western shelf of Baltica (presenggagraphy) and were affected by Caledo-
nian movements to the west already dlategMiddle Ordovician. At that time we
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see the Caledonian forebulge reaching the Mora area. In the early Silurian, this
forebulge moved further to the west due to tectonic loading by the Caledonian nappes
and a backbulge basin filled by siliciclastic sediments formed in the Mora-Solberga re-
gion. Seismic data show a thinning of the more than 200 m thick shale succession in
the depocenter around the Mora-Orsatareards the east (Juhlin et al. 2012). Our
biomarker study (Fig. 1) clearly supportsi&ilshales being deposited in a backbulge
basin of the eastern part of the Caledonian foreland basin system.

Fig. 1.Environmental characterisatlmsed on biomarker data #/(C27-Cso) regular steranes vad/(C27-Czq) > -
steranes B from organic matter of samples freenditill cores in the Siljan ring structure.
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Middle Ordovician cephalop®from the Abarsaj area,
northern Iran

OLGA K. BOGOLEPOVA, BJ...RN KR...GERMOSTAFA FALAHATGARAND
MOJABA JAVIDAN

Four cephalopod taxa are recognised from a locality near the village of Abarsaj, easter!
Elborts of northern Iran. The new fossil locality is in the Abastu Formation, which is
made up of a basal white to light peakidstones which pass up into thin-bedded
brownish limestone, then into interbeds of grey to green limestones and shales, and
dolostones at the top. The Formation is 140 m thick. Contacts with the underlying late
Cambrian Mila Formation and the overlying KatianbHirnantian Abarsaj Formation
are unconformable. In Abarsaj, all cephalopod specimens were collected from the mid-
dle part of the section, represented by thin-bedded brownish limestone, at 80 m above
the basal unconformity. The described fauna indudesovaginocefiasognitum
Eosomichelinocerasp.,Sactorthocemassp. and Orthocerida indet. suggesting a late
Dapingian to Darriwilian (Middle Ordovician) age for the strata. The reported assem-
blage belongs to an open water fauna andtsuggtose affinity with those of Baltica

and South China.

'University of Cambridge, West Buil#i8igA Huntingdon Road, Cambridge, CB3

ODH, UK; olga.bogolepova@casp.cam.ac.uk

2Museum fYr Naturkunde, Invalitted8, 10115 Berlin, Germany

3Department of Geology, Islamic Azad University, Shahrood Branch, Shahrood, Iran

50



The first Silurian chitinozoans from Severnaya Zemlya,
Arctic Russia

OLGA K. BOGOLEPOVA, FLORENTIN PARIS AND ALEXANDER P. GUBANOWV?

Silurian chitinozoans have not previously been reported from the Arctic Russia. By
comparison, in the northern part of Easéisa (e.g., the Noril'sk area), chitinozoans

are abundant and have a relatively diverse species composition (9 genera, 20 species
throughout the Silurian (Zaslavskaya 19836)19 he provincial affinities of the Si-
berian chitinozoan faunaw®ver, remain uncertain dogheir endemism. Here we

report the first record of early Siluriaiimbzoans from the Severnaya Zemlya Archi-
pelago. The new material originates from a mudstone bed of the Sredny Formation,
exposed along the Ushakov River on the October Revolution Island. The recorded chi-
tinozoan assemblage is monospecific and is repres@uiealdtinaff.emmastensis
Conochitina emmasteissithe index species for e emmastendizone (early
Telychian, Llandovery, Silurian) defined in Baltica (Nestor 2009). This biozone is an
important correlative leveltiviother areas on a global scale. The presence of
Conochitinaff. emmastensisggests the early to late Telychian age for the strata bear-
ing them. This is in accordance with the previous biostratigraphic dating based on
graptolites (Bogolepova et al. 2000) and conodonts (MSnnik et al. 2009).
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A reexamination of the contributions of biotope and
geographic range to extinction risk in Ordovician
graptolites

JAMES T. BOYLE H. DAVID SHEETS, SHUANG-YE WU, DANIEL GOLDMAN?,
MICHAEL J. MELCHIN?, ROGER A. COOPER PETER M. SADLERAND CHARLES
E. MITCHELL*

Planktic Ordovician graptolites exhibit a distinctive pattern of species occurrences in
which some species are known only fromisfeared to have been deposited in outer
shelf to abyssal settings (group 1) in contrast to the more common pattern in which
species occur in both shallow shelf and deep oceanic sediments (group 2; see Cooper ¢
al. 2012). Based on a sample of 153 Ordoyjcagolite speciesges from a global
composite sequence, Cooper & Sadler (2020)ded evidence that extinction risk
was significantly different between the two species groups. Group 1 taxa had species
durations that, on average, were nearlysh@¥ter than those in group 2. From this
observation and the lack of any significant correlation with the degree of endemicity or
sampling effects, they concluded that these differences in occurrence and duration re-
flected differences in habitat: that the group 1 taxa inhabited the mesopelagic biotope
and that this environment lead to higher species turnover than the more stable epipe-
lagic biotope of the group 2 taxa.

Here we report the results of a restudiieotiistribution of 151 taxa utilizing a
greatly expanded global composite based on nearly twice the number of sites. This date
set also yields a significant difference in the mean durations of the two groups (meso-
pelagic = 2.95 Myr, epipelagic = 5.24 Myr), with both groups having slightly longer
durations on average than previously reported. We have also compiled a suite of more
detailed determinations of these speciesO geographical range via PaleoGIS as well as
eral proxies for sampling completeness.é-ordjority of geographical range measures
and all sampling proxies there is a significant difference between the means of the two
groups. A maximum likelihood and AIC-based model choice approach allows us to
compare relatively simple models that rely on biotope alone to explain the variation in
species durations to a set of increasimgly complex models that include multiple
measures of geographic range and sampling. This approach provides a direct means t
test the relative role of biotope and gpbgraange as controls on species turnover.
The model choice results suggest that kioggmgraphic range, and sampling alone
are all relatively weak predictors of durations, and that a more complex model that
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includes measures of all three factors and their interactions is the best fit. This difference
in outcomes is probably driven by the more precise measures of geographical range an
sampling employed in this analysis, possibly also by the higher variability in species
durations calculated from the expanded composite sequence, and a consideration of &
greater variety of models. These reswolis thlat although biotope may have had a
significant effect on graptoloids species durations, this effect may not have been as larg
as the mean difference in duration suggests when one also takes into account the effect
of differences in a variety of geographical range and sampling measures.
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Comparative facies and carbon isotope analysis of the
Sheinwoodian succession in the western Baltic and
eastern North America: Evidence for a composite
Ireviken Event

CARLTON BRETT, PATRICK MCLAUGHLIN? AND POUL EMSBG

The relationship between sea level fluctuation and carbon isotope excursions remains
unresolved within the broader research community. The extensive and pristine coastal
exposures and inland quarries of Gotaweden, and abundant and widespread out-
crops and substantial subsurface collections in eastern North America provide an op-
portunity to compare the complex stacking patterns of facies and carbon isotope values
present within the late TelychianbSheinwoodian Ireviken Event between three basins
spanning two paleocontinents.

Study of sections in Gotland and eastern North America followed similar method-
ologies, though over sigrafitly different distances. $mtt studied along the north-
west margin of Gotland provide an onshoreboffshore transect covering over 50 km. By
comparison, our data sets from easterm Ronerica include multiple transects across
portions of the Appalachian and Michigan basins cumulatively covering more than
2000 km, along both depositiostiike and dip. The Gotland transect features three
major Sheinwoodian pinnacle mud mound/ohied reef growth episodes (HSgklint-

Tofta formations); each of these is associated with facies patterns in laterally-equivalent
deposits interpreted as transgressive systems tracts. These extend upward into thinl
bedded, argillaceous facies of the highstambon isotope emostratigraphy indi-

cates that these mud mound/microbial reef events have age-equivalent counterparts in
the Appalachian and Michigan basins.

We infer that upward building of mounds and pinnacle reefs occurred in distinct
episodes in the early Wenlock, associated with eustatic deepening. The combination of
a shallow chemocline (related to extensive carbon burial) and rising base level fosterec
rapid upward growth of microbially-dominated structures. Collectively, these patterns
indicate that the destabilization of the carbon cycle during the Ireviken Event resulted
in at least three closely spaced excursion episodes, each associated with a cycle of ¢
level fall and rise and widespread microbialites.
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A ASC composite standard for the Ordovician of
Sweden based on the Tingskullen (...land) and
Borenshult (...stergStland) cores

MIKAEL CALNER, OLIVER LEHNERT-2 AND MICHAEL M. JOACHIMSKI?

AC chemostratigraphy has become a highly important method to correlate sedimen-
tary strata on a basin-wide to intercontinental scale. Most studiesA3@ ttree-
mostratigraphy in the Lower Palaeozoic of Baltoscandia come from the East Baltic area.
In comparison only a fe#?C records have been published from Sweden (BergstrSm

et al. 2012, and references therein). We have conducted a chemostratigraphic analysi:
of two continuous core sections that together form a representative record of the highly
condensed Ordovician limestonecegsion in Sweden (Fig. 1).

The Tingskullen core was drilled on ...land and is mainly composed of temperate-
water limestone (Oorthoceratite limestone®) of Tremadocian through Darriwilian age.
The Borenshult core was drilled in ...stergStland, some 200 km to the northwest in the
same palaeobasin, and includes limestone and subordinate shale ranging from uppei
Darriwilian through Hirnantian in age. The total thickness of the entire Ordovician in
the two cores is less than 115 m. Based on more than 300 samples, with a sampling
density of up to four samples per metre (whole-rock samples retrieved with a micro-
drill), we present the first continuo&iC record for the Ordovician of Sweden. Most
of the major Ordovician carbon isotope excursions are recognized and the data there-
fore provide a reliable béseintra- and intercontinental correlation of the Swedish
Ordovician.

In the Tingskullen core th&C data set starts in the late Tremadocian K3ping-
sklint Formation and continsi@pwards through the coC values are initially sta-
ble and scatters around baseline values. A protracted positive excursion of more than
1.5a4 spans much of the upper portion of the core section and can confidently be
assigned as the Middle Darriwilian Isotopic Carbon Excursion (MDAEEpeak
values for the MDICE are identified in a red limestone unit ca. 13 m below the top of
the core succession, a level that presucoalgiates with the SegerstadbSkSrIsvbSeby
limestone interval.

Conodonts in the basal Borenshult core indicate a level just above the MDICE, and
four namedA>C excursions are recognized in the overlying succession (BergstrSm et
al. 2011, 2012). These are the Guttenbetgdie Carbon Excursion (GICE) in the
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lowerbmiddle Freberga Formation; the KmpRakvere) carbon isotope excursion in

the uppermost Freberga FormationD?Slandrom Formation; the Whitewater (or Moe)
carbon isotope excursion in the lowerurgt of the Jonstorp Formation; and the
Hirnantian Isotopic Carbon Excursion (HICE) in the oolitic Loka Formation.

Fig. 1.Global A’C chemostratigraphy as presented by Bergsta$n{2809) and later modified by Bergstrdm et al.
(2012). Note that we have only indicated the stratignapigies of the Tingskullen and Borenshult cores in the dia-
gram, not added and°C data.
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First evidence of unmineralized and non-cuticular
organisms in the Cambrian OOrstenO assemblages of tl
Alum Shale Formation of Sweden

CHRISTOPHER CASTELLAN| ANDREAS MAAS JOACHIM T. HAUG? CAROLIN
HAUG? AND DIETER WALOSZEK

For more than 30 years now, the Swedistb@an OOrstenO-type LagerstStten have
yielded diverse assemblages of three-dinassicondarily phosphatized microfossils

of arthropod affinities of various differmlutionary levels @ds et al. 2006). Until

now similar material has also been reddroam Canada, the UK, Poland, Siberia,
China and Australia, but so far only localities in Australia have added also nemathel-
minth fossils (Maas et al. 2007; 2009) and problematica (MYller & Hinz 1992). This
led to assume that OOrstenO-type preservation is more or less restricted to the phospt
tization of animals bearing chitin-containing cuticles. The only exception to date is the
preservation of muscles in Lower Ordovician pentastomids from the Isle of ...land,
Sweden (Andres 1989).

We report here for the first time the presence of secondarily phosphatised, filamen-
tous microfossils etched from tAe pisiformiBiozone of the Swedish Cambrian OOr-
stenO-type lagerstStten. On the basis of morphological evidence, the phosphatizes
thread-like forms are interpreted as unbranched and uniseriate, originally unmineral-
ized, filamentous cyanobacteria. The maternabprises at least two different species,
one identi+able asiphonophycus kesBamopf 1968 and one as a new species to be
described in due course. Specimens of the new species are preserved as, at least, fc
degradational variants, as follows: 1) emipijar sheaths, 2) pseudoseptate filaments,

i.e., tubular structures with an imprint of the so-called trichome onto the sheath, 3)
sheaths with partial remains of cellular material and 4) possible moulds of multi-cellular
trichomes. Additionally, our morphological investigations, combined with a morpho-
metric approach, allowed grouping of the specimens of the new species in three differ-
ent size classes, but their interpretation remains difficult.

The preservation of filamentous cyanofiacseas secondarily phosphatized replica
represents the first extensive record of non-mineralised and non-cuticular organisms in
the OOrstenO-type assemblages of Sweden. In addition, this finding hints at the presen:
of microbial-cyanobacterial mat consortithersea floor of the Alum Shale Sea dur-
ing, at least, théA. pisiformiBiozone. The disappearance of cyanobacterial mats from
the sea ,oor of the Alum Shale Sea atAhisiformiBiozone/Furongian boundary

58



points to relatively drastic changes in the substrate conditions at that time. This again
coincided with a major change in the trilobite communities and the globally recognized
Steptoean Positive Isotope Carbon Excursion (SPICE) in Scandinavia (Ahlberg et al.
2009).

!Biosystematic Documentation, Univetditg,dflelmholtzstrasse 20, D-89081 Ulm,
Germany; christopher.castellaim@u.de, andreas.maas@uni-ulm.de,
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Re-appraisal of the faunal diversity of the OOrstenO
assemblages of Sweden D new insight into the late
Cambrian Alum Shale ecosystem

CHRISTOPHER CASTELLAN| ANDREAS MAAS JOACHIM T. HAUG? AND
DIETER WALOSZEK

The late Cambrian Alum Shale FormatioBa#ndinavia consists of condensed sedi-
mentary deposits of dark, organic-rich, fila@hnated shales with intercalated lime-

stone concretions. The shales were depasitess a broad, poorly oxygenated, sedi-
ment-starved and sulphur-rich epicontinesgalof relatively shallow depth (Buchardt

et al. 1997). The shales are highly fossilfeand have yielded mostly polymerid and
agnostoid euarthropods. With the discovery of fossils etched from limestone nodules
our view of the benthic faunal communities of the Alum Shale Sea has changed radi-
cally. These OOrstenO nodules yielded, besides a rich conodont fauna, diversified exce
tionally three-dimensionally preservedrddages of 0.1 to 2 mm sized, secondarily
phosphatized arthropods. Assignable tissitomprise OLobopodiaO, Pentastomida,
Chelicerata, and Crustacea. Many of these were originally representatives of the so-
called meiofauna, a size-defined commurtityycdinimals living, temporarily or not,

on and within a nutrient-rich flodemt bottom layer (Maas et al. 2006).

Recent re-investigations of the large material of OOrstenO fossils revealed the prese
of much more complex and diversified biocommunities than known so far, not least
because the focus was, until now, almost exclusively on arthropods. New faunal ele-
ments comprise sponge spicules, in which a part of the collection could be assigned to
a species closely relatedRigbykiauttneriMostler & Mosleh-Yazdi 1976. The ma-
terial scarcely includes also shelly fossils identi+ed as hyttitbsdrnidssp.), pos-
sible tomotiids (Lapworthelizsp.), putative monoplacophoran mollusCesgtipelagi-
ell&? sp.), eocrinoids (stem columnals) agahophosphatic shells of linguliform bra-
chiopods of the acrotretid- and obolid-tgpé&rachiopods. The latter are relatively
common but mostly occur as fragments making their precise taxonomic identification
difficult. Along these new faunistic elements, also previously unrecorded fragments of
unknown affinities occur throughout the Alum Shale succession. These problematica
consist of ornamented plates, sclerites and tube- to cone-like structures, known mostly
only by a few specimens, representing an additional faunistic pool of more than 15 taxa.
Also non-animal material could be ided in the form of cyanobacteri&gipho-
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nophycus kest®chopf 1968 and a new species to be described). Additionally, frag-
ments of previously unknown cuticle-beainigial taxa round up the search for new
material, arthropods such as new pentastomid larvae, crustacean larvae, stalked eyes
Henningsmoenicaris scunthunknown taxa such as a set of six distinct worm-like
morphotypes, of which one is possibly related to cycloneuralian Nemathelminthes.

This re-study highlights that OOrstenO-type assemblages do not only consist of OO
stenO-type fossil elements, but also these include numerous organic remains, originall
mineralised, other than the common trilobites and conodonts. In addition, the presence
of numerous fragments larger than 1 mm in size indicates that the OOrstenO assemblag
do not exclusively consist of benthic elements that formed part of meiofaunal commu-
nities, but also of macroscopic benthic organisms. These macroscopic elements are o
particular interest because they provideimgght into the possible connections be-
tween the OOrstenO biota and those of the other major Cambrian LagerstStten with mac
roscopic fossils.

With the new finds and the discovery of meio- and macrofaunal components, the
OO0rstenO-type assemblages from the nodules provide a reliable and complete view of 1
original ecosystem of the Alum Shale Sea in the late Cambrian Period. The presence of
a rich benthic fauna suggests that the water at and abovédbesaa not anoxic
and that the bottom may have been occasionally firm enough to allow colonization also
by sessile organisms. These conditionsnestéikely restricted spatially and tempo-
rarily. The complexity of the Alum Shale biota indicates that much of the structure of
modern marine ecosystems with hierardeigal of the food web had already been
established in the Cambrian.
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Temporal and spatial distribution of the Wufeng black
shales (Upper Ordovician) in South China

QING CHEN'? JUNXUAN FAN, MICHAEL J. MELCHIN® AND LINNA ZHANG *2

The period of the late Katian to Hirnantian was a time of the end Ordovician mass
extinction, which was associated with sspiidad continental glaciation and sea level
changes. The strata of this time intém&buth China consist mainly of 010 m thick

black shales and a few interbedded mudstones in the lower and/or upper part, named
the Wufeng Formation. A diverse graptolite fauna has been discovered in these strata
and systematically studied since the 1980s.

The database for the present study comprises 389 sections in South China. They
cover the time interval from tbeellograptus compldingone to th&letabolograp-
tus extraordinariBsozone, which was subdivided into four time slices herein. ArcGIS
software was employed to calculate the distribution area, rock volume and average
thickness of the Wufeng Formation of each time slice. The results showed that the
distribution area, rock volume per Myr, and average thickness per Myr. all decreased
with time, which probably indicates a regional response in sedimentation rate to the
global sea level fall.

Similarity coefficients between these lithostratigraphic variables and the graptolite
biodiversity were calculated to evaluate their relationship to the graptolite diversity
change from the late Katian to Hirnatian. A strong correlation between the distribution
area of the black shales and/or mudstane the graptolite richness and a weaker
correlation between the rest variables (such as rock volume and thickness) and the rich-
ness, may suggest that, among these external factors, the distribution area is the majo
factor that influences the diversity changes of the graptolite fauna during the late Katian
to early Hirnantian.

!Graduate University of Chinese Agarle3uiences, Beijing 100049, China;
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The Lower Palaeozoic palaeogeography of Gondwana

L. ROBIN M. COCKS AND TROND H. TORSVIK?*

From the Late Neoproterozoic until its reemgith Laurussia in the Carboniferous to

form the Pangea supercontinent, Gondwasaby far the largest superterrane for
about 200 million years, and its remnants occupy 64% of all land areas today. New
maps presented for the Early CambBd0 (Ma) to the Early Devonian (400 Ma)

show the land and shallow- and deeper-shelf areas of Gondwana and its surrounding
terranes and smaller continents (Torsvik & Cocks in press). Gondwana was formed in
the Pan-African and coeval orogenies, which started in the Late Precambrian but did
not finish until the Early to Middle Cambri@rsome areas. Since the superterrane lay
over the South Pole for all the Lower Palaeozoic, on it is preserved much evidence of
changing palaeoclimates, including the extensive icecap formed during the brief end-
Ordovician (Hirnantian) glaciation at 445 Ma. The widespigadntiabrachiopod

fauna at that time reflected more the ddepels of oxygenation at the sea surfaces
caused by the glaciation, rather than being itself indicative of cold waters, since it lived
in both equatorial and at higher latitudes.

After the end of the Pan-African orogenic activity, for most of the Lower Palaeozoic
the southwestern (mainly South American) and western (mainly eastern Australian)
margins were active and the northern margin passive. A long subduction zone lay all
round the southern two-thirds of Gondwana from Mexico to Australasia for much of
the period; but active orogeny was variatiie southern sector of the superterrane at
the South African and Antarctic margins.

The palaeogeographical reconstructdiheugh chiefly derived from palaeomag-
netic data (Torsvik et al. 2012), can be independently assessed by plotting the positions
within the larger continents of both kimberlite intrusions and the massive volcanic out-
pourings of Large Igneous Provinces (LIPs) at various times. Both LIPs and kimberlites
are now known to emanate only from trgesaf heterogenetiat the core-mantle
boundary, and those heterogeneities have certainly moved little during Mesozoic to
Recent times and probably also during the Palaeozoic. Thus the positions of the Cam-
brian (512 Ma) Kalkarindli LIP in Australia and other LIPs and kimberlites confirm
the locations of the major continents. The new sequential reconstructions also provide
more realistic platforms for the plotting andlysis of the various benthic provincial
faunas during the Cambrian, Ordovician and Silurian.
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A draboviid association from Portugal: Palaeoecological
and palaeogeographical significance

JORGE COLMENAR, ARTUR A. S AND NUNO VAZ?

At the beginning of the Late Ordovician draboviids started to diversify and become
dominant taxa in some of the Benthic Assemblages present in the Mediterranean Prov-
ince. The study of a brachiopod collection from the Cabe+o do Pe«o Formation of the
Upper Ordovician of Portugal has provided a low-diversity association composed ex-
clusively by draboviids. The commonest component in this association is very close to
Drabovia redu@Barrande 1848) from the middle part of the Letnt Formation, Bohe-
mia. This species was cited in Portugditchell (1974) in the Louredo Formation

and by Young (1985, 1988) in the mudstones of the lower part of Cabe+o do Pe<o
Formation, the Queixopeira Member. The second most representedHiamantia
kinnelloideavl’-ek, 1977. This species was only known up to date in the greywackes
of the top of the Letnt Formation (upper Sandbian, Sa2), Bohemia. The presence of
H. kinnelloide® the bioturbated micaceous sandstones of the Cabeso do Pe<o For-
mation (middle Berounian, Katian 1D2 substdgles global scale, according to St et

al. (2011) constitutes the youngest known occurrence of this taxon, which involves a
considerably extension of its stratigralplfdoge (Sa2bKal global stage slices). The
fact that this species has not been found in correlative formations in Bohemia (Vince
and Zahorany formations) is a circumstaniceéstigate. Recently, the utility of bra-
chiopods as biostratigraphical markers has been questioned (Colmenar et al. in press
due to the close relation of each brachiopod to a concrete environment and substrate.
This could be an explanation for the absence of this species in the Vinice and Zahorany
Formations, both with predominant thin grain, deeper lithofacies than those present in
the Letn Fm and in the middle and upper parts of the Cabeso do Pe<o Fm. The pres-
ence ofH. kinnelloidesnd other form vemglose related rabovia redukoth exclu-

sively typical of Bohemia, strengthens the palaeogeographical relationship between Por-
tugal and the Bohemian regiomidg the early Upper Ordovician.
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Muscles versus environment: Morphofunctional
analysis of the brachiopod geswsbodaina

JORGE COLMENAR, DAVID A. T. HARPER AND ENRIQUE VILLAS

The brachiopod gen@sobodainaas common across north Gondwanan shelves dur-

ing the Late Ordovician. Previous criteria used by a number of authors (Babin & MZlou
1972; Havl-ek 1981, Villas 1985) to differentiate between the three south-western
Europe species were based mainly on differences in the ratios of the length/width of the
ventral muscle field, since the dorsal valves are more or less indistinguishable across ¢
these peri-Gondwanan species. But the ratios of these species overlap and have prove
equivocal in taxonomic discrimination (Colmenar et al. 2013).

The application of geometric morphometric methods to analyze the ventral muscle
field outline of the various specieSwafbodainfitom south-western Europe, has al-
lowed identify criteria for discriminating amongst these brachiopod species.

Brachiopod muscles control the opening (diductors) and closing of the shell (ad-
ductors) as well as the rotation of the valves and the pedicle movements (adjustors).
Variations in environmental parameters, mainly the energy of the bottom currents and
sedimentation rate, may clearly affect changes in the size and morphology of the muscle
field. Carls et al. (1993), in their study of specidewéllellarelated large diductor
muscles to high-energy and turbulent environments. Therefore strong muscles would
help prevent sudden shell closure that could damage the mantle margins.

The data indicate the close relationship between the patterns of the ventral muscle
field in theSvobodairspecies and the environmental conditions where each inhabited,;
the fields are better developed in species related to high-energy environments. For ex:
ample S. armoricanavith the smallest diductor scarguld have inhabited the quiet
marine environments of the lower offsloorevithin protected lagoonal settings.
feistiwould have inhabited the upper offsharemore energetic environment tBan
armoricanaFinallyS. havlicekivith the largest diductor scars, would have thrived in
the most energetic environments amongst all the south-westernSkabmuaina
species, living just above the fair-weainez base in the lower shoreface. The palae-
oecological results suggest a distributi®wotfodaingpecies during the Late Ordovi-
cian along an onshoreboffshore transect across the shallow-marine platforms of the
Mediterranean margin of Gondwana.

On the other hand, the occurrence in some localities of several species with overlap-
ping ranges or within the same assembliigatas that the biostratigraphical efficacy
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of the genus is restricted. Thus, the previously defined taxon range biozones character-
ized bySvobodainspecies of the North Gondwanan margin, are in need of reassess-
ment. The morphology 8vobodainaay be a considerable aid to environmental anal-
yses rather than to precise biostratigraphical correlation.
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Revised conodont biostratigraphy of the Silurian of
Cellon, Carnic Alps

CARLO CORRADINF, MARIA G. CORRIGA AND PEEP M€ENNIK?

The Cellon section probably is the most farf8buisan section in the world and is the
reference section for many Silurian studieslocated in the Austrian side of the
Carnic Alps near PlSckenpass, a few hdimde¢ers from the Italian/Austrian state
border. The conodont fauna was studigkdrpioneer work by Walliser (1964), who

also proposed the first zonation scheme of the Silurian mainly based on this section.
Later several studies have been carried on Cellon section, documenting several foss
groups, microfacies, isotope signatures, taphonomic and palaeoenvironmental indica-
tors and eustatic sea-level changes (sexesfaréliston 2012). All these studies were
mainly based on Walliser (1964) awr biostratigraphic framework.

Since WalliserOs (1964) paper, constiaies proceeded all around the world:
several new taxa have been discovered and established, the systematic is now based
multielement apparatuses, and taxonomic revisions have been carried out on severa
groups. Also, new, more detailed, zonation schemes were proposed by various author:
on selected time intervalgieographic regions (e.g., Gitimia& Serpagli 1999; Jepps-
son 2006; MSnnik 2007; Cramer et al. 2011; Corradini & Corriga 2012).

An updating of the conodont data and biostratigraphy of the Cellon section is there-
fore necessary. Our revision is based both on restudy of Walliser collection, stored in
GSsttingen University, and on several new samples collected from selected levels.

In the Llandovery part of the sectiRterospathodus amorphognathoides angulatus
(samples 10BD?10HR]}. a. lennar{isample 10H/J) ariet. a. amorphognatho{gem-
ples 11D12A) biozones were recognizedolmdary between the Lower and Upper
Pt. a. amorphognathogidszones lies below sample 11FPT Iz lithuanicuBiozone
(corresponds to the uppermost part oPtheellorfsuperzone) has not been identified
but probably occurs in the interval cfampled shales between samples 10J and 11.

As was indicated already by Walliser (1964) two bidkocdeslella patulsamples
12BD12D) an@®zarkodina sagitta sagifamples 13CDb15A), are identifiable in the
Wenlock part of the section. The LlandoverybWenlock boundary, and number of
lower Wenlock biozones (from the upperiash. amorphognathoidethe middle
K. wallise}i lie in the condensed (?) interval of shales between samples 12A and 12B.
Samples 12ED13B did not yield diagnostic conodont taxa which can be assigned to a
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particular zone, but based on their location the interval suggests tKe waltiseri
andK. o. ortubiozones.

The Ludlow and Pridoli part of the section is more continuous, as all the zones of
the schemes applied are represented. In the Ludkwethesgamples 15B1D16A),
K. v. variabilis.Z. (samples 16Bb17Ayurmiella hamatésamples 17BB17R)-
coradella ploeckefzsimples 18D20Rplygnathoides silurisasples 21D24Reda-
vis latialatéDzarkodina snajdrZ. (samples 25D30) a@d. crispgésamples 30AD33)
zones are discriminated.

In the Pridoli theZ. eosteinhornerssisi.Z. (samples 33A-37), the Lo®@atodus
elegans detor{@3A?-42B) and the Upp@ul. el. detortsamples 43-47A) zones
have been discriminated. The Silurian/Dendrmdandary is equivalent to the base of
thelcriodus hesperdgne in sample 47B.
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Upper Silurian and Lower Devonian conodonts and
crinoids from the scyphocrinoid beds of southeastern
Morocco

MARIA G. CORRIGA, CARLO CORRADINE, REIMUND HAUDE? AND OTTO H.
WALLISER( ¥

Scyphocrinoids are a group of crinoids widely distributed in uppermost Silurian and
basal Devonian sediments. They have by Bjggcialized bladder-like root, the lobo-

lith, which served for a planktonic mode of life as a buoy. Two types of loboliths are
known: the cirrus lobolith, having walls typically built of a dense network of rootlets
(cirri), and the biotechnically advanced plate loboliths with a wall of a double layer of
polygonal ossicles. In general, plate loboliths occur in younger levels than cirrus lobo-
liths, but in places contemporary occueéhas been reported (Prokop & Petr 1994;
Haude & Walliser 1998).

Three sections werwestigated in southeasternrdbzo (Tafilalt region), named
Atrous 3 (loc. 477), Atrous 7 (loc. 540), and Bou Tchrafine N2 (loc. 474). Here the
"Scyphocrinoid Limestone" forms more or less recognizable ridges within the shales of
the SilurianbDevonian transition. Several limestone beds and lenses consist of crinoida
detritus, whereas other are micritic wéhtiloids (Haude & Walliser 1998). In the
stratigraphically lower part only cirrus loboliths are present, whereas in the middle part
cirrus and plate loboliths are alternating: both types never occur together. In the up-
permost levels only plate loboliths are present. Beside loboliths, well preserved crowns
of scyphocrinoids belonging to gersagphocrinitgdamarocrinu€arolicrinusnd
Marhoumacrinuesre present in some levels.

For discussion on contemporaneously existing scyphocrinoids with cirrus or plate lobo-
liths in the middle part of the sequencesthiit strict separation in different layers,
see Haude & Walliser (1998).

Rich and quite well preserved conodont faunas allow a precise biostratigraphy of the
sections. Four conodont zones of the Corradini & Corriga (2012) zonation scheme
have been documented from the "Scyphocrinoid Limestmsgithornensis,
LowerdetortudJpperdetortuandhesperiysiocumenting a Pridolibbasal Lochkovian
age for these beds.

Cirrus loboliths occur only in the Pridoli, from withindbsteinhornersis Zone to
the top of the UppatetortuZone, whereas plate loboliths are present in the uppermost
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Silurian and the basal Devonian. The two types overlap in the uppermost Silurian beds
(upper part of the UppeetortuZone).

As for caliceScyphocrinitasdCarolicrinusccur in the whole Pridoamarocri-
nusand, probablyMarhoumacrinuacross the Silurian/Oevan boundary (Upper
detortuandhesperiumnes) and also in the basal Devonian beds.

!Dipartimento di Scienze Chimiche e Geologiche, Universit™ di Cagliari, via Trentino
51, 1-09129 Cagliari, Italy; maria.corriga@unica.it, corradin@unica.it
2Geowissenschaftliches Zentrum der Uni#érlsi@epbiologie, Goldschmidt-Str. 3, D-
37077 GSttingen, Germany; rhaude@gwdg.de
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Rapid geochemical change in Silurian oceans:
Implications for globa#&C and®’SrFfeSr systematics

BRADLEY D. CRAMER MARK D. SCHMITZ?, WARREN D. HUFE, STIG M.
BERGSTR...MAND DENNIS R. KOLATA

Paleozoic records of the global carbon and strontium sy&¥rand®’Srf°Sr) con-

tain episodes of extreme geochemical change, yet precise determinations of the rate
and durations of these events are largahailable. The lack of precise temporal con-

trol for these events has limited our ability to determine the nature and causes of these
changes due to our inability to address rates, durations, and cause-and-effect relation-
ships within the global stratigraphic record of these intervals. Two new high-precision
U/Pb (zircon) dates from volcanic ash deposits from the Ludlow Series of Podolia,
Ukraine, combined with four recently published high-precision U/Pb dates from the
Llandovery and Wenlock, provide considerable improvements to the calibration of the
Silurian time scale, and can now constrain the age and duration of the largest pertur-
bation of the global carbon cycle (Lau Excursion) and one of the most rapid increases
in 8’SrFSr (Ludlow rise) during the past 500r Mhese chronostratigraphically well-
controlled age dates demonstrate ratesabiggeical change during the Ludlow Epoch

of the Silurian Period that significantly exceed model predictions and challenge our
understanding of the Paleozoic Earth system.
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A complete record of the OLowerO CambrianDMiddle
Ordovician succession of ...land, southern Sweden,
based on the Tingskullen core

PETER DAHLQVIST, MIKAEL CALNER, OLIVER LEHNERT*® AND PER
AHLBERG

The exposed Lower Palaeozoic succession on the island of ...land, southeastern Swede
encompasses strata of OMiddleO Cagplwiasional Cambrian Epoch 3) through
Darriwilian age. These stratere deposited in the intenparts of the palaeocontinent

Baltica, during a time when the continent experienced little tectonic influences and
global sea level was exceptionally hightéetienic influences from the evolving but
distant Caledonian foreland basins to the south and northwest were relatively minor to
this area, and the thin sedimentary succession on ...land has never been buried to con
siderable depths (not below the oil window). In order to study the succession using new
methods, such as carbatdpe geochemistry, the Tingjn drillcore was recovered

in the year 2010 (Crafoord grant 20050748 ®). It was drilled c. 670 m northeast

of the old church ruin at KSllahamn in the northeastern part of the island. This area
yields the youngest outcropping strata on ...land and thus is the only place where a
complete succession can be retrieved in one single core. The total cored interval is 107
m and the diameter of the core is 39 mm.

