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Ein neues Projekt wurde ins Leben gerufen:  
FWF P23775-B17 “Late Eifelian climate perturbations: Effects on tropical coral communities” 

Zusammenfassung
Während des frühen bis mittleren Devon herrschten Treibhausverhältnisse auf der Erde. Die Klimaentwicklung zu jener Zeit führte schließlich zu einem 
Höhepunkt an Diversität, Größe und Verbreitung von Riffen im mittleren Devon (Eifelium und Givetium). Doch auch während des Klimax im Mittel-Devon 
kam es vermehrt zu Klimaschwankungen, die in mehr oder weniger schweren biotischen Krisen resultierten. Eine dieser Krisenzeiten entspricht dem 
Kačák-Event während des späten Eifelium, der als Schwarzschiefer- und Hornstein-Horizont in marinen Sedimenten global nachgewiesen ist. Das mehr-
phasige dysoxische/anoxische Ereignisintervall beschränkt sich auf die kockelianus- und ensensis-Biozone (Conodontenzonierung) und entspricht in etwa 
einer Dauer von 200±10 Tausend Jahren. Der Event ist geprägt von markanten Faunenwechseln, die mit signifikanten Exkursionen im geochemischen 
und geophysikalischen Signal gekoppelt sind. Bisher durchgeführte Untersuchungen haben gezeigt, dass vor allem benthische Organismen aus tiefer 
marinen Ablagerungen auf die veränderten Umweltbedingungen reagiert haben. Neuere Erkenntnisse über diesen Event basieren vor allem auf Conodon-
ten-Stratigraphie sowie auf der Studie von stabilen Isotopen und Untersuchungen zur Magneto-Suszeptibilität von Sedimenten.
Im Rahmen des Projektes sollen Veränderungen in tropischen Korallen-Vergesellschaftungen (im Speziellen von rugosen Korallen) während der Kačák-
Krise untersucht werden. Die Lokalitäten der ausgewählten Gebiete (Karnische Alpen, Grazer Paläozoikum, Barrandium und Mähren) befanden sich zur 
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damaligen Zeit, als Teile des Kontinentalschelfs von Nord-Gondwana, an unterschiedlichen Positionen in den niederen Breiten. Vor allem aus dem Mittel-
Devon der Karnischen Alpen und des Grazer Paläozoikums sind fossile Kollektionen bekannt, die eine reiche und vielfältige rugose Korallenfauna 
beinhalten. Neben einer Menge an nicht bearbeitetem Material, welches sich in den Sammlungen wiederfindet, gibt es unter den beschriebenen Korallen 
auch Arten, die Unstimmigkeiten hinsichtlich ihrer taxonomischen Stellung sowie der stratigraphischen Reichweite aufzeigen. Dazu kommt noch umfang-
reiches Material an rugosen Korallen aus Mähren, welches bis heute noch keiner detaillierten Bearbeitung unterzogen werden konnte. 
Ziel dieses Projektes ist es, einen Überblick über die rugosen Korallen geben zu können, die vom Kačák-Event betroffen waren. Dadurch sollen Fragen zur 
Resonanz von klimaempfindlichen Organismen auf sich verändernde Umweltbedingungen geklärt werden. Zusätzlich soll die Berechnung von Meerwas-
ser-Temperaturen aus unterschiedlich niederen Breiten und die Anwendung von geochemischen und geophysikalischen Methoden dazu beitragen, Ursa-
chen, die für den Kačák-Event verantwortlich waren, herauszufinden. Ergebnisse aus dieser Studie sollen hilfreiche Informationen zum Verständnis und 
der Ernsthaftigkeit derzeitiger und künftiger Klimaschwankungen sowie deren Auswirkungen auf die Biosphäre liefern.