The oldest strata in the core are OL@amidian (provisional Cambrian Series 2)
sandstone of which only the upper fivérenewere cored before the drilling was
stopped. Petrographically, the sandstone is a quartz arenite with greenish mudstone
intercalations. It represents the NSr Sandstone Member of the File Haidar Formation,
which is sharply overlain by a 55thick OMiddleO Cambrian (provisional Cambrian
Series 3) succession of bioturbated, shaly mudstone with thin siltstone stringers belong-
ing to the Borgholm Formation. The upper part of this succession is of particular in-
terest since it represents anb@sin marginal equivalent to the organic-rich alum shale
that formed in dysoxic to anoxic environments in the central parts of the basin. A pro-
visional subdivision of the formation into the Mossberga, B&Erstad and €leklinta mem-
bers is possible. The BErstad Member is richly fossiliferous and has yielded abundan
trilobites indicative of tHetychagnostus praecuagmsstoid Zone (equivalent to the
Acadoparadoxides pimnilsbite Zone; e.g., Ahlberg 1989). The trilobite fauna from
this member is dominatedBlipsocephalus polytandgaradoxidid trilobites of the
Acadoparadoxidedandicuglexus. Agnostoids are rare but represented by the zonal
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index. The silt- and very fine-grained sandstone facies with wrinkle structures that are
typical for the €leklinta member at its type locality on western ...land (Calner & Eriks-
son 2012) is not present in the core, in which the corresponding interval is much more
argillaceous. The Borgholm Formation grades upwards into a 0.5 m thick shale succes-
sion with OorstenO lenses. This succession likely represents the Furongian part of ti
Alum Shale Formation. It is overlain by the Tremadm®@taoiu@edO, which has a
thickness of 0.5 m and shows palaeokarstic features at the top. The palaeokarst surfac
is overlain by a 2-m-thick interval of a conspicuously dark shale belonging to the Dju-
pvik Formation (Ceratopyge Shale; Fig. 1). The Djupvik Formation reflects the end of
siliciclastic sedimentation and is overlain by a 46-m-thick Lower to Middle Ordovician
succession of grey and red, temperate water limestone (the Oorthoceratite limestone(
This succession can be subdivided irt&$8pingsklint, Bruddesta, Horns Udde, and
Gillberga formations, and equivalents to the Segerstad, SkSrlsv, Seby, Folkeslunda,
KSlla and PersnSs limestones. Where possible, we have followed the lithostratigraphic
subdivision of the ...land succession provided by Stouge (2004). The lower portions of
the OrdovicianA*C composite curve for Sweden presented by Calner et al. (2013, this
volume) are based on the Tingskullen core.

'Geological Survey oé@w, Kiliansgatan 10, SE-227 38, Lund, Sweden,
peter.dahlgvist@sgu.se

’Department of Geology, Lund Unive3sityegatan 12, SE-223 62 Lund, Sweden
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Fig. 1.Conspicuously dark shale of the Djupvik Forméitiepalaeokarst grikes in the late Tremad@imiuedd
(leftmost column) and is sharply overlain by grey tdyshigtidish Oorthoceratite limestoneO. These transitions mark
major changes in sea-level and in the type of sedimentigosarly Ordovician of Sweden. Tingskullen core, ...land.

Stratigraphic up is from left to right.
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Latitudinal constraints on an intra-lapetus terrane
based on biotic and abiotic data from the Upper
Allochthon of VVSsterbotten, Sweden

PETER DAHLQVISTAND CHRISTIAN M. . RASMUSSEN?

Since the pioneer work of Neuman (19&4),increasing number of studies have
demonstrated the presence of intra-oceanic islands within the lapetus Ocean, all now
amalgamated within the Caledonian Orogen (e.g., Harper et al. 1996; Harper et al.
2008). The relative position of these tesrawithin the lapetus Ocean is very uncer-

tain. Traditionally they have been placed based on their biogeographical affinities to
either Laurentia or Baltica, or, based on their relative stratigraphical position within the
various allochthons. Based on sedimentallagid palaeobiological evidence, the cur-

rent study is the first attempt to relatively constrain one of the Upper Allochthon ter-
ranes latitudinally.

The Caledonian foreland basin developed along the western margin of Baltica dur-
ing the lapetus closure and BalticabLaurentia collision. The strata are preserved from
the Oslo region northwards in the Caledonian Lower Allochthon to Norrbotten in
northern Sweden. Successions are dominated by turbidites in the early to mid Ordovi-
cian, and in the early to mid Silurian. These deep-water, westerly-derived siliciclastics
are separated by an interval of proxim@hensediments, reflecting Late Ordovicianb
early Silurian climatic and tectonic events.

The current study has sampled and compared sections from the foreland basin in
JSmtland and from an island-arc setting in the Upper Allochthon of VSsterbotten. The
late Ordovician to early Silurian successions in these different tectonic environments
show facies changes that are very similar. However, the VSsterbotten succession displ
a highly unusual fauna dominated by bivalves, rugose and tabulate corals, macluritid
gastropods and pentamerid brachiopMigereas the bivalves and pentamerids are
confined to a sandy limestone facies, the corals are more common in the pure limestone
intervals.

Especially the occurrence of the pentamerid brachitgochynchus gigan-
teuKj%r 1902, is noteworthy as it indicatesippermost Katian age for this part of
the VSsterbotten succession. The distributibtoloirhynchiecludes most of the
tropical to subtropical terranes stretching from North China in the east to the marginal
settings of Laurentia in west. It has been reported from several localities within Baltica,
such as the Oslo and Siljan regions, arftefug often referred &3 deposited within
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Benthic Assemblage zones 2D3 of Boucot (1973)loldteynchtisearing beds in

the VSsterbotten area are associated wittheabeorals indicating a tropical deposi-

tional environment. However, unlike thatemporaneous Baltic occurrences of this
genus, the association with abundant and diverse bivalves at this intra-lapetus terrane
is unique. A high diversity bivalve fauna is more typical of Laurentian inland basins at
this time (Novack-Gottshall & Miller 2003a, 2003b).

At this point in the Late Ordovician bivalves were apparently able to migrate and
track shallow-water semi-siliciclastic facies within the tropical zone possibly aided by
west bound equatorial currents off the low-latitude Gondwanan margins. Therefore,
we suggest that the influx of a high diversity bivalve fauna within the lapetus Region,
but not on Baltica, demonstrate that the VSsterbotten Upper Allochthon was posi-
tioned within the tropical belt B northwest of the Baltic margin D at this time in the
Late Ordovician. This, again, would indicate that the deposition of tropical limestones
in the VSsterbotten area predates the onset of this depositional regime in JSmtland anc
the rest of Baltica.

'Swedish Geological Survey, Lund, 227 38, Sweden; peter.dahlqvist@sgu.se
’Department of Geology, Lunidessity, Lund, 223 62, Sweden;
christian.rasmussen@geol.lu.se
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New data on MiddleBUpper Ordovician chitinozoa
distribution from Pestovo drill core (Moscow Syneclise,
East-European Platform)

SERGEY DEMYANKOVAND ALEXEY ZAITSEV

The Ordovician has a wide distribution on the Russian Plate. It has been found in
central and western parts of the Mossgmeclise on 8002500 m depth. The first
data on chitinozoa from the Ordoviciamhaf Moscow Syneclise have been published
by N.V. Sennikov and O.T. Obut (2002). Their work allowed to specify the stratigra-
phy of the separate ranges in this area. In the Pestovo drill core this level is between
1176.0D1192.0 m. There, N.V. Sennikay @iT. Obut marked out the chitinozoa
zoneCyathochitina primitivdhat corresponds to the Floian and Dapingian stages
(Billingen and Volkhov Regional stages).

In the present work, the upper part of the core (980.0D1163.0 m) was investigated.
Chitinozoans were separated from ten ssawfidelomite and clay limestones. Quan-
tity and preservation of chitinozoa differs greatly between the lower, upper and middle
parts of the core. The most chitinozoa ¢ntiwan 100 specimens per sample) is in the
990.0D1068.0 m interval, the least is in therlpart of the core (less than 20 speci-
mens per sample). Preservation is pooe ilowrer part of the core and satisfactory in
the middle and upper parts (990.001111.0 m). Obtained data preliminarily enables to
separate two associations of chitinozoa in the examined range.

The lower association is found withia 1984.001144.0 m interval and is repre-
sented bytaufeldochitina striaieisenacklLagenochitina tumidamnova, Cyatho-
chitina caliEisenackCyathochitina campanulaefofissnackzonochitina clavaher-
culi EisenackConochitina insuetdmnova,Conochitina decepidraigourdeau et
JekhowskyBelonechitina micracaniiaenackBelonechitina castaEesenack, and
Rhabdochitina magB&enack. Due to a presence of the zonal dadiEgochitina
striataEisenack this core range can be correlated to the LasnamSgiDUhaku Regional
stages (N>lvak 2001). The spe€lesochitina clavaherdtisenack an@onochitina
insuetdJmnova were found earlier in drilteofrom the Moscow Syneclise by N.V.
Sennikov and O.T. Obut (2002). Based andlstribution of these species, these in-
vestigators marked out thenochitina insuetane for the Moscow Syneclise region.
The range of th€onochitina insuefane in the Moscow Syneclise completely in-
cludes theaufeldochitina striafane and the lower part of theufeldochitina stentor
Zone of Baltoscandia.
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The upper association is found within the 990.001084.0 m irfdrafatiochitina
magnaEisenackCyathochitina campanulaefoEisenackCyathochitina kukersiana
EisenackBelonechitina micracanBisenack are species that characterize this range.
They are typical for theaufeldochitina stenfmne in Ordovician deposits from the
Volynia region (Saadre et al. 2004). At present, the zonal species has not been found in
this level. An appearance of@yathochitina kukersidtiaenack species in the lower
part (1077.0D01084.0 m) of this association allows to relate the upper complex of chi-
tinozoa to the lower part of thaufeldochitina stenfmme. This zone corresponds to
the Kukruse Regional Stage ofi@edgion (Saadre et al. 2004).

Consequently, in the 1077.0D1168.0 m range of the Pestovo drill core, beds with
Laufeldochitina strias@ecies can be marked. The upper boundary of these beds ap-
proximates to the level of the combined find of the shauafetdochitina striaa-
senack an@yathochitina kukersidtiaenack. The latter two species identify the lower
boundary of the Kukruse Regional Stage in adjacent areas. Based on this data, the in-
vestigated interval of the drill core can be correlated with the Darriwilian and Sandbian
stages of the international geologic time scale.

IM.V. Lomonosov Moscow State Univeis@ginskie Gory, 119991 Moscow, Russia;
dem.s@mail.ru, alz@geol.msu.ru
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Widespread, time-specific facies motifs on late
Hirnantian shallow-water carbonate platforms: A
global signature?

ANDRf DESROCHERS STEVEN WICKSON, AICHA ACHAPR?, ESTHER ASSELIN
AND JEAN-FRAN,OIS GHIENNE*

During the end-Ordovician (Hirnantian) glacial maxima, carbonate platforms in the
tropics were extensively exposed and their own diverse endemic faunas, displaced to th
continental margins, suffered massive extinction. One of the best-exposed and most
complete stratigraphic records from a paleotropical area spanning the Ordovician/Silu-
rian (O/S) boundary is on Anticosti Island in eastern Canada. The Anticosti sequence
developed within a far-field foreland basin along the eastern margin of Laurentia under
the influence of high tectonic subsidandesustained carbonate sediment supply. Our
biostratigraphically well controllddC curves and depth sensitiacies analysis allow

us to recognize a distinctive Hirnantiaatigtraphic architecture and its related sea
level curve at the Milankovitch-cyclicity scales. The sudden appearance of abundant
oncolites and calcimicrobial-coral reefs and local oolitic limestones marks the Anticosti
succession near the O/S boundary at the same time of a major faunal turnover (cono-
dont, chitinozoan, acritarch, shelly faunas). These distinctive limestones, associated
with a prominent regional marker unit on Anticosti Island known as the Laframboise
Member, formed mainly during the peak interval and falling limb of the main
Hirnantian positive isotopic carbon exontsA comparison with the sequence stra-
tigraphy of Morocco suggests that the Laframboise limestones correspond to the rapid
deglaciation following the Late Ordovician glacial climax (middle to late Hirnantian in
age) characterised by a continental-seabdet. A comparison between the Lafram-
boise succession and other coeval shallow-water tropical successions in Laurentia, Ave
lonia, Baltica, Siberia and South China shows striking facies similarities with wide-
spread microbial and/or oolittimestone production and points to time specific trans-
gressive facies present on far-field carbonate platforms during the major Hirnantian ice
sheet collapse.

81



!Ottawa-Carleton Geoscience Centre,rimpast Earth Sciences, University of
Ottawa, ON, Canada K1N 6N5

?Institut national de la recherche scientifique, Centre Eawifenreement, 490, rue
de la Couronne, QuZbec, QC, Canada G1K 9A9

3Ressources Naturelles Canada, CGG-@aFbee de la Couronne, QuZbec, QC,
Canada G1K 9A9

“fcole et Observatoire des SciencBsrde lastitut de Physique du Globe de
Strasbourg (UMR 7516), 1 rue Blessig, 67084 Strasbourg, France

82



Chronostratigraphic and palaeogeographic revision of
the early Cambrian of northern Montagne Noire
(Southern France)

LfA DEVAERE, SfBASTIEN CLAUSENJ. JAVIER ¢LVAR® MICHAEL STEINER
AND DANIEL VACHARD?

The northern Montagne Noire possesses one of the most complete pre-trilobitic early
Cambrian successions in western Gondwana. Up to now, this succession was suppose
to be devoid of useful fossils for biagtagthy and the complex tectonostratigraphic
framework of the broad area exacerbabtbteprs regarding regional correlations and
palaeogeographic reconstructions. The Montagne Noire is constituted by three main
structural domains: (1) the axial, metamorphic zone; (2) the southern flank, composed
of well-studied, fossiliferous nappes involving lower Cambrian to Carboniferous sedi-
mentary rocks; (3) and a poorly fossilifermuaplex, northern flank arranged into
imbricated tectonic units bearlogrer Cambrian to Silurian rocks.

The chronostratigraphic context of #aly Cambrian of northern Montagne
Noire is uncertain and stratigraphic repore beoadly relied on putative lithostrati-
graphic correlations with southern Montagne Noire. This work is aimed at assessing
the biostratigraphic potential of the skefeitofossils extracted from carbonate rocks
from the early, pre-trilobitic Cambrianmafrthern Montagne Noire. Two outcrops
occurring in two different tectonic unitsevevestigated: the newly defined Heraultia
Limestone Member (Marcou Formation; ¢lvaro et al. submitted) of the Avene-Mendic
Parautochthon and the Marcory Formation of the MZlagues Unit. The relatively thick
(c. 60 m) Heraultia Limestone yielded a diverse faunal assemblage dominated by mol-
luscs, hyoliths and problematica, the gkibetigraphic range of which arguing for a
Terreneuvian (Nemakit-Daldynian/Tommotiage (Devaere et al. in press). The as-
semblage allowed the definition oMtasonella crofiyelandiella korobkdwierval
Zone. Its base is correlated with the base of the Cambrian Stage 2 (Tommotian in the
Siberian chart) in Siberia, China, Moraggaind Avalonia. These results suggest the
Marcou Formation was depaditgterally to the Terrengan Marcory Formation re-
ported from northern and southern flankbieMontagne-Noire. To test this hypoth-
esis, the rare phosphoritic limestongmdilicoclastic-dominated Marcory Formation
were sampled in the MZlagues unit (northern flank). They yielded a faunal assemblage
constituted of molluscs, hyoliths, chancellorids and tommotiids. The presence of the

83



tommotiid Lapworthella regggues the upper parttioé Marcory Formation is Cam-
brian Stage 3 in age (Atdabanian according to the Siberian chart). This is congruent
with dating of the formation in the southern Montagne Noire (¢lvaro & Vizcasno
1999).

The present study allowed the revision of the early Cambrian chronostratigraphic
scheme of Montagne Noire (¢lvaro esabmitted). From a palaeogeographic point
of view, it points out one of the earliest (Terreneuvian), relatively thick but geograph-
ically limited, carbonate platform or tlvestern margin of Gondwana, questioning
the present tectonic and palaeogeographic models of this area. Factors that controlled
the setting of isolated platforms such as described in the Avene-Mendic Parautochthon
of the Montagne noire need further investigations.

UMR 8217 GZosystemes CNRS, UniversitZ Filace; lea.devaere@ed.univ-lillel.fr
’Centro de Astrobiolog’a (CSIC/INTA. @e Torrej—n a Ajalvir, km 4, 28850
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Simulating the Late Ordovician cooling with the
ocean-atmosphere model FOAM

YANNICK DONNADIEU !, ALEXANDRE POHL, CHRISTOPHE DUMAS,
GUILLAUME LE HIR? VINCENT LEFEBVRE AND JEAN-FRANCOIS
BUONCHRISTIANI?

The Ordovician is an exciting period for climate modelers as this is a completely differ-
ent Earth characterized by an asymmetric distribution of the continents with a northern
hemisphere covered by oceam fthe North pole to 50;N. In addition, recent studies

point to a cooling slowly beginning in the Katian and with an acceleration during the
Hirnantian. Here we use the fully coupled ocean atmosphere model "FOAM" to test
the impact of the landbsea distributiotherglobal climate and on the oceanic surface
currents. Despite glacial conditions, atmospheride®€ls during this period were
thought to be elevated with estimated ranges from as high as 16x, to low values such a
4x pre-industrial levels (i.e., 280 ppm). We apply FOAM to test climate state for at-
mospheric C@levels ranging from 16x to 4x. Preliminary results show a tipping point
between 8x and 6x with a mean globaleesyre fall of 8;C. We will show the con-
sequences of this non-linear instability on the tropical surface currents, on the equato-
rial temperatures and on the geometry and on the volume of the ice-sheets (using the
GRISLI ice-sheet model).

ILSCE - IPSL, CE Saclay, Orme desevieridat. 701, 91191 Gif /Yvette, Paris,
France

PGP, U. Paris 7, 1 rue Jussieu, 75005 Paris 7, France
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Long-term lithologic changes in the Ordovician of
Siberia, Baltica and Laurentia: Comparative analysis

ANDREI DRONOV*?

During the Ordovician Period, the mode of sedimentation in the epicontinental Tun-
gus basin of the Siberian palaeocontinent underwent significant changes. The Lower
Ordovician and the lower part of the MidOkelovician series (from Nyaian to Kima-

ian regional stages) of the basin are rejgbgra succession of warm-water tropical-

type carbonates. The Upper Ordovician qéris Chertovskian to Burian regional
stages) by contrast is represented byessioocof cool-water carbonates dominated

by bioclastic wackestone and packstone beds intercalated with fine-grained terrigenous
sediments. The two carbonate successiocostiEsting lithologies are separated by a

unit of pure quartz sandstones up to 80 m thick (Baykit Sandstone) that is overlain by
the fine-grained phosphate-rich terrigemep®sits of the Volginian and Kirensko-
Kudrinian regional stages (Dronov et al. 2009; Kanygin et al. 2010).

Comparative analysis of the Ordovisiagtessions of Siberia and Baltica demon-
strates an opposite trend in the long-term lithologic changes. In the Ordovician basin
of Baltoscandia siliciclastic sedimentsdidake of the succession (Tremadoc) are suc-
cessively replaced first by cool-water (FloianbSandbian) and then by tropical carbonate
(KatianbHirnantian) in shallow-water environments (Dronov & Rozhnov 2007).
These climate-controlled changes in sedimentation reflect a drift of the Baltic palaeo-
continent during the Ordovician from neatap latitudes of the Southern Hemisphere
into the Equatorial zone (Cocks & Torsvik 2005). On the other hand, comparative
analysis of the Ordovician successionsarféSand Laurentia demonstrates a striking
similarity in the long-term lithologic changes. On both platforms, the Ordovician suc-
cession starts with tropical stromatolite-bearing carbonates which abruptly change to
siliciclastic deposits (Baykit Sandstone in Siberia and Eureka Sandstone in Laurentia,
respectively) and terminates with coodmarbonates (Ettensohn 2010; Kanygin et
al. 2010). Numerous K-bentonite beds in the Upper Ordovician of Laurentia and Si-
beria stress this similarity (Hetffal. 2010; Dronov et al. 2011).

Similarly to Laurentia, the Siberian palaeocontinent was located in the tropical zone
during the Cambrian, Ordovician and Silurian (Cocks & Torsvik 2007). Therefore,
similar to Laurentia (Holland & Patzkéws 996; Pope & Steffen 2003), the shift
from tropical-type to temperate-type caalesin the Middle and Late Ordovician of
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Siberia can be explained by upwelling of cold oceanic waters into the intracratonic ba-
sin. The onset of cooling marked by distribution of cool-water carbonates and phos-
phate-rich deposits starts earlier in Silflaie DarriwilianbBearly Sandbian) than in
Laurentia (early Katian). This observatiotradicts the hypothesis that the onset of
cool-water carbonates in Laurentia reflgt@dal cooling event. Rather, regional cool-

ing events in Siberia and Laurentia stardifferent times and merged at later stages,
leading to global cooling of the Earth system, which initiated the Hirnantian glaciation.

'Geological Institute, Russian Acad8nigrafes, Pyzhevsky per. 7, 119017, Moscow,
Russia; dronov@ginras.ru
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The Floian GSSP at Mount Hunneberg,
VSstergstland, Sweden B sedimentology of a critical
interval in Earth history

SVEN EGENHOFFAND J...RG MALETZ

The definition and correlation of chromasgraphic intervals in Earth History has
been a major aspect of geological and dgagiigraphical research in the last dec-
ades and many GSSPs (Global Stratotype Sections and Points) have been establishe
to accomplish this goal. The Floian GSSP at Mount Hunneberg in VSstergstland
(south central Sweden) is one of the Ordovician stratotype sections and has been rati-
fied in 2002. It defines the base of the second stage of the Ordovician System at the
FAD of Tetragraptus approximaduod Tetragraptus phyllograptoidésle the bio-
stratihnraphy and fossil faunas are well known, little work has been done on the under-
standing of the sedimentology of the succession and the environment of its deposition.
The lithological succession of the Ordawmisuccession at Mt. Hunneberg consists
of intercalated siliciclastic mudstonescanionates of Tremadocian to Floian age.
Above an unconformity with underlying Fagian (upper Cambrian) shales, siliciclas-
tic mudstones with graptolites and overlying glauconite packstones of the upper Alum
Shale Formation are exposed showing a sharp top contact to the carbonates of the uppe
Tremadocian Bj¢ rk@Esholmen Formatioovéilthe T¢yen Shale Formation consist-
ing of siliciclastic mudstones and intercalated up to decimeter-thick carbonate beds
forms the stratigraphically youngest Ordovician unit at Mt. Hunneberg. The T¢yen
Shale Formation is characterized by a toesbr and carbonate-rich part, exclusively
present in the SW of Mt. Hunneberg, and an upper portion made up of mainly si-
liciclastic mudstones, extending fromThagraptus phyllograptaigiaptolite Bi-
0zone on upwards.
The siliciclastic mudstones of the Alsinale Formation are interpreted as open
shelf sediments reflecting sea-level highsfamastrans- and regressions. Overlying
glauconite packstones represent a transgresiamogfraptu&ne age or younger.
The Bj¢rk@Esholmen Formation carbonates indicate a relative sea-level lowstand. The
overlying T¢yen Shale Formation records a deepening of the sedimentary environment
during sea-level rise initially establishing offshore conditions, with the siliciclastic mud-
stones forming the upper part of the T¢ yen Shale Formation indicating open shelf dep-
osition.
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Abundant burrows throughout the successibect overall hospitable living con-
ditions in the Mt. Hunneberg area, also dudiggosition of the &an black shales. A
pronounced decrease in thickness of the Hunneberg succession towards the NE reflect:
erosion in the proximal compared to distal Hunneberg areas. The succession shows tha
alternating offshore to open shelf conditions form an ideal sedimentary environment
to establish a GSSP with abundantdatailed biostratigraphic information.

!Department of Geosciences, ColoraddrBtatsity, 322 Natural Resources Building,

Fort Collins, CO 80523, USA

?Institut fYr Geologische Wissenschaften, Freie UniversitSt Berlin, Malteser Str. 74-100
D-12249 Berlin, Germany; yorge@zedat.fu-berlin.de

89



Primary or diagenetic rhythms? Geochemical
investigations on limestonebmarl couplets from the
Late Ordovician Skogerholmen Formation (Hoved¢ya
Island, southern Norway)

LISA M. EGGER CHLOf AMBERG, THIJS R. A. VANDENBROUCKE AXEL
MUNNECKE?, WOUT SALENBIEN, TIM COLLART?, ARNE T. NIELSEN AND
"YVIND HAMMER 5

The question whether regular limestonebmarl alternations represent environmental
changes in a one-to-one manner is a topic of controversy. Although it is tempting to
assume that such alternations are sedimentological mirrors of, e.g., climatic cycles, the
guestion is difficult to answer because of the potential occurrence of differential dia-
genesis. Early in diagenetic history, carbonate dissolution can take place in the marl
layers, and the dissolved carbonate precipitates in the pore space of the emerging lime
stones. This diagenetic redistiion results in a relative enrichment of insolubles (im-
mobile elements bound to clay minerals) in marls and a relative depletion of the same
insolubles in the limestones.

Consequently, assuming a homogeneous precursor sediment for both limestones
and marls, the concentrations of insolubles in a diagenetically mature succession will
deviate from the initial value in oppoditection within the two lithologies. There-
fore, these concentrations cannot be ogmbl as proxy data for environmental
changes. Instead, the ratio of insoluble element concentrations can be used to test for
the diagenetic origin of limestonebPmarl alternations. In case of different ratios of a pair
of insoluble elements (e.g., Ti and Al) in marls vs. limestones, a primary, environmental
signal causing the rhythmic lithological succession has to be assumed. In case of iden
tical ratios for these elements in marls and limestones, the initial concentration values
of the pristine sediment have been preserved, and thus may indicate a diagenetic origin
of the rhythmic lithology.

In our project we investigate several imeBmarl alternations from the Late Or-
dovician of the Oslo region both by means of geochemistry (XRF) and palynology (chi-
tinozoans). Here we present the first results of the geochemical analyses. The palyno:
logical results will be presented in a separate paper by ChloZ Amberg and co-workers a
the same meeting (Amberg e2@13, this volume).

90



Fig. 1.Contents of TiQ (a) and Sr (b) plotted againstAl(black dots = marls; grey dots = limestones).

The major and trace elements can be subdivided into three groups. The first group
includes oxides and elements which are bound to clay minerals, suctiras T&),
K20, or Rb. These elements show a high correlation y@(Al 0.98). The second
group comprises elements and oxides that can be included in both the calcite lattice
and in clay minerals, such as Mg@QEer Zn. They show a weaker correlation with
AlLO3; between?r= 0.66 and 0.97. A negative correlation wit®Ak observed for
elements and oxides which are bound to carbonates, such as Sr (Fig. 1b) dnd MnO (r
=0.85 and 0.79, respectively). These results are in good agreement with the process o
carbonate redistribution by differential diagenesis. The high correlation of diagenet-
ically stable elements in limestones and marls indicates that the original clay mineral
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composition was rather homogeneous. Obviously, there was no major difference in clay
mineral input during Olimestone timesO and Omarl timesO. This, however, does not pro
vide unambiguous evidence for an entirely diagenetically steered unmixing of CaCO
during diagenesis because primary differences could have been developed by other pe
rameters, such as porosity or content of organic material. Preliminary palynological
results from the Hoved¢ ya Member (only four samples at the time of writing) do not
seem to record major differences in species occurrences between the two lithologies
and thus, awaiting confirmation from further samples, do not seem to contradict the
geochemical results (see Amberg2818, this volume).
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Synchrotron Radiation X-ray Tomographic

Microscopy of Cambrian OOrstenO fossils: Revealing th
soft-tissue anatomy of half a billion year old

microscopic animals

MATS E. ERIKSSON FREDRIK TERFELT, ROLF ELOFSSORN DIETER
WALOSZEK, FEDERICA MARONE AND ANDERS LINDSKOG

The Cambrian Period was a crucial time in the evolution of life on Earth. Rapid and
profound changes in ocean chemistry and substrate composition were coupled with the
emergence of a wide array of new life forms and hard-shelled animals. The most im-
portant information on these ecosystemsagdrom fossil LagerstStten, of which there

are unusually many in Cambrian strata. One such example is the world-famous OOrsten
Konservat-Lagerstétte from Mount Kinnekulle, on the southern border of Lake VS-
nern, Sweden, which contains remarkablypreserved minute fossils from the up-
permost mid-Cambrian through Furongian (upper Cambrian) bituminous limestones
(O0rstend). The discovettyiofncredible fauna inetmid-1970s has been followed

by a sequence of investigations discl@imung other thingmorphological details

of utmost interest for the evolution of, agldtionships among, early arthropods (e.g.,
MYller 1979; Walossek & MYller 1992; Maas et al. 2006).

The fossils are represented by phosphatized ecdysozoans (moulting animals), mos
of which are arthropods, in the sizeeari@.1D2 mm (e.g., Waloszek 2003; Maas et
al. 2006). Phosphatization is generally thaoghave involved early diagenetic en-
crustation/impregnation of the external layers of animals, producing a pristine three-
dimensional fossil preservation, with the source of phosphorous being coprolites
(Maeda et al. 2011). The external morphology, including cuticle-bearing extremities,
of the OOrstenO metazoans has beeghhodmscribed (see Maas et al. 2006, and
references therein). However, the internal organs and tissues (such as intestines ant
muscles) of these fossils have rarely been addressed and the lack of knowledge of intern
anatomy is a drawback as it limits the extent to which paleobiological conclusions can
be drawn.

The cutting edge Synchrotron Radiation X-ray Tomographic Microscopy
(SRXTM) analytical technique can provide an opportunity to overcome that problem
and offers novel ways to explore the soft-tissue anatomy of these unique fossils (Erikssol
& Terfelt 2012; Eriksson et al. 2012). The technique allows non-invasive analyses of
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uniquely preserved fossils which result ireBdered images showing external as well
as internal anatomy with sub-micron resolution. These data offer tools for interpreting
functional morphology, mode of life, paleobiology, taphonomy, and for making com-
parisons with the internal anatomical features of closely related extant organisms.

For our analyses, we utilize the TOMCAT beamline station at the Swiss Light
Source, Paul Scherrer Institute in Switzgngmch provides optimal resources for the
study of microfossils. During consecutive analyses and refinements of sample handling
we (FT in particular) have developed neethods for improvements in speed and
efficiency, making optimal use of valuaddentime. We carefully attach the specimens
onto a low light refractive fishing line, which is cut to appropriate length and mounted
in a sample holder. This allows for sets of multiple specimens to be subsequently
scanned without changing sample holdereagsdtting and adjusting the instrument.

We have for example analyzed the well-known microscopic arfkagochinuta
and two species of phosphatocopines, teeabondantly occurring faunal element
among the OOrstend fossils. The results revealed fossil remains identified as soft tiss
structures that facilitated comparisons to extant relatives and allowed (re)interpreta-
tions of functional morphology. O8t minutaspecimen shows the digestive system
(esophagus and midgut) and musclesdtaritennae, mandibles and maxillae). The
slanting anterior portion of the head amteriorly directed mouth with a straight
esophagus suggest a primarily browsing and gnawing way of feeding. The prominent
head appendage muscles indicate musetglsaad good capacity for food manipu-
lation. In the phosphatocopines the bullbmrgim is one of the most prominent mor-
phologicaktructures of the body. All of our specimens, belongitegsstandonee-
veal pairs of muscle bundles within the labrum. Compared to extant crustacean rela-
tives, these muscles would fulfill the function of moving the labrum up and down in
order to open the buccal cavity.

These pilot studies show that there is still much to be learned about the unique
OOrstend fossils in particular and Cambrian organisms in general and that SRXTM
works exceptionally well with this material. Sampling of OOrstenO-yielding strata in the
province of VSstergstland, southern Sweden, is ongoing and it is our vision to analyze
a wide array of OOrstenO taxa in order to explore their concealed soft-tissue anatom
Collectively, the results are expected to open up new horizons in the fields of paleobi-
ology, soft tissue preservation and evolgfibi@ogy and to help closing gaps in our
knowledge with regards to the phylogeny of long extinct animals.
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Geobiodiversity Database (GBDB) in stratigraphic and
palaeontological research b graptolites as an example

JUNXUAN FAN, XUDONG HOU?Y, QING CHEN'? MICHAEL J. MELCHIN® AND
DANIEL GOLDMAN*#

The Geobiodiversity Databd&BDB) Project (www.geoklioersity.com; Fan et al.

2011) is dedicated to the construction mathtenance of a web-enabled taxonomic,
stratigraphic, and geographic database for information gathered from the fossil record.
Its goal is to facilitate regional and global scientific collaborations focused on studying
the history, diversity, geography, and environmental context of life on Earth. Grapto-
lites are a major fossil group of the Early Paleozoic. Since 2008 to present, we have
compiled an abundance of graptolite data into GBDB.

How many graptolite-bearing sections are there in GBDB?

As of March 28, 2013, 6198 sections baea compiled into GBDB, 1238 of which
contain graptolite records. These sections are widely distributed in China, USA, Can-
ada, UK, Italy, Kazakhstan and Poland.

How many graptolite taxa are there in GBDB?

Most graptolite monographs from around the world have been compiled into GBDB.
After removing the names with Oaff.0, Ocf.O, Oex gr.O, OHlidgsogtapssy.

1, Didymograptusp. A, Tetragraptusp.), there are 7319 formal, unique taxonomic
names of graptolites entered, among which, there are 125 family names (including sub-
family and superfamily), 466 genus abdexus names, and 6723 species and subspe-
cies names. As a comparison, 10 103 trilobite taxa and 12 762 brachiopod taxa have
been compiled into the GBDB taxonomic database as the present time.

How many graptolite occurrences are there in GBDB?

Howe (2011) made an independent invegiigaf the graptolite occurrence data in
available online databases. As of August 1, 2011, he found 18 427 graptolite occur-
rences in GBDB, which was greater than the total number of those distributed in the
rest eight databases. As of March 28, 2013, there are 194 055 fossil occurrences com
piled into GBDB, among which 39 758 are graptolite occurrence records. As a com-
parison, there are 18 997 trilobite records and 30 682 brachiopod records in the occur-
rence database.
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How to use these graptolite-related data in GBDB?
1. Systematic study of graptolites. One important usage of the graptolite occurrence
data is systematics. Through the search engine in GBDB, users can search graptolite
occurrence records by using any combination of over 30 fields, such as fossil name,
locality, lithology and time duration. Through this function, the users can find all the
occurrences of any particular taxon andedagd ones. By critically examining them
one by one, a complete synonym list can be achieved. GBDB also provides the function
to record different taxonimic opinions oaecéps occurrences from expert users and the
ability to preserve and incorpotatehistory of opinion differences.

2. Graptolite stratigraphy. The powerful stratigraphic visualization tool, TS Crea-
tor, which was designed by Jim OggAsadaim Lugowski, was integrated into GBDB
in the summer of 2010. Furthermore, twagpams for numerical stratigraphy are now
supported by GBDB: SinoCor 4.0 (designed by Junxuan Fan and others), and
CONOP 9 (Sadler et al. 2003).

3. Graptolite biogeography. GeoVisuald t0pl used for geographic visualization
and preliminary biogeographic analysisesgned and integrated in GBDB in 2010,
and further updated in 2012. It provides the function of illustrating the distribution of
a single taxon or several taxa and the spatial interrelationship between them, calculating
the area of distribution, and conducting paleogeographic reconstruction using
PointTracker (PaleoGIS, www.paleogis.com).
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Llandovery graptolite biozonation of the Lungmachi
Formation on the Yangtze Platform, China

JUNXUAN FAN, XU CHEN?, MICHAEL J. MELCHIN? AND QING CHEN*3

Llandovery graptolite-bearing strata are widely distributed on the Yangtze platform,
which covers most part of the Sichuan, Chongging, Guizhou, Hubei, Hunan, Jiangxi,
Anhui, Jiangsu and Zhejiang provinces or municipalities from west to east. On the
Upper and Middle Yangtze platform, theresponding strata were named as the
Lungmachi Formation, which can be divided into two parts, the black shales (Ohot
shalesO) in the lower and the grey and ghlksivdles and siltstones in the upper (Fan

et al. 2011). The black shales of therlbowegmachi Formation contain abundant
organic matter, yield a rich, diverse graptolite fauna, and are considered as one of the
key petroleum source beds in China.

In most sections of the Lungmachi Formation, a continuous graptolite sequence
from the upper Hirnantian to the Aeronian can be recognized from the black shales,
i.e., theMetabolograptus perscuylpiidograptus ascerBasakidograptus acuminatus
Cystograptus vesicyl@uenograptus cyplidsmirastrites triangulatuguigraptus
convolutuandStimulograptus sedgwiiikizones, in ascending order (Chen 1984; Fan
et al. 2011). However, the Telychian graptolite fauna are only known from a few con-
temporaneous formations in some scdtfgaees along the margin of the Yangtze
Platform, such as southwestern Shaanxi and northern Sichuan provinces (Chen 1984;
Chen et al. 1990; Ge 1990) in the northwest. Our recent field work in the Hubei and
Sichuan provinces and the Chongging Municipality reveals a considerable distribution
of the Aeronian/Telychian boundary stratééncentral and northern margin of this
area. The graptolite sequence from the @tipenlograptus sedgwBlizone to the
Spirograptus gueriBibzone can be recognized from the gradual transition between
the lower black shales and upper greyelimvish shales and sandstones at many
localities. At a few localities, such as Shennongjia (Songbai County, Hubei Province)
and Qiaoting (Nanjiang County, Sichuan Province)Siigraptus turriculaiis
ozone can be recognized as well. Therefore, a continuous graptolite sequence of ter
biozones from the upper Hirnantian Stage to the lower Telychian Stage can be estab-
lished in South China and could be considered as one the of standards of global corre-
lation among the contemporaneous strata.
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Contact relationship between the Shihtzupu Formation
and the Pagoda Formation in the Sichuan Basin,
Southwest China

RU FAN-23 SHENG-HUI DENG?3 XUE-LEI ZHANG'!, SHI-BEN ZHANG"?3
YUAN-ZHENG LU*23AND XIN LI 23

Since the Middle Ordovician Shihtzupu Formation and the Late Ordovician Pagoda
Formation were named in the 1920s, they have been considered to be conformably
contacting in the Sichuan Basin, Southwest China. Herein, samples from two Middleb
Upper Ordovician sections in the Sichuan Basin are analyzed for their conodont bio-
stratigraphy and carbon isotope stratigraphy. Both biostratigraphic and chemostrati-
graphic results indicate a gap betweebhildzupu and Pagoda formations. The gap
corresponds to more than four Sandbian conodont biozones at the study sections, at
least including thReygodus anserjnengtzeplacognathus jianyd@alsimiodus vari-
abilisandB. alobatuzones. Beside&C..ndata show that the mid-Darriwilian excur-

sion (MDICE) reported from northern Eurojgeobserved in the upper part of the
Shihtzupu Formation, while the global Guttenberg excursion (GICE) of the early
Katian Stage occurs near the bottom of the Pagoda Formation. Therefore, most of the
Sandbian Stage is probably not recordetlidty area. Further study found that the

gap can be roughly correlated with the unconformity between the middle Ordovician
Yijianfang Formation and its overlying strata in Xinjiang Province, Northwest China,
as well as the M4/M5 sequence boundary in North America.
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The base age of the Early Ordovician Honghuayuan
Formation on the Upper Yangtze Platform, South
China

RU FAN-23 SHENG-HUI DENG**3 XUE-LEI ZHANG!, YUAN-ZHENG LU*23 AND
XIN LI%23

The Early Ordovician Honghuayuan Formation is extensively developed on the entire
Yangtze Platform. It is mainly composed of grey, thick-bedded to massive, limestone
and bioclastic limestone. Previous studies have been indicated that the top of the for-
mation is diachronous and gradational into overlying siliciclastic dominated facies of
the Meitan Formation (Zhen et al. 2006&rein, conodonts from the Honghuayuan
Formation at two localities (one in Guizhou Province and another in Chonggqing City)
have been researched. The results show that the base of the Honghuayuan Formatior
belongs to th&riangulodus bifidusonodont Biozonén the Guizhou Province,
whereas it belongs to tBerratognathus divegre in Chongging City. Obviously,

it is diachronous, as is its top. According to the present data, from the southwest to the
northeast, the base age of the Honghuayuan Formation should gradually vary from the
late Tremadocian Stage to the early Floian Stage on the Upper Yangtze Platform.

!Research Institute of Petroleum Erplé&ddevelopment, 100083 Beijing, China;
rufan@petrochina.com.cn, dsh63@petrochina.com.cn, zhang.xl@petrochina.com.cn,
luyz@petrochina.com.cn, lixinO9@petrochina.com.cn

’State Key Laboratory of Enhancedo®ileRe of China, 100083 Beijing, China

®Key Laboratory for Oil & Gas Reservoirs of PetroChina, 100083 Beijing, China

References
Zhen, Y.Y., Percival, 1.G. & LiJ,B., 2006: Rhipidognathid conat® from the Early Ordovician
Honghuayuan Formation Guizhou, South Chin&alaeoworld 1594D210.

101



Long-legged lobopodian from Cambrian of the
Barrandian area, Czech Republic

OLDRICH FATKAY, PETR BUDI> AND VOJTECH TUREK

Lobopodians constitute a small group of tiny to middle-sized spectacular ecdysozoans
closely related to arthropods. Diverse types of lobopodians are known from the Cam-
brian, and very restricted information da gnoup exists from the Upper Ordovician,
Silurian, Carboniferous and Eocene. Articulated lobopodians have been rarely de-
scribed from several early/Omiddle® CaBungess Shale-type LagerstStten. We re-
port the first find of a trunk of a long-legged lobopodian a@myahodictysm from
the Omiddle® Cambrian Jince Formatiam @z#éieh Republic (Fig. 1). The new fossil
shows a trunk with at least nineteen long thin lobopods marking the ventral side of the
body and bases of thin outgrowths protruftmg the dorsal trunk surface. The sec-
ond lobopodian specimen was collected from the Skryje Member of the Buchava For-
mation (Skryje-T/Oovice Basin) of Omiddle® Cambrian age. This specimen contains
twenty partially mineralized elements, the majority of which are arranged in symmet-
rical pairs.

The recent findings of rare lobopodians in Russia, Spain and the new Bohemian
specimen demonstrate that the lobopodians were much more widespread in the
early/Omiddle® Cambrian interval than supposed.

Fig. 1.Mineralized lobopodian elements from the 8teclrormation of the Skryje-T/Oovice Basin.
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A new early Cambrian arthropod illuminates the origin
of the biramous limb

DONGJING FU*? GRAHAM E. BUDD? AND XINGLIANG ZHANG 3

The biramous limb of marine arthropodsnsost universally distributed and appears

to have evolved deep in arthropod phlyogeny, as reflected in the Cambrian fossil record
(Boxshall 2004). However, both its function, mode of attachment and fate in subse-
guent evolution have been highly controveksfhittington 1975; Budd 1993;
Walossek 1993; Damen et al. 2002; Zhang & Briggs 2007; Wolff & Scholtz 2008).
Here we describe a new early Camaribropod from the Chengjiang faubaleapri-

marium speragen. et sp. nov. that sheds light on the origin and evolution of the bira-
mous limb. The new arthropod is 71 mm in length. The body is divided into two
tagmata: a prosoma and an opisthosoniagdished by further differentiation of the

limbs. The prosoma which is covered by a large head shield possesses anteriomos
stalked eyes and nine biramous appendagespisthosoma is characterized by an
absence of the limb endopods and bearfaniyairs of large flap-like outer branch.

The outer branch is evidently bilobate: the proximal lobe with gill-like structures con-
nects directly to the body wall (thus suggests that part of the outer branch of the Cam-
brian biramous limb is homologous to the extant protopod) and the distal lobe (evolved
into true exopod). Such a state can be seen in other Cambrian takansaugfirespis

(Zhang & Shu 2005Rarapeyto{ddou et al. 1995)Misszhoui@Zhang et al. 2007)
andJugatacar(u & Zhang 2011). The overall yndf these important taxa suggests

that a tripartite limb consisting of a gill-bearing protopod that was attached both to the
body wall and to two rami is plesiomorphic for a large clade of Cambrian arthropods.
This reconstruction offers a novel way out of the problems presented by the features of
mandibulate and chelicerate biramous limb, and suggests that the arthropod biramous
limb really is a deep apomorphy of all euarthropods.

IState Key Laboratory of Continental Dynamics, Early Life Institute and Department of
Geology, Northwest University, 4i@69, China; dongjing.fu@geo.uu.se

Department of Earth Sciences, Palegpbifppsala University, VillavSgen 16,

Uppsala SE-752 36, Sweden; graham.budd@pal.uu.se

State Key Laboratory of Continental Dynamics, Early Life Institute and Department of
Geology, Northwest University, K069, China; xzhang69@nwu.edu.cn

104



References

Boxshall, G.A., 2004: The ewidn of arthropod limb®iological Reviewg 53D300.

Budd, G.E., 1993: A Cambrian gilled lobopod from Greer\&aidre 364709D711.

Damen, W.G.M., SaridakT,. & Averof, M., 2002: Diverse adaptat of an ancestral gill: a common
evolutionary origin for wingmeathing organs, and spinnef@tsrent Biology?2,1711D1716.

Fu, D.-J. & Zhang, X.-L., 2011: A new arthrogadatacaris agilisgen. n. sp. from the early Cambrian
Chengjiang biota, South Chidaurnal of Paleontology585D586.

Hou, X.-G., Bergstrsm, J. & Ahlberg, P., 1998omalocarénd other large animals in the Lower Cam-
brian Chengjiang fauna of southwest Cigif#d117,163D183.

Walossek, D., 1993: The Upper CambRahbachieltand the phylogeny of Branciopoda and Crustacea.
Fossils and Str& 19202.

Whittington, H.B., 1975: Trilobitewith appendages from the Mid@lambrian Burgess Shale, British
Columbia.Fossils and Strdt®®7D136.

Wolff, C. & Scholtz, G., 2008: The clonal compwositd biramous and uniramous arthropod limbs.
Proceedings of Royal. Sod&ty, B023D1028.

Zhang, X.-L. & Briggs, D.E.G2007: The nature and sigrafice of the appendage®pébiniafrom
the Middle Cambrian Burgess SHad¢haiad0,161D173.

Zhang, X.-L. & Shu, D.-G., 200% new arthropod from the Chengjiang LagerstStte, Early Cambrian,
southern ChinaAlcheringd9, 185D194.

Zhang, X.-L., Shu, D.-G. & Erwif).H., 2007: Cambrian naraoiids (Arthropoda): morphology, ontog-
eny, systematics, and evolutionary relation§hp$aleontological Society M68)diD52.

105



Indication of gypsum evaporites in a patch reef of the
upper Slite Group (lower Homerian, Wenlock) in the
Silurian of Gotland, Sweden

CLAUDIA FERBER? AND AXEL MUNNECKFE

New evidence for evaporitioditions in the Silurian of Gotland is given by the pres-

ence of probable calcite pseudomorphigggfisum in a patch reef in the abandoned
quarry of Furilden in the upper Slite Group (lowermost Homerian, Wenlock) on NE
Gotland (Sweden). In order to reconstruct the facies composition, palaeoenvironmental
conditions, and facies development during reef growth, the section has been measured
and litho- and microfacies analysis have been accomplished within the scope of the first
authorOs master thesis. The rocks in the quarry are mainly composed of bedded crinoi
dal limestones, cortoid grainstones, and peloidal grain-/packstones, intercalated with
thin layers of reef debris. Within the bedded limestones a small patch reef is developed,
which is marginally exposed in the center of the quarry, and predominantly built up of
stromatoporoids, tabulate corals, and crinoids forming a bafflestone fabric. Idiomor-
phic pseudomorphs of calcite after gysenobserved randomly distributed all over

the exposed parts of the reef body. They occur (a) in silt-sized carbonate sediment,
which fills former moldic porosities, (b) in the micritic matrix of bioclastic rudstones,
and (c) in the thrombolitic matrix of bioclastic floatstones. The pseudomorphs are len-
ticularbrhombic in shape, with an average length of 40086%0d a width of 180D

200 Jn. Commonly the crystals show dark micritic inclusions, which might represent
impurities of the former gypsum crystals. The dominance of stenohaline organisms
such as corals and echinoderms in the reef indicate normal-marine salinities during reef
growth. The development of evaporitic conditions and the formation of evaporitic min-
erals therefore postdate reef growth. Possibly, the authigenic gypsum crystals were
formed by downward percolating hypersaline brines, which formed on an extremely
shallow carbonate platform during the early Homerian Qatestdgrengraptolite

Zone) regression.
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Late Middle and Late Ordovician graptolite
biostratigraphy and biogeography B a reassessment
from Polish and Baltoscandian drill core data

DANIEL GOLDMAN?, CHARLES E. MITCHELE, TERESA PODHALAISKA, JAAK
NILVAK 4, MICHAEL J. MELCHIN®, H. DAVID SHEETS AND FAN JUNXUAN®

Trans-lapetus graptolite correlations of late Darriwilian through Katian strata have his-
torically been problematic. This is due in part to the very different faunal assemblages
that occur in regions that occupied different paleo-latitudes, such as Avalon and Lau-
rentia (Zalasiewicz et al. 1995). A large anuduvark has been invested in recogniz-

ing the key paleo-tropical (Pacific Proyimaex species that occur in both regions

(e.g., Finney & BergstrSm 1986; Zalasiewial.€t1995), a task that successfully
achieved better global correlations but tended to obscure the distinctiveness and diver-
sity of mid and high paleo-latitude graptolite faunas.

Several drill cores that cut through the Ordovician strata of Baltoscandia and Poland
contain rich graptolite faunas in the interval that spafséuelamplexograpligs
tichusto Dicellograptusomplanatusones. Individually, these drill cores have diverse
faunas in different and limited parts of the late Middle and Late Ordovician, but to-
gether they provide a detailed and nearly continuous record of mid paleo-latitude grap-
tolite biostratigraphy in this interval. We re-examined the graptolites from drill cores
in Sweden (KoSngen; Nilsson 1977), Poland ($eba-8, D1bki-2, Bia*og—ra 1, Bia*og—r
2, Dar2lubie IG-1; Podhala3ska 1980), and Latvia (Kandava-25; Goldman & N»lvak
in prep.) in order to update the taxonorayise species ranges, corroborate key zonal
ties between provinces, and gain a better understanding of mid paleo-latitude graptolite
faunal composition and diversity through an exceptionally well sampled stratigraphic
sequence.

The Kandava-25 and KoSngen drill cores contain diverse graptolite faunas in late
Darriwilian and Sandbian age strata. The $eba Elevation drill cores (Poland) have more
abundant graptolites in the late Sandigridgraptueliaceudone) through middle
Katian PleurograptlisearisZzone). This indicates a slightly delayed but longer lasting
period of transgression in the western part of the Baltic Depression than in the East
Baltic or Scandinavia. In the late Dar@viland Sandbian, graptolite faunas are dom-
inated by species B$eudoclimacograptushiclimacograptasdHaddingograptus
and although nemagraptids, dicranograptids, and dicellograptids do occur, they are un-
common relative to the Climacograptoidea. In addition to the relatively welbknown
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sebyengdi$. eurystomal. oliverj andPseudamplexogragisiticusa group of derived
Archiclimacograpspecies suchfaskagenshs antiquusandA. rugosusre common
in this interval. Additionallya number of new speciePséudoclimacograpidAr-
chiclimacograpthsit had previously been lumped togethersoharenbesyie abun-
dant in the Sandbian. Other distinctive elements of this interval Bglmdegraptus
linnarssonDepikograptibekkeriand several specieblofmalograptusarge diplog-
raptid species such@ghograptughitfieldiand O. calcaratueccur abundantly in
both Pacific and Atlantic faunal provinces.

Faunal differences become more pronounced in the KatiaDicid®ograptus
clinganiZone contains a low diversity faurat ib dominated by taxa unknown in
Pacific Province successions. These ifzlwtiagani Miplograpt@compactpand
several new specieDidlograptusand Normalograptudost interesting is the low
diversity oDrthograptug&mplexograpiusdRectograptspecies (astogenetic Pattern
G diplograptids), faunal elements that are exceedingly common in paleo-tropical suc-
cessions. This morphologic and ecologic niche seems to be occupied by similarly large
Climacograptoidea with a Patterrp@ximal development, such BéplOgraptud
compactudpparently similar patterns occur in the perigondwanan realm where unu-
sual late climacograptoids suctDgsidgrapt@bohdalecenai® relatively common.
Diversity remains low in tRdeurograptlisearisZone where the fauna becomes dom-
inated by non-spinose climacograptirfsigrécograptstyloideus tubuliferusand
species dflormalograptuslthough several dicellograptid taxa are present in this in-
terval of the Polish drill cores (el.johnstrupiD. pumilusD. flexuosysthey are
limited to a few horizons and the diverse assemblage of mid Katian dicellograptids that
is so common in the Australasian succession, for example, is generally missing. Inter-
estingly, in the lower and mid Katian Avalon-type faunas become even more dominant
as the drill core localities move closer to paleo-shoreline. This may indicate some gen-
eral correspondence between latitudinabasttbreboffshore controls on faunal gra-
dients.
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Ordovician chitinozoan biogeography and
paleoecology: Examining the effect of habitat on
species longevity

DANIEL GOLDMAN %, MATTHEW J. OXMAN?, JAAK NILVAK 2, H. DAVID
SHEETS, WU SHUANG-YE AND CHARLES E. MITCHELE

The relationships between geographic range and evolutionary dynamics, including tax-
onomic duration, have been analyzed fomdeuof fossil groups, particularly benthic
macrofossils. Ordovician drill cores from the East Baltic region and Scandanavia are
extremely fossiliferous and well sampled, providing an excellent microfossil data set for
evolutionary studies. In this study we examined the relationship between habitat pref-
erence and species longevity in Ordovician chitinozoans. Baltoscandian boreholes anc
outcrops span three confacies belts, the Scanian (slope, black shale), Central
Baltoscandian (outer shelf, argillaceous limestones), and North Estonian (carbonate
platform) belts (Jaanusson 1995). We firstaldixdozoan distribution patterns across
the three confacies belts to develop a model of chitinozoan paleoecology. We found
that chitinozoan biotopes tended to reflect onshore/offshore distribution as opposed to
depth stratification. These findings are consistent with those of Vandenbrouke et al.
(2010). We grouped the species into three biotopes: generalist (taxa occurring in all
three confacies belts), platform to outelf §taxa occurring only in the North Esto-
nian and Central Baltoscandian confacies), and platform restricted (taxa occurring only
in boreholes from the North Estonian fBla). Seven species occurred only in the
Central Baltoscandian confacies belt, but constituted too small a group to be included
in the statistical analyses.

We then used the quantitative strapfic correlation progm CONOP9 (Sadler
et al. 2003) to construct a Middle and Upper Ordovician composite range chart from
the stratigraphic range data of 132 chitianezspecies from 26 boreholes and outcrops
in Estonia, Poland, Latvia, and Sweden. After using CONOP9 to construct a compo-
site section, we converted it into a timescale by assigning the absolute ages of chi-
tinozoan biozone bases (taken from Webby et al. 2004) to the FADs of the key chi-
tinozoan index taxa in the composite and then scaled the composite appropriately. Du-
rations in millions of years were calculated for each taxon based on their stratigraphic
range in the composite section, and examined for dependence on biofacies affinity and
spatial range. Average species longevities are 8.1 million years for generalist taxa, 3.
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million years for platform and outer shedatand 2.0 million years for platform re-
stricted taxa.

In an initial ANOVA examining the dependence of average taxon durations on bio-
facies and number of sections, our data indicate that both biofacies affinity and species
prevalence are statistically significant. T-tests indicate that generalist species, those the
occur in all three confacies belts, do have significantly longer durations than taxa with
more restrictive biofacies affinities, as seen in the pairwise tests. These results indicat
that this set of chitinozoa follow two commonly held hypotheses, that generalist species
have longer durations, and that species geographic ranges also exhibit a positive corre
lation with duration, independent of the biofacies contribution.
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Early Ordovician molluscs with an exceptional
preservation from the Timan-Pechora Basin of Russia

ALEXANDER P. GUBANOV? AND OLGA K. BOGOLEPOVA

In the Timan-Pechora Basin of northeast Baltica, the BolOshepulOskaya-1 borehole pel
etrated coarse-grained sandstones unconformably overlying Riphean metamorphic
rocks at a depth of 1587 m. The limestamekg 50 meters above these unfossiliferous
sandstones and grey mudstones, yietalabt monoplacophoran molluscs with pre-
served colour pattern. Higher in the drill-hole are siltstones intercalated with limestones
with rare acrotretid brachiopods and conodonts that suggest a late Tremadocian age for
these strata.

Collection of monoplacophoran molluscs is represented by more than fifteen spec-
imens with preserved colour pattern. Several specimens show muscle scars. The shel
have obviously been sortedl transported but not far from the habitat due to an
excellent preservation. Most of the shells have a rather uniform size, about one centi-
meter, though several shells cut by the borehole exceed two centimeters in size.

Muscle scars are arranged in circum-apical ring, with the two smallest pair of
rounded scars on the supra-apical slope closer to the apex. The third to fifth (from the
medium line of the supra-apical slope) peerightly fused. The sixth to eighth elon-
gated pairs are approximately the same size.

The colour pattern consists of eight-predserved pairs of radial brown bands.
These bands vary in width. Two pairs obmabands on the supra-apical slope of the
shell correspond with the least muscle scars that situated closer to the apex. A pair of
the widest bands obviously related tarthscle scars of fused retractors. The sub-
apical area consists of a wide light-brown sector with two pairs of darker radial narrow
strips that probably correspond to a sub-apical muscle field that is often obscured in
coarsely preserved fossil material.
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The extent of the Dapingian Stage (Middle
Ordovician) in peri-Gondwanan Europe and North
Africa: Stratigraphic record, biostratigraphic tools, and
regional chronostratigraphy

JUAN C. GUTIfRREZ-MARCG, ARTUR A. S¢, DIEGO C. GARCEA-BELLID®
AND ISABEL R¢BANC

The Dapingian Stage is widely recognithtdaghout middle- to low-paleolatitudi-
nal areas at a global scale, but not ingatgolatitude regions such as the peri-Gond-
wanan Europe and north Africa, where ttig@racteristic biostratigraphic markers
(some key conodonts and graptolites) are abbseptaced by long-ranging species of
graptolites and shelly fossils.

None of the naming taxa that favourexghbdivisions of the Dapingian into the
OTime SlicesO 3a to 3b or the OStage SlicesO Dp1 to Dp3 are so far recorded in so
polar Gondwana, so that in the regional scale for this area we broadly adopted the
British-derived Oupper Arenigian® stage, which unifies an undifferentiated Dapingian
plus the lower Darriwilian and perhaps tippermost Floian (GutiZrrez-Marco et
al. 2008). This operative and obscure regioriakxtends from the top of the wide-
spread Armorican Quartzite, which was aegtenid-Floian by means of chitinozoans
of theEremochitina breisozone, until the FAD of the pendent didymograptids
(Darriwilian 2) in the overlying shales. When Lower to Middle Ordovician graptolitic
shales regionally replace the Armorican Qeasizch as occurs for instance in Bohe-
mia and Morocco, the absence of Dapingian fossils is also striking. Due to the lack of
conodonts or valuable macrofossils, Dapingian rocks can be only envisaged in south-
polar Gondwanan paleolatitudes by a limited record of chitinozoans and acritarchs.
However, the regional chitinozoan biagfraphy has gone through large conceptual
variations in the last years, from considering a Biegiheochitina ornef&iszone
placed in the Qupper® Dapingian ifPAfebby et al. 2004), followed by a Olowerd
DapingiarD. ornensBiozone and an OupperO DapiBglanechitina henBjozone
(Parisin Chen et al2009), to an essentially Qupper® Dapingian combination of both
biozones (Paiiis Videt et al. 2010). These confudimgrpretations should be clari-
fied in order to refine the sequential aisadysl the relative sea-level changes recorded
in the south-polar Gondwana platform prior tooihiéaandprotocalix/calixansgres-
sive events (Paris et al. 2007; Videt et al. 2010).
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Two contrasting Dapingian sedimentary successions have been recorded in south-
western Europe: the first is represented by a Ocondensedd sequence, with some str
graphic gaps, where the entire Dapingian and the lower Darriwilian strata are only 6 to
8 m thick, as occurs in some plaoésBritany and Normandy (Dabard et
al. 2007). The second one is recordedsisdlithern Central-lIberian Zone of Spain,
where Dapingian strata are probably represented by a thick unit of sandstones and
sandy shales (the Pochico beds and eqtsyaterer 200 meters in thickness, that
include at the base the same lingulid bed that occur at the top of the Armorican Quartz-
ite in western France. In the remaining European and north African areas, Dapingian
strata are absent or are represented by scattered records of thin shale beds bearing sol
of the palynomorph assemblages mentioed.dh fact, the Dapingian Stage seems
impossible to identify over a huge area of south-polar platform in absence of chi-
tinozoan datings, that still need re-calibration.
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A hint of Hirnantian ocean chemistry from JSmtland,
Sweden

EMMA U. HAMMARLUND !, PETER DAHLQVISF AND DON E. CANFIELD*

The late Ordovician extinction is curreatlyacting substantial attention by workers

using multiple geochemical tools, and tbiésks increase our understanding of envi-
ronmental changes during this interval, such as the continental ice cover, cooling (Fin-
negan et al. 2011) and ocean chemistmp(idalund et al. 2012). Nevertheless, there

is still no consensus as to which kill mechanism drove the biotic crisis; candidates range
from cooling, amalgamation of continents (Rasmussen & Harper 2011) to marine an-
oxia. Here, we investigate the extinction interval in JSmtland, Sweden, by extracting
pyritic sulfur isotope$’®) and iron speciation in shales from two different environ-
mental settings perpendicular to the paleocoastline, the Kogsta Silstone Formation
(deep and low energy) and the Kyrk(Es Quartzite Formation (shallower and higher en-
ergy). At these localities, pyrite sulfur is enriched in the Hirnantian, and then particu-
larly at the deeper site. Ffe pattern, overall, resembleatiddescribed for six other
Hirnantian sites (Hammarlund et al. 2012}l ae argue that geochemical indications

for a Hirnantian sulfidic ocean event may also be captured in JSmtland, with the po-
tential of a differentiation between depositional depths.
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Late Ordovician carbonate mounds from North
Greenland: A peri-Laurentian dimension to the Boda
Event?

DAVID A. T. HARPER, JIN JISUG AND CHRISTIAN M. . RASMUSSEN®

The Upper Ordovician and lower Silurian succession in Peary Land, North Greenland,
exposes a carbonate succession recording environmental and faunal events through th
Katian, Hirnantian and Rhuddanian stagethisrpart of marginal Laurentia (Harper
et al. 2007). A number of small carbonate mounds, comprising largely microbial but
with some coral material, overlie variably developed brachiopod-dominated shell beds
in the B¢ rglum River section. The microbial laminae are typically crinkly, undulating,
and medical, whereas the corals are delicate, digitate to phacelloid colonies. The
mounds rarely exceed one metre in height, generally forming isolated to laterally coa-
lesced, domal structures. The mounds occur within the lower 25 metres of the Turesg,
Formation. This part of the formation is dominated by thick-beliuddssinoides
ichnofacies (Jin et al. 2012) and elsewhere in North Greenland coeval beds contain
thick, nonamalgamated shell beds of the pentarReocenchidiunBoth biofacies
suggest that this part of Greenland occupied the hurricane-free, equatorial belt during
the Late Ordovician (Jin et al. 2013). Thebonate mounds are equivalent in age to
those in the Alegatsiaq Fjord Formation (Kap Ammen Member) to the west and farther
afield the Keisley and Kildare mounds on Avalonia, the Boda mounds on Baltica and
those in Kazakhstan. This interval haablgrbeen defined asvarming (Fortey &
Cocks 2003) or a cooling event (Cherns & Wheeley 2007) but is associated with high
sea-levels, local endemicity around carbonate mounds and a general poleward migra.
tion of brachiopod faunas. The Peary Land succession exhibits a similar phase of car-
bonate mound construction in the deeper-water facies of the equatorial belt.

Further up section, the microbial mound unit changes into organic-rich, non-fos-
siliferous, thin-bedded limestone to calcasbailes of probable latest Katian age. Thus,
the upper Katian succession in the pericratonic equatorial setting of North Greenland
records a drastic environmental change from normal marine, well-oxygenated substrate
conditions to a dysaerobic to anoxic setting, likely coupled also with abnormal salinity,
coinciding with an episode of glbbcean anoxia (Page et al. 2007).
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TheHirnantiabrachiopod fauna in the East Baltic:
Offshorebonshore gradients in Estonia and Latvia

DAVID A. T. HARPER AND LINDA HINTS 2

The terminal Ordovician Hirnantian faumleument a unique interval in the evolu-
tion of the Early Palaeozoic life, and have been intensively studied in the last few dec-
ades in association with the definition eftthase of the Silurian and ecosystem change
at and near this horizon. In Baltoscandiatheantia brachiopod fauna is well doc-
umented from Norway and Sweden, where Upper Ordovician strata crop out at nu-
merous localities. However, in the East Baltic, coeval strata occur subsurface down to
depths of several kilometres and here the Hirnantian faunas are virtually unknown. To
date, the distribution of Hirnantian bractodp and associated shelly faunas have been
analysed in about 700 rock samples from 43 drill core sections, where the thickness of
the Porkuni Stage is commonly less than ZzaimanellaCliftonig Hindella Plec-
tothyrellaHirnantia andEostropheodaontigpical of thedirnantiafauna of the Kosov
Province, are present, often in association with the trildhiE®naspisnd
BrongniartellaData on brachiopod occurrences were analysed using PAST software
(Hammer et al. 2001). Analyséshe occurrences of brachiopods in 21 core sections
in westernmost Latvia reveal that typical Hirnantian brachiopods represent about 80%
of all occurrences, whereas the monotaxic occurrdfmstsoptheodortdiftoniaand
Dalmanelldorm 5%. The distribution of the brachiopods from the Latvian sections
indicates that diversity increagegards within the Kuldiga Formatidie invasion
of the cold-water brachiopod fauna is coeval with the development of the Gondwana
ice cap, which is marked also by the rising limb of the carbon isotop¢iroamviea
sagittiferaParomalomena polonigastrophedomt@nantensit eptaena rugoBdecto-
thyrellacrassicosiadHindella crasseelong to the most diverse association. The diver-
sity drop and increase in the number of montaxic occurrences (pafictdatiydi-
narig E. hirnantensendP. crassicostan several casassity characterises the mid-
Hirnantian brachiopod fauna. The upperm@slovician sandy and oolitic lithologies
are almost barren of shelly fauna in the Baltic sections, in contrast to the siltstones,
sandstones and oolitic limestones of Scandinavia (Brenchley & Cocks 1982; BergstrSm
et al. 2013).

Multivariate investigation of the brachiodath (particularly cluster analysis using
the Raup-Crick similarity coefficient) supports the distinction of two separate groups:
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theHindella-CliftonimndDalmanellassociations (Hints et al. 2010). The third asso-
ciation, provisionally named tBeplectodongasociation, belongs partly to the lower
Hirnantian S. taugourdeacinitinozoan biozone. It characterises the first stage in the
development of tHeirnantiabrachiopod fauna. This éest, low-diversity association
compriseKinnellasp. Cliftoniasp. AOnniellasp. andEoplectodorgp., together with
the first representativeafimanellathesare often associated with orthoconic ceph-
alopods, common in the drill cores.

The changes in théirnantiabrachiopod fauna in a shoreward direction are evident
in three sections in southern Estonia. Among the associated organisms, the increasing
abundance of rugose corals and the calcaredibadaporelsnd the occurrence
of some ostracodes (Meidla 1996) indicate a link with the faunas of the reef complex
in Central Estonia. In the onshoreboffstnansitional area, tliecurrence of cystoids
in the lowermost Porkuni Stage is similar to assemblages below the diverse brachiopod
associations in the central Oslo Region, Norway and may provide a means of correla-
tion westwards.
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Small carbonaceous fossils (SCFs) as a new measure 0
early Palaeozoic biostratigraphy

THOMAS H. P. HARVEY, BRIAN E. PEDDERAND NICHOLAS J. BUTTERFIELD

Fossils provide a crucial measure of Cambrian stratigraphy. However, in successions
and time intervals that lack conventional zonal fossils, correlations remain problematic.
More generally, a broader understandingssil fanges will be crucial in testing cor-
relations based on non-biostratigraphic data. Small carbonaceous fossils (SCFs) repre
sent a category of gently-extracted organic-walled microfossils that are larger and more
delicate than those recovered using traditional palynological techniques (Butterfield &
Harvey 2012). Although SCFs have been largely overlooked, they potentially represent
a widespread source of data for biostratigraphic as well as palaeobiological studies.

To test this potential, we have conducted a large-scale study of Cambrian SCFs in
the Western Canada Sedimentary Basin. Our focus has been on the subsurface succe!
sion in Saskatchewan, whichsists of up to 500 m of sata@he, siltstone and shale,
with minor carbonate and flat-pebble conglategmacrofossils are sparse but include
linguliform brachiopods and occasional glitgsoThe succession was deposited in a
wide intracratonic sea and represents the Olnner Detrital FaciesO, in distinction to the
offshore, shale-carbonate OGrand CyclesO now exposed to the west in the Rocky Mou
tains. In Saskatchewan, internal divisions and wider correlation of the succession have
been obscured by the repetitive nature of the sedimentation, the lack of exposure, and
the absence of trilobites and traceable carbonate horizons. However, thickness varia-
tions across the region, with the extension of the units into trilobite-bearing strata in
neighbouring Alberta and the northern Uni¢ates, predict a depositional age range
from middle Cambrian (Series 3) to early Ordovician. In broad terms, the middle Cam-
brian part corresponds to the Basal Sandstone Unit and Earlie Formation, and the
younger part to the overlyingddevood Formation (Dixon 2008).

Samples of mudstone and siltstone frenk#rlie and Deadwood formations were
collected from petroleum exploration dritespfrom twelve wells located across cen-
tral and southern Saskatchewan. In toiade than 100 horizons have been processed
using a gentle hydrofluoric acid techniglidsut three have yielded SCFs (Harvey et
al. 2012). The fossils include large acritarchs, filamentous algal and cyanobacterial fos-
sils, and the tough body parts of diverse metazoans, notably crustaceans, priapulids.
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graptolites, molluscs, de-mineralized shelly taxa, and various problematica. The recov-
ered assemblages vary in specimen abundance, diversity and quality, but overall the
succession is notable for its remarkably widespread preservation of SCFs.

Two categories of Saskatchewan SCpsoanesing for biostratigraphy. We have
recovered de-mineralized para- and euconodonts, which despite being flattened are
clearly comparable to phosphatic forms that are routinely recovered from limestones.
The conodonts add important biostratigraphic tie-points locally, and demonstrate the
potential for recovering Cambrian conodont data from siliciclastic-dominated succes-
sions. In addition, some SCFs that represent entirely non-mineralizing, OBurgess Shale
typeO animals, are proving to have wide distributions in space but limited distributions
in time. For example, the sakgiof the lophotrochozoan wdiiwaxiaoccur con-
spicuously in the Earlie Formation andthrer middle Cambrian (Series 3) rocks in
western Canada and beyond. HowaManaxiahas not been encountered in the
higher parts of the Deadwood Formation, equivalent to the later Furongian, which may
indicate a genuine biological decline, ®n extinction. A further category of widely
distributed western Canadian SCFs B molluscan radulae with boot-shaped denticles B
exhibits a similar pattern. Overall, we tentatively recognise distinct Earlie, lower Dead-
wood, and upper Deadwood assemblages.

In addition to sampling for SCFs, weréhaarried out a preliminary survey of
smaller organic-walled microfossils, using traditional palynological procedures. Many
of the SCF-type forms are recognisable in the palynological slides, albeit in a fragmen-
tary condition, showing a useful degree of insensitivity to extraction method. Of the
more traditional palynomorphs, sphaeromorphs are ubiquitous; however, more com-
plex forms including small acanthomorphic acritarchs are localized, and occur in low
abundances.