Abstract
The Early to Middle Devonian is known as an interval dominated by global greenhouse conditions with an acme in diversity, size and latitudinal distribu-
tion of reefs during the Middle Devonian (Eifelian–Givetian). Nonetheless, also the Middle Devonian climax witnessed several climate perturbations that 
resulted in more or less severe biotic events. One of these events is the Late Eifelian Kačák Event, which is represented by a black shale and chert inter-
val globally documented in sedimentary sequences. The polyphase dysoxic/anoxic event interval is constrained to the kockelianus-ensensis conodont 
biozones covering about 200±10 kyr. It is characterized by distinctive faunal changes concurrent with significant variations in the geochemical and 
geophysical signals. As far as documented, biotic response related to the event is observed mainly from benthic organisms of pelagic deposits. Therefore 
recent comprehensive studies deal mainly with deeper marine deposits providing data related to conodont stratigraphy, stable isotope analysis and mag-
netic susceptibility.
The project focuses on changes among tropical coral communities (especially emphasizing rugose corals) from neritic deposits of the Proto-Alps (Carnic 
Alps and Graz Paleozoic), the Barrandian and Moravia, contemporaneous with this event. Chosen areas were located in different low latitudes on the 
continental shelf of northern Gondwana during that time interval. Fossil collections obtained from Eifelian to Givetian strata of the Carnic Alps and the Graz 
Paleozoic yield abundant and various rugose corals. Apart from a lot of un-described material present in these collections the coral assemblages described 
from proto-alpine localities include also species which show inconsistency regarding their taxonomy as well as according to their stratigraphic appear-
ance. Additionally, comprehensive rugose coral material is known from Moravia which has not been studied in detail yet. 
The aim of this project is to reveal an overview of rugose coral assemblages affected by the Kačák Event to clarify questions related to the reaction of 
climate sensitive organisms to changing environmental conditions. Additional calculation of seawater temperatures across the event interval from dif
ferent low latitude settings and the application of geochemical and geophysical methods should contribute to uncover the nature of the Kačák Event. 
Results of this study will provide helpful information on the understanding and severity of recent and future climate perturbations affecting biota globally.

Introduction

The Early to Middle Devonian (ca. 418–383 Ma) corre
sponds to an interval of global greenhouse conditions with 
high temperatures, which gradually changed to ice house 
conditions in the Late Devonian (e.g. Königshof, 2009). 
On the basis of developments in carbonate precipitating 
organisms that have produced an acme in diversity, size 
and latitudinal distribution of reefs during the Eifelian and 
Givetian (Copper, 2002; Veron, 2008), it was suggested 
that the Middle Devonian time slice conforms to a super­
greenhouse interval (Copper & Scotese, 2003). This view has 
changed since Joachimski et al. (2009) published new in-
sights on Devonian paleotemperature by providing their 
data on oxygen isotopes from conodont apatite, which 
show that during the middle Devonian sea surface tem-
peratures around 23–25°C were prevailing, compared to 
the early and late Devonian, where higher temperatures 
around 30°C are presumed, that again decrease towards 
the late Famennian. Nonetheless, several minor climate 
perturbations documented during the Eifelian–Givetian 
(Text-Fig. 1) resulted in a certain loss of biomass or the for-
mation of new, endemic or cosmopolitan taxa especially 
among tropical ecosystems such as coral reefs and other 
climate sensitive marine communities (compare Talent et 
al., 1993; Boucot et al., 1995; House, 2002 and references 
therein; Copper, 2002; Bosetti et al., 2011). Benton (1993) 
assumed that approx. 44 families were extinct during the 
Eifelian, but it is not clear yet, which of the intra-stage 
events had more severe effects on biomass, as the extinc-
tion rates usually are calculated for the entire duration of 
a stage interval. Following House (2002) it needs further 
detailed study of event intervals globally by application 
of methods facilitating stratigraphically high resolution to 

discriminate time and correlate single extinction phases 
and their intensity for proper estimates of extinction rates.