Overall, small carbonaceous fossils affiew measure of biostratigraphy in the
subsurface Cambrian succession of Saskatchewan, complementing the extremely spar:
data from macrofossils, carbonate-hosted microfossils, and conventional palyno-
morphs. Though still in an early stage w#stigation, SCFs have the potential to re-
solve correlations of problematic siliciclastic successions in the Cambrian and beyond.
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The palaeontology and sedimentology of the Downton
Bone Bed

LUKE HAUSER

As a component of the current research a section from the upper Silurian (Ludlow
Series) of the Welsh borderland is being documented. The locality contains a previously
very poorly documented bone bed. Pusviiudies of analogous bone beds have
yielded fossil remains of jawless fish and early jawed vertebrates in addition to early
plants and some of the first land animals (Arthropoda).

The aims of the research include the documentation of all of the macro- and micro-
fauna and flora found in the section, adiosntological including palaeoichnological
analysis to enable interpretation of the palaeoenvironment and palaeoecology of the
locality during the late Silurian.

In order to process large amounts of the bone bed to extract the fossil content a
sample was sent to the Swiss organization (SELFRAG) to see if a new technique usinc
high voltage electric pulses could fragment the rock so that the microfossils could be
extracted quickly and easily as an alternative to the time-consuming methods that are
being used otherwise. Once processadjrsralectron and light microscopy are be-
ing used to identify the fossils. The sedimentology is being studied by using hand spec-
imens and thin sections.

Progress so far has involved curatinghiogjical specimens, a lithostratigraph-
ical review, initial processing, lithological descriptions of the bone bed and its compo-
nent horizons, and fieldwork to collect more samples, placing the Downton Bone Bed
in a stratigraphical context and determining its lateral extent.

!School of Earth and Environmental Sciences, UnRertstyaith, Burnaby
Building, Burnaby Road PO1 3QL; luke.hauser@port.ac.uk

124



Viki drill core N an Ordovician bio- and
chemostratigraphic reference section from Saaremaa
Island, western Estonia

OLLE HINTS!, TINU MARTMA %, PEEP MENNIK!, JAAK NiLVAK *, ANNE
PILDVERE 2, YANAN SHEN AND VIIVE VIIRA!

The 363 m deep Viki borehole is located in western Saaremaa Island, Estonia, pene-
trating Ordovician and Silurian carbonate rocks of the Baltoscandian paleobasin. The
Ordovician part of the succession was thoroughly investigated only recently and pub-
lished in P>ldvere (2010). However, the tgitélication is not widely available and

does not cover the stable isotope record and Middle Ordovician conodont biostratig-
raphy. Our current report aims to fill thgaps, discuss the integrated results and pro-
mote further research of the Viki reference section.

The 120 m thick succession of Ordoviciaedtones and marls in the Viki section
embraces Baltic regional stages from Volkhov (Dapingian) in the bottom to Porkuni
(Hirnantian) in the top. The entire section is well characterised biostratigraphically.
Based on 175 samples, 21 regional chitan zones and 22 conodont zones were
identified. In the condensed Middle Ordovician (18 m) conodonts provide the best
temporal resolution, whereas chitinozoansnst useful in the Upper Ordovician
(except in the Porkuni Stage, which is barren of chitinozoans in the Viki core). The
distribution of both conodonts and chitinozoans is in good agreement with data from
other Estonian and Scandinavian sectiidiag interregional correlations and ena-
bling to trace regional stage boundaries.

Carbon isotopes were studied in 204 bulk rock samples. The rééQltipgend
in Viki generally corresponds well to the Baltic standard curve and respective che-
mostratigraphy (Ainsaar et al. 2010). The MDICE is well represented in the Aseri-
LasnamSgi stages, followed by low values in the Kukruse and Haljala stages. Probabl
only the rising limb of GICE is present, and the Rakvere excursion cannot be clearly
distinguished due to condensed sequedfta gaps. However, the Saunja and Moe
excursions are prominent reaching unusually high values of 3a. Above the Moe ex-
cursion an interval with negative valued (2@) is observed. The Paroveja excursion
most likely falls into a gap, which is sujgpoldnl lithological data and biostratigraphy.

The HICE is well defined in the Porkuni Stage, starting in the RSa Member and having
maximum values (5.28) in the oolitic Piltene Member. In the overlying Broceni
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Member a short plateau of ca 3a occurs, followed by continuous decline reaching to
04& only in the topmost Koigi Member, Juuru Stage.

Middle Pirgu to lower Juuru strata wereyardl also for sulfur isotope variations.
The A'S,, curve generally follows t#éC trend and shows a prominent positive ex-
cursion in the Porkuni Stage. TH excursion has been recorded in different parts
of the world (Zhang et al. 2009), but thus far not in the eastern Baltic shelf. The max-
imum values for bot&’S andA®C occur in the Piltene Member. Howe & drops
rapidly to near-background values in the Broceni Member, whA?€ theve shows
relatively high values. The amplitude of the Hirnard&nhexcursion reaches 65a
(@5 to +404) in Viki. This is similar to that from the Billegrav section, Bornholm
(Hammarlund et al. 2012), but notably lathan excursions reported from Scotland,
South China and Anticosti. The global nature of the podittveand A‘S,, excur-
sions observed in the Hirnantian suggests enhanced burial rates of carbon as organic
carbon and sulfur as pyrite. This coupling of burial likely occurs under anoxic marine
environments where reduced carbon and sulfur are deposited (Zhang et al. 2009; Ham-
marlund et al. 2012). Thereeahowever, differencesAfs,, amplitudes among dif-
ferent basins worldwide. These differences indicate the intimate interplay of carbon and
sulfur cycling in the Hirnantian oceans and provide new insights into ocean chemistry
changes accompanying the end-Ordovician mass extinction.
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Trilobites of the suborder lllaenina from the lower
Silurian of Queensland, Australia

DAVID J. HOLLOWAY* AND PHILIP D. LANE

The Silurian Quinton Formation in the Broken River region of north Queensland,
located approximately 200 km west of Towag¥ig. 1A, B), is a thick (possibly up

to 5000 m) turbiditic sequence of predanily siltstones, shales and mudstones that
have been interpreted as deposits bfraasime fan system (Withnall 1993). The lower

part of the formation at several localities also contains conglomerates and associatec
limestone bodies that are considered to be allochthonous blocks and channel-fill (Tal-
ent et al. 2002). The limestones containmskveut mostly undescribed faunas includ-

ing corals (Munson & Jell 1999), strorpatoids, brachiopods, molluscs and trilo-

bites (e.g., Lane & Thomas 1978), and halaegi conodonts indicative of late Lland-
overy (Telychian) to possibly early Wenlockcafierito possiblyamorphognathoides
biozones; Simpson 1999). Graptolites from the Quinton Formation were assigned to
thesedgwicKiitocrenulatdiozones by Rickards & J2DQ2). The largest of the lime-

stone bodies in the Quinton Formationliscontinuously exposed for about 250 m
along strike (Munson & Jell 1999) to the east of Tomcat Creek in the vicinity of OTop
HutO (Fig. 1C). The diverse trilobite fauna of the Tomcat Creek limestone includes
members of the Scutelluidae, lllaenidae, Harpetidae, Proetidae, Aulacopleuridae,
Brachymetopidae, Cheiruridae, Encrinuridae, Calymenidae, Lichidae and Odon-
topleuridae.

Fig. 1 A. Map of north-eastern Australia; appraxérarea of B indicated by rectarjl&lap of the Townsville-
Greenvale region; approximate area of C indicated by Gglveap.showing approximate location of Tomcat Creek
limestone outcrops (TCL).
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The fauna differs markedly in compmsitrom that described by Holloway (1994)
from late Telychian clastics of the Quink@rmation (= Poley Cow Formation) at a
locality almost 30 km to the south. The Tomcat Creek fauna is dominated numerically
by scutelluids and effaced illaenimorph forms (both belonging to the Suborder lllae-
nina), which are the subject of the present study. Scutelluids are represented by ten
species belonging Aastraloscutellutiaenoscutellyrdaponoscutellukosovopeltis
and four new genera, and illaenimorphs are represented by about five species belongin
to CybantyxBumastel®yStenopareétaand possibly other gen@egponoscutelluiio-
sovopelti€ybanty:andStenopareigere widely distributed in temperate and tropical
regions in the Silurian, from Laurentia to the eastern margin of Gorltlaearascu-
tellumandBumastellare presently known only from eastern Australia and Japan, and
Australoscutelllomly from eastern Australia (Holloway & Lane 1998, 2012). The spe-
cies ofAustraloscutelllandlllaenoscutellum the Tomcat Creek fauna represent the
oldest known occurrences of these genera.
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Cambrian Series 3 agnostoid trilobites from the lower
part of Machari Formation, Yeongwol Group, Korea

PAUL S. HONG, TAE-YOON PARK, CHUL WOO RHEE AND DUCK K. CHOI*

The biostratigraphy of the Cambrian S8rieguivalent part of the Machari Formation

of Korea has not been well known compared to that of its Furongian interval due to
scarce occurrence of trilobites: only three bioZmmsnellaLejopyge armatnd
Glyptagnostawlidotugones, have been established for the Cambrian Series 3. Well-
preserved agnostoid trilobites were callérot® a newly discovered locality about 12

km northwest of Yeongwol where the iowest 10 m interval of the Machari For-
mation is well exposed. A total of 12 species from 14 horizons of two neighboring
sections are identifidéeronopd@itzhuhoensiBtychagnostiricusPtychagnostats

avus, Yakutiamavale Hypagnostus parvifrddiplagnostus planicaufiamagnostella
exsculptdejopygarmata Kormagnostus minytdahannagnostus nganasa®@tys
tagnostus stolidoumsl Glyptagnostus reticulalise lower part (ca. 5.8 m thick) is
characterized by a massive bioclastic gnaistd yields Cambrian Stage 5 trilobites
previously known from tfi@nkinell&Zzone. The middle part (ca. 1.7 m thick) is com-
posed of dark gray wacke- to packstone and blackshatepsis taitzhuhoemsis
Ptychagnostus sinamesir successively from the lower 1.2 m interval of the wacke- to
packstone beds, wHig/chagnosttavusthe index taxon of the base of the Drumian
Stage, appears scarcely along with abfadarniana ovaie the upper 0.5 m interval

of the beds. The upper part (ca. 2.5 m thick) is a succession of laminated lime mud-
stone, and relatively diverse species incNdkugianaovaleHypagnostus parvifrons
Diplagnostus planicautiamagnostella exscugemagnostus minudugNahannag-

nostus nganasanamesrecovered from the lower 1.4 m interval. Notaijbpyge ar-

matais yielded at 1.2 m above the base of the interval, indicating that the boundary
between the Drumian and the Guzhangian stages lies somewhere within the interval.
Glyptagnostewlidotus recorded from the 1.6 m level, wBilgptagnostreticulatus
appears at the top of the interval. In short, the 10 m-thick interval of the section spans
from the Cambrian Stage 5 to the lower part of the Paibian Stage. Three new biozones
in ascending ordePeronopstaitzhuhoensiBtychagnostsisicusand Ptychagistus
atavuszones, are established between the previously-kmokimellaand Lejopyge
armatazones.
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A survivor speciesoicoelosiéBrachiopoda) from
lower Rhuddanian (Silurian) shallow-water biofacies in
South China and its ontogenic study

BING HUANG %, JIA-YU RONG AND DAVID A. T. HARPER

The brachiopod geniBicoelosits generally considered a typical deep-water taxon.
New data suggest that some species of the genus may have invaded relatively shallov
water habitats during its geological history. However, there is scant evidence for its
invasion of shallow-water environments after the terminal Ordovician mass extinction.
Dicoelosieathaysiensiscurs in the shallower-water benthic shelly assemblages of the
lower Niuchang Formation (upper Rhuddanian, Llandovery) of Meitan County,
northern Guizhou Province, South China. Evidence of a move to shallow water in-
cludes its morphology and population structure, regional paleogeography and sedimen-
tology, together with the abundance and diversity of its shallow-water associates. Fol-
lowing the biotic crisis, deep-water environments were barely habitable, and may have
drivenDicoelosimto shallower-water niches. Thetaendured the less suitable shal-
low-water environments until the deep-water benthic zones ameliorated after the re-
covery, implying a shallow-water refugiunteeixédter the biotic crisis. There is only
one record of this genus in South China and this unique occurrence may reflect the
distinctive paleobiogeography and environments of this region.

The genu®icoelosis characterized by a strongly bilobed outline. To date studies
have concentrated on its functional mdaayg taxonomy and evolution; little atten-
tion has been paid to its ontogeny. Meranap population variation by PCA for 75
specimens distributed across five speBiepelosidJsing geometric morphometrics
with landmarks for some 40 specimens, the ontogenic trdhdsaithaysiensise
compared with those @. biloba In addition, the ontogenic pathway [n
cathaysiensssinvestigated by morphing with control point. Combining the results
above, the ontogeny of the key character of the genus, emargination, is modeled.
Within single populations taxa may dgvé&iom broad weakly-emarginate forms into
those that are elongate and deeply emarginate.

!State Key Laboratory of Palaeobiology and Stratigraphy, Nanjing Institute of Geology
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Paleozoic K-bentonites in drill cores from the Siljan
impact structure

WARREN HUFE, OLIVER LEHNERT*® AND GUIDO MEINHOLD *

New drill cores from the largest known impact structure in Europe, the relict of the late
Devonian Siljan meteorite crater in central Sweden, provide new possibilities to recon-
struct Early Paleozoic marine environments and ecosystems, and to document change:
in sedimentary facies, sea level and paleoclimate in Baltoscandia. Three cores, provide
by the private Swedish company IgrenedBprise more than 1500 m of Proterozoic
basement and strata ranging from th&tamadocian to Wenlock in age (Lehnert et

al. 2012).

The crater relict is an important target of the project OConcentric Impact Structures
in the PaleozoicO within the framework of the OSwedish Deep Drilling ProgramO. The
two core sections recording K-bentonites, Mora 001 and Solberga 1, have been ana-
lyzed. The volcanic record, expressed by Ordovician and Silurian K-bentonites, may be
compared to occurrences of ash layers in other parts of Baltoscandia which serve a
time-lines in a detailed stratigraphic framework including litho-, bio-, chemo- and se-
quence stratigraphic parameters. This report is focused on the mineralogy and geo-
chemistry of these ash beds with the intent to explore possible correlations with previ-
ously described K-bentonites throughout Baltoscandia.

Fig. 1 shows the K-bentonite samples in the Mora 001 core from the lower shale
and the lower shale-mudstone members in the siliciclastic succession (Telychian). The
Solberga 1 core has a series of K-bentonites in the Dalby Ls (Sandbian) to Freberga Frr
(Katian) interval as well as the Mofata (Rhuddanian-Aeronian) to Kallholn Fm
(AeronianBTelychian) interval. A portion of each sample was gently disaggregated and
suspended in distilled water after particle separation by ultrasonic disaggregation. The
<2 Jn was used to make oriented slides by the smear technique for powder X-ray dif-
fraction (XRD) analysis. After drying and vapor saturation with ethylene glycol for 48
hours at 50jC, the slides were analyzed by powder X-ray diffraction using a Siemens
D-500 automated powder diffractometer. Slides were scanned B2t using
CuK =radiation and a graphite monochromd@mtite from the SO32DS035 samples
was also analyzed by EDAX. In addition, these samples contain euhedral zircon and
apatite phenocrysts. The Sandbian samples consist of mixed-layer I/S with 80% illite
while the Llandovery and Wenlock samples vary from I/S to dominantly illite and chlo-
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rite, but some with substantial amounts ofitkige, particularly in the Telychian se-
guence S0O16DS020. The Middle Ordovisegtion at RSstEnga in Scania (Berg-
strSm et al. 1997) contains eighteen Kdréte beds ranging from 1D67 cm in thick-
ness, and all occur within the multidengraptolite biozone. Several beds correlate
equally well with the Kinnekulle bed and #@mggie strongly for the composite nature

of what is called the Kinnekulle K-beiitmnNe suggest the same for the 0S32D0S35
sequence. And similarlyetsuccession SO16DS020 in the Lower Telychian Kallholn
Fm is both kaolinite-rich and has a muchdrighoportion of smectite in the I/S phase
compared with the Kinnekulle samples. Jinisession is consistent both stratigraph-
ically and mineralogically with the position and composition of the Osmundsberg K-
bentonite that is known throughout the BglHuff et al. 1997), and thus we suggest
that these samples represent a composite succession of the Osmundsberg K-bentonite
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Fig. 1.Position of K-bentonite bedstire Mora and Solberga cores.

134



Stratigraphical implications 8fC..ndata from the
Sheinwoodian of the Midland Platform, UK

HELEN E. HUGHES AND DAVID C. RAY?

The stratigraphy of the Wenlock Series of the Midland Platform, UK, has become in-
creasingly well constrained over the past decade. In particular, the carbonate platform
deposits of the Homerian have now been interpreted both in terms of their sequence
stratigraphy and carbon isotope stratigrdnyet al. 2010; Cramer et al. 2012). This

has not been the case for the Sheinwoodian howeveABegrglata from the Shein-

woodian of the Midland Platform are presented for the first time. Integrated sequence
stratigraphy and carbon isotope analyses of bulk rock samples were conducted at Brink-
marsh (Gloucestershire) and Scutterdinerefdrdshire) quarries located in the
Tortworth and Woolhope inliers, respectively.

Brinkmarsh Quarry and nearby Brinkshatane comprise a mixed clastic/car-
bonate succession belonging to the lower and middle limestones and intervening shales
of the Brinkmarsh Bed&3C..nvalues from the site show an overall increase within the
lower limestone of the Brinkmarsh Beds and immediately overlying shales. Values be-
low the level of a distinctive fossiliferous horizon (characterized by abundant brachio-
pods and the rugose coRysnactiandPhaulactjsknown as th@ycnactiBand vary
from +1.24 to +3.94 VPDB, and increase above tRycnactiBand to +5.8&

VPDB. An interval of no exposure corresportding35 to 50 m of shales occurs prior

to the middle limestone of the Brinkmarsh Beds. Diminiski@gvalues between

+1.04 to +2.74 are associated with the middle limestone. Scutterdine Quarry com-
prises the impure limestones and silty mudstones of the Woolhope Limestone For-
mation, and the overlying Coalbrookdale Forma#é@..svalues from Scutterdine
Quarry show an overall decrease frofiétd.+1.5a4 VPDB, with a superimposed

positive excursion from +1.6 to +2.84 VPDB near the boundary between the Wool-
hope Limestone Formation and the Coalbrookdale Formation.

The Sheinwoodian (Ireviken) excursion has previously been identified through anal-
ysis of organic carbon at the Banwy River Section, Wales, UK, and was found to cor-
relate with that recognized in the East Baltic (Loydell & Fr/da 2007). The behaviour
of A*C.awvalues demonstrated at Brinkmarsh Quatrry, rising by an approximate mag-
nitude of 34, to +5.84 VPDB, above thePycnactBand, are particularly reminiscent
of those recorded in Gotland (Sweden). There, the onset of the positive excursion is
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coincident with th@haulactikyer, a distinctive horizon abundantly populated by ru-
gose corals &haulactisp. (Munnecke et al. 2003) marking a ris&¥.values
from +1.4& to + 4.54 VPBD.

Increasing®®C..nvalues suggest that the sediments at Brinkmarsh Quarry represent
deposition during the rising limb of the Sheinwoodian (Ireviken) positive carbon iso-
tope excursion and are therefore in close proximity to the Telychian/Sheinwoodian
boundary. Such a stratigraphic position suggests that the pronounced transgression be:
tween shallow-marine limestones and sandstones of the lower Brinkmarsh Beds and the
overlying shales corresponds to the earliest Wenlock transgression reported from the
Midland Platform (Sla sequenc®ay & Butcher 2010). The decreasiiGc.val-
ues at Scutterdine Quarry and also within the middle limestone of the Brinkmarsh Beds
represent the falling limb of the excursion, indicating a stratigraphically younger age
within the Sheinwoodian asginchronicity between these sections. Such an arrange-
ment suggests that the pronounced deepening associated with the transition between
the Woolhope Limestone and Coalbrookidafeations and the middle limestone of
the Brinkmarsh Beds and overlying shales may represent the same transgressive eve
(S1b sequence of Ray & Butcher 2010)ddiitian, the Brinkmarsh and Scutterdine
sections can be correlated to the sequence stratigraphy and carbon isotope data cur
rently being finalised from the Eastnor Banehole (Herefordshire) by the authors,
and which when completed, will provide an isotope reference section for the lower
Wenlock of the Midland Platform.
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Significance of brachiopods in stratigraphic correlation
of Silurian deposits of the Siberian Platform

EKATERINA VIKTOROVNA ISHINA?

Brachiopods are among the most widesprdaalsaammatter of fact, the only organisms
that occurred under all conditions in every stage of the Silurian in the epicontinental
sedimentary basin of the Siberian Platform. There are a percentage of cosmopolitan
fossils. Brachiopods are abundant andadigrveell preserved (Nikiforova & Andreeva
1961; Lopushinskaya 1976, 2010; Tesakal 2000, 2002). They serve as markers
of sedimentation processes and are part of different biocoenoses and associations wit
dominant organisms such as graptolites, corals and stromatoporoids. They form suc-
cessions of complexes replacing each other, providing an opportunity to use this group
as a reliable tool for dating and determibimundaries of local units, and for correlat-
ing horizons and comparing them withltiternational Stratigraphic Chart. Brachio-
pods as a faunal group are important not only for dating of host deposits, but also for
intra-basinal inter-facies correlations.

The Silurian System according to the International Stratigraphic Chart is comprised
of four subdivisions: Llandovery, Wenlock, Ludlow and Pridoli (Gradstein et al. 2004;
Ogg et al. 2008). The Llandovery Series in turn is divided into three stages: the Rhud-
danian, the Aeronian and the Telychiare Wenlock Series includes two stages: the
Sheinwoodian and the Homerian. The Ludlow Series comprises the Gorstian and Lud-
fordian stages. The Pridoli lacks stages. Regional Silurian stratigraphic units within the
Siberian Platform are represented by szohs (bottom up): Moierokan, Khaastyr,
Agidy (Llandovery), Khakoma (Wenlock), Tukal (Ludlow) and Postnichny (Pridoli).
A new Silurian standard hierarchy was eltabhs a part of the General stratigraphic
scale, by the Commission on the Ordoviarah Silurian Stratigraphy, Interdepart-
mental Stratigraphical Committee of Russia, at a meeting in St. Petersburg in April
2012. The Silurian System was divided timto subsystems, the lower of which in-
cludes the Llandovery and Wenlock series, and the upper comprises the Ludlow and
Pridoli series.

Lately, T.V. Lopushinskaya, N.V. Melnikov and colleagues (involving this author)
have developed a new outline of the regitmasipraphic scheme of the Silurian Sys-
tem in the Siberian Platform, which was presented at the All-Russian stratigraphic
meeting on development of regional stratigraphic charts for Siberian Precambrian and
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Paleozoic deposits, in Novosibirsk 2630 November 2012. The stratigraphic scheme
was improved and updated. It is used by geologists in geological survey and exploration.

!Siberian Research Institute of Geologlyy$ies and Mineral Resources, 67, Krasny
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Ordovician terrigenous clastics in Japan and the link to
South China

YUKIO ISOZAKI, KAZUMASA AOKFAND TAKAFUMI HIRATA?

The Japanese Islands have nearly 700 milioolgdistory that started at the breakup

of the Rodinia supercontingiisozaki et al. 2010, 2011). Proto-Japan originally de-
veloped from a passive margin alonghSohina (Yangtze) block detached from
Rodinia, and was later converted tectonically into an active continental margin along
the western Pacific (Panthalaasa) aroub@@&a (Middle Cambrian) as marked by

the oldest arc-granite and the oldest high-P/T metamorphic rocks in Japan.

The oldest nhon-metamorphosed sedimentary unit in Japan hitherto known is rep-
resented by the Middle Ordovician fore-arc deposits, although their distribution is lim-
ited solely in two separate areas (i.¢ditteemarginal belt in central Japan and the
South Kitakami belt in NE Japan); and their sizes are extremely small. In the Hida
marginal belt, Sandbian (early Latda®ician; 453458 Ma) conodonts occur from
siliceous mudstone (Hitoegane Fm; Tsukadaike 1997); however, the strata were
chopped into fragments in a serpentinitamgg zone (Nakama et al. 2010). In the S.
Kitakami belt, the Middle Ordovician (466 Miendhjemite (Kagura ophiolite suite)
is covered by a 457 Ma (Sandbian) felfigKkoguro Fm dated by detrital zircon;
Shimojo et al. 2010).

Also in the S. Kitakami belt, we recently recognized an apparently much thicker
coherent sedimentary unit of terrigendastics (nearly 1500 m thick Nameirizawa
Fm), which may span from the mid-Ordovician (this study) to lower Silurian (Shimojo
et al. 2010), by virtue of detrital zircon chronology for the sandstones. This unit is
covered by the Wenlockian (mid-Silurieagtics (Orikabe Fm) with trilobit&sn{
crinuruyand coralHalysitgsof strong affinity to the contemporary fauna from South
China and Australia (Yamazstkal. 1984; Kato 1990). In addition, we could identify
much older zircons of Proterozoic age; e.g., 1070, 1116, 1204, 1773 and 1993 Ma,
from the OrdovicanbSilurian sandstones. It is noteworthy that possible source of the
first three ages can be found solely in South China in the neighboring areas in East
Asia. Together with the paleobiogeograpmioaimity, the new detrital zircon ages
positively suggest that Paleozoic Japan formed a segment of the Pacific margin of Soutt
China. Moreover, the calc-alkaline nature of the felsic volcaniclastics recorded active
subduction-related processes that occuraesh@tured arc-trench system in Paleozoic
Japan. The highly limited preservation/occurrence of these orogenic elements of the
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Ordovician arc-trench system, in particul®ihJapan, was likely related to the severe
tectonic erosion occurred afterwards (Isozaki et al. 2010, 2011).

As the S. Kitakami belt is located ntbesn 1000 km to the east of modern S.
China margin, the present documentation of the Ordovician arc-trench system and its
link to S. China provides strong constraints in reconstructing paleogeography of the
Paleozoic western Panthalassa.
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An acid-free method of microfossil extraction from
clay-rich lithologies using the surfactant Rewoquat:
Examples of application to Silurian and Devonian
fossils

EMILIA JAROCHOWSKA, PETRA TONAROV@3 AXEL MUNNECKE, LENKA
FERROV@4 JAN SKLENG"™ AND STANISLAVA VODR¢#KOV¢!?

Marine rocks characterized by high clay content provide excellent conditions for fossil
preservation, particularly for organic-walled microfossils such as graptolites and chi-
tinozoans. Nevertheless, the phyllosilicate minerals which constitute the clay compo-
nent make microfossil extractions difficult. The problem results from the tendency of
phyllosilicates to form aggregates in low pH values, as typical methods of microfossil
extraction employ acids for rock digestion. Consequently, the use of acids for clayey
rocks is often inefficient and time-consumimthe case of rocks which are not exten-
sively cemented, e.g., with carbonate or silica, an alternative method is more efficient:
disintegration using the cationic surfadg@woquat W 3690 PG, which acts as a clay
dispersing agent.

We have compared acid digestion prataeith disintegration in Rewoquat using
two Palaeozoic examples which we have identified as causing problems in acid extrac
tions:

1. The Mulde Brick Clay Member (MBCM) from the middle Silurian of Got-

land (BIEASII 1): Two samples have been processed using (1) the buffered aceti
acid method of Jeppsson et al. 91.9@) disintegration in Rewoquat;

2. Transition layers between the ZI'chov Limestone and the Daleje Shale from

the Emsian of the Barrandian area in the Czech Republic (Pekfrek Mill sec-
tion): Two samples from 5 different beds have been processed either by (1)
digestion in 35% HCI, 30% HF andrmentrated hot HCI, (2) using Re-
woquat.

Disintegration in Rewoquat followed a very simple protocol: the samples were
poured over with the surfactant, stored in a tightly sealed container for several days,
optionally soaked with water for one more day, and sieved. For each sample, we have
also performed bulk XRD analysis to identify the dominant clay component. Both
samples exhibited a very high content of illite: 35.63% in the case of the MBCM sample
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and 24.76% in the case of the Daleje Shale (bed no. Ger&Bhlupt- & Luked
1999).

In both experiments, disintegration in Rewoquat was faster (days) than digestion in
acid (months), and allowed to recover calcareous in addition to organic-walled fossils.
With respect to the MBCM sample, formation of clay aggregates during acid extraction
lowered the number of recovered chitianzand scolecodont specimens by nearly
two-thirds. The preservation of palynomorphs was comparable, and with respect to
retiolitid graptolites in the MBCM sample, Rewoquat extraction yielded a higher pro-
portion of specimens which did not sufi@m compaction and fragmentation.

Recovered calcareous fossils included stratigraphically important groups such as
dacryoconarid tentaculites (Daleje SHalaghiopods and trilobites (both samples).
Moreover, elimination of acid dissolution in the extraction protocol offered the possi-
bility to recover calcareous and phosphatic elements which are most prone to be af-
fected by etching and dissolution, i.e., those with the highest surface/volume ratio, for
example small conodont elements and micromorphic brachiopods. We were able to
recover brachiopod shells as small ag4%® length, representing in most cases ju-
venile forms with well preserved protegula.

Based on our experiences with marls atesshe recommend the use of Rewoquat
for extraction of microfossils, including organic-walled, calcareous and phosphatic
groups, as it presents the following advantages:

1. Itis several times faster and can gibehyields than digestion in acids,

2. ltallows to recover all types of fossils in one single extraction, and thus to make
the best use of the sample when the available rock volume is limited (as in the
case of drillcores),

It does not require the use of hazardous chemicals,
4. As opposed to techniques employing &stepquat does not dissolve or etch

any chemical structures, making it possible to recover the full spectrum of fos-

sils, including the smallest and most delicate forms.

w
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The record of the middle Silurian Mulde Event in
Podolia, Western Ukraine

EMILIA JAROCHOWSKA, AXEL MUNNECKE' AND WOJCIECH KOZ$OWSKFP

During the Homerian Age of the Wenlock Epoch a stepwise extinction has been pro-
posed among hemipelagic fauna, in particular among graptolites (known as the
lundgrenivent, Urbanek 1993) and among conodonts (the Mulde Event, Jeppsson
1993). The crisis was preceded by the ohaatouble-peaked positive stable carbon
isotope excursion recognized in the carbonate platform and platform slope environ-
ments in low palaeogeographical latitudes, i.e. in the palaeocontinents of Baltica, Lau-
rentia and Avalonia. The biotic changes in the open shelf environments coincide in the
shallow-water realm with evidence of a ragigssion and emersion of large parts of
the carbonate platform, followed by the esipa of post-extinction facies dominated
by microbial carbonates and atypmaidiversity biota (Calner 2005).

We have examined the Homerian succession in Podolia, Western Ukraine, formed
in a carbonate ramp environment, whichldped in an arid climate, as evidenced by
the presence of evaporites (Tsegelnyuk et al. 1983) and widespread sabkha deposit:
During the middle Silurian the area was Iddatthe south-west part of a vast epeiric
basin in western Baltica. TB&C excursion, initially identified by Kaljo et al. (2007),
has been studied in the sections exposed in the Bahovichka River valley and on the
south bank of the Dniester River. The excursion begins in the uppermost part of the
Sursha Formation developed as nodular ¢inesstin the lower part of the overlying
Muksha Formation, th&®C record reaches its maximum value of 5.15a (V-PBDB)
and subsequently stretches in a plataaluals around 4.5a throughout a 9-meter-
long interval. The Muksha Fm is formed as alternating microbial-stromatoporoid au-
tobiostromes and inter-biostrome calcaremudstones rich in organic matter. The
main framework-building organisms of the autobiostromes are calcimiceatves of
woodiatype 6ensWray 1977), oncoid-formingothpletzel|land stromatoporoids.
Associated biota includes green algae, trilobites, ostracods and unusually common ros
troconchs. The assemblage differs in composition from the typical stromatoporoid-tab-
ulate biostromes present elsewhere in the Silurian succession of Podolia. In the upper-
most part of the Muksha Fm the biostromes are succeeded by stromatolites with abun-
dant wrinkle structures and mudcracks, intercalating with argillaceous dolomites mark-
ing the onset of the sabkha-type sedimentation, characteristic for the overlying Ustya
Formation. This lithological complex contains an event bed ranging in thickness from
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20 cm in its most distal parts to ca. 2 m in the proximal part. It is formed by a con-
glomerate of angular sand- to boulder-size extraclasts embedded in calcareous clayston
The clasts and the matrix exhibit highly scattét@dsalues, indicating redeposition
of material eroded from a wide stratigraphic interval. The event bed marks the end of
the Mulde excursion, with th&C values remaining close to 0a in the Ustya Fm. It
reaches a thickness of ca. 20 m and ectdrézed by massive and thin-bedded argil-
laceous dolomites with evidence of episodic emersion and formation of evaporites.
The facies development across the Mulde Event in Podolia supports the collapse of
skeletal carbonate factory during the excursion interval, accompanied by the develop-
ment of microbial carbonates, which séefns a widespread phenomenon through-
out the entire basin (K>rts 1991; Calner 2005). This microbial expansion during the
post-extinction interval may reflect the recovery of marine ecosystems following the
proposed geochemical perturbation associated with the Mulde Event.
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Late Ordovician brachiopod faunal gradient along
paleotropical latitudes in Laurentia

JISUO JIN, AKBAR SOHRABIAND COLIN SPROAT

During the Late Ordovician, Laurentia straddled the equator and extended into mid-
tropics to the north and into the subtogpio the south (Cocks & Torsvik 2011; Jin
et al. 2013). After the mid-Darriwilian major faunal turnover event, the brachiopod
faunas that newly evolved in Laurentia were confined largely to pericratonic settings
and remained semi-cosmopolitan from late Darriwilian to Sandbian (Llanvirnbearly
Caradoc) times. Marine transgression aadsixe flooding of the Laurentian conti-
nental interior began in the early Katian, when the brachiopod faunas invaded the ep-
icontinental seas and begamsmifest provincialism abbhl scale as well as ende-
mism within Laurentia. This is demonstrated by the clear differentiation of the Epi-
continental Brachiopod Fauna (EBF) froegéricratonic Scoto-Appalachian Brachi-
opod Fauna (SABF) within Laurentia (Sohrabi & Jin 2013). The SABF originated dur-
ing the late Darriwilian, became most distinct and diverse from the Sandbian to early
Katian (late ChazyanbChatfieldian), ardpgieared by mid-Katian (Edenian) time.
During the mid-Katian (EdenianBMaysvi)lidhe EBF became virtually ubiquitous
in the epeiric seas of Laurentia, showing a high degree of homogeneity in faunal com-
position. At the global scale, however, the EBF was strongly endemic, and many of the
newly originated genera (e-iscobeccliepidocyclusasutimenan Laurentia rarely
occurred in other paleoplates.