Late Eifelian climate deteriorations and 
biotic response

The Kačák Event

One of the most interesting Mid-Devonian events is the 
Kačák Event (House, 1985; Chlupáč & Kukal, 1986, 1988; 
Budil, 1995a; House, 1996; Chlupáč, 1998), which is 
confined to near the Eifelian-Givetian boundary with an 
estimated duration of about 200±10 kyr (Ellwood et al., 
2011). This event comprises several minor extinction pul-
ses that started in the uppermost kockelianus Zone reaching 
a first extinction maximum at the base of the ensensis Zone, 
which equates with the base and top of the eifelius Zone of 
the alternative conodont zonation as compiled in Kauf-
mann (2006) respectively. A second extinction pulse is do-
cumented just below the Eifelian-Givetian boundary (com-
pare Walliser, 2000; Marshall et al., 2007). According 
to the polyphase nature of the event interval it was quite 
difficult to discriminate and correlate the extinction pul-
ses appearing in different sections from each other which 
has led to a confusion of single events (compare Truyóls-
Massoni et al., 1990: Kačák-otomari Event). This has be-
come more precise since the application of magnetic sus
ceptibility (Crick et al., 2000; Ellwood et al., 2011). 

Due to increased concentrations of Ni, Cr, As, V, and Co 
and shocked quartz, documented from the GSSP at Mech 
Irdane (Anti-Atlas Mountains, Morocco), it was proposed 
that this bio-event might have been associated with bo-
lide impact (Ellwood et al., 2003, 2004). Since an iridium 
anomaly is absent in the geochemical signal and only low 
concentrations of platinum group elements are measured 
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(Schmitz et al., 2006), the bolide-impact hypothesis re-
mains disputed (Racki & Koeberl, 2004). More likely is that 
variations in the geochemical record as well as anomalies 
in the magnetic susceptibility (MS) across the event inter-
val are related to environmental perturbations (Hladíková 
et al., 1997; Buggisch & Joachimski, 2006; Hladil et al., 
2006; Ellwood et al., 2011).

However, a distinctive lithological change in pelagic sec-
tions is evident, which is represented by a horizon of black 
shale. This globally traced dysoxic/anoxic event was first 
documented by Chlupáč (1960) in the Barrandian area of 
Czech Republic. He observed that the lithological change 
from Choteč limestone (Choteč Formation) to Kačák shale 
(Srbsko Formation) near the Eifelian/Givetian boundary 
was accompanied by significant extinctions among ben-
thic invertebrate groups such as the disappearance of 
some trilobite taxa (Chlupáč, 1994). Additionally, beneath 
effects on algae, ammonoids, brachiopods, crinoids, cor
als and conodonts (e.g. Walliser et al., 1995; Budil, 
1995a, b; Empt, 2004), planktonic dacryoconarid index-
taxa like Nowakia chlupaciana disappeared with the onset of 

the Kačák shale which, somewhat delayed, were substi-
tuted by species like Nowakia otomari (Walliser, 1985; Bu-
dil, 1995a, b), whereas an abundance peak among radio-
larians is observed already before the marking lithological 
change (Braun & Budil, 1999). The second “extinction” 
pulse did not exclusively result in extinction of marine fau-
nas, but also documents the appearance of new cono-
dont and ammonoid taxa (e.g. Budil, 1995b; Walliser et 
al., 1995; Becker et al., 2004). Furthermore the Eifelian–
Givetian is also the time known for a revolution among 
land plants, when terrestrial floral communities devel
oped arborescence, advanced root systems and seed 
habit (Budil, 1995a, b; Kenrick & Crane, 1997; Algeo & 
Scheckler, 1998; Stein et al., 2007; Meyer-Berthaud et 
al., 2010). 

Global record

Since its recognition, the Kačák Event is known from one 
lacustrine and at least ten marine areas within the Pantha-
lassic, Rheic and Paleotethys oceans (Mawson & Talent, 
1989; House, 1996; Hubmann et al., 2003; Marshall et 

Text-Fig.1. �  
Globally recognized Devonian events and lithostratigraphic columns of Czech Republic, Austria and Italy: 1. Klonk, 2. Pragian/Lochkovian, 3. Lower Zlíchov, 4. 
Daleje, 5. Basal Choteč, (6). Bakoven, (7). Stony Hollow, 8. Kačák, 9. Pumilio, 10. Taghanic, 11. Geneseo, 12. Frasnes, 13. Genundeva, 14. Timan, 15. Middlesex, 16. 
Rhinestreet, 17. Lower Kellwasser, 18. Upper Kellwasser, 19. Nehden, 20. Condroz, 21. Enkeberg, 22. Annulata, 23. Hangenberg (as compiled in Ogg et al., 2008; 
regarding events 6–7 see DeSantis & Brett, 2011). Color-bar spans the Kačák-Event interval.
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al., 2007 and references therein; van Hengstum & Grö-
cke, 2008; Ellwood et al., 2011), which reveals its global 
nature. On the paleogeographic reconstruction for the Ei-
felian (Text-Fig. 2) most important points around the Rheic 
Ocean are indicated. 

Effects on marine ecosystems

As far as documented, biotic response to this event is ob-
served mainly from benthic organisms of pelagic depos
its (e.g. House, 1985; Budil, 1995b). However, from the 
type area, the Barrandian, it is reported that the coral com-
munity changed after the Kačák Event (Galle & Hladil, 
1991). Within neritic deposits cropping out at Konepru-
sy area (Preissler and Jirasek quarries) the Eifelian/Give-
tian boundary interval is characterized by a “dark” hori-
zon (Upper Dark Interval at Jirasek Quarry) near the top 
of Acanthopyge Limestone which may correspond to the 
Kačák Event (Galle & Hladil, 1991; Galle, 1994; Budil, 
1995a, b). Having a look at the distribution of Eifelian ru-
gose corals of Acanthopyge Limestone, the basal part of 
the middle sequence includes a level termed Amplexus 
limestone yielding “Amplexus” florescens and Bitraia bohemica 
(Galle & Hladil, 1991). Following Hill (1981) the lacco-
phyllid rugosan genus Bitraia is a small solitary, nondissepi-
mented coral indicating environments of deeper and more 
unfavorable conditions. In the middle part of the middle 
sequence a second coral horizon (about or above costatus 
Zone: compare Galle & Hladil, 1981) is recognized which 
yields tabulate corals (favositids, alveolitids) and rugose 
corals (e.g. Dohmophyllum sp., Lyrielasma? sp., Acanthophyllum 
sp., Disphyllum? sp. and Bitraia ? sp.). In the upper sequence 

immediately below the Upper Dark Interval (UDI), species 
like Grypophyllum deckmanni, Stringophyllum sp., Cystiphylloides sp. 
cf. C. schlueteri, Cystiphylloides sp., Dendrostella sp. occur. Gal-
le & Hladil (1991) documented that the event almost in-
terrupted the coral communities and that a tabulate coral 
assemblage with common caliaporids (Caliapora venusta, C. 
reducta) and alveolitids (Alveolites taenioformis, Spongioalveolites 
sp. cf. S. minor) occurs, which, immediately overlying the 
UDI, already resembles a fauna of “Givetian type”. A direct 
linkage between the Kačák Event and dominating coral 
assemblages seems to have been reported only from the 
Barrandian area.

However, a faunal change of corals through the Eifelian/
Givetian boundary is also recognized in Germany, which 
at that time was located on the southern continental shelf 
of Laurussia in the Rheic Ocean. In the northern Eifel Hills 
of Germany, a coral crisis has been documented across 
the Eifelian/Givetian boundary, which actually is not based 
on the extinction of many species, but is reflected by a 
distinctive change of the coral assemblage. According to 
Lütte (1993), many of the well-known late Eifelian genera 
and species of the rugose corals from the Freilinger and 
Ahbach formations show a long stratigraphic range in So-
tenicher Mulde (northern Eifel Hills). Some of them, such 
as Cyathophyllum dianthus and Spongophyllum kunthi, are still com-
mon in the Lower Givetian of the Loogher and Curten for-
mations. Only some rugose coral taxa that occurred in the 
Upper Eifelian of the Ahbach Formation became extinct; 
most of them continued across the boundary with a re-
duced amount of individuals. Later, in the Lower Givetian 