During the late Katian (Richmondian) greenhouse episode, much of the paleocon-
tinent Laurentia was inundated by shatitopical seas, and the Richmondian brachi-
opod fauna achieved an unusual degtremraigeneity in generic composition across
the epicontinental seas. At the generic level, the ancestors of many predominant bra-
chiopods in the Richmondian EBF can bedr&xthe continental margin brachiopod
faunas (CMBF) within Laurentia. Some common genera of the CMBF rarely invaded
epicontinental seas, especially the palogglly located Hudson Bay and Williston
basins in central Laurentia (eRjatystrophiddebertellaCincinnetinaPaucicrura
Tcherskidiunp®Proconchidiur®hynchotrenfdostricellujainversely, many EBF genera
can usually be traced to CMBF, represented by the same or different congeneric species
Among several discrete evolutionary lineages, some common trends of morphological
modification are recognizable when the ancestral forms are compared to their descend-
ants in epicontinental seas. 1) Notableases in shell size, shell-wall thickness, and
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shell globosity, as typified by fRieynchotrefidiscobeccliseage (Sohrabi & Jin
2013), thePlaesiomgsibquadra. occidentalipecies cline (Sproat & Jin in press),
and theStrophomenabNasutimerage (Jin & Zhan 2001). 2) Conspicuous rugosity

in phylogenetically unrelated clades (e.qg., the strophohesudienenand the rhyn-
chonellideHiscobecqu8) Convergent evolution from a bilobed to a trilobed cardinal
process, as observed inGmeinnetinBDiceromyoniineage in the superfamily Dal-
manelloidea, and in tidaesiomgsibquadraf®. occidentalimorphocline in the su-
perfamily Orthoidea (both represent transitions from CMBF to EBF taxa). 4) Clear
paleogeographic differentiation of dalmanelloid genera between intracratonic equato-
rial seas and higher tropical pericragimétves, the former being dominatddicsro-
myoniawith strongly aditiculate shells, whereas the latt&irtmynnetinaand
Paucicruravith much weaker aditiculaegheir shells (Jin 2012).

The high degree of provinciality of the EBF at the global scale, as well as the strong
paleogeographic separation of species ara geaeaesult of regional and local niche
partitioning and paleolatitudinal gradievithin Laurentia (Holland & Patzowsky
2007) effectively rendered the Katian bractifgunas of Laurentia as island faunas
through faunal insularization. Such endemic fauna of relatively low diversity would be
particularly susceptible to drastic environmental change, which may explain their ex-
tinction at the onset of Hirnantian glaciation and the drawdown of the epicontinental
seas.
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North American turnover from mollusk-dominated
Depauperate Zone (Late Ordovician) to brachiopod-
dominated (early Silurian) faunas

MARKES E. JOHNSON

The OrdovicianDSilurian unconformity thriotige central part of North America sep-
arates the Maquoketa shale (pre-Hirnantigh) multiple horizons of phosphorite

from overlying Silurian (Llandoverian) carbonates. In lowa, lllinois, and Missouri, the
basal Maquoketa features a Depauperate(Eadd 1929), characterized by diminu-

tive mollusks including chitons, scaphopods, palaeotaxodont bivalves, archeogastro-
pods, hyolithoids, and orthoconic ceppadls (Snyder & Bretsky 1971; Frest et al.
1999). Many species reappear through subséepeds in the Maquoketa, but vary in
diversity and dominance. A single occurrence of this fauna is traced to the lower Silu-
rian on the western flank of OhioOs Cincinnati Arch (Harrison & Harrison 1975). In
contrast, corals and brachiopods dominate Silurian faunas. The most prolific in terms
of preserved populations are the larglepsiéhmerid brachiopods (Johnson 1997).

Previous studies on the Depauperate Zone struggled with difficulties of mechanical
extraction of fossils from a dolomitized matrix. Results on size variations and compar-
ative allometry provided in this study are based on a large sample of naturally disaggre-
gated material screened from the basal Maquoketa at Dubuque, lowa. The fossils are
phosphatized internal molds, although in rare cases replaced shells conserve growtt
lines. Sixteen species were recovaphaling three-dimensional graptolitRed-
tograptus pegstdost abundant are the bivalResaeoneilo fecurasi@Nuculites ne-
glectusThe largest bivalves have a shell lehg&mm, ranging downward in size to
<2 mm. Also common is an orthid brachiofddesiomys subquadBitzariate anal-
yses were conducted on the bivalves armabhiopod, as well as two species of gas-
tropods iospira miculandCyrtolites carinajua reputed spongeifidia sphaeroi-
dalig, and the graptolite. A full range of growth stages in all mollusks shows isometric
growth. The same pattern is especially tddstc of the orthid brachiopod (Fig. 1).

The Depauperate Zone is unusual both for reflecting a range of infaunal, epifaunal,
nektonic, and planktonic members and for retention of very small growth forms. Win-
nowing by waves or bottom currents was minimal, at least during deposition of certain
intervals in the Maquoketa. Pene-contemporaneous replacement of delicate features is
linked to high concentrations ofOR in seawater intermitiy brought across the
shelf through upwelling from the margin of the paleocontinent off Arkansas. Ladd
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(1929) speculated on the developmenstfraed or OdwarfO fauna. More contempo-

rary terms that might appdye the Lilliput effect and selection for paedomorphosis.

The former is rejected because reoccurrences of the depauperate fauna are unrelated f
extinctions. The latter is appealing because some members like the brachiopod
Plaesiomys subquadsatav a record of larger individuals (up to 150% in adult size)

in other regions.

Fig. 1.Bivariate plot of shell width vs. length in an orthid brachiopod.

Coral colonies and brachiopods from the lower Silurian of North America are nor-
mal in size. PopulationsRdéntamerus oblorfgois lowa preserve a range of immature
to adult individuals with shell lengfihem 10 mm to >130 mm. Bivariate analysis
shows a curvi-linear growth patterRentameruaisat implies allometric growth (John-
son 1977). Dense crowding surely playedvamoemental role in the control of shell
shape. Clear-water deposition under condittd good marine circulation prevailed
during much of the Silurian in North America. Based on novaculite deposits in Texas
and Arkansas, upwelling continued on the southwest margin of the paleocontinent with
a possible influence on secondary silicification of original €a@[® and shells. The
muddy substrate typical through much of the Maquoketa shale disappeared soon after
the end of the Ordovician due to sea-level rises that progressively flooded sediment
sources in lowlands along the trans-continental arch as well the Taconic highlands to
the southeast.
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Upper Silurian chemostratigraphy of Podolia revisited:
Carbon isotopes, bentonites and biostratigraphy

DIMITRI KALJO?, VOLODYMYR GRYTSENK® TOIVO KALLASTE, TARMO
KIIPLI* AND TiINU MARTMA !

Besides traditional biostratigraphy, carbon isotopes and bentonites have become new
authorities in stratigraphy. Biostratigragbglied in the carbonate rock area, is more
oriented on microfossils (chitinozoans, conodonts). The popularity of these trends de-
rives from successful studies performed, but sometimes possibilities are overestimatec
The best results are achieved in co-operation of all.

Three positive carbon isotope excursions have been identified in the upper Silurian
of Podolia (Ukraine). The first occurs in the upper Ludlow (Isakivtsy and Prygorodok
formations). Upwards, one excursion follows in the upper PO'dol’ (at the boundary of
the Trubchin and Dzvenygorod fms) and the SIDE excursion at the SilurianBDevonian
boundary (junction of the Dzvenygorod and Khudykivtsi fms). The first and the third
excursion are well known also elsewhere. The second excursion is very conspicuous il
the Kotuzhiny core, but not in Dniester outcrops and Lithuanian cores. A negative
excursion ofAC values (the Post-Prygorodok low) has been noted in the lowermost
PO'dol’ (Varnytsya Formation), having a counterpart in the East Baltic, called the %ilale
low. New data obtained confirm ourieabservations (Kaljo et al. 2012).

Fourteen metabentonite beds are knowndrorstudy interval (three in the Isakiv-
tsy Fm, six in the Prygorodok Fm, two in the Varnytsya Fm, two in the Trubchyn Fm,
one in the Dzvenygorod Fm). Some of therbetter studied (Huff et al. 2000; Kiipli
et al. 2000) and help correlation of sectdfesanalysed bentonites C5 and C6 (in
the topmost Prygorodok Fm) and C7 (lomest Varnytsya Fm) in order to clarify
chemostratigraphy of the LudlowbPO’dol’ transition and higher. The first two are
clearly identifiable; C7 is more like a terrigenous marlstone, but it cannot be mixed up
with C6. Bentonite C7 from the Kotuzhinyeaontains 1.7% Sr, referring to a pos-
sible occurrence of celestine associating with gypsum-bearing rocks. The composition
of bed C9 in the Trubchyn Fm is rathariable but bed C11 from the Dzvenygorod
Fm is well identified.

The Silurian biostratigraphical data sePadolia is rich, especially in part of
macrofossils (Gritsenko et al. 1999). Microfossil data need certain modernisation. Paris
& Grahn (1996) identified (repeated by Racki et al. Hid@hackitina barranéteim
the upper Dzvenygorod Fm at Volkovtsy (= Dnistrot& chitinozoan dates in the
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Baltic and elsewhere the very end dfudéow (Nestor 2012) and pushes the Skala
Regional Stage nearly entirely into the Ludlow.

Our combined bio- and chemostratigraptiatd show that the Isakivtsy and Pry-
gorodok fms are of latest Ludlow age. The Post-Prygorodok carbon isotope low, located
between bentonite beds C6 and C7, belongs to the lowest PO’dol’. The upper PO’dol’
AC excursion and C11 predate the occurrendeshafrrandein the uppermost
Dzvenygorod Fm. These seem to represemioas case of Lazarus-type occurrence
or something else.

NInstitute of Geology, Tallinn Universifgaifnology, 5, Ehitajate tee, Tallinn 19086,
Estonia; kaljo@gi.ee, toivo.kallaste@gimo.kiipli@gi.ee, martma@gi.ee

’Geological Museum of the State Natural History Museum, Ukraine National Academy «
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Ordovician stratigraphy of the Siberian Platform: State
of the art

ALEXANDER KANYGIN, ANDREI DRONOV? ANASTASIA YADRENKINA
ALEXANDER TIMOKHIN* AND TARAS GONTA

The Ordovician succession of the Siberian Platform consists of twelve regional stages,
which are based on benthic shelly fopssidpminantly brachiopods, trilobites and
ostracodes. Their boundaries correspond to visible changes in sedimentology and fossi
composition (Kanygin et al. 2010a) and mbdtem are recognized sequence bound-
aries (Dronov et al. 2009; Kanygin et al. 2010b). Due to relative isolation of the Sibe-
rian palaeocontinent, Ordovician faunashalow-water Siberian epicontinental ba-

sins are mostly endemic and precise correlation with global stages is difficult. It can be
accomplished only on some levels corresponding to biotic and eustatic events (Berg-
strSm et al. 2009; Dronov et al. 2009). Theqgipial ties to the global Ordovician time

scale are provided by graptolites from surrounding territories of the Verkhoyansk-Chu-
kotka fold belt, Taimyr, Altai and Sayany, and conodonts, which in most cases demon-
strate closer affinities to coeval North American Midcontinent species associations than
to those of the Russian Platform.

The lower boundary of the Ordoviciastegn is now placed within the Nyaian
regional stage based on the stratigraphic distribution of conodonSartiyhedus
lineage. Th€. proavulsas been identified from the lowermost part of the Nyaian stage
andC. angulatusom its uppermost part. Recer@llylindstroemias recovered from
carbonate sediments of the upper Nyagme sh the key section along the Kulumbe
River valley (Tolmacheva & Abaimova 2009). The precise level of the Lower/Middle
Ordovician Series boundary is difficult to recognize due to the highly endemic cono-
donts and absence of graptolites in the Siberian sections. There is a consensus of opin
ions, however, that it roughly corresponds to the boundary between the Ugorian and
the Kimaian regional stages (BergsétSah 2009; Kanygin et al. 2010a).

The most distinct correlation level within the Middle Ordovician Series of the Si-
berian Platform is the base of the Volginian regional stage. This level coincides with a
well-developed surface of erosion and segbenndary at the base of the Volgino
sequence (Kanygin et al. 2010b). It alsesepts the beginning of a prominent trans-
gression, which was associated with significant biotic changes across the entire platform
The Volginian assemblage of brachiopodsstratodes shows close affinities to the
apparently coeval one of the Verkhoyansk-Chukotka region, where it is associated with
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graptolites of thlustedograptus teretiusguaysolite Zone of the Upper Darriwilian
global stage (Bergstrsm et al. 2009; Kanygin et al. 2010a).

The base of the Upper Ordovician Seneihe Siberian Platform corresponds to
the base of the Chertovskian regional stage, which coincides with a sequence boundan
and marks the most prominent deepening event. The brachiopod and ostracode faunal
assemblage of this regional stage isreasijyizable also in the Verkhoyansk-Chu-
kotka fold belt where it is associated with graptolitesdémha@graptus gradaijisp-
tolite Zone. Recognition of the boundaries between the Chertovskian, Baksian, Dol-
borian, and Burian regional stages is based on conspicuous changes in the shelly fauna
but biostratigraphic correlation of theseeatags to global stages remains uncertain.
Recently extracted zircon crystals from the K-bentonite beds within the Baksian stage
(Dronov et al 2011) provid&®bA®U age of 450.58+0.27 Ma, (B. Sell personal com-
munication) which corresponds to the déatjan global stage. The Upper boundary
of the Ordovician succession across most of the Siberian Platform is marked by a re-
gional hiatus, which corresponds to most of the Hirnantian global stage.

Trofimuk Institute of Petroleum Geology and Geophysics, Siberian Branch of Russian
Academy of Sciences, Acad. Koptyug 3, 630090, Novosibirsk, Russia;
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Bioconstructions from the Lower Cambrian of Sonora
State, Mexico

ADELINE KERNER, SEBASTIEN CLAUSENLEA DEVAERE JUAN-JOSE
PALAFOX-REYESBLANCA ESTELA BUITRON-SANCHEZAND DANIEL
VACHARD?

The Sonora state, Mexico, records thickeaniNeoproterozoic (Cryogenian?) to mid-

dle Cambrian platforms deposited on aheontlaurentian margin. A short, discon-
tinuously recorded, reefal interval develdpgng the early Cambrian times through

the platforms of the modern Caborca @redh-western Sonora; Cordilleran mioge-
oclinal according to Stewart et al. 2002)eRcesof archaeocyaths was previously re-
ported by Okulitchifi Cooper et al. 1952) and thexdaomy reviewed by Debrenne

(1987), based on sparse, not precisely located material from the Cerros de la Proveedor
and Sierra Raj—n (West and South of Calespactively). Further study of the pre-

vious area was carried out by Debrenne et al. (1989). The aims of this study is (1) to
assess for the first time the sedimentological settings of the archaeocyaths-calcimicrobe
bioconstructions from the Sierra Raj—rbaseal on extensive recent field investiga-
tions and (2) to review their archaeocyath assemblage.

Two distinct bioconstuctions, separated by a short regressive sequence and fall of
carbonate productivity, have been identified. The first bioconstruction displays some
well preserved bioherms constituted by the superposition of meter-scale lenticular
patches sparsely aligned, about 20 totherd 00 meters from each others, along the
platform margin and separated by shale deposits. The second episode starts with con:
densed beds of reworked archaeocyatbmseseparated from oolitic packstones by
erosional surfaces occasionally marked by millimeter scaled stromatolites. This episode
is registered in an approximately 25 m-thick bioherm toped by siltstone and oolitic
shoal deposits.

The studied field sections are almost devoid of trilobitic remains. Therefore, the
archaeocyaths are of prime importance for the chronostratigraphic correlation of inves-
tigated levels.

Archaeocyaths genera from the two episodes were identified using the archaeocyath:
interactive-key developed by Kerneal.e2011, www.infosyslab.fr/archaeocyatha).

The identification key is built from a knowledge base containing the description of all
the 308 recognized valid genera. The deseriptib consists of extensive set of de-
scriptors unrestricted to morphological information (87 morphologic and ontogenetic,
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8 stratigraphic and geographic and 27 referring to traditional classification data). The
presence of both stratigraphic and geogrgai@llows to quickly identifying lists of
genera per area. It is also a powerfubtostratigraphic purposes: a rapid selection of

all archaeocyaths genera observed is ineheidiggrpreted in term of age (up to date
according to the Siberian chart). The recovered assemblage includes 55 genera and sp:
cies: SP1, SP2 and SP3. This assembhtage carrelated with assemblage biozones
CCC from Spain. Two genera were previously unknown from the assemblage. As a
preliminary result, we can indicate thastbhdied field section was interpreted as early
Botomian in age.
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Stromatoporoid diversity and growth in late Wenlock
reefs and associated facies (Silurian) at Wenlock Edge,
UK

STEVE KERSHAWAND ANNE-CHRISTINE DA SILVA

Wenlock reefs and associated limestones of central England have been studied for mor:
than 100 years, and detailed work ongsteefture, composition and stratigraphy is

well known, together with some generatrimdiion on the stromatoporoids. However,

up to now there is little detailed work on the stromatoporoids, and there has not been
a comprehensive study of the relationship between stromatoporoid growth forms, taxa
and sedimentary environments. Stromatatsonoake up an important component of

the reef biota, together with tabulate corals. Field measurements and sampling of ca.
80 stromatoporoid specimens, in CoatesLea South Quarries on Wenlock Edge
reveal that stromatoporoids show low taxonomic diversity, with only six taxa found
within the reefs and adjacent bedded limestones; of those six taxa, only three are abun-
dant: Labechiawhich is the main reef frame-builder with a laminar anastomosing
growth form (Fig. 1); plusctinostromandEcclimadictypboth of which are low-to-

high domical growth forms up to 30 cm in basal dimension; detailed taxonomy and
distribution in facies will be completed later. Although 80 samples is not a large collec-
tion, almost every stromatoporoid specimen, accessible from the ground, was sampled,
so that the collection is as representatitie assemblage as can be achieved from the
current exposures in the quarries. Sampleseliected from reef bases, middles and

tops as well as through #ssociated bedded limestones.

Such a low stromatoporoid diversity is unusual in comparison with similar reef-
bearing facies on Gotland, where M®#60, 1970) found 22 taxa in the Slite Group
(slightly older than Wenlock Edge), Mata the Klinteberg Group (approximately
equivalent in age to Wenlock Edge) and 23 taxa in the Hemse Group (slightly younger
than Wenlock Edge). However, Mori (1970nfibonly 6 taxa in the Halla Formation,
in whichLabechiandEcclimadictyaare also the two most abundant taxa; the Halla
Formation episode on Gotland is partly equivalent to the Nodular Limestone facies in
Wenlock Edge, below the sampled horizmtsywas a time of suppressed reef-build-
ing, presumably related to the Mulde Extinction event.

The reasons for the poor diversity of WenEdge stromatoporoids are not clear,
but there are at least two possibilities: 1) the episode of reef growth of Wenlock reefs in
England was very short, in this location on the margin of the Avalon-Baltic continent
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and may not have been long enough to develop into the diverse assemblages in more
stable carbonate platforms of the continent interior, such as on Gotland; 2) the biota
was affected by the Mulde Extinction event, when the reefs grew in the recovery phase
after extinction. Nevertheless, the time-equivalent Klinteberg Group on Gotland con-
tains more abundant taxa, pointing towards option 1 above, the short time of growth
of the Wenlock Edge reefs, as the more likely control on stromatoporoid diversity.

Further work is required, and one line of enquiry is to establish tabulate coral faunas,
which grew along with stromatoporoids; preliminary observations of tabulates in the
sample set reveals only a few taxa of tabulates, in parallel with stromatoporoids. A com-
prehensive tabulate coral and stromatoporoid study may help to enhance understand-
ing of the growth and controls of these late Wenlock reefs and related facies.

Fig. 1. Labechiaef frame from Much Wenlock Limestone Formation, Coates Quarry, Wenlock Edge, UK.
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The Ordovician of the Sauerland (western Germany)
revisited

LUTZ KOCH?Y, THOMAS SERVAI§ J...RG MALETZ THIJS VANDENBROUCKE
AND JACQUES VERNIERS

Ordovician sediments in Germany are mostly located in the central and eastern parts
of Germany (Thuringia, Saxony, northern Bavaria) or in the subsurface of northern
Germany (RYgen Island). However, Ordovician outcrops in western Germany are rare
(Servais et al. 2008). Among the FrendjigBeinliers (Rocroi, Givonne, Serpont,
Condroz Inliers, etc.) that include Lower Palaeozoic rocks, only the Stavelot Inlier ex-
tends into western Germany, with a fewdrd@rdovician outcrops near the Belgian-
German border (Ribbert et al. 2002). Vagy small Remscheid-Altena and Ebbe in-

liers (also known as ORemscheid Anticline® and OEbbe Anticline®), being part of t
Rhenish Massif, are the most important western German outcrop areas. The most com-
plete stratigraphical succession is present in the Sauerland (south-eastern part of North
Rhine-Westphalia) in the Ebbe Inlier. The Ordovician age of these sediments was first
documented by the discovery of Ordovician trilobites by Rudolf and Emma Richter in
1937. The present paper reviews the extetraitigraphical, palaeontological and pal-
aeobiogeographical studies since the 1990s.

The Ordovician sediments all belong to the Herscheider Schichten (Herscheid
Beds) and are attributed to four lithological units. The four formations are now at-
tributed to the Middle to Upper Ordovician, including the Plettenberg-BSnderschiefer
(Plettenberg Banded Slate) Formation and the Kiesbert-Tonschiefer (Kiesbert Slate)
Formation (Darriwilian), the Rahlenberga@vackenschiefer (Rahlenberg Greywacke
Slate) Formation (earliest Sandbian) and the Solingen-Tonschiefer (Solingen Slate)
Formation (Katian) (e.g. Maletz 2000).

The fossils from the Ebbe Anticline not only include trilobites (reviews available in
Koch 2010 and Koch et al. 2011), but also graptolites and acritarchs (e.g., Maletz &
Servais 1993), chitinozoans (e.g., Samuetssloi2002), ostracods (e.g., Schallreuter
& Koch 2011), foraminiferans (e.g., Riegraf & Niemeyer 1996) and trace fossils (e.g.,
Eiserhardt et al. 2001). The Remscheid &he Eliers are today considered as the
German extension of the French-Belgian inliers, and they present a stratigraphical suc-
cession of Ordovician age with fossils that are typical of the eastern part of the micro-
continent Avalonia.

159



'Heinrich-Heine-Stra8e38256 Ennepetal, Germany

2UMR 8217 GZosystemes, UniversitifedeQNRS, CitZ Scientifique, 59655

Villeneuve dOAscq, Frammeathservais@univ-lilled.fr

3Fachbereich Geowissenschaften, Institut fYr Geologische Wissenschaften, Maltesersti
100, 12249 Berlin, Germany

‘Ghent University, Department of Geologyilé#dcieme, Research Unit Palaeontology,
Krijgslaan 281, 9000 Gent, Belgium

References

Eiserhardt, K.-H., Koch, L. & EisertlgrW.L., 2001: Revision des IchnotaXamaculunGroom,
1902.Neues Jahrbuch fYr Geolodi®aiSontologie, Abhandlugge828D358.

Koch, L., 2010: The trilobite fauna from the Ord@ri of the Ebbe Actine (Rhenish MassiW). Ge-
otop 2010. Geosites for the public. Patdogy and conservation of geosBesriftenreihe der
Deutschen Geologischen Ges&6;GHI65.

Koch, L., Lemke, U. & Schslimann, L., 2011: N&u®biten-Funde aus dem Ordovizium des Ebbe-
Sattels (Rheinisches Sehigdbirge, Deutschlan@eologie und PalSontologie in West{a5&880

Maletz, J., 2000: Review of thed@vician biostratigraphy of thierscheid Schichten (Rheinisches
Schiefergebirge, Germam@ues Jahrbuch fYr Gealogi®alSontologie, Abhandlupf)gM5D60.

Maletz, J. & Servais, T., 1993: Acates and graptolites from the E&lpnvirn (Ordovician) of the
Herscheider Schichten (Rheingscischiefergebirge, Germahgues Jahrbuch fYr Geologie und
PalSontologie, Abhandluigén125D142.

Ribbert, K.H., Servais, T. & Vanguestaing,2@02: 4.28. Stavelot-Venn-Antiklinale (Z8)urier For-
schungsinstitut Sencke23&r§8D89.

Riegraf, W. & Niemeyer, J., 1996: Agglutinierte Foraminiferen aus Graptolithen-Schwarzschiefern des
Llanvirnium (Ordovizium) von Plettenberg imeétand (Nordrhein-Westfalen, NW-Deutschland).
PalSontologische Zeitsa@it9D36

Samuelsson, J., Gerdes Koch, L., Servais, T. & Verniers2002: Chitinozoa and Nd isotope stratig-
raphy of the Ordovician rockdlire Ebbe Anticline, NW Germarg.J.A. WinchesteT.C. Pharaoch
& J. Verniers (eds.): Palaeozoic Amalgamation of Central Beojogical Society, London Special
Publication 201115D131.

Schallreuter, R. & Koch, L., 2011: Ostrakodes dem Ordovizium des Ebbe-Sattels (Rheinisches
Schiefergebirge, Westfalen, Deutschi@et)logie und PalSontologie in WeS€abdib41.

Servais, T., Dzik, J.,tka, O., Heuse, T., Vecoli, M. Verniers, J., 2008: Ordovicidn.T. McCann
(ed.):Geology of Central Europe. VdluRrecambrian and Palaep26i8D248. The Geological So-
ciety of London.

160



Trilobites evolutionary levels and the lower boundary
Cambrian Stage 4 on the Siberian Platform

IGOR V. KOROVNIKOV?!

At the present time search is on for potential correlative levels for the lower boundary
of Cambrian stages in connection withdbavelopment of a new international scale.
One of these levels is the base of Stage 4 of the Cambrian system. Some experts belie
that as a marker of this level can be the F@péllusr RedlichigBabcock & Peng
2007),Arthricocephalus chauvealginellusr RedlichigPeng & Babcock 2011), or
the FAD ofOlenellysRedlichialudomiandBergeroniell(Beng et al. 2012). Earlier,
G. Geyer and J. Shergold (2000) pointettheédevel of appearance of the trilobites
Hebediscus attlebore@sikdiscuserrodiscasd Triangulaspid.ater studies (Geer
2005) have shown that the level of occurrence of the associated $élobiescus
bellimarginatygriangulaspis annid. schucheréind Hebediscus attleborsngide-
spread and can be used for a reliabldat@mn of the Lower Cambrian in many re-
gions. Finds of these trilobites are known in, for example, Sweden, Canada, Spain,
Morocco, Siberia and Kazakhstan. On the Siberian Platform, they appear in the sec-
tions near the lower boundary of the Botomian.

The Siberian Platform is an essentiabpé#ne Earth's crust with widespread Cam-
brian rocks. It would be right to choose trilobites that are also represented in the Sibe-
rian Platform as key species to detetiminewer boundary the Cambrian Stage 4.

Olenellus

On the Siberian Platform, finds of this genus are absent. Therefore, when choosing the
genuPlenelluto establish the lower boundary of Cambrian Stage 4 correlation of the
Lower Cambrian of the Siberian Platform to other regions will be difficult and contro-
versial.

Redlichia

This genus is rare in the Siberian Platform. The first finds are known in the lower part
of the Botomian on the south-westerthef Siberian Platform (Repina 1966). The
following finds of this genus are much higher in the section, in the middle part of the
Toyonian on the south-east of the ptaiftn Keteme Formation (Egorova 1983).
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Arthricocephalus chauveaui

This species is not present in the Siberian Platform. There afetfindscephalus
snegirevaa north-east of the platform (Suvorova 1964pahdcocephalsp. (Ko-
rovnikov & Shabanov 2008). However, ttiegls are confined to the lower part of
the Amga Stage. This is the lower part of the Cambrian Stage 5.

Judomia

This genus is found only in the Siberiatféim. Their findings are characteristic of
the upper part of the Atdabanian &wler part of the Botomian. Becaiisgomias
endemic, it is unsuitable for interregional correlations.

Bergeroniellus

This genus is widely distributed in theveonCambrian of the Siberian Platform. The

first species appears in the lower part of the Botomian. All species are endemic. They
are characteristic for shallow and deep water sediments. In addition to the Siberian
Platform, the genus has been found in the Altai-Sayan region and in the Sichuan prov-
ince in China (Lin 2008).

Hebediscus attleborensis

These trilobites are found on the Siberian Platform in the lower part of the Botomian.
Also, this species has been found in China, North America, Great Britain and Morocco
(Hupe 1952). It may be suitable for interregional correlations.

Triangulaspis annio
This species has been found on the Siberian Platform in the lower part of the Botomian.
Also, the species has been found in Great Britain (Cobbold 1910).

Calodiscus

This genus is widely distributed on the Siberian Platform, in the lower part of the Boto-
mian. Three species are predealodiscus granulodagorova et Schabanov 1972,
Calodiscus resirRepina 1972 an@dalodiscus schuclibtéitthew 1896). All the finds

are confined to relatively deep facies. It should be noted that in the Altai-Sayan region,
Calodiscus lobatus graRdistaeva 1960 is present (Repina & Romanenko 1978).
Calodiscus lobaisisvidespread in the Lower Camaborit is has been found in North
America, Greenland, the Baltic Sea and KetaakiCederstrSm et al. 2009). It can be

a key species for intgimnal correlations.
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Serrodiscus
This genus is not found on the Siberian Platform. However, nu@enmgschave
been found in the Cambrian of the Altai-Sayan region. All finds are confined to the
lower part of the Botomian. Various representati@srofdischsve been found in
North America, Australia, Greenland, théééhKingdom, Spain, Germany, Poland,
Morocco and China. This genus has gi@antial for interregional correlation.

Thus Hebediscus attleboramsi€alodiscus lobdhbase the greatest correlation po-
tential. In further revisiomsd more detailed studiesSefrodisclisis possible that a
representative of this genus can be used as a key species to establish a GSSP.
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Acknowledgements
The work carried out as part of the project "Biogatevand crises in the Siberian Palaeozoic basins
(chronostratigraphic position, relationship to sedimeneations, regional markers)."

References

Babcock, L.N., Peng, S., Geyer&Ghergold, J.H., 2007: Changinggpectives on Cambrian chronos-
tratigraphy and progress toward aigidn of the Cambrian SysteBeoscience Journditdb106.

CederstrSm, P., Ahlberg P., Clarkson, E.N.Kssdit, C.H. & Axheimer, N., 2009: The Lower Cam-
brian eodiscoid trilobit€alodiccus lobatilem Sweden: morphology, ontogePgleontology ,52
491P539.

Cobbold, E.S., 1910: On some Bndobites from the Cambrian rocks of Comley (ShropsQirajterly
Journal of the Geololgical Society of Lontie®56.

Egorova, L.N., 19831 Lower Cambrian Stage subdivision of the Siberia. Atlasl&Pf$sBs Science
Press. [in Russian]

Geyer, G., 2005: The base of asgl/iMiddle Cambrian: are suitablecepts for a series boundary in
reach®eosciences Journél®99.

Geyer, G. & Shergold, J., 2000: The quest for mtiemally recognized digiss of Cambrian time.
Episodes 2838D195.

Hupe, P., 1952: Contribution a I©etude du Cambrien inferieur et du precambrien Il de IOAnNti-Atlas Mar-
ocain.Notes et memories no. 403 pp.

Korovnikov, .V. & Shabanov Yu.Y2008: Trilobites from boundadigposits of the Lower and Middle
Cambrian of stratotype Molodo Rivecttea (East of the Siberian platform)Cambrian sections of
the Siberian platform B candidates for stratotypsiesslodithe International Stratigraphic Scale (stra-
tigraphy and paleontolog)p104. Russian Academy @fr8es Press. [in Russian]

Lin, H., 2008: Early Cambrian (ChiungchuassuTsanglangpuan and Lungwangmiadanf)rilobite
record of Chin86b76. Science Press.

Matthew, G.F., 1896: Notes of i@arian faunas of the geMigrodiscugmerican Geologist 28D31.

Peng, S. & Babcock, L.N., 2011: Continuing progresisronostratigraphic subdivision of the Cambrian
SystemBulletin of GeoscienceS885D396.

Peng, S., Babcock, L.N. & Cooper, R.A., 201E:M. Gradstein, J.G. Ogil.D. Schmitz & G.M Ogg
(eds.)The geological time scale, ZB7D488. Elsevier.

163



Repina, L.N., 1966: Lower Cambriaifobites from south of the Sitae(superfamily Redlichchioidea).
Part 1. 204 pp. [in Russian]

Repina, L.N. & Romanenkg,V., 1978: Trilobites and Lower Carahrstratigraphy of the Altai Moun-
tains. Science Pre384 pp. [in Russian]

Suvorova, N.P., 1964: Corynexochmittdobites and their historical evolution. Science Press. 319 pp.
[in Russian]

164



The mystery of the simplest retiolitid (Graptolithina)
form Plectodinemagrapguacilis from Ludlow of
Poland

ANNA KOZ$OWSKA!

Retiolitids have been studied over the past two decades and new forms are still being
discovered. They are knowgnirLlandovery to Ludlow, mostly from the Arctic Can-
ada, Poland, Czech Republic and Lithu&weiae attempts have been made to explain
their evolution, phylogeny and styldifef (Bates & Kirk 1984, 1992; Lenz 1994;
Melchin 1999; Koz*owska-Dawidziuk & Lenz 2001; Koz*owska & Radzevicius 2013).
It is difficult to compare any graptolitesinek Silurian plankton, to the recent plank-
ton. It is also difficult to compare the retiolitids to other graptolites. The reason is their
most complex rhabdosome, with the anceexesl an additional outside layer, being
an extension of the ancora umbrella ggowiwvard from virgella. Their rhabdosomes
are composed by lists built by bandages and between of them there was a thin, usually
not preserved, membrane.

One of the most surprising retiolitid forms is the smallest and most Ridaeed
todinemagraptus gra&ibz*owska-Dawidziuk 1995 from the lower Ludfordian of Po-
land. Its rhabdosome comprises a very simple ancora umbrella divided into four meshes
marked by two very short lateral lists,nfeega and two parallel rods of ventral walls.
There are no lateral walls. The size of the rhabdosome, having two pairs of thecae,
reaches four millimetres (Koz*owska-Dawidziuk 1995). The thecalRtaetoitine-
magraptusare parallel, as in some Ludlow forms, Rlectograpty®oberg &
T3rnquist 1909) an&emiplectogragtiez*owska-Dawidziuk 1995. Opposite arrange-
ment of rhabdosome lists is sedthoiloretiolitespecies (Koz*owska-Dawidziuk 2004,
fig. 4). They have small rhabdosomes tapering distally, with last modified theca forming
a small tube called appenéirloretiolites helenaewitkloiz*owska-Dawidziuk 2004
has reduced thecal walls and well-developed lateral walls forming zigzag. Thus, this is
the opposite arrangement of rhabdosome compdtiedtimdinemagraptus.

At any rate, the main big dissimilarity vilidt and other retiolitids is the total lack
of ventral walls. The small individual lists coming from thecal lips are very thin distally,
which means they were not fully developedh&e were no skeletal lists to support
the rhabdosome on their lateral side. TRlesfodinemagrapteresents some differ-
ent organization of the colony. It is anigniing problem, what kind of material sup-
ported the ventral walls to keep their parallel arrangement. Thus, therigiaciis
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is still problematic, together with some other strange retiolitids, &liidigesptus
inexpectanKoz*owska & Bates 2008alentinagraptus simpleixas 2006and
Sokolovograptus polo{ozgowska-Dawidziuk 1995 (see Koz*owska & Bates 2008,

fig. 1).
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Ontogeny of the trilobitEllipsocephalus haffd its
phylogenetic implication

LUK¢% LAIBE, OLD"ICH FATKA %, VGCLAV VOK¢& 2 AND MICHAL SZABAD?

Ellipsocephalus haffa small, common ellipsocephalid trilobite in upper part of the
Jince Formation (PO’bram-Jince Basin, Barrandian area). Holaspid spét.iimaffis of

show twelve thoracic segments with blunt distal parts of pleurae and no genal spines.
New discoveries of late meraspid and early holaspid articulated specimens of this specie
show yet unknown and quite surprising features. Late meraspides have long macropleu-
ral spines on the second thoracic segment; its length attains a length of the thorax (Fig.
1). Specimens with librigenae show long genal spines. Early holaspites ak

typified by the presence of short genal spines but not for macropleural segments.