Text-Fig. 2. �  
Reconstruction of the areas around 
the Rheic Ocean during the Eifelian 
(390 Ma), showing the locations 
where Kačák Event was recog-
nized. Paleomap is based on Scote-
se (2002). �  
  1. Carnic Alps (Austria-Italy), �  
  2. Graz Paleozoic (Austria), �  
  3. Moravia (Czech Republic), �  
  4. Prague Basin (Czech Republic), � 
  5. Eifel (Germany), �  
  6. Cantabria (Spain), �  
  7. Morocco, �  
  8. Gorodenka (Russia), �  
  9. New York State (U.S.A.), �  
10. Ontario (Canada), �  
11. Orcadian Basin (Scotland).
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the composition of the coral assemblage has complete-
ly changed due to the appearance and flourishing of new 
taxa rich in individuals. These are Aristophyllum terechovi, Cysti­
phylloides sp., Glossophyllum dachsbergense, G. schouppei, G. soete­
nicum, Schlueteriphyllum looghiense, S. parvum and Soetenia struvei. 
This coral assemblage is dominated by small cornuted co-
rals like Glossophyllum soetenicum, Schlueteriphyllum looghiense, S. 
parvum, Soetenia struvei and Aristophyllum terechovi. 

For a better understanding of the processes behind Late 
Eifelian climate deteriorations it is necessary to focus es-
pecially on changes in coral communities of neritic envi-
ronments, which are observed before and after the Kačák 
Event as these are regarded as the first ones to suffer 
changing environmental conditions. Therefore we aim to 
reveal an overview of rugose coral assemblages affected 
by the event to clarify questions related to the reaction 
of climate sensitive organisms to changing environmen-
tal conditions. Additional calculation of seawater temper
atures across the event interval from different low latitude 
settings and the application of geochemical and geophys
ical methods should contribute to uncover the nature of 
the Kačák Event.

Methods 

The main method applied within the frame of this project 
is the taxonomic study of Middle Devonian rugose corals 
from the Carnic Alps, the Graz Paleozoic and Moravia. To-
gether with this, for identification of the Kačák-Event inter-
val and the reconstruction of the Middle Devonian paleo-
climatic history, stable carbon and oxygen isotopes will be 
analyzed. Additionally, magnetic susceptibility and gam-
ma-ray spectrometry will be measured for correlation and 
characterization of the sections in the Carnic Alps and 
Graz Paleozoic across the Kačák-Event interval. Finally, 
we try to achieve a specification of the coral assemblag
es related to a proper stratigraphic frame using conodont 
biostratigraphy in combination with stable isotope curves, 
MS-logs, and gamma-ray spectrometry. However, we are 
aware of the complexity of these methods and will test our 
results for possible secondary effects like diagenesis when 
using geochemical and geophysical data for paleoenvi-
ronmental interpretations and the reconstruction of Middle 
Devonian paleoclimate conditions. Below, each method is 
characterized.

Taxonomic study

Classification of fossil corals is based on the morphologi-
cal features of their skeletal elements such as septa, tabu-
lae, dissepiments and corallum-wall. For proper taxonomic 
identification, a series of transverse and longitudinal thin 
sections of each coral specimen, cut with a precision-sec-
tioning saw, is necessary. For manipulation of thin sections 
via professional graphics software, high-resolution scans 
have to be produced. The material used will be collected 
during the study of several localities in the field. Additional 
coral specimens available from collections of the Universi-
ty of Graz and the Natural History Museum Vienna, as well 
as from geological repositories of the Czech Geological 
Survey (Klarov, Czech Republic), the Natural History Mu-
seum Prague and Museo Friulano di Storia Naturale (Udi-
ne, Italy) guarantee a sufficient quantity of material neces-
sary for taxonomic study and revision.

Biostratigraphy

Conodont biostratigraphy was applied at sections that 
were either not sampled, or did not produce microfossils 
yet. Conodonts are extracted by dissolution of carbon
ate rocks (2–5 kg) in formic acid. Residues of each sam-
ple are sieved in sets of 4 different mesh-widths (63 µm, 
125µm, 250 µm and 500 µm). In case fractions between 63 
and 250 µm would fill more than 5 standard picking trays 
and therefore are too time consuming for being picked at 
that stage of separation, residues are further processed by 
heavy liquid separation using sodium polytungstate. The 
heavy fraction will be picked for conodont elements under 
a binocular microscope and scanned under a SEM (DSM 
982 Gemini electron microscope) for taxonomic identifica-
tion.

Geochemistry
Carbon and oxygen isotope analysis (bulk samples)

It is documented that high-resolution isotopic analysis of 
bulk sedimentary carbonate and organic matter for the 
Middle Devonian succession records a significant negative 
δ13C excursion globally. This negative δ13C excursion is 
considered as a result of marine anoxia associated with 
the Kačák Event (van Hengstum & Gröcke, 2008). We will 
collect rock samples across the Eifelian/Givetian boundary 
to see whether this negative excursion is also evident in 
neritic carbonate deposits, where no black shale is ob
served. Therefore bulk samples will be taken in short 
distances of 10 to 15 cm across the event interval. In 
further processes, each sample will be crushed to fine 
homogenous powder and analyzed in a Finnigan MAT 
Delta Plus stable isotope ratio mass spectrometer.

Oxygen isotope analysis for calculation of sea surface  
temperature (SST)

Oxygen isotope values are obtained from the PO4
3- group 

of conodont elements via silver phosphate precipitation. 
The advantage of using phosphatic microfossils (0.5–2 mm 
in size) is the resistant nature of their carbonate fluorapa-
tite composition compared to results from bulk-rock sam-
ples. δ18O ratios will be used to calculate trends of sea 
surface temperatures using the new phosphate-water 
fractionation equation of Pucéat et al. (2010). Sections in 
Austria, Italy and the Czech Republic will be compared to 
already existing data from Germany and France (Joachim-
ski et al., 2009).

Geophysics 
Magnetic susceptibility (MS)

Magnetic-susceptibility measurements are considered to 
serve as proxy for impurities in sedimentary rocks. The 
detection of high magnetic-response in sediments corres-
ponds with increased erosion-rates of iron-rich weathering 
products dispersed from subaerially exposed continental 
landmass during sea-level lowstands, enhanced rainfall or 
other factors forcing a raised detrital input. 

In the late Eifelian a distinctive magnetosusceptibility 
event is recognized as broad depression in the MS-curve 
which is related to the Kačák Event (Hladil et al., 2002). 
In order to assess a high quality database, no field device 
(e.g. KT-6) will be used for application of this method. We 
will collect bulk-rock samples in intervals of approx. 10 cm 
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across the event interval (depending on the proximity of 
the depositional area: thick shallow marine carbonates vs. 
condensed deeper marine sediments). Measurements will 
be performed under a KLY-3 kappabridge device. The MS 
values (δMS) measured will be plotted for high resolution 
correlation of single sections from the Carnic Alps (deeper 
marine sequence) and the Graz Paleozoic and compared 
to existing logs of Moravia and Morocco. Additionally, da-
tasets will be used for paleoenvironmental interpretation of 
the investigated areas.

Gamma-ray spectrometry (GRS)

This method will be applied directly on rocks in the field 
(Graz Paleozoic, Italian part of the Carnic Alps, UDI of the 
Barrandian area). Measurements will be made in closely 
spaced intervals across the event interval by using a GS-
512 (console) and GSP-3 (detector). In order to achieve 
optimum measurement conditions the field device requires 
full perpendicular contact of the probe front to clean and 
flat vertical rock face, with sufficient time for stabilization 
of counts (around 3 minutes per measurement). The re-
sults are directly recalculated to contents of potassium (K), 
uranium (U) and thorium (Th) and can be transferred from 
the field-device to a computer, where logs are plotted in 
adequate programs. This method provides information on 
natural gamma radiation of rocks which is used as correla-
tion tool for high resolution stratigraphy. 