The phylogenetic position of ellipsocephalids is still a subject of discussion. They
were generally classified as membere afrdier Redlichiida. Nevertheless, Fortey
(1990) suggested that at leasiesof them (including the geritlBpsocephashould
be transferred to the order Ptychopariida, within the subclass Libristoma, because of
their natant hypostomal condition. However, macropleural spines on the second tho-
racic segment do not belong to typical patterns in the ontogeny of ptychoparids; they
rather resemble spines known during thegeny of some redlichids (e.g., paradox-
idids). Early stages of paradoxid trilobis s8ko pairs of macropleural spines on the
first and second thoracic segment. In case of paradoxidids, the first pair of spines dis-
appears in middle to late meraspides, while the second pair vanishes in early holaspide
(cf. %najdr 1958). On the other hand, spines in the first thoracic sedinéwiffof
have not been confirmed and those of tomdesegment disappear obviously close to
the meraspidbholaspid transition. Such ontogenetic similarities with redlichids vs. some
ptychoparid features could be explained generally in two ways: (1) ellipsocephalids be-
long among the basal libristoma (Ptychidp®rand thus share several ancestral fea-
tures with redlichids; or (2) ellipsocephalids are redlichid trilobites that might have de-
veloped convergent forms to ptychoparids.

Charles University, Faculty of Science, Institute of Geology and Palaeontology, Albertc
6, 128 43 Prague 2, Czech Repuldasldibl@gmail.com, fatka@natur.cuni.cz

?Z1bllskt 53, 312 00 Plze#, Czech Republic; lichas@seznam.cz

*0Obrinc$ m'ru 75, 261 02 P%’bram VicBRepublic; geosvet.pb@seznam.cz
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Fig. 1.Meraspid specimenBlipsocephalus hsiffowing macropleural and genal spines. Scale bar represents 1 mm.
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Palaeokarst formation in the early Palaeozoic of
Baltoscandia D evidence for significant sea-level change
in a shallow epicontinental sea

OLIVER LEHNERT"?, MIKAEL CALNER, PER AHLBER®& JAN OVE EBBESTAD
DAVID A. T. HARPER AND GUIDO MEINHOLD *

In the Lower Palaeozoic sedimentary succession of Sweden palaeokarsts have been |
ported from different stratigraphic levels in the Silurian strata of Gotland by Calner
(2008; see references therein). Until lasthexarwere no records of Cambrian karsts

and in the Ordovician only the basin-wide Katian palaeokarst horizon in the Upper
Ordovician Slandrom Limestone has been described in detail (Calner et al. 2010a). The
unconformities and disconformities on top of the slightly older Kullsberg mounds in
quarries located in the Siljan impact structure (Dalarna) presumably represent an earlier
regression and karstic development (Calner et al. 2010b). Beside these reports, there i
only the statement by Nielsen (1995) Keast may have formed at the top of the
Darriwilian Komstad Limestone. During tast two years, however, several new and
significant palaeokarst surfaces have been detected in the CambrianBOrdovician suc
cessions of Sweden (Lehnert et al. 2012).

At Kakeled Quarry (VSstergstland), a palaeokarst cave with a breccia fill (large, an-
gular Orsten clasts in a dark limestorigxhes exposed beneath a OMiddle CambrianO
palaeokarst surface (Jiangshanian Stage) located close to the top of the Kakeled Lime
stone Bed of the Alum Shale Formation (Lehnert et al., 2012). In the karstic pockets,
a mass occurrencedsfisia lenticulargxcurs. These shallow-water brachiopods orig-
inally settled on hard substrates afterjar megression exposing, regionally, the sea
floors of the alum shale basin. Their reworking and concentration in the conglomeratic
bed overlying the irregular palaeokarst sudélects deposition during transgression
in extremely shallow marine environments.

A younger karst surface is exposed in Tomten Quarry at Torbjsrntorp (VSstergst-
land). In two dimensions in the quarry wall it resembles the OSchrattenkalkO, but rock
slabs cut vertically and parallel to bedding planes display a karren system that resemble
ONapfkarrenO or cockling features. Trilobites of the Fu@tegiapyge bisulcanal
C. linnarssorgones occur in the 1D2 cm thick,agailic packstone bed that overlies
the palaeokarst surface and which represents the upper Tremadocian Bj¢ rk@Esholme
Formation. The associated stratigraphic gap comprises the six uppermost trilobite zones
of the Furongian plus most of the Tremadocian. Darriwilian conodonts with reworked
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older material within a limestone bed slightly above the glauconitic packstone bed in-
dicate yet another substantial gap in the succession.

In the new Tingskullen core from nortleas...land, another palaeokarst surface
with grikes and evidence of repeatedsarpmarks the top of the upper Tremadocian
Obolusonglomerate (?) or a lower limestone part of the Djupvik Formation (OCerato-
pyge ShaleQ). This palaeokarst surface is overlain by glauconitic limestone of the Ks-
pingsklint Formation and inferably reflects the globedtopygRegressive Event
(CRE).

At the base of the Lanna Limestone in the Siljan area, palaeokarst is associated witt
the Dapingian Blommiga Bladet (Oflowery sheet®) hardground complex, which can be
correlated across most of Baltoscandia.

The basin-wide palaeokarst in the K&landrom Limestone (Calner et al. 2010a)
no longer marks the youngest Ordovician karst record. Recently, Hirnantian karst caves
and solution cavities filled with greenistrls of the GlisstjSrn Formation have been
recognized in sections of the Boda Limestone in the Siljan Ring structure (Dalarna).
Solution and karst cave formation reflantsnterval of the regression during the
Hirnantian glaciation and the youngest period of subaerial exposure during the Ordo-
vician.

Some earlier sedimentary models suggesting that Baltoscandia was flooded by a dee
epicontinental sea are challenged by the discovery of multiple palaeokarst developmen
together with other shallow-water features. Instead, palaeokarst formation implies
subaerial exposure during enbar of major regressions.

!GeoZentrum Nordbayern, Lithosphere Dynamics, University of Erlangen-NYrnberg,
Schlo8garten 5, D-91054, Erlangem®w; lehnert@geol.uni-erlangen.de
“Department of Geology, Lund UniveSslsegatan 12, SE-223 62 Lund, Sweden
3Museum of Evolution, Uppsala University, NorbyvSgen 16, SED752 36 Uppsala,
Sweden

‘Department of Earth Sciences, Durham University, Durham DH1 3LE, UK
SGeowissenschaftliches Zentrum der UniversitSt G&ttingen, Abteilung
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The Drumian Isotopic Carbon Excursion (DICE) in
Scania, southern Sweden b a mirror of the onset of the
Marjumiid Biomere at a time of increased primary
production?

OLIVER LEHNERT"?, PER AHLBER®& MIKAEL CALNER AND MICHAEL M.
JOACHIMSKF

Only one prominent&*C, excursion, the Steptoean positive carbon isotope excursion
(SPICE) from the Andrarum 3 drillcore in Scania (Sk&ne), has been documented in
detail from the provisional Cambrian &ef through Lower Ordovician (Tremado-
cian) Alum Shale Formation®d¢andinavia (Ahlberg et al. 2009). Here we report on
the Drumian carbon isotope excursion BI@om Cambrian Series 3 outer shelf
deposits in the biostratigraphically well-controlled Almbacken drillcore from south-
central Scania.

The DICE is a prominent negativ&€C excursion that is well-known from the
Great Basin, western United States (Monta—ez et al. 2000; Howley & Jiang 2010), and
South China (e.qg., Zhu et al. 2004)tHa Almbacken drillcore, a study on A€,
chemostratigraphy has been perfoimed interval ranging from thetychagnostus
praecurrergone or lowePtychagnostus gibdbgisostoid Zone (upper part of provi-
sional Cambrian Stage 5; corresponditigetd opazan regional Stage of Laurentia)
through thd_ejopyge laevigatmostoid Zone (lower Guzhangian Stage; upper Marju-
man regional Stage of Laurentia). A detailed zonation in the core section was provided
by Axheimer & Ahlberg (2003). The shift ia tofacies of the trilobite and agnostoid
assemblages reflects a first order sea-level change. In the Almbacken drillcore, a promi
nent negative excursion has been recorded within an interval of dark grey to black mud-
stones and shales in the lowermost part of the Alum Shale Formation, i.e., between the
top of the Gisl8v Formation and the base ofBkseulandimestone Bed. The
macrofauna in this interval is largelyiogst to linguliformean brachiopods and can-
not be biostratigraphically constrained. Hewen terms of the global agnostoid zo-
nation, it probably represents Eheraecurre@ne or the lowd?. gibbugone. The
prominent negative excursion in this trilobite- and agnostoid-barren interval (lingulid
biofacies) can be correlated wih the DICE ifclmeaniell@one in the Great Basin
(Monta—ez et al. 2000). The appearanceafemmarine assemblage with polymerids
and agnostoids in the overlylExsulankimestone Bed (25.08D25.47 m) reflects a
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sudden shift in water depth. This sea-level rise is accompanied by a positive shift of
more than 1.5a (rising upper limb of the DICE). Most of the remaining part of the
succession in the core is dominated by agnostoid trilobites that reflect deeper-water,
open-shelf conditions. These deeper water conditions are associated with more positive
ACorq values (ca. 0.5a higher) following the rising upper limb of the DICE.

The Guzhangian Andrarum Limestone @etDP5.65 m) has yielded polymerids
and linguliformean brachiopods, reflecthglower water depthdaaregressive trend
in the youngest part of the Alum Shale succession wher&&aplalues between
-31.5 and -31.0a have been recorded.

The increase o%C,4Vvalues after the negative peak of the DICE roughly coincides
with the base of the Marjumiid Biomere. The base of this biomere, however, does not
coincide with the base of the Marjuman Stage (b&gcbhgnostus ataXose;
Ludvigson & Westrop 1985 emend. Palmer 1998) in the biomere concept of Palmer
(1998). In Laurentia, the base of the Marjumiid Biomere is placed at the base of the
Proehmanielldubzone of thEhmaniell&Zone Ptychagnostus praecuagnsstoid
Zone; see Babcock et al. 2011).

The record of the DICE in tHehmaniellZone of Laurentia suggests that a sub-
stantial part of the lowermost part of Alum Shale Formation in the Almbacken core,
i.e., the interval below the first occureesictrilobites and agnostoids of Bityechag-
nostus gibbdene, may be correlated with at least part &f hr@aecurre@one. The
increase iMA’C.q values after th&3C,y minimum of the DICE may represent a time
of increased primary productivity, which could have triggered the radiations observed
within the Marjumiid Biomere.

'GeozZentrum Nordbayern, Lithosphere Dynamics, University of Erlangen-NYrnberg,
Schloggarten 5, D-91054, Erlangem&®y; lehnert@geol.uni-erlangen.de
’Department of Geology, Lund Unive3sityegatan 12, SE-223 62 Lund, Sweden
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The OP0'dol’ hothouseO, a trigger of faunal overturns
across the latest Silurian Transgrediens Bioevent

OLIVER LEHNERT"?, JIRI FR'DA3%** MICHAEL JOACHIMSKF, GUIDO
MEINHOLD °, MIKAEL CALNER AND PAVEL &AP#

During IGCP 503 it became more and menelent that the Silurian represents a pe-

riod of major climatic changes, faunal overturns, drastic sea-level fluctuations and plate-
tectonic reorganisations. Llandovery thrauglow faunal extinctions, sedimentolog-

ical changes and isotopic events have been well studied. For the PO’'dol’, however, we
have only limited information about faurseslimentology or stable isotopes due to

the fact that sediments of this Epoch are rarely preserved and that the remaining rec-
orded successions are not investigated in detail. There are detailed reports on the majol
graptolite extinctions across Tansgredie&ioevent (TBE; OC40 @&s€udoneo-
colograptus transgredesentO of Urbanek 1993, which correlates to the OKlonk
Secundo-Unnamed EventO of Jeppsson 1998). Even when data are limited, it turns out
that many faunas were affected by extimtig., chitinozoans, conodonts, trilobites,
ostracods, cephalopods, bivalves, bpaats, corals, stromatoporoids and other
groups among reef communities).

New oxygen isotope data from the Prague Basin document drastic climate changes
from a cold interval during the early PO’dol’ followed by moderate to rapid warming
and development of supergreenhouse conditions during the later&@sdoddiens
graptolite Zone. This extremely warm climate presumably triggered the flooding of
northern Gondwana shelf areas. The corresponding fine-grained siliciclastics are widely
distributed in Romania, Turkey, Saudi Ardllaya, the Algerian Sahara, NW Spain,
and central and northern Armorican Mass# (sferences in Jaglin & Paris 2002). In
cratonal and shelf successions in tropical and subtropical areas (e.g., Laurentia; Ross &
Ross 1996), the PO’dol’ successions arenofteetorded due to widespread palaeo-
karst development in the areas covered by shallow epicontinental seas. However, the
highstand during thieansgredieimgerval is recorded in deeper shelf and basinal areas
(e.g. eastern Baltoscandian Basin, Lazauskiene et al. 2003).

The TBE represents the most severe graptolite extinction event during the Silurian
(79% of taxa). Patterns in cephalopod diversity (Manda & Fr/da 2010) represent an-
other good example of a group severely affected by the PO’dol’ warming event. There
was a major demise in reef development during the Middle PO’'dol’ supergreenhouse
(Ohothouse0) resulting in a drastic reduction in the diversity of reef taxa (Brunton et al
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1998). Thus, the event is comparable to the reef demise associated with the Late De-
vonian climate warming (Joachimski et al. 2009). PO’'dol’ warming event is expressed
by an increase in surface seawater temperatures of more than 8jC in the mid latitudes
of northern peri-Gondwana, and was followemblng in the latest PO’dol’ and across

the SilurianBDevonian boundary. During the TBE, high seawater temperatures stressed
shelf faunas culminating in high extinctiates and presumably affected the entire

food chain including planktonic organisms.
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A strategy for education and outreach of IGCP 591

KATHERINE LEWANDOWSKF

Selling the broader impacts of science has become a necessity in a time when competi
tion for grant money is high. Merely inirmvgraduate and/or undergraduate students
in the research is no longer a satisfactryqgl scientific broader impacts. While this
is still important for maintaining a pipeline of trained scientists, the bar has been raised
and it is increasingly incumbent on us to communicate to the public what is so im-
portant about our work. In order to be contiyetin the search for smaller and smaller
pools of national and international fundsrélmust be a plan for the science funded
by national and international agencies to be disseminated to the public. To this end,
we have taken a multi-pronged approaadtcation and outreach for IGCP 591,
involving both informal and formal science outlets in order to have the broadest impact.

Informal science, for the purposes of this paper, simply refers to any science learning
that takes place outside the traditionssid@m (Hofstein & Rosenfeld 1996). To that
aim, the scientists working on IGCP 5B1e Early to Middle Paleozoic Revadhatien
recruited a global network of museumsnjpate. Museums around the world, spe-
cifically in China, Argentina, the U.S., Denmark, Sweden, and the U.K., are collabo-
rating and helping to develop a plan for the broader impacts of IGAR&ERrY
to Middle Paleozoic Revolutiomlving museums is particularly important, since they
tend to have a more positive impact on how science is viewed by the public, as com-
pared to traditional classroom learning (Ramey-Gassert & Walberg 1994; Wojnowski
2006). Museums also serve the essentakthefienction of curating and managing
collections that are available to researithperpetuity. A student who learns about
these collections as a result of the broader impacts mission of this project, could poten-
tially work on them as a researcher ifutibee. Our goal for the museums is for them
to: 1) link to a still-to-be developed educational website, 2) develop a digital collection
that would be available to anyone witinearnet connection, and 3) arrange a travel-
ing exhibit that would cycle through the participating institutions.

Regarding the more formaledtional aspect of theojact, modules/unit plans
will be developed targeting children 12D18 géage, which will be available on the
IGCP 591 website. These modules will doofsiesducational activities, background
notes, and lists of supplementary readirgarfsf this project, we will also include a
form on the website, to enable individuals to ask questions of experts about their work
and to give us feedback on the modules. We will also host a workshop for secondary
teachers to expose them to the science being discovered as a result of the project.
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This is a call to action for all scieniistslved in IGCP 591. The more scientists
directly involved in the broader impacts, the better the information that goes out to the
public. Please contact the author if interested in contributing to the education and out-
reach plan for IGCP 591.

'Eastern lllinois University, Department of Geology-Geography, Charleston, IL, USA
61920; kjlewandowski@eiu.edu
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How to define the lower boundary of the Cambrian
Stage 2: A biostratigraphic marker or a geochemical
one?

GUOXIANG LI*

In the new subdivision of the Cambrian System, the Cambrian includes 4 series and
10 stages, and the pre-trilobitic Cambisaapproximately the Terreneuvian (Series

1), including the Fortunian stage and an unnamed Stage 2. How to define the base of
Cambrian stage 2 is still an unresolved task. Most discussions on the GSSP definition
of Cambrian Stage 2 were focusing on the use of the first appearance datum (FAD) of
a fossil (e.g., Li et al. 2011; Parkhaev & Karlova 2011; Moczydlowska & Yin 2012).
But recently, a geochemical marker wasgedpgor defining the base of Cambrian
Stage 2 (Landing & Geyer 2012).

Small Shelly Fossils (SSFs) have beehthrémportant biostratigraphic tools for
correlation and subdivision of the Terreneuvian. Although many SSFs are provincial
and some of them are not applicable ferrizgional correlation, some taxa, such as
Watsonella crosydanella attleborenBigrella squamulpsaabarella plarsandLap-
worthellaspp, may exhibit a worldwide distributiand enable a biostratigraphic cor-
relation of the Terreneuvian sequencegebr different blocks. Amongst, the mi-
cromollusdW. croshyis a widely occurring fossil, and has been recovered from, for
example, South China, Siberia, MongoliatiNamerica, France, South Australia. It
mainly occurs in the late Terreneuvian (late Meishucunian in South China, Tommo-
tian in the Siberian Platform, late Placentian in North America). Its wide occurrence
in both carbonate and siliciclastic environments indicates that it is an important fossil
for both regional and global correlation of the pre-trilobitic strata. The RXD of
crosbyias been proposed as a candidate GSSP marker for defining the Fortunianb Stage
2 boundary (Li et al. 2011). This potential GSSP candidate marker could be calibrated
with other fossils. The FADsfofabarella plarsmdPurellsspp. are below this marker,
while the FADs ofapworthellapp. are usually above it (except in Mongolia). The
FAD of Aldanellattleborensspproximates to or is a little above this marker. Thus,
the FAD ofA. attleborensisas also suggested as a potential marker for defining the
base of the Cambrian Stage 2. But in South China, the occurrenattleborensss
not widespread and its FAD is higher than that @rosbym eastern Yunnan.

Besides the SSFs, acritarchs are usetifbssids for the Cambrian biostratigraphy.

The FAD ofSkiagiaornataas a global recognizable level is a little higher than that of
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Watsonella crosfifioczydlowska & Zang 2006), and was suggested for defining the
base of the Cambrian Stage 2 (Moczydlowska & Yin 2012).

The FADs ofW. crosbyandA. attleborensisuld also be calibrated with carbon
isotopic chemostratigraphic data. In northeastern Yunnan, South China, the FAD of
W. crosby$ near the base of the Dahai Merobéne Zhujiaging Formation, and it
is below the major positi&C excursion (dubbed ZHUCE by Zhu et al. 2006).
Landing & Geyer (2012) doubt the use of the FAD of a fossil and propose to use the
A’C ZHUCE positive peak for defining the base of Cambrian Stage 2. But it is some-
times difficult to recognizeAiC peak horizon within an excursion interval. It is much
better to use&®C data as a supplementary marker.

LPS, Nanijing Institute of Geology and Palaeontology, Chinese Academy of Sciences,
Nanjing 210008, China; gxli@nigpas.ac.cn
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Review of the Ordovician acritarch genus
Rhopaliophora

JUN LI}, THOMAS SERVAISAND KUI YAN®3

Among Ordovician acritarch genBlapaliophoBappan & Loeblich 1971 emend.
Playford & Martin 1984 is one of the most commonly recgetags. Originally de-

scribed in the early 1970s from Laurentia, it has subsequently been found on most
other palaeocontinents with eight species attributed to the genus. The present paper is
a revision of the genus based on the araflpsidished literature and on observations

of large populations of new material fthbenSouth Chinese Ordovician. Our review
indicates that the following species belong to the Béystliophora brevitubercula-

tum (KjellstrSm 1971) Martin 198%. floridaYin et al. 1998R. foliatilisSTappan &

Loeblich 1971 (type speciés)impexdappan & Loeblich 197R. mamiliformiku

1987 emend. Tongiorgi et al. 1995, membranki 1987,R. palmat§Combaz &

Peniguel 1972) emend. Playford & Martin 1884ilatgCombaz & Peniguel 1972)

emend. Playford & Martin 1984. The speRiespaliophd?assymetri€aevskaya et

al. 2003 was tentatively placed intkogbnus. However, we consideRhafpaliophora
granulaté’in 1995 is a junior synonymRifiopaliophora pilatehereaRhopaliophora
reticulataJutela & Tynni 1991 can be considered a junior synonyRn foliatilis.
Intraspecific variability is great and the boundaries between the individual species are
sometimes not clear. At the genus IBhelpaliophoshows some transitional forms

with the generBeteinosphaeridi@taplin et al. 1965 emend. Playford et al. 1995 and

with some speciesRdchysphaeridiBarmann 1970 emend. Ribecai & Tongiorgi

1999, whereas its relation to the morphologically similar §sketapallzoeblich &

Tappan 1969 emend. Loeblich & Tappan 19&kblichiagPlayford & Wicander

1988, TenuiricaPlayford & Wicander 1988 amtpilliferumYin 1994 needs to be
clarified.Rhopaliophofast appears, together witkteinosphaeridiuim the middle
Tremadocian (first stage of the Lower Ordovician). After its orginal description from
Laurentia and later from Australia, in low latitude warmer water environments, it has
subsequently been found also in intermediate latitudes in Baltica and South China, and
a few findings are also reported from high latitude areas of Gondwana, indicating a
pandemic distribution in warm and temperate water masses. In terms of palaeoecology,
the genus is rarely found in nearshore palaeoenvironments, but it is a typical indicator
of offshore marine habitats, being abundantly present on carbonate shelf platforms.
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Early Ordovician graptolites from South China

MING LI, LIXIA LI, HONGZHEN FENG? AND WENHUI WANG 2

The Nanba section is located in Yiyang City, Hunan Province, China, and exposes a
set of deep-water deposits. In this section, the graptolites usually yield in dark colored
mudstones, rather than in silt-mudstpwésgch usually contain dynamic disturbance
structures and tube-like trace fossils.

The Jiangnan Slope belt is one of the regions with rich Early Ordovician planktic
graptolites of great diversity and abundance in China. In order to improve the precision
of the study on the Early Ordovician graptolites and strata in China, the Nanba section
in the Jiangnan stratigraphical region is selected as the key section for the Early Ordo-
vician graptolite sequence.

In the duration of 200002012, we studiésighction and collected numerous grap-
tolite specimens. The Nanba section yé&ldsarly Ordovician graptolite fauna that
includes 57 species assigned to 27 genedaoBHs® current graptolite materials, the
correspondingly complete graptolite zones of Lower Ordovician in China are recog-
nized as follows (in ascending order)Atiedograptus tenellaae,Aorograptus victo-
riaeZone,Araneograptus murrdgne,Hunnegraptus copicddmse, Tetragraptus ap-
proximatuZone,Pendeograptus fruticdsug,Didymograptellus bifidene and the
Corymbograptus defl@ame (Fig. 1). In the Nanba section, Thapproximatu&one
directly overlies thdé. copiosu&ne; there is no hiatus below the base of Floian. As a
result, a consecutive graptolite succession of the Lower Ordovician could be establishec
in the Yiyang area. This succession allows precise correlation of the Early Ordovician
graptolite biostratigraphy between @énga and elsewhere home and abroad.

The Adelograputsnellugone is the lowest graptolite zone found in the Nanba
section, and is approximately equivalent tA.tbetenelluZone of Yukon, thade-
lograptusp. Zone of Bolivia, the tenellugone plus th&ryograptus ramagaee in
Scandinavia, and tRsigraptus jacksdone in Australia and North China. Tigy-
ograptugone in Argentina is possibly equal to the upper part Af theelluZone
in the Nanba section.

Aorograptus victoriaainly occurs in the lower part of fhevictoriagone(about
3D4 m), but very scarcely in its upper partAThietoria@one in the Nanba section
may approximate the same zone in Bolivia and Zhejiang, Chiiagtiograptus su-
premugone plus thé\. victoria&one in Scandinavia and Argentina, andPtne
radelograptus antigdizse plus the lower part of teprichardZzone in Yukon.
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Fig. 1.Stratigraphic ranges of the graptolitésedianba section, Yiyang, Hunan, China.

TheAraneograptasurrayiZone here can be correlated with the same zone in Scan-
dinavia, Bolivia, Britain, Argentinadakustralia, and the upper part ofKlnerograp-
tus pritchardfone in Yukon, Canada. In North China, there is no report on the oc-
currence of\raneograptus

TheHunnegraptus copidduse here can be correlated to the same zone in Scandi-
navia, Bolivia, Argentina and thecopiosu&one plus th€aradelograptus kinnegrap-
toide€one in Yukon. Thigone can be correlated with the same zone in Sichuan Prov-
ince of the South China.

TheTetragraptus approximatase here can be correlated wittptihdlograptoides
Zone plus th&xpansograptus protobalfons in Scandinavia, tiie approximatus
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Zone plus thd. akzharens®ne in Nevada and Newfoundland, andTthphyllo-
graptoidegone in Bolivia and Britain. It could be equal to the same zone in the
Jiangnan and Yangzi regions of China.

ThePendeograptus fruticdsue here can be correlated with the same zone in Ne-
vada, Newfoundland and the Sanshan area, Jiangnan region of @ithantingrap-
tus balticuZone in Scandinavia, tBpansograptus haffone in Bolivia, and the
AcrograptdiiformisZone in the Yangzi region of China.

The Didymograptellus bifiddene plus th&€orymbograptus defl@are here are
approximately equal to tBe bifidusZone in Nevada, Newfoundland and Quebec,
thePhllograptus denZose in Scandinavia, tBaltograptus minutzsne in Bolivia,
and theD. simulangone in Britain.

TheDidymograptellus bifidime here is approximately equal t®thaotobifidus
Zone in the Sanshan area, Jiangnan region of China, &ncdthéfidugone in the
Yangzi region of China.

The Corymbograptus defl@ame here can be correlated withGhdeflexuzone
plus thesuecicu®ne in the Jiangnan and Yangzi regions of China.

YInstitute of Geology Chinese Academy of Geological Sciences, No. 26, Baiwanzhuang
Road, Beijing 100037, China
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Early Ordovician sponge-receptaculitid-microbial reefs
on the Yangtze Platform margin of the South China
Block

QIJIAN LI, YUE LF AND WOLFGANG KIESSLING

The Ordovician witnessed a transition froicrobial to metazoan-dominated reefs in

a stepwise fashion (Webby 2002; Adachiaéildl). Skeletal reef-builders were already
common in the Early Ordovician of the central Yangtze Platform, whilst microbial
mounds prevailed on the dmastern margin (Li et al. 2004; Adachi et al. 2011) and
elsewhere. We studied sponge-recefithauilirobial reefs from the Hunghuayuan
Formation (late Tremadocianbearly Floian) at Zhangzhai in southeastern Guizhou sit-
uated on the Yangtze Platform margin of the South China Block. Microbes and meta-
zoans (e.g., lithistid sponges and the receptaCaldithiun build small patch reefs
together, showing a broad spectrum in the proportion between skeletons and microbial
fabrics. The reefs are generally domicaltaular in shape, ranging in height from
several tens of centimeters to several meters and in width from less than a meter to more
than 10 meters. Based on the main reef-builders and their role in reef construction, we
can distinguish three reef types: Stromatolite reefs, lithistid Gptathrnacalcimi-

crobial reefs and lithistid sporiggdathiunreefs. The first two types are both micro-
bial-dominated (built mostly by laminated or unlaminated microbial fabrics), whereas
lithistid spongé&alathiunreefs, occurring in the upper part of this formation, are met-
azoan-dominated and represent a rare éxafmpétazoan-dominated reefs at the mar-
ginal belt.Lithistid sponges ar@alathiumare abundant (constituting over 50% in
volume) and closely adjacent or even in contact to build a framework in the core facies.
The microbial contribution to reef growth was far less important. The three types of
reefs represent different communities controlled by environmental setting: stromato-
lites tended to develop in the shallow subtidal zone; unlaminated calcimicrobial
mounds and metazoan-dominated reefs were flourishing at deeper depths with higher
plankton availability and more suitablgsidal conditions for suspension feeders.
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The earliest knowroliomen&una (Brachiopoda)
from the Upper Ordovician Miaopo Formation at
Jieling, Yichang, South China

YAN LIANG! AND RENBIN ZHAN*

As a unique and characteristic brachiopod fauriégltbmendauna was studied by

many experts on its occurrences, taxonomic composition, diversity, evolution patterns
and palaeoecology after its first description by Sheehan (1973) from the Jerrestad Mud-
stone (early Ashgill, middle Katian), southern Sweden. In South China, the Upper Or-
dovician Miaopo Formation (mairffemagraptus gracBi®zone, lower Sandbian)

yields thousands of brachiopods belonging to 27 genera and 31 species, which are re
garded as the oldest known record dfdiemenéuna (Rong et al. 1999).

The 3-m-thick Miaopo Formation is marked by dark-gray or grayish brown mud-
stones or shales, interbedded with thin to medium bedded argillaceous limestones,
yielding diverse and abundant fossils dominated by trilobites, graptolites, brachiopods
and ostracodes, associated with fewer gastropods, conodonts and crinoid stems. This
Upper Ordovician lithologic unit is cordd to Chengkou of northern Chongging
District, Yichang of western Hubei Province and Hexian of Anhui Province (Chen &
Qiu 1986; Chen et al. 2011), South Chinla@aplate. Chen & Qiu (1986) suggested
that the development of this formation is related to local depressions on the carbonate
platform (the Yangtze Platform) during the early Late Ordovician. Within such a unit
occurs the oldest knownliomentauna (Rong & Zhan 1995; Rong et al. 1999; Zhan
et al. 2010), which requires a complededatiberate systematic description.

In this study, the section of the Miaopo Formation is located at Jieling of northern
Yichang, western Hubei (31%207'2.2" N, 111%.228)3Geologically, it is on the east
side of the Huangling anticline. More tB&00 brachiopod specimens were collected,
amongst which 910 complete brachiopod shells were measured for this study. The
fauna appears to be a mixture of the core taxaFalitreen#auna such &hristia-
nia, DedzetingleptestiinaassinellandFoliomeniself, together with a number of
other deep-water taxa sucltSksnidioidegnisopleurelland Seriocoideassociated
with some orthids such@slerorthis, Glyptorthis, Taphrorthis, Nicoloidea, Chrusteno-
pora, DrabovinelendParisorthisCompared with Early and Middle Ordovician bra-
chiopod faunas, which are normally dominated by orthids, the current fauna is com-
posed mainly of strophomenids. Altogether, there are 27 brachiopod genera and 31
species (Fig. 1), amongst which 11 genera and species are plectambonitoids, comprisin
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37% of the fauna and 70% of the total @@&asured specimens, respectively. The
orthoids include 5 genera and 6 species (about 18%), and the strophomenoids and
inarticulates 6 and 4 genera and species, respectively. Other minorities are skenidioids
dalmanelloids and enteletoids. It is provisionally call&édsbmella-Multiridgia-An-
isopleurellassociation, and constitutes the oldest kiolimmengauna in the world.

Fig.1. Stratigraphical ranges of brachiopottee Miaopo Formation at Jielingichang, western Hubei Province. The
graptolite biozones are from Chen et al. (2011). The nuatdrggshe stratigraphical range of each species refer to the
number of specimens at each particular collection respectively.
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The Darriwilian (Middle Ordovician) Holen
Limestone at Kinnekulle, southern Sweden D with
special focus on the OTSljstenO

ANDERS LINDSKOG AND MATS E. ERIKSSON

Meridionally along Sweden, preserved Middle Ordovician deposits mainly consist of
brown to red colored cool-water Oorthoceratite limestone® (e.g., Hadding 1958). In
strata belonging to the Volkhov (Dapamgdlower Darriwilian) and Kunda (lowerb
middle Darriwilian) Baltoscandian stages, a conspicuous change to gray limestone is
widely developed. The timing of thisuoge varies somewhat. At Kinnekulle, VSs-
tergStland, these gray strata first appear in the lower part of the c. 14 m thick Holen
Limestone, and span c. 1.5 m of lower to middle Kundan beds (e.g., Eriksson et al.
2012). Through local quarrying tradition, treydseds are known as the OTSljstenO (see
Hadding 1958).

The entire Holen Limestone is exposed and accessible in the large abandoned
HSllekis quarry, northwestern Kinnekulle, and the OTSljstenO and c. 4.5 m of the over-
lying red limestone beds are exposed also in the smaller and still active Thorsberg
qguarry, southeastern Kinnekulterecent years, we have conducted fieldwork at these
localities on several occasions. Studies have mainly focused on micropaleontologic anc
sedimentologic aspects @ Holen Limestone, and thes@8fenO and its immediately
adjacent strata in particular.

The boundary between the Lanna Limestone and the Holen Limestone, which also
marks the boundary between the Volkhov and Kunda stages, is situated within a series
of closely spaced limonitic hardgrounds (cf. Jaanusson 1982), in an oolitic packstone
interval c. 2.8D3 m below the base of the OTSljstend. The first appearance of typic:
Kundan trilobitedvas been recorded close to this level (Villumsen et al. 2001). Marly
wackestone-packstone with poorly developed bedding then ensues and continues up-
wards c. 2 m. Relatively dense red wackestone-packstone, large parts of which appeal
to have formed during conditions of continuous sedimentation, underlies the OTSljstenC
and forms the quarry unit Arkeologen. $hperjacent OTSljstenO records successive
change between different, increasingly coarse-grained facies, in stratigraphically ascenc
ing order:

1) Red-tinted gray wackestone-packstone with hematite-stained discontinuity sur-

faces (Golvsten quarry unit).

2) Clean gray packstone with well-d@eglgphosphatic hardgrounds (Botten).
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3) Glauconitic gray wackestone-packstone (BottenBGrEkarten).

4) Glauconitic dark gray marly limestone with poorly developed bedding
(BlymEkkabFjSlibott).

5) Relatively clean, mottled and organic-rich gray packstone with numerous intra-
clasts and closely spaced phosphatic firmgrounds and hardgrounds (Likhall).

6) Red-tinted gray packstone strewn with limonitic grains, with well-developed
phosphatic hardgrounds (FlorabMumma), that gradually shifts into red wack-
estone-packstone (R3dearaind other quarry units above the OTSljstenO).

These different facies are distinct and thus enable bed-by-bed correlation between
the HSllekis and Thorsberg quarries, and sometimes also to sections elsewhere (se
Dronov et al. 2001). In addition to the iidiual beds of the OTSljstend, several other
distinct beds are traceable (at least) between the two field localities. Approximately 2 m
of relatively dense red wackestone-packstone overlie the OTSljstenO, and variably ma
red wackestone-mudstone continue upwards until a flatly eroded discontinuity surface
that marks the top of the Holen Limestdgsee Holmer 1983), c. 9 m above the top
of the OTSljstenO. For the most part, the succession appears to record essentially cont
uous sedimentation and hardgrounds are rarely well developed. Many firmground and
hardground surfaces in the topmost ¢. 3D4 m contain innumerable simple macrobor-
ings.

In addition to spectacular findings of abundant fossil meteorites and associated sed-
iment-dispersed extraterrestrial cheor(é.g., Schmitz & HSggstrSm 2006), the
OTSljstend is associated with notables éhahgereserved fossil biota (e.g., Tinn &
Meidla 2001; Mellgren & Eriksson 2010; Erikssbal. 2012). Most conspicuously,
some beds abound with relatively well-preserved cystoids. Overall, the fossil abundance
is substantially higher in comparison to wiote enclosing red strata. In acid-insol-
uble residues from the OTSljstenO, particularly gastropods, ostracods and conodonts ¢
cur in exceptional numbers. Field studies also revealed a significant presence of micro-
bialitic features, most notably well-developed oncoids. The LannabHolen Lime-
stone/VolkhovbKunda Stage boundary intels@lappears anomalously fossiliferous.

With regards to abundance, many taxonomic groups show similar patterns within their
stratigraphic distribution, and at least in part these patterns reflect regional phenomena.
A common factor for the most fossiliferous stratigraphic intervals in the studied
succession is that they are associated with sea-level lowstands. Both the VolkhovbKund
transition and the OTSljstenO are associated with variably extensive erosion in the mo

shallow-water parts of the Baltoscandiaohzadim (e.g., Nordlund 1989; Hints et al.

2012). The strata at Kinnekulle represertsaantially complete record of events dur-

ing this time interval. With the exception of possible subaerial conditions during the
formation of the discontinuity surface at the top of the Holen Limestone, the OTSljstenO
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and its adjacent strata appear to record the most substantial lowstand in the entire
Holen Limestone succession.

Department of Geology, Lund Uniye3sityegatan 12, SE-223 62 Lund, Sweden;
anders.lindskog@geol.lu.se, mats.eriksson@geol.lu.se
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Decrease in carbonate accumulation rate in Early
Ordovician in south China: Insights into
paleoceanographic changes

JIANBO LIUY, YONGCHAO SUN, RENBIN ZHAN? AND YUXUAN JING*

The potential causal mechanisms of the "Great Ordovician Biodiversification Event"
remain the subject of considerable debate. Although many causal factors are employec
for promotion of the biodiversification)gmreanographic effects (e.g., cooling trend
through the Early Ordovician) are recenthppsed to have played a forcing role in

the unprecedentdibdiversity increases (Trotter et al. 2008; Giles 2012). Shallow-
marine carbonate systems are highly respooagihysical, chemical, and biological
changes, e.g., biological/ecological, paleographic conditions. The purpose of this

study is to present an integrated synthesis of the Early Ordovician carbonate accumu-
lation rates of the Yangtze platform, South China in order to highlight the paleocean-
ographic influences for the initial stage of the GOBE.

In the Tremadocian of the Early Ordovician, extensive shallow-marine carbonates
(the Tongzhi, Nantsinkuan, Fenshiang and lower Hunghuayuan formations) prevailed
in the offshore setting of the Yangtze Platform, with terrigenous clastics deposited in
the inshore area. From the early Floian, the platform was deposited with mixed car-
bonate-siliciclastic sediments (the Meitan, Dawan, and Zitai formations) due to rapid
sea level rise.

In this study, nine well-exposed sections from different palaeogeographical zones of
the Upper Yangtze area were selected to document the temporal changes in the accu
mulation rates of carbonates. All the siusliecessions are well dated based on the
conodont biozones. The carbonate accumulation rates are calculated from the strati-
graphic thicknesses of conodont biozones in meters per million years (m/Ma), and are
not corrected for compaction.

The observed rates of carbonate accumulation on the Upper Yangtze Platform var-
ious significantly between different biozones and sections, ranging from less than 1 to
100 m/Ma or more. However, total accumaiatates at the studied section are gen-
erally higher in the lower Tremadocian, and progressively decreases up to the base o
the Floian. The mean rates are 37 or 2@amh the lower Tremadocian, 14 or 19
m/Ma in the upper Tremadocian, and 7 or 10 m/Ma at the base of Floian according
to two time scales (Webbyakt2004; Gradstein et al. 2012).
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The bulk sediments of the Tremadocian and basal Floian in the Upper Yangtze
Platform are mainly composed of shadlabtidal grainstonedpkstone with minor
shale or wackestone intervals deposited ueiper settings. Thus the generally de-
crease in the mean rates of the carbatatmalation in the Early Ordovician cannot
be entirely attributed to the fall of relative sea-level; whereas the growth potential of the
carbonate system might have play a pivotal role on it. Previous studies documented a
decline of ooid precipitation and a coeval gradual increase in skeletal mass from the
upper Tremadocian of the platform (Li@le2011). These changes indicate a transi-
tion from an abiotically controlled carbonate factory to a biotically controlled carbonate
factory, and imply a decrease in the carbonate saturation of the seawater, chiefly due tc
a fall of atmospheric pG@s well as the resultant global cooling. In summary, the
decrease in the growth potential of the carbonate system in the Early Ordovician in
South China was strongly influenced by the carbonate saturation state of the seawater
in the gradually cooling ocean, which might have opened a windowidespecad
taxonomic radiations of marine life.

!School of Earth and Space Scienceg|JRalersity, Beijing 100871, China; Key
Laboratory of Orogenic Belts and Crustal Evolution (Peking University), Ministry of
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Palynology through the early Wenlock Ireviken Event

RHIAN LLEWELLYN

The lower part of the Sheinwoodian (lower Wenlock, Silurian) is well known for its
major positive carbon isotope excursion and extinction events, affecting in particular
the graptolites and conodonts.

The temporal relationship between the isotope excursion, associated environmental
change and the extinction events is the subject of much debate. The aim of this project
is to conduct a high-resolution palynological study through the Sheinwoodian of Butt-
ington Brick Pit, Wales, in order to establish the relative timing of the graptolite ex-
tinction with respect to the carbon isotope excursion and to establish the impact of the
associated environmental changes on the microplankton.

The study focuses upon chitinozoans and acritarchs. The former will be used pri-
marily (in combination with the existing graptolite biozonation) to constrain the age
of the section biostratigraphically. Diverdignges will also be analysed to determine
if the chitinozoans were affected by the environmental changes responsible for the grap-
tolite extinction event. The second part of the study will focus upon gquantitative anal-
yses of the diversity and relative abundance of acritarch morphotypes, utilised success
fully as palaeoenvironmentalig@tors in previous studies (e.g., Stricanne et al. 2006;
Loydell et al. 2009). Acritarchs are particularly valuable in such palaeoenvironmental
studies D different morphotypes reflect, rircplar, relative distance from the shore
and have been used successfully as proxies for sea-level change.

1School of Earth & Environmental Scienoesxsity of Portsmouth, Burnaby Building,
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The middle Rhuddanian (lower Silurian) OhotO shale of
North Africa and Arabia: An atypical hydrocarbon
source rock

DAVID K. LOYDELL!, ANTHONY BUTCHER! AND JI"é FR'DA?

An important hydrocarbon source rock (a OhotO shale) has been identified from the mid-
dle Rhuddanian (Llandovery, lower Silurian) of a number of localities in North Africa
and Arabia. It is unusual in having been deposited during a eustatic fall in sea-level.
Evidence for the regression in Libya and Jordan is manifested in a wide variety of pal-
ynological proxy data (including reduced acritarch and chitinozoan total abundance,
reduced acritarch diversity and changeg iretiitive abundances of various environ-
mentally sensitive acritarch morphogroups) and from the presence of a minor positive
A’C,, excursion at the same stratigraphical level as the OhotO shale. The environmet
of deposition was anoxic before, duringadtied deposition of the OhotO shale, except

for some very brief incursions of moygenated water that enabled the development

of a very limited burrowing benthos andtgie@ preservation as three-dimensional

pyrite internal moulds. Enhanced organic matter preservation within the OhotO shale i
attributed to greater productivity resulting from increased nutrient inputs particularly
from wind-blown dust, more rapid descertithh the water column of organic matter

in post-bloom marine snow macroaggregates, development of geochemically sealing
microbial mats at the sea floor and more rapid burial of organic material than had oc-
curred earlier in the Rhuddanian.

!School of Earth and Environmental Scigmgessity of Portsmouth, Burnaby Road,
Portsmouth PO1 3QL, UK; david.loydell@port.ac.uk, anthony.butcher@port.ac.uk
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Silurian graptolite biostratigraphy of the RSst(Enga-1
drill core, Scania P a standard for southern Scandinavia

J...RG MALETZAND PER AHLBERG

The Lower Palaeozoic of Scania, southern Sweden, has long been a focus for researc
into the Ordovician and Silurian graptolite biostratigraphy of Scandinavia and provides
the most complete successions available for the palaeo-continent of Baltica throughout
this interval. The ratified Global Stratotype Section and Point (GSSP) for the Sandbian
Stage of the Upper Ordovician Series is located in the FEgelsEng area east of Lur
south-central Scania (BergstrSm @0#0; BergstrSm & Ahlberg 2004). The Silurian
graptolitic strata of Scania are, however, less well known as little work has been done
since the early investigations of TSrnquist and Tullberg in the'latent@ry, and
hence additional resgais sorely needed.

The RSstEnga-1 core from west-c&tealia, drilled in 1997 (BergstrSm et al.
1999), provides the most complete suooesisihe lower Upper Ordovician through
lower Silurian (Llandovery, Telychian) of southern Scandinavia. The drilling was
stopped at a depth of 132.59 m and penetrated a seemingly continuous succession with
little tectonic disturbance. The sediments have a dip of ca. 35 degrees and the strati-
graphic thickness of the sedimentary column was estimated to be about 96 m (Berg-
strSm et al. 1999). The core diamet@lisnm (between 0 and 40.13 m) and 52 mm
(between 40.13 and 132.59 m), thus progidimough sedimentological and palaeon-
tological information for a detailed analysis.

The drill core has provided significant information on the Upper Ordovicianblower
Silurian stratigraphy in Scania and sawes important reference standard for this
interval in southern Scandinavia. The lowermost part of the core comprises the upper
part of the Sandbian Sularp Shaleifragraptus gradiiClimacograptus bicotriis
ozones), in which numerous K-bentonitisheere recorded (BergstrSm et al. 1999).

The base of the Sularp Shale, with the FEgels@Eng Phosphorite Bed, and the base of
Nemagraptus gradiliezone ca. 1.4 m below (the base of the Sandbian Stage), was not
reached. Above the Sularp Shale, the Skagen Formation, Mossen Shale, FjScka Sha
and LindegErd Mudstone were differentiatéae Ordovician interval and a small
number of graptolites of tideurograptus lineaisd Dicellograptus complanaius

ozones have been identified and support the estimated ages of the intervals (PCEIsst
2002).
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The Upper Ordovician (KatianBHirnanjidindeg@&rd Mudstone grades into the
Kallholn Formation, the base of which is Hirnantian in age and can be referred to the
Metabolograptus perscuBto®one. The sedimentology of the succession, unfortu-
nately, has never been described in dethih comparison with the Kallholn For-
mation of Dalarna (Llandovery, upper Rhadxato Telychian) is not possible at the
moment. The mudstones of the Lindeg&Erd and Kallholn formations in the RSstEnga-1
drill core include a variety of lithologies, predominantly black to dark brown, reddish
and greenish mudstone and shale with aaians of 115 mm thick siltstone layers
in certain intervals. Lamination, cross imgdand bioturbation is common, except in
some of the coarser sediment types. dier part of the Kallholn Formation is dom-
inated by dark to light greenish shale with lamination; coarser layers are usually lighter
in colour. Some bioturbation can be found. Fossils are largely restricted to graptolites,
but a few phosphatic and calcitic brachigodl even trilobite fragments have also
been encountered. Beds crowded with current-oriented graptolites are common in the
lower, darker part of the Kallholn Fornmatiwhere graptolites are often preserved in
full relief, filled with pyrite. Thdetabolograptus perscuitrone (58.50D?52.70 m)
can be recognized in the Hirnantian. The Rhuddanian, (Llandbdkiglggraptus as-
censy$2.70b50.50 mparakidograptus acumingd0s50D46.70 mEystograptus ve-
siculosu#6.60D37.30 m) andonograptus revoluf@%.30D35.40 m) biozones are
preliminarily differentiated. A considerable gap may be present here comprising the
lower Aeronian, as the oldgsiptolite fauna of the Aeraniinterval belongs to the
Lituigraptus convolutBimzone (35.40D31.05 m). It is followed byMbeograptus
sedgwiclBiozone (31.5D28.45 m). TRastrites linn€28.45D24.12 mzpirograptus
turriculatug24.12D21.70 m) arétreptograptus crigf@als70b11.16 m) biozones be-
long to the Telychian interval. A finer subdivision of these biozones may be possible.
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Preliminary revision of the sequence stratigraphy and
nomenclature of the upper Maysvillianblower
Richmondian strata exposed in Kentucky

THOMAS J. MALGIER}, CARL BRETT, JAMES R. THOMKA AND CHRISTOPHER
D. AUCOIN?

Late Ordovician (Katian) strata of Kentucky, in the Cincinnati Arch region, display a
regional change in lithologic and faumalients corresponding to a southeast-shal-
lowing epicontinental ramp. While a detailed sequence stratigraphic framework has
been established for the lower Cincinnatian, that of the upper Maysvillianblower Rich-
mondian succession of northern and central Kentucky has not been studied in detail.
Moreover, locally and inconsistently appifedstratigraphic termreflecting facies
changes along the ramp have complicated precise subdivisions of sequences into corr
ponent cycles and inhibited recognitibregionally consistent patterns.

This study uses high resolution facies analysis and tracing of distinctive stratigraphic
markers including biostromal horizons, rhythmic intervals, erosion and flooding sur-
faces, and distinctive fossil epiboles across lithofacies and nomenclatorial boundaries tc
reveal stratigraphic consistencies largely overlooked by previous researchers.

The present study focuses on the lower portion of the Richmond Group and its
transition with the underlying Maysville Group. Previous work by Holland & Patzkow-
sky (1996) recognized a single third ordeositional sequence in this interval, C4,
approximately coincident with the Arnheim Formation of Ohio and with lower portion
of the Bull Fork Formation of Kentucky usage. The underlying C3 succession (Cor-
ryville-Mount Auburn has been modified to some extent as a result detailed field study
of Schramm (2011). In particular, the uvib Auburn nodular packstones, skeletal
grainstones and stromatoporoid biostromegelhas shallow subtidal/lagoonal facies
(OSunset Membesénsu strijta@t least in part, appear to overlie a regional discon-
formity and form the base (early transgeesgstems tract) of sequence C4. Recent
fieldwork has shown that these beds pass laterally into southeastwardly thickening shaly
dolomicrites with desiccation cracksaasplarse fauna suggesting complementary dep-
osition of muddy peritidal facies (Terrill Member) during lowstand to early transgres-
sion. The overlying Arnheim succession records a third highstand/falling stage order
contains at least two smallér¢dder) cycles separated by a thin grainstone/packstone
bed which locally yields the distinctive brachiRatiebrsirostra carld@yie C4 upper
boundary in Kentucky is formed by a regidiscontinuity beneath a thin package of
coarse skeletal beds, locally with corals and stromatoporoids (Fisherville Coral bed),
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and their shoreward equivalents, which also pass southward into peritidal micritic fa-
cies. These beds may be laterally equivalent to a condensed phosphatic limestone
(herein termed Southgate Bed) that forms the base of Holland & PatzkowskyOs (1996)
C5 sequence in Ohio-Indiana.

Much of the past terminology can be retained and defined objectively, allowing the
use of one unified set of names on the member scale level that will be integrated into
formations. This will allow easier correlations along the Cincinnati arch. Moreover, this
will lead to a refined and consistent sequence stratigraphic framework for a better un-
derstating of depositional environmentschadges in faunal gradients. Because these
sequences span offshore to peritidal facies they provide the possibility of testing for
changes in sequences and their composthsytracts across a proximalbdistal gra-
dient. Finally, the beds record the onset of the Richmondian Invasion, an influx of taxa,
including corals, stromatoporoids and a distinctive brachiopod assemblage from the
more tropical areas of NW Laurentia associated with a period of late Katian warming
(Holland 1997; Holland & Patzkowsky 20@Rd the OWaynesville carbon isotopic
excursionO (Bergstrdm et al. 2010). Highlation stratigraphy will provide a frame-
work to examine the details of this important ecological-evolutionary event. Our pre-
liminary results indicate that the effects of this warming event were manifest earlier in
shallow water facies than in offshore biofacies, with the reappearance of stromato-
poroids and the cor@ktradiumn carbonate shoal-lagoonal facies as early as the late
C3 sequence (late Maysvillian).
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Evolution of the late Ludlow and early Lochkovian
benthic communities of the Prague Basin and their link
to global carbon cycle

%TEPAN MANDAAND JI"é FR'DA *2

During the last two decades it became evident that the Silurian was a period of major
climatic changes (e.g., Calner 2008). The PBagie was in the late Silurian located
in mid southern latitudes (e.g., Cocks & Torsvik 2002). The Prague Basin represents a
relative restricted and shallow rift basih a complex tectonic history (K06 1991).
Here we present new data on evolution of the late Silurian and early Lochkovian ben-
thic communities of the Prague Basin fronsttieearM. uniformigraptolite zones
and their link to eustatic oscillations and to global carbon cycle inferred fr&f@ new
data. Special attention is paid to an influence of several earlier recognized late Silurian
bioevents on evolution of the benthic communities.

More than 30 benthic communities were rasedras result of recent study, which
was focused on synthesizing all publidatd (e.g., Havl'-ek & %torch 1990; KO'6
1999) as well as on new detailed palaeoeabtogityses of l&durian to Early De-
vonian strata of the Prague Basin. Each community is defined on the base of quantita-
tive palaecological/taphonomic analyses and its stratigraphic range is also re-evaluatec
Links among palaecological data, eustatic oscillations, a@ tlezord were also
analysed. Results of our analyses retredledme of the benthic communities have
rather high potential for correlation within the Prague Basin, as well as in different peri-
Gondwanan basins. It is noteworthy thastteigraphic ranges of vast majority ben-
thic communities of the Prague Basin regardless of their facies correspond well with
both the graptolite biozonation as well as chemostratigraphic zonation.

!Czech Geological Survey, P.O.B. 85, 118 21 Prague 1, Czech Republic;
stepan.manda@geology.cz
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Age and environmental setting of the Fezouata Biota
(Lower Ordovician, Morocco)

EMMANUEL MARTIN?, BERTRAND LEFEBVRE BERNARD PITTET, JEAN
VANNIER?, ALI BACHNOU?, KHADIJA EL HARIRF, AHMID HAFID 2, MOUSSA
MASROUR, FLEUR NOAILLEE HENDRIK NOWAK?3, THOMAS SERVAIS THIJS
R. A. VANDENBROUCKE, PETER VAN RO¥’, MURIEL VIDAL® AND DANIEL
VIZCAINO®

The recent discovery of several Early Ordovician Konservat-LagerstStten in the Central
Anti-Atlas of Morocco offers new insights into the initial animal biodiversifications
during Early Palaeozoic times. Indeed, the new Moroccan Konservat-LagerstStten are
critical in unraveling the progressive sedtieof primary marine ecosystems, after the
Cambrian bioradiation events. Exceptiopadigerved soft-bodied faunas are particu-
larly abundant in the Cambrian (e.g.uSiRasset, Chengjiang, Emu Bay Shale, Bur-
gess Shale, Orsten), but far less common and associated to restricted environmenta
conditions (e.g., anoxic sea floors, shallow brackish estuarine embayment) in the Or-
dovician. The Fezouata Biota, from the Outer Feijas Group (Lower OrdovicianE) of
Zagora area partly fills in this lacuna. Description of the new Moroccan Konservat-
LagerstStten is in progress, and will permit to assess precisely Early Ordovician marine
biodiversity for the first time but alsogémpare marine assemblages with comparable
preservational modes from the early-mid Cambrian and the Early Ordovician.

In the Ternata plain, north of Zagora, the Lower Ordovician succession lies uncon-
formably over the middle Cambrian sandstfrtee Tabanite Group, and consists of
an extremely thick series of more or less silty and micaceous argillites (ca. 700 m; Lowel
and Upper Fezouata Formations) overlain by the sandstones of the Zini Formation.
Since the early 2000s, several fossiliferous horizons within the Lower Fezouata For-
mation (Tremadocian) and the conformably overlying Upper Fezouata (Floian) have
yielded extremely abundant and diverse remains of fully marine assemblages. Fossil
comprise numerous exquisitely preserved remains of shelly taxa typical of post-Cam-
brian faunas: e.g., machaeridians, artitwméatkiopods, bivalves, gastropods, nautiloid
cephalopods, trilobites, ostracods, gragtaiitgotocystitid rhombiferans, mitrate sty-
lophorans, asterozoans, and crinoids. However, the Fezouata Biota also contains abun:
dant and diverse remains of non-biomineralized organisms with several representatives
of the Palaeozoic Evolutionary Fauna (most previously known only from younger de-
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posits): e.g., aglaspidid and cheloniellid arthropods, cirripedian crustaceans, xiphosu-
rans. The fauna also contains non-biomineralized taxa typical of early to middle Cam-
brian Konservat—LagerstStten: e.g., anamdids, halkieriids, marrellomorphs, na-
raoiids, palaeoscolecids. This clearly shows that some Cambrian key faunal elements
stepped into the Ordovician. This important information challenges current evolution-
ary models favouring abrupt changes during the CambrianDOrdovician transition.
However, the different Lower Ordovicfassiliferous horizons around Zagora
needed to be placed in a spatio-temporal framework. Indeed, studies on the Fezouata
biota have been focusing on faunal elements but lack accurate data on the age anc
environmental setting of the fossil localities. In the last two years, under the auspices of
the ANR project RALI and two French-Moroccan CNRS-CNRST projects (SDU
05/09 & SDU 02/13), two field campaigns logged in detail the whole Lower Fezouata
Formation and the lower half of the Upper Fezouata Formation. The precise strati-
graphic position of all fossiliferous levels yielding exceptional preservation was also
identified. The occurrence of mm- to cm-thick silty layers displaying storm-wave in-
fluence (wave ripples) points to relatively shallow offshore depositional settings. Prin-
ciples of sequence stratigraphy applied todh also permitted to reconstruct sea-level
fluctuations, which were compared wittcti@nges in composition of some taxa (e.g.,
graptolites, echinoderms, trilobites) in association with the soft-bodied faunas.

UMR CNRS 5276 LaboratoireG#plogie de Lyon, Téanstes, Environnement
(LGLTPE), GZode, campus de la Doua, UniversitZ Lyon 1, 2 rue Dubois, 69622
Villeurbanne cedex, Fraagenanuel.martin@ens-lydvefitrand.lefebvre @univ-
lyonl.fr, bernard.pittet@univ-lyonl.fr, jean.vannier@univ-lyon1.fr
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Comparative analysis of changes in taxonomic structure
and biodiversity dynamics of brachiopods in

Ordovician palaeobasins of Siberian Platform and
Baltoscandia

OLGA MASLOVA

The most large-scale biodiversification of Phanerozoic marine biota took place in the
Ordovician period, where brachiopods becamef the dominating groups (Kanygin

2001; Achab & Paris 2007). The Siberianfd?fatand Baltoscandia belong to the

most extensively studied regions by paleontological and stratigraphical methods. In the
Ordovician, they were far spatially isolatetlocated in different climate zones, so

the comparison of data according to the stratigraphical distribution of brachiopods is

important for the evaluation of theste in interregional correlation.

The author made an inventory of the taxonomic structure of brachiopod complexes
and graphically showed changes in dynamics of their biodiversity at the generic and
relating to species levels (Fig. 1), masedblished data (Roomusoks 1968; Yadren-
kina 1974; Hints 1990; Padkevi-ius 1997) atheudistribution of brachiopods in the
two largest epicontinental basins. Two stages are distinguished in the evolution of Or-
dovician brachiopods: Early Ordovician and MiddlebLate Ordovician. Early Ordovi-
cian brachiopods in both basins are characterized by a rather poor genus and specie
composition. A similarity of communities is observed in genus compositions of inartic-
ulates, that at®bolusaindLingulellebrachiopods. In this interval (Varangu time and
Nyai time), there is one common specigshBoorthiin the Dapingian (Kimaian and
Volkhov time), an increase of brachiopmaplexes diversityolkserved; new genera
and species appeared. An abrupt reduction in the brachiopod communities is noted in
the early Darriwilian in Baltoscandia (early Kunda time) and especially within the Si-
berian Platform (Vikhorevian time), whereegtensive regression took place at that
time. The most sudden changes in thénlmaod communities occurred in the mid-
Darriwilian, which corresponds to Volginian time on the Siberian Platform and Las-
namSgi time in Baltoscandia. It was a time when new communities appeared and ge-
nus/species composition was completelyedn@he diversity of brachiopods in the
Siberian Platform is reduced again dufiegKyrenianbKudriamn regressive cycle,
brachiopods of the order Lingulida are Inadistributed. At the same time in
Baltoscandia (that corresponds to the late Darriwilian) five new brachiopods genera
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Fig. 1.Taxonomic diversity dynamics of brachiopods invi2ida of Baltoscandia and the Siberian Platform.

have appeare8opwerbiellaGlassorthiseptestjd_eptelloideand Porambonite$he

clearest correlation level in both paleobasins was established at the base of the Sandbic
Stage. Within the Siberian Platform it corresponds to the base of the Chertovskian
Regional Stage, which is reliably correlated with sections of the Verkhoyansk-Chukotka
folded area on benthic fauna complexes. In this folded area graptolittyoadiles

Zone have been found at the same level. The Chertovskian time is characterized by the
appearance of new genera and spec@adatetbrachiopods still dominate. The in-
crease of diversity in Baltoscandia (Kukiraeg continues; 10 new species appear. At

this level, as in Baltoscandia, representatives of theStrepi@merand Oepikina

arise first. In the BaksanianbBDolborian time (late SapadyigiKatian) communities

of brachiopods in the Siberian Platforachetheir maximum diversity of species and
genera. At the same time, seven congapnara appear in Baltoscandia (ldavere
Nabala time)Strophomenp@epikinaHesperorthiBoreadorthiSlyptorthisTriplesia
GlyptorthisGenerabalmanellaMendacelleRafinesquin@ygospirand Sowerbyella

appear in Sandbian and Early Katianiagesltoscandia. The same genera are deter-
mined on the Siberian Platform, but they appear here in the Silurian. A notable reduc-
tion of brachiopod complexes takes place in the late Katian within the Siberian Plat-
form (Nirundian time). Similar changes oatightly later (Vormsi and Pirgu time) in
Baltoscandia. The brachiopod diversity llo&aandia is even more reduced in the
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Latest Ordovician (Hirnantian); théirnantia fauna (BergstrSm 1968) dominates.
This stratigraphic interval corresponds tboeak within the Siberian Platform.
Comparative analysis has shown thag alith high endemicity of brachiopod
communities of the two considered paleobasins, they had common elements at the ge-
nus level in certain time frames. In theyEardovician (Baltoscandian paleobasin)
other families of brachiopods developed in parallel, but the changes in the biodiversity
dynamics occurred almost simultaneouslythdthin Siberian paleobasin. The im-
portant result of the work is the confirmation of close relationship of the taxonomic
diversity dynamics with transgressiongegréssions (Dronov et al. 2009). During
the largest transgression (Darrivaarly Sandbian), brachiopods reached their max-
imum diversity. During regression (earlyrilddian and late Katian), their variety was
abruptly reduced. It is important to note that these changes occurred simultaneously in
different climatic zones.

1Siberian Research Institute of Geologlyy$tes and Mineral Resources, 67, Krasny
prospekt, Novosibirsk, Russia, 630091; oly_8@ngs.ru
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Influences of imaging and morphological knowledge of
species on phylogeny reconstruction: A case study in
pliomerid trilobites

NEO E. B. MCADAMS AND JONATHAN M. ADRAIN?

Many invertebrate paleontological phylogenetic analyses rely on images of specimens
from the published literature as coding sources. Species are typically represented by
handful of specimens, which were imaged at low magnification in plan view. New dig-
ital technology enables pudilion of highly resolved images of numerous specimens.
Here we use silicified Lower Ordovician pliomerid trilobites from the Great Basin to
investigate whether the quality of infornmationveyed in traditional versus current
illustrations affects phylogenetic precision or accuracy. These trilobites were originally
described in mid-20century publications (Ross 1951; Hintze 1953) which were
widely regarded as excellent, but our field-based revision of these faunas indicates tha
only about 1/3 of the common species deseribed (Adrain et al. 2009), and that
species which initially appeshmvell-known were oftenngposites of sclerites from

several poorly known species.

Simulations have shown that phylogenetic accuracy and resolution are reduced by
the inability to code characters for all taxa, not just the percentage of missing entries in
any incomplete taxa (Wiens 2003), and this is consistent with the results of our anal-
yses. Our primary dataset includes 29 species coded for 69 characters from our photo-
graphs of specimens we collected at thimtghiies. Most characters are coded for all
taxa. A second dataset consists of the 20 species now known to be represented in th
literature (even if they were unrecognized at the time; only nine of the 20 were previ-
ously named). This second dataset was cdgdbonthe original illustrations of the
sclerites, which are now correctly assigmadthospecies. Dataset 2 is incomplete due
to species that were known from few ebetgkelements (poorly known species, or
former composite OspeciesO), or because the original illustrations did not show all rel
vant morphology. Twenty-five uncodable, or uninformative or autapomorphic charac-
ters (the latter two because excluded taxa or codings also removed the phylogenetic
signal) were deleted from it, and it containsharacters coded for all taxa. We ana-
lyzed both datasets using parsimony.

Analysis of Dataset 1 resulted in sixresdiived, well-supported trees (Cl 0.64, RI
0.89, average GC [groups supported/groups contradicted; Goloboff et al. 2003] boot-
strap support of 74.6). Analysis of Datasesulted in nearly 1500 poorly resolved,
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poorly supported trees (Cl 0.77, Rl 0.88, average GC bootstrap support of 35.2). The
strict consenses reflect similar broadorethips between genera, but the low resolu-

tion of the second analysis obscures relationships within genera. These preliminary data
suggest that much greater species-leveg@hgtic precision is possible with wider
application of modern imaging techniques.

Department of Geoscience, Univetsitiapfowa City, lowa, 52242 USA; neo-
buengermcadams@uiowa.edu
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Linking upper Silurian terrestrial and marine
successions

KRISTINA MEHLQVIST!, KENT LARSSONAND VIVI VAJDA!

Several localities exposing Silurian sediments occur in Sweden and many of them are
situated in SkEne, southern Sweden. The exposed successions range in age from Llar
overy to PO’dol’ but many of the outcrop sections are inaccessible today. Whilst there
are a vast number of studies on differenpgmiumarine organisms, no or very little

data exist on the late Silurian terrestrial biota of Sweden. This investigation aims to
shed light on the previously poorly ingastd Silurian spore assemblages from Swe-

den and to correlate subsurface samples with exposed Silurian strata. This study furthel
comprises the first correlation between mamhéerrestrial bioatigraphical schemes

of upper Silurian strata for Scandinavia.

We have performed a palynostratigrapiniy £tih miospore assemblages from near
shore marine Silurian sedimentary rock&@ne, southern Sweden. The material in-
cludes both drillcore samples (from Klintaborrningen 1 and BjSrsjslag@Erdborrningen
2) and samples from exposures from vaoicaigies in SkEne. Well-preserved spore
assemblages were identified and 36 spore species were identified. The cryptospore
(produced by now extinct, primitive land plants) and trilete spores (produced by vas-
cular plants) are represented by 18 species each. The organic matter is highly dominatec
by spores and plant debris but marine noissd$, such as prasinophytes, acritarchs,
chitinozoans and scolecodont elements occur in some samples. We further identified
fungal spores and hyphae in a few samples, together with tubular structures of an un-
certain affinity.

Long ranging species with a global bigion dominate the spore assemblages,
complemented with key taxa includBymorisporites tripapillaErmphanisporites ne-
glectysHispanaediscus verruc&ynorisporites lyhiddspanaedisucs lamoatid
Scylaspora scril@gased on biostratigraphical schemes for early land plant spores, the
studied sediments of the cores Klintaborrningen 1 and BjSrsjSlag@Erdborrningen 2 are
of Ludlow to PO’'dol’ age. The spore adagedare compared and correlated to marine
fossil schemes including those of conoddmtgnozoans, graptolites and tentacu-
litides. Relative abundance data of specific spore taxa for intra-basin correlation be-
tween the drillcores and the outcrops have further been applied.

Department of Geology, Lund Unive3sltyegatan 12, SE-223 62 Lund, Sweden;
kristina.mehlgvist@geol.lu.se
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Geochemical comparison of Silurian sandstones from
the Mora 001 core of the Siljan Ring structure with the
Mesoproterozoic Dala Sandstone Formation of central
Sweden

GUIDO MEINHOLD * MARC WENGLER AND OLIVER LEHNERT??

The Mora 001 drill core gives new insight into the early Palaeozoic succession preservec
in the Siljan impact structure of centraé@m (Lehnert et al. 2012). The lower part

of the core consists of Proterozoic basement covered by a 21.57 m thick sedimentary
package of Lower to Middle Ordovician limestone and unconformably overlain by an
224 m thick siliciclastic succession ofi&ilyLlandoverybWenlock) age which has

been subdivided into six members (Lelatatt 2012). One of them is a 27 m thick
sandstone unit. The goal of our study is tectléhe origin of its detrital material. A
potential source is the Dala Sandstonedtam which was petrographically and ge-
ochemically described, for instance, by Aldahan & Morad (1986) and crops out west
of the Siljan area. To test that hypothesis, four samples from the Silurian sandstone
member were geochemically compared with six samples from the Dala Sandstone For-
mation collected near MEngsbodarne and Risberg. The bulk-rock geochemical compo-
sition (major elements, trace elements, and rare earth elements) of all samples was de
termined by XRF and ICP-MS at the Geoscience Center of GSttingen University. For
simplification, we use the terms Silurian sandstone for the sandstone member of the
Mora 001 core and Mesoproterozoic sanddbr the Dala Sandstone Formation.

Using the SigJAl,O; versus FeOHO discriminant diagram of Herron (1988), the
Mesoproterozoic and Silurian sandstones can be chemically classified as subarkose
The Mesoproterozoic sandstones display higlt@i@nt (89D93 wt.%), low.8k
content (2.7D5.3 wt.%), very low Ti€bntent (70.12 wt.%), very low-Be content
(70.5 wt.%), and variable® content (1.4D3.2 wt.%). Very low values of CaO (70.14
wt.%) and LOI (70.35 wt.%) indicate the atfeseof carbonate-bearing minerals. Trace
element concentrations are consistently low. The Silurian sandstones can be subdividec
into two groups. Group 1, the two lowermost samples, displays modeaiatSiD
(70D72 wt.%), very low8); content (2.1D2.6 wt.%), very low Ti€ntent (70.06
wt.%), very low R®; content (70.38 wt.%), and low® content (1.0D1.2 wt.%).

High values of CaO (~13 wt.%) and LOLQ wt.%) indicate the presence of car-
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bonate-bearing minerals, in this case calcite cement, as evidenced by petrographic ob
servations. Group 2, the two uppermost samples, displays highrn&ot (~91

wt.%), low AIO; content (3.3D3.6 wt.%), very low Ti€ntent (@.11 wt.%), very

low FeO; content (70.46 wt.%), low,R content (1.5D1.6 wt.%), and very low CaO
content (<0.9 wt.%). In the Silurian sandstones, concentrations of trace elements are
consistently low.

The upper continental crust-normalised multi-element diagram shows depletion in
trace elements for both the Mesoproterozoic and Silurian sandstones, with a strong
depletion in Th, U, Ti, Cr and Ni (Fid.). Taken collectively, petrography and geo-
chemistry clearly point to a source area of felsic composition for all samples. Based on
bulk-rock geochemistry, the Mesoproterozoic sandstones could be the source for the
Silurian sandstones in the Mora 001 coreveder, further investigations (e.g., UPPb
geochronology of detrital zircon graéme)necessary to clarify this assumption.