Discussion of the study area

The coral assemblages that will be studied during the pro-
ject are collected from localities of the Proto-Alps (Carnic 
Alps and Graz Paleozoic), Barrandian and Moravia. During 
the Devonian these areas were located in different low lati-
tudes on the continental shelf of northern Gondwana. Fos-
sil collections obtained from Eifelian to Givetian strata of 
the Carnic Alps and the Graz Paleozoic yield abundant and 
various rugose corals. Apart from a lot of un-described 
material present in these collections the coral assemblag-
es described from proto-alpine localities include also spe-
cies which show inconsistency regarding their taxonomy 
as well as according to their stratigraphic appearance. Ad-
ditionally, comprehensive rugose coral material is known 
from Moravia which has not been studied in detail yet. 

Devonian sediments of the Proto-Alps, together with those 
of the Barrandian and Moravia (Text-Fig. 1), were deposit-
ed on the northern margin of the continental shelf of Gond-
wana in the Rheic Ocean (Text-Fig. 2). It is proposed that 
two terranes or microcontinents may have existed in the 
Alps suggesting latitudinal differences between the Sou-
thern Alps and the Graz Paleozoic (Kreutzer et al., 1997). 
Schönlaub (1993) and other authors like Schätz et al. 
(2002) inferred that the Proto-Alps were located in low lati-
tudes around 30°S or less during the Devonian. This con-
forms to latitudinal settings of approx. 10 to 15 degrees 
higher than the Barrandian terrane (Krs et al., 2001) and 
Moravia (Hladil et al., 1999). An interpretation on the re-
lations between different European areas by using faunal 
affinities shows that some areas of Austria (e.g. Graz Pa-
leozoic) were closely related to Moravia during the Eifelian 
whereas other areas like the Carnic Alps show more affin-
ity to N-Spain and parts of Germany during the Givetian 

(Hladil et al., 1999). However, both the Carnic Alps as well 
as the Graz Paleozoic yield abundant Middle Devonian 
corals (Flügel & Hubmann, 1994; Hubmann, 1995; Hub-
mann et al., 2006; Hubmann & Suttner, 2007; see Text-
Fig. 3 for a compilation of coral taxa). In the Graz Paleo-
zoic for example (compare Hubmann & Messner, 2007, 
for lithostratigraphic background), 51 species belonging 
to 27 genera have been described from the Eifelian of the 
Plabutsch Formation and eight species in five genera are 
reported from the Eifelian to Givetian of the Tyrnaueralm 
and Hochschlag Formations. From Givetian deposits of 
the same area 12 species in 9 genera are known of the 
Flösserkogel Formation (Pleschkogel Member), Zachen-
spitz Formation and Kollerkogel Formation (Kanzel Mem-
ber). In the Carnic Alps, only one rugose coral species is 
described from Eifelian to Givetian strata, whereas a di-
verse fauna with 57 Givetian rugose coral species in 29 
genera is reported from the Kellergrat Reef Limestone 
(central Carnic Alps), reefal limestone of Mt. Zermula (It-
aly), limestone breccia-levels (yielding silicified corals) of 
the Hoher Trieb Formation at Findenigkofel, Oberbuchach, 
Casera Monumenz, Passo del Cason di Lanza, and from 
other limestone units in Austria and Italy (Text-Fig. 3). Al-
though abundant rugose corals are known from “unit A” of 
the Spinotti Limestone (age constraint follows Kreutzer, 
1990, 1992a, b; Hubmann et al., 2003), coral occurrences 
in Eifelian strata of the Carnic Alps are absent in Text-Fig. 
3, as they have not been studied in detail yet. Further com-
parison of the rugose coral taxa listed from the Carnic Alps 
and the Graz Paleozoic shows that both areas share some 
species obtained from deposits of different ages (compare 
color code of species in Text-Fig. 3). 