Fig.Multi-element diagram for studied sandstone sampleseintnad Sweden. Concentrations are normalised against
the upper continental crust composition (UCC; Rudnick & Gao 2003).
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A view of the RhuddanianbAeronian boundary from
Arctic Canada

MICHAEL MELCHIN*

Since it was formally defined, the base of the Aeronian Stage was considered to coincide
with the globally recognizable base dbémeirastrites triangulaBiszone. However,

recent studies indicate that the GSSP actually correlates to a level Withirathe
gulatudBiozone (Davies et al. 2013). This lsvklostratigraphically marked only by

the first appearanceMbnograptus austerus se@sesecies not known to occur out-

side of northern Europe.

Since the documentation of biostrafipyaof the RhuddanianbAeronian succes-
sion on Cornwallis Island, Nunavut, dasumented by Melchin (1989) and Lukasik
& Melchin (1997), significant new informatieais become available, including carbon
isotope data (Melchin & Holmden 2006), comiat biostratigraphic data (Zhang et
al. 2006), and new, unpublished graptolite data. The following observations can be
made based on these new data. 1) The level of the current GSSP cannot be precisel’
recognized in the Arctic Canadian succeg&3iérbiostratigraphic level corresponding
to the base of tHe. triangulatuBiozone can be recognized based on the succession of
closely spaced FADsRufstiograptus concinristriangulatus separatusdPetalo-
lithussp. Each of these taxa is very rare in the succession. 3) The Has&iahthe
gulatudBiozone corresponds closely with thédéeeweak (80.84) positive shift in
AC,, values, which was also observed ED®ainn, Scotland (Heath 1998), at the
same biostratigraphic level. Data from Es@la0o suggest that a weak positive shift in
AC.anVvalues occurs at or near the base of Aeronian, although the signal is somewhat
less clear (e.g., Kaljo & Martma 2000) andlesssely biostratigraphically defined.

4) The interval in the Cornwallis Island succession that spans the latest Rhuddanianb
early Aeronian interval is not markedaby significant biostratigraphic appearance
datums within conodonts. This is consistent with conodont records in many other parts
of the world through this interval.

These data support the observations made in many other parts of the world that the
base of th®. triangulatugiozone is a readily recogrizdiiostratigraphic level in
graptolite successions in many parts of the world, based on the closely spaced FADs o
several readily rgguzable taxa, including the gerigeairastriteand Petalolithus
Unfortunately, thus far this biostratigrapliel cannot be precisely identified within
a conodont or chitinozoan biostratigraffaimework. However, a weak positive shift
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in AC values through this interval may prove to have potential for international cor-
relation, although this remains to be rigorously tested.
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Carbon and nitrogen isotopic analysis of Rhuddanianb
Aeronian graptolites from Arctic Canada: Implications
for chemostratigraphic and paleoecologic studies

MICHAEL MELCHIN %, PETER BULLOCK AND CHRIS HOLMDEN?

LaPorte et al. (2009) reported the first study in which carbon isotope analyses were
conducted specifically on graptolite rhabae wall material. That study showed that
the A%Cypvalues closely paralleled those oftBe,, although the graptolite values
tended to be slightly heavier, likely the result of different trophic levels represented by
the graptolites and the organisms respofwilpleoduction of the bulk organic matter
(likely mostly algal phytoplankton and bacteria). They also noted that the degree of
difference between tH€C,.,and AC,y varied through the section, which may have
been the result of variation is the degree to which graptolites contributed to the bulk
organic matter, or else differences in tmpasition of different graptolite species oc-
curring at different stratigraphic levels. In that study, no effort was made to identify the
species isolated for isotopic analysis. Huarteeet al. (2009) study was also the first
to identify the potential for nitrogen isotope analysis to gain insights into environmen-
tal/paleoecological changes in late Ordovicianbearly Silurian successions.

The objective of the present study is to further investigate the relationship between
C and N isotopic composition of graptodited bulk organic matter, how these vary
stratigraphically, and also how isotopiegalary between species. We report the re-
sults of 1384%C and AN analyses of selected graptolite species from 32 samples span-
ning the upper Rhuddanianbmid Aeronian succession at Cape Manning, Cornwallis
Island, Canada. The graptolites were isolated by dissolution of calcite concretions.
Wherever possible, multiple analyses (#8#¢ same species from the same sample
were conducted to determine the range of intraspecific variation within samples. In the
vast majority of cases, the range of intraspecific/intrasample variatio#i€ it
AN was 80.6a or less D only three samples showed intraspecific variations greater
than 14, which is a range of intraspecific variation commonly seen in analyses of mod-
ern zooplankton. The three cases of anasiglhigh intraspecific/intrasample varia-
tion may be the result of sample contamination, although we also note that modern
studies show that there can be significasbisal to decadal variation in the isotopic
values of zooplankton and that the calcite concretions represent substantially time-av-
eraged samples.
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The following observations can be madel loasthe data in our study. 1) As ob-
served in the LaPorte et al. (2009) studyydiuthat of Snelling et al. (2011), there is
a relatively consistent pattern of stratigraphic covariation béf@gerand A’Co
(from Melchin & Holmden 2006), in which th&C,.,, values are generally ca. 0.2D
1.0& higher than those ofA*C, A similar pattern is seen in comparisoA®Nfyap
and AN values, although in the lower part of the studied sectiofNkg, and
AN values often differ by even less than 0.2a. Although some of the difference
between the graptolite and bulk organic matter values may be the result of differences
in trophic levels represented in the different sample sets, this does not appear to be the
complete explanation. If this were the main cause, the difference bet&&¢p.ghe
and AN should be significantly greater than the difference betwe®g fheand
A’C,g values. 2) Pairwise comparison of species that coexist in successions of sample
indicate that there is no consistent, segmif pattern of interspecific variation&iC
or AN values that would clearly indicate differences in trophic level, food source or
habitat between species.
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Archaeocyathan fauna from Los Navalucillos
Limestone Formation, Toledo Mountains, Central
Iberian Zone, Spain

SILVIA MENfNDEZ*', ELENA MORENO-EIRISAND ANTONIO PEREJIN 2

The archaeocyathan fauna from Toledo Mountains (Spain) belongs to the Los Navalu-
cillos Limestone Formation, which is formed by alternating carbonate and siliciclastic
materials. They record a considerably diiggrse archaeocyathan assemblage in the
Lower Cambrian successions from the Central Iberian Zone (Julivert et al. 1972). De-
spite the importance of these successions almost no new meticulous research has bee
done on the region since the 1970s. Thierrdess lead the authors to research and
revise the five series studied previously, as well as to analyze the carbonate materia
outcropping in ten other localities thet previouslyt unexplored (MenZndez 2012).

The Urda locality is one of the most exceptional examples of the latter case. The
study of this location have allowed us to confirm the presence of a significantly high
diverse archaeocyathan assemblage composed of thirty five species and thirteen genel
AfiacyathyPDokidocyathuSibirecyathuBictyocyathu$aylorcyathu®rotopharetra
Erismacoscinidochoroicyathi®otundocyathuasetticyath@oscinocyathirsesso-
cyathuandAgyrekocyathégchaeocyaths occur mainly in carbonate nodules embed-
ded in siltstones as well as in cherts massive archaeocyath-rich orange limestone. Th
main facies are bioclastic and archaeocyathan wackestones and papkEkoes.
athus Dokidocyathuend Taylorcyathusad not been previously cited in the Toledo
Mountains. Cerro Tejoneras is another nealitp that recorded an interesting ar-
chaeocyathan assemblage. It is composed of eight species and fiverdeliesa:
athusErismacoscintimchoroicyathi®otundocyathaisdCoscinocyathligs the first
time the presence ©brdobicyathissrecorded in the Central Iberian Zone. Recrystal-
lized pink limestones bearing fossils, the facies are archaeocyathan wackestones.

Among the other new areas studied we wigraha to verify the presence of the
generaCoscinocyathurs, Cuartel de Barrancones. They occur in recrystallized grey
limestones bearing archaeocyaths and théatiasmare archaeocyathan wackestones.
Unfortunately, although complete calicesoliserved, most fossils are skeletal frag-
ments. They are all affected by strong recrystallization, which makes their recognition
and taxonomic assignment very difficult, like the remains of the Cryptoporocyathidae
family in El Lavadero and Finca Higueruela sections. It is even impossible to recognize
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them in some cases, like the samples frastiedla or Casa Rosalejo localities, so they
could only be classified as Ajacicyathina gen. indet.

Between the previously studied localities, only Los Navalucillos and Los Campillos
list a rich and interesting group of arcbg&than taxa. Six species and five genera
composed the archaeocyathan assemblage of Los Navalucillos. These five genera a
AnthomorphaCordobicyathusictyocyathuBrotopharetrand Rotundocyathuidow-
ever, a more diverse assemblage is present in Los Campillos, twenty species and elev
generaAfiacyathysSibirecyathuPictyocyathu®kulitchicyathu®rotopharetrder-
ismacosciniochoroicyathBotundocyath@oscinocyathRasetticyatharsdAntho-
morphaThe main facies observed are Isiicland archaeocyathan wackestones.

Archaeocyathan zones VI and VIl (Perej—n & Moreno-Eiris 2006), late Ovetian
Spanish age or early Botomian Siberian age, presently Stage 3 was previously assign
for these materials of the Los Navalucillos Limestone Formation. The présence of
thomorphagharacteristic for zones VI and VII, has confirmed this fact. However, the
study of all the newly collected taxa hafireed that the assemblages from the dif-
ferent localities can correspond exclusively to Zone VI or Zone VIl or both of them.
The assemblage recorded at the Cerro Tejoneras locality corresponds exclusively tc
Zone VI because of the presenc€avfiobicyathuthat is exclusive to Zone VI in
Spain. Nevertheless, the Urda assemblagg cteresponds exclusively to Zone VII
andAgyrekocyatharsdDokidocyathestend their distribution range to this zone. The
archaeocyathan assemblages from the localities of Los Navalucillos and Los Campillos
correspond to zones VI and VII.
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The conodontapetognathasd its value for defining
the base of the Ordovician System

JAMES F. MILLER JOHN E. REPETSK] ROBERT S. NICOLE, GODFREY S.
NOWLAN* AND RAYMOND L. ETHINGTON °®

Nicoll et al. (1999) published ¢ime taxonomy of the conoddapetognathasd its
ancestoiapetonudu€ooper et al. (2000) used the FAD of the previous authorsO new
speciekpetognathus fluctivalpusiark the GSSP for the base of the Ordovician Sys-
tem at Green Point, Newfoundlandrf€# et al. (2012) re-evaluatagetognathas
Green Point. They proposed that Nicoll et al. (1999) misoriented and misinterpreted
lapetognathusor example, Terfelt et al. (2012) used the plane of compression of the
cusp for orientation ddpetognathetements instead of using the direction of curva-
ture of the cusp, which for decades has been the standard criterion for orientation.
Terfelt et al. (2012) claimed tHapetognathus fluctivaigusot really present at the
level of the GSSP at Green Point but begins higher, above the lowest planktonic grap-
tolites. However, Cooper et al. (2000)thieir documentation paper on the GSSP,
reported and illustratedveeal correctly identifiddpetognathus fluctivaigosn Bed
23 at the stratotype section. Likewise, other workers who have collected samples from
Green Point, e.g., Anita Harris (U.S. Geological Survey), also have reqmteged
nathus fluctivagumsBed 23. We disagree with the taxonomic interpretations and strat-
igraphic conclusions of Terfelt et al. (2012).

Terfelt et al. (2012) stated that they attempted to spéyognathispecimens
illustrated by Nicoll et al. (1999) and byoer et al. (2000), but that the specimens
were not available for loan. The mategah fthe former paper is available from the
U.S. National Museum. Of the materialsthated by Cooper et al. (2000), only two
of the figuredapetognathispecimens appear to be lost, and the others are reposited
with the Geological Survey of Canada.

Cooper et al. (2000) report€tavohamulusnd Hirsutodontuslightly above the
GSSP and identified them as shallow-water taxa occurring in deep-water, continental-
slope strata at Green Point. That paper recommended that those genera be used for
correlation only very carefully because they may be redeposited from oldavstrata.
hamulusccurs in shallow platform and cratonic strata in Greenland, Newfoundland,
Australia, Siberia, and many areas in Laurentia, including in nearshore sandstones anc
in stromatolite reefs. The homotaxial succession of Upper Cambrian euconodonts doc-
umented in Laurentia is reproduced in shaflow marine strata at Black Mountain,
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Australia, including occurrence€@vohamulumndHirsutodontusMuch of the ho-
motaxial succession is also reproduaibmwater strata in Kazakhstan and Hunan
Province, China. HowevetJavohamuludoes not occur in those deep-water facies,
althoughHirsutodontusccurs in Kazakhstan. The ootgurrences of both of these
shallow-water genera in deep-water strata the Cow Head Group, but they are
higher than the normal position in a homiatiesuccession. The obvious conclusion is
that they are redeposited from shallow facies in turbidites, the problem implied by
Cooper et al. (2000).

Terfelt et al. (2012) considered elemer@@aviohamulmndHirsutodontus the
Cow Head Group to ba sity and they interpreted ranges of co-occurring specimens
of lapetognathas extending down section to the lower stratigraphic positions where
those two genera occur in other partseofMbrid. Then, they interpreted species of
lapetognathas occurring earlier at Green Poiahtelsewhere in the world, near the
base of th€ordylodus intermediosie. In interpreting the Green Pdiiavohamulus
andHirsutodontuasin sity the Terfelt et al. (2012) re-evaluation did what Cooper et
al. (2000) recommended should not be d@vause these two genera should be re-
garded as redeposited taxa.

Terfelt et al. (2012) also asserted l#@tognathis too rare and too geograph-
ically restricted to be used to characterize the @&Bgnathiswidespread in the
United States and occurs in eastern asigrveCanada, Argentina, Scandinavia, Ka-
zakhstan, Australia, and several provinces in China. These occurrences are in facies the
include a variety of cratonic, platform, aulacogen, miogeoclinal carbonate platform,
and slope deposits. The assertamd conclusions of Terédlal. (2012) do not appear
to be supported by available data.
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The proposed GSSP for the base of the Lawsonian

Stage (Cambrian Stage 10) at the First Appearance
Datum of the conodorEoconodontus notchpeakensis
(Miller, 1969) in the House Range, Utah, USA

JAMES F. MILLER KEVIN R. EVANS, REBECCA L. FREEMANROBERT L.
RIPPERDAN AND JOHN F. TAYLOR

Guidelines for choosing GSSPs encourage choosing horizons that are characterized us
ing multiple criteria; this is a strong point of the base of the proposed Lawsonian Stage,
which is characterized by several biol@gidahon-biological correlation tools. The
proposed horizon is at the evolutionary appearance of the coniform eu&meadont
nodontus notchpeakévidier 1969, part of the well-documented lindargeonodon-

tusN Eoconodonfi€ambrooistodukhe three zones below the proposed horizon are
named for successive species in the evoluRoocohodontuhe FAD ofEocono-

dontus notchpeakemsigks the base of theconodontus notchpeal@&inisisne of the
Eoconodontdene; the FAD oafambrooistodus minuhasks the base of the overlying
Cambrooistodus minuBubzone of that zone. Speci€aafibrooistodascur only in
theEoconodontidene; the next higher zone is the globally reco@ureylodus proa-
vusZone.

The appearance Bbconodontus notchpeakgnasi€volutionary event that is rec-
orded in nearshore siliciclastic strata acarioonate strata that include cratonic, plat-
form, aulacogen, miogeocline, and slope environments. Conodonts diagnostic of the
Eoconodontus notchpeak&msgsare cosmopolitan and are known in many parts of
Laurentia and China, in Greenland, Swddstonia, Siberia, Korea, Kazakhstan, Iran,
Turkey, Australia, and Argentina. Lowest occurrendeandirooistodase at or
slightly above the proposed boundary and occur in many geographic areas and facies
including open-ocean radiolarian cherts in Kazakhstan (identified in thin sections).
Species diagnostic of Beconodontdene have been recovered from drill cores in the
USA and Canad&oconodontus alisdrereding 1982 apparently occurs only in the
Eoconodontdsne, mostly in deep marine facies.

Trilobites and brachiopods also chataeteéhe proposed horizon. In western
North America this horizon is slightly below the top dli#i@aurusrilobite Zone. In
areas east of the Rocky Mountains the horizon is within the lower petokibba
junia Subzone of th8aukiaZzone in platform successions. This horizon appears to lie
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close to the boundary betweerdaithia subclavaaadK. schucheftiunas at the top

of the Sunwaptan Stage in deep-water deposits in eastern North America. Rapid evo-
lution of numerous ptychaspid, plethopeltid, eurekiid, and saukiid genera (among oth-
ers) through the proposed stage interval offers great potential for placement and corre-
lation of this horizon between the vabiedacies distributed across Laurentia during

the late Cambrian.

The proposed horizon is near the lowestirrence of the calcitic brachiopod
Finkelnburgiawhich occurs on several continents. Phosphatic-shelled brachiopods are
abundant in insoluble residues of conogamiples, and the fauna is characterized by
species @uadrisonid.ingulellaWahwahlingul@ZhanatellzandStittia This horizon
is near the highest occurrenc&oédrisoniawhich is replaced witburytretain
slightly higher strata in both the Great Basin and Kazakhstan. The lowest occurrence
of Eurytretas also at a similar position in Oaxaquia, Mexico.

The proposed GSSP is within the Rad Tops Member of the Notch Peak For-
mation, which includes trilobite, ooid, peloid, and flat-pebble lime grainstones. Cono-
donts are abundant in these lithologies, and all Red Tops samples produce conodonts.
Faunas include tens of thousands of conodont elements distributed among many spe-
cies. Two non-biological tools are useful for correlating these strata, which comprise
the Red Tops Lowstand, a sequence-stpdiiganit. The proposed GSSP is within
Sequence 5A, and there is considerable potential for global correlation using sequence
stratigraphy.

Carbon-isotope correlations utilize the HERB Event, a high-amplitude negative car-
bon-isotope excursion that occurs in the relativehEtdtonodontus notchpeakensis
Subzone. The FAD &. notchpeakensislightly below the level on carbon-isotope
profiles where values begin to shift rapidly toward a negative peak. Above this sharp
peak, values shift toward positive and then reverse to form a secondary negative peak
The combined HERB Event peak and the slightly higher negative peak are very dis-
tinctive and have been identified in Utah, Texas, Australia, Tarim Basin and Jilin,
China. At Green Point, Newfoundland, these peaks are identified in strata with very
few fossils, so the proposed GSSP can be correlated into poorly fossiliferous carbonate:

The base of teoconodontiédsene is identified in seven sections in three mountain
ranges in west-central Utah; three sections in the House Range are adequate to serve «
a GSSP. Exposures are extemnihia a huge area of public land (not privately owned)
with unrestricted access. Haaed gravel roads and dirt tracks provide access to the
many measured sections that comprise the type areas of the Laurentian Millardan and
Ibexian Series. Detailed topographic and geologic maps are available for the area.
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An alternative international correlation of the latest
Ordovician (late Katian and Hirnantian)
chemostratigraphy, biostratigraphy, sequence
stratigraphy and temperature history

CHARLES E. MITCHELL, MICHAEL J. MELCHIN? CHRIS HOLMDEN?, STANLEY
C. FINNEY* AND PETR %TORCH

Excursions in the carbon isotopic records through the late Katian and Hirnantian differ
substantially among sites around the globe in the magnitude of the excursions, the du-
ration of the events and the precise timing of the peak or minimum values. These dif-
ferences reflect the interaction of locabbotxhl drivers of the carbon system and re-
quire precise independent calibrations ofAfttechemostratigraphy for use in global
correlation and paleoenvironmental infere®eguence stratigraphic analysis of peri-
glacial deposits in North Africa demonstrate that the Hirnantian glacial episode com-
prised two major cycles of ice cap growth separated by a substantial interglacial interval,
which bear$/etabolograptus ojsuehsiswise, the Silurian GSSP section at DobOs
Linn contains sedimentological evidenca lofver glacial interval between Anceps
Band D (uppermogR. pacificugone), and Band B/ extraordinariugone), which
is followed by a brief interglacial (Band&fjtand a return to glacial conditions that
persisted through the uppermost Hartfell Shale (lower M. patsculptZone age).

These previously published olmttons combined with ne®y data from late
Katian and Hirnantian strata in Nevadd afkon that also bear diverse graptolite
faunas and detaile&C,; and A’C..nrecords, lead us to resiler correlations in this
interval. The post-Eureka Ordovician succession in Nevada comprises six stratigraphic
sequences (O1P06). Graptolite and cheaigsaiphic evidence indicates that O5b
06 encompass the Hirnantian HICE excursion, which, in this region, exhibits a strong
double peak in¥’C, values: one that commences in the uppeRnpatificizdone
(following a brief deepening early in@ieeratograptus mirssbzone interval) and
reaches peak values in the basal Hirnantian, O5 straté/leweaordinariusdone)
and a second in mid Hirnantian, O6 strata (uppextraordinariudone to midW.
persculptune). Rqs data from the interval in the uppérextraordinariugone be-
tween these two C excursions suggest a brief relative sea level rise and also coincid
with a recurrence of many species fronf thgacificugone fauna. Thus, the first
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glacial interval appears to be latest Katian to earliest Hirnantian, the Hirnantian inter-
glacial is securely dated asMatextraordinariugone age, and the second, more ex-
tensive glacial advance reached its peak in the pedsculpt@ne interval.

These relations fit precisely with those recently demonstrated at the well known
Mirny Creek section in Siberia, which also exhibits two distinct HICE peaks, and with
the glacio-eustatic history inferred at both tropical sites, such as Anticosti Island, and
peri-glacial sites in North Africa. In the Anticosti succession, as at Dob's Linn and the
Hirnantian GSSP at Wangjiawan, the ddiigantian peak is weakly developed and
the typical largef®C..n excursion, the so-called OHirnantian Isotopic Carbon Excur-
sionO (HICE), is present in the Laframboise Mbr (at Anticosti) and in the upper Hart-
fell Shale (DobOs Linn) and Kuanyinchiao Beds (Wangjiawan). At these sites the HICE
represents only the mid Hirnantisinpersculptine peak. Graptolites are exceed-
ingly rare in the Ellis Bay Formation on Anticosti Island, but rare speciMetabef
olograptus parvu(essewhere restrictedMio persculptne and younger strata) oc-
cur there in association with the rising limb of the HICE, as expected under the corre-
lations we advocate here.

The early Hirnantian peak appears to be manifested in the Laurentian midcontinent
by the ElkhornA3C..» excursion. In the Baltic succession, chitinozoan correlations
suggest that the basal Hirnantian-Elkhorn excursion is either missing in the uncon-
formity below the Porkuni Stage or is weakly developed witBirgdreachiarzaone
strata in the uppermost Pirgu Stage. Again, graptolites are exceedingly rare in the late
Katian and Hirnantian Baltic shelf succession but a speciAgmeatlispinograptus
supernus known within th®. gamachiar#one interval and above a mind&Cean
excursion in the Kaugatuma core thatesoagspond to the basal Hirnantian-Elkhorn
excursion. We interpret this graptoliteuoence to be yet another manifestation of
the Hirnantian interglacial episode.

In graptolite-bearing sections, core membersldirtiatiafauna are very rare or
absent in strata of the extraordinariudone Rather, they are most common in strata
that bear the mid Hirnantian HICE peakd are generally bracketed both above and
below byM. persculpt@ne graptolite faunas. These relations also support our sug-
gestion that the main glacial events and deepest climatic cooling took place during the
M. persculpt@®ne. Finally, sea surface tempearatimferred recently from carbonate
clumped isotope paleothermometry sugggstrate minima in the early and mid
Hirnantian when replotted based on our revised correlations.
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Diversification of Ordovician and Silurian tabulate
corals in Baltoscandia and Podolia

MARI-ANN MiTUS * AND OLLE HINTS!

Ordovician and Silurian tabulate corals from the Baltic region and Podolia are rather
well studied, but a broader discussion on their diversification history in this area is still
missing. The aim of this study is to fill this gap by creating a database of the distribution
of Ordovician and Silurian tabulates from Estonia, Sweden, Norway and Podolia. This
allows us to compile diversity curves and contribute to a better understanding of the
development of regional tabulate coral faunas, their radiations and extinctions.

Altogether approximately 300 species of tabulate corals have been described in
Baltoscandia and Podolia. Their taxonomy and distribution is documented in over 30
monographs and other publications (semi$/2005, and references therein), which
form the basis for our study. The Baltic regional stages were chosen as the common
stratigraphical framework and data from all regions were fitted to that scale, inevitably
resulting in some bias. Another obvious liimitaf such literature-based data arises
from inconsistent taxonomy. For instanafdkositids, which are particularly diverse
in the Llandovery of Estonia, most likely have been taxonomically oversplit. However,
it appears that the diversity trends, wtidchbine all possible synonyms with overlap-
ping characters, are not significantly different from those, which consider all species.
The diversity patterns were described wsingus measures of taxonomic diversity
and turnover, including total diversity, normalized diversity, taxa per million years,
taxon appearances and disappearances, and turnover ratios, at species and genus lev
The normalized diversity measure is consitbdoeda good approximation of standing
diversity, and is mostly referred to below. The patterns for individual regions may differ
considerably, but here we discuss the combined data and trends.

The oldest tabulate corals in Baltoscandia and Podolia appear in the Oandu Stage
(early Katian) forming the first diversity peak of six species and four genera. This is
followed by an interval with virtually no tabulates and new faunas arise starting from
the Vormsi Stage. Thereafter the species richness reveals continuous increase until th
maximum diversity of nearly 60 speci¢gisdrAdavere to Jaagarahu stages (Telychian
to Homerian). The genus diversity is gdigesinilar, but smoother, showing a plateau
in the Pirgu to Juuru stages, and maximum values of nearly 30 in the Jaani to
RootsikYla stages (Sheinwoodian to Homerian). After the Silurian diversity peak, al-
most continuous diversity decline occurs.
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Species and genus-level originations exxtiections up to the Jaagarahu Stage
from where the extinctions dominate over the originations. The genus level disappear-
ances are higher than appearances inrthenP8tage whereas the species turnover is
the same. The end-Ordovician mass extinction did not have severe influence on tabu-
late corals, as many taxa crossed the OrdovicianBSilurian boundary and a rapid inno-
vation took place in the Juuru Stage (Rhuddanian). Similar results of coral genus-level
high origination rates in early Silurian, leigfinction rates in late Silurian and highest
diversity in Wenlock were shown by Kaljo et al. (1996).

Sepkoski's database (Sepkoski 2002) of 166 Ordovician and Silurian tabulate coral
genera shows the highest diversity peaks in late Katian (mid Ashgill) and in Wenlock.
The late Katian peak in the Sepkoski's diversity curve is more prominent than revealed
in Baltocandia and Podolia. However, the general correspondence between our data
and the global compilation suggests that the regional pattern has evolutionary signifi-
cance. On the other hand, the evolution of the paleobasin and availability of suitable
habitats have played important roles in the development of tabulate coral faunas in
Baltoscandia and Podolia.
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The Paleozoic microproblematicfatheredeliaa
wastebasket taxon

AXEL MUNNECKE' AND EMILIA JAROCHOWSKA

Wetheredel&ood 1948 is an encrusting micrdgeonaticum commonly observed in
thin sections of rocks throughout Cambrian to Permian. It is characterized by vesicle
to funnel-shaped tubes encrusting a fobeigy, with their outer surface convex and
the inner surface coiled around the encrusted grain. The tubes branch irregularly and,
in many cases, exhibit double-layered walls, with the inner layer penetrated by rounded
pores (Wood 1948). The taxonomic affinitetheredelianot resolved, but it com-
monly occurs together wiRothpletzelland Girvanella organisms with widely ac-
cepted cyanobacterial affinity, in oncoids and microbial buildups. Based on this associ-
ation and the morphological similariti&stheredellzdas been often counted among
calcimicrobes, possibly cyanobacteria. Vachard and C—zar (2010Wetheded
dellain theincertae sedisiss Algospongia, a likely polyphyletic group of sessile organ-
isms exhibiting perforations of the wallapidal growth, but lacking functional aper-
tures. The same characteristics were rilativiely used by Wilson & Taylor (2001)
to delineate the problematic group of Paleencrusting organisms known only from
their surface aspeétionemallrich and Bassler 190AscodictyoNicholson and
Etheridge 1889Eliasopor®Bassler 195RopalonaridJirich 1879, Vinella Ulrich
1890, andCondranemBassler 1952. These epibionts have been originally described as
ctenostome bryozoans, but this taxonomic position has been excluded by Wilson &
Taylor (2001) based on the presence dfifiethskeleton and lack of apertures large
enough to accommodate a bryozoan lophophore.

We have extracted specimeng\lminema moniliforme moniliforfiéhiteaves
1891) andAscodictyon venusii@pura 1965 from the Mulde Brick-clay Member
(Wenlock, middle Silurian) in the BIENSII 1 locality of western Gotland, Sweden (Lau-
feld 1974). The sampled unit representdfgpatform environment with a rich ben-
thic fauna and a high proportion of pelagic and hemipelagic organisms such as grapto-
lites and chitinozoans. Faunal composiinahthe absence of phototrophic organisms
clearly indicate sedimentation in the apanine realm below the photic zone. En-
crusted grains (trilobite and bryozoamfeags) were embedded in epoxy resin and
cut into several sections. In thin sections, accumulatidifienemandAscodictyon
were undistinguishable fréffetheredelland well-preserved specimens had walls pen-
etrated by pores, a feature diagnostit/édneredell@hus, it was possible to link the
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problematicum known from thin sections with the three-dimensional organisms re-
sponsible for producing this structure.

Our observations show that the algall generally photopbic, character of
Wetheredeltan be excluded. Its cosmopolitan character corresponds well with the fact
that Wetheredelkiructure can be observed in thin sections of more than one taxon,
but the affinities and trophic mode of these taxa remain unclear. Common co-occur-
rence with cyanobacteria may indicate a symbiosis of heterotkstherddelts-
ganismsO wiRpthpletzelkndGirvanellalt may also explain the increased abundance
of this microproblematicum during periods of microbial expansion, associated with bi-
otic crises during the Paleozoiopfaer 1976; Calner 2005a, 2005b; Ezaki 2009;
Desrocherst al. 2010).
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Discovery of thelodont scales in the Upper Ordovician
of the Moscow Basin, Baltica

TIIU MERSS', TATIANA TOLMACHEVA? AND ALEXEY ZAITSEY

Thelodont scales were found in the Danilov-1 drill core section at the southern margin
of the Rybinsk-Sukhonsky mega-swell in the central part of the Moscow Syneclise
(hereafter, Moscow Basin). About 50 scatesnadfivianelnikovKaratajot:-Talimaa
were collected from three samples. So far, the distrib@ammdofiavith two species,
S. melnikovand S. angustas limited to the UstOZyb and Malaya Tavrota regional
stages of the Timan-Pechora Regiora{&at:-Talimaa 1997), correlative with the
Katian. Ordovician thelodonts are rare worldwide. B&sidd#/iaa few ?Middleb
Upper Ordovician thelodonts have been reported from the Severnaya Zemlya Archi-
pelago, Russia, and Algoma District, Ontario, Canada.

Deposits of the core interval that yielded thelodont scales are assigned to the upper
part of the Varlygino Formation, represebyegrey and reddish-grey, variously clayey
and sandy pelitomorphic dolomites. The age of the Varlygino Formation is uncertain.
Some specialists have considered the whole formation, or at least its middle and upper
parts, to be of lower Silurian age (Aristova & Ostrovsky 1975). It has also been sug-
gested that the formation is Ordovician in age, and only the overlying Poshehon For-
mation is of Silurian age (e.g., Dmitrovskaya 1989). In the stratigraphic scheme of the
East European Platform, the Varlygino Formation was correlated with the upper Ca-
radocianblower Ashgillian strata of the East Baltic and Leningrad District. Later, in the
regional stratigraphic scheme of the Moscow Syneclise, the Varlygino Formation was
reassigned as lower Silurian and this age determination is used until now.

The Danilov-1 core section has been proposed as the hypostratotype of the
Varlygino Formation. No fossil remains hanieebeen found in this drill core inter-
val. However, in other drill cores the conodiombdellasp. (Urdoma-1), ostracod
Bolbinacf. B. rakverensigraptolitedMedusaegraps andRhadinograptsg. (Ros-
tov-1), brachiopods and lingulids have fmerd in the upper part of the formation.
Taxa reliably pointing to an Ordovician or Silurian age of the formation are absent.

The Moscow Basin is the easternmost area of the palaeobasin, encompassing the
western and central parts of the Baltica palaeocontinent and formally set off from the
Baltoscandian Basin by the late Vendian Lovat uplift. The study of benthic faunas sug-
gests that during the Ordovician, a pogsérlgdic sea passage connected the Moscow
Basin with the eastern margins of Baltica (Ural basin) and the Timan-Pechora Region
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(Dmitrovskaya 1993). New data on comtslaalso confirm the link between the
Timan-Pechora and Moscow palaeobasins, at least at the end of the Middle Ordovi-
cian. Conodonts of the gerRextonognathudich are endemic in the Early and early
Middle Ordovician in the Timan-Pechora Region, appear in the Moscow Basin at the
end of the Middle Ordoviciaiithe occurrence of thelodddéndivia melnikolaoth
in the Moscow and Timan-Pechora palaeobasins indicates connection between these
basins in the Late Ordovician.

In contrast to the western regions of the Russian part of the Baltoscandian Basin,
where the upper Katian as well as Hirnadgaosits are absent, the Late Ordovician
and Silurian sediments are preserved in the Moscow Basin. This suggests that land sep
arated the Moscow Basin from the Baltoscandian Basin in the Late Ordovician. No fish
have been found in the East Baltic Ordovician so far.

In summary, the discovery of thelodont scales is extremely important (1) in broad-
ening our knowledge about spatial distributfahe group; (2) for the biostratigraphy
of the Moscow Basin, allowing estimatibthe age of the Varlygino Formation on
the basis ddandivia melnikoas Upper Ordovician; (3) for the interregional correla-
tions between the Moscow and Timan-Pechasins and (4) for palaeogeography,
indicating that in the Late Ordovician the Moscow Basin was connected with the
Timan-Pechora Basin and separated from the Baltoscandian Basin.

YInstitute of Geology, Tallinn Universifgaifnology, 5 Ehitajate tee, 19086 Tallinn,
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Alpha, beta, gamma: Where did all the diversity go
during the Cambrian Explosion?

LIN NA* AND WOLFGANG KIESSLING

The Cambrian is a unique period not only in the origin of modern animal phyla but
also in the dramatic rise of marine berdity. However, the geographic and environ-
mental partitioning of diversity trajectories from the Ediacaran to the Early Ordovician

is largely unexplored. Traditionally, global biodiversity (gamma diversity) through the
Cambrian has been given much more attetitan the diversity within (alpha diver-

sity) and between (beta diversity) assemblages. Solving the problem if the global diver-
sification was driven by higher species richness in local communities or rather by an
increase between communities may help deciphering some of the underlying processe:
of the Cambrian explosion. We analyzeéata set of 38296 faunal occurrences from

the Paleobiology Database. After revising the stratigraphic assignments of every single
collection based on current biostratigcapbrrelations between China, Siberia and
Laurentia we assessed how variations aaidhbeta diversityfluenced global di-

versity during the Cambrian Explosion. Sampling-standardized analyses showed that
global diversity rose sharply from the Fatuto Stage 3 and then leveled off errati-

cally through the rest of the Cambrian. Alfiarsity peaked earlier, in Stage 2, and

then declined. Changes in beta diveas@ywell correlated with changes in gamma
diversity, suggesting that the Cambrian Explosion was manifested more by an increase
of between-community diversity than by higher species packing within communities.
Beta diversity appears to be largely driven by differences among environment rather
than large-scale geographic differences (faunal provinces), and the level-bottom biota
probably made a greater contribution to beta diversity.
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