A somewhat similar discrepancy is observed by Galle 
(1994) and Galle et al. (1995) from Eifelian rugose corals 
of the Barrandian (Acanthopyge Limestone), which essen-
tially differ from Moravian corals (Čelechovice and Hor-
ni Benesov regions), but show conspicuous similarities to 
Givetian rugose faunas of Germany (mostly from the Rhe-
nish Slate Mountains, northern Eifel Hills) and other re
gions. This can be due to several explanations such as a 
long range of some species or low stratigraphic resolution 
of coral-yielding sections during research in the past, but 
it could also be related to the migration of some taxa. To 
confirm any of these hypotheses and to conclude further 
climate-related interpretations uncovering the nature of 
the Kačák Event, as aimed by this project, Eifelian–Give-
tian rugose coral assemblages of the proto-alpine realm 
need to be studied in proper high-resolution stratigraphic 
context (including modern geochemical and geophysical 
methods) and compared with faunas of related areas such 
as the Barrandian, Moravia, Germany, Spain and Moroc-
co. This would help to clarify migration processes as well 
as the development of endemic and cosmopolitan taxa 
across the event interval.

Project aims

Paleontology: Taxonomic revision – updating the data-
base

Rugose corals from the Middle Devonian of the Carnic 
Alps and the Graz Paleozoic include species, which show 
inconsistency, not only regarding their taxonomy but also 
according to their stratigraphic appearance. For example, 
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Ceratophyllum ceratites which occurs in the ?Eifelian of the 
Tyrnaueralm Formation of the Graz Paleozoic and possib-
ly in the ?Givetian of the Carnic Alps (Flügel & Hubmann, 
1994; see Text-Fig. 3) should be revised from Ceratophyllum 
to Glossophyllum, hence Lütte (1987) included Ceratophyllum 
ceratites within the genus Glossophyllum from the Givetian of 
the northern Eifel Hills, Germany. Following Lütte (1993) 
this genus first appeared in Givetian strata and includes 
seven species (Lütte, 1987, 1990, 1993).

Another example is the so called Cyathophyllum dianthus Zone 
that consists of an assemblage of distinctive rugose corals 
(Cyathophyllum, Acanthophyllum, Moravophyllum, Spinophyllum and 
Calceola). This zone, formerly considered as latest Eifelian 
or early Givetian (compare Galle, 1985), could be confined 
to the earliest Givetian (hemiansatus and early varcus zones) 
by Hladil et al. (2002) through the application of magnet-
ic susceptibility on the Čelechovice section (Moravia) in 
comparison to the MS log of the GSSP at Mech Irdane in 
Morocco (early Givetian rugose corals from Ma’der Basin 
in Morocco are described by Pedder, 1999). In the Graz 
Paleozoic the rugose coral assemblage including Cyatho­
phyllum (C. dianthus), Acanthophyllum, Moravophyllum and Calceo­
la (obtained from the Tyrnaueralm Formation), which rep-
resent the C. dianthus Zone in Moravia, is proposed to be 
Eifelian in age (compare Text-Fig. 3). The last taxonomic 
study of rugose corals from the Southern Alps was in 1992 
by Oekentorp-Küster & Oekentorp, 19 years ago. During 
this time, the implication of the Kačák Event has been dis-
cussed much in detail and taxonomic study of Devonian 
rugose corals progressed.

A revision of problematic taxa described from the Graz Pa-
leozoic and the Carnic Alps, when set in its proper strati-
graphical context, would help to clarify the number of ge-
nus/species and identify synonyms per time slice. Such a 
contribution would improve the global databases on the 
fossil record of corals, which actually are used as the base 
for all further calculations e.g. on extinctions and diversi-
fication events among biomass during the Phanerozoic or 
the identification of paleobiogeographic provinces and re-
lated models.

Paleoclimatology: Hypothesis on the nature of the 
Kačák Event

Recently, several scientists involved in geology and geo-
chemistry focus on the identification of Middle Devonian 

events globally. However, most of them deal exclusively 
with conodont stratigraphy, carbon isotopes and magne-
tic susceptibility of deeper marine sections for identifica-
tion and to conclude mechanisms behind these events. 
We think that a multidisciplinary study is necessary and 
that knowledge especially on faunal changes and devel
opments of marine climate sensitive organisms across the 
event intervals is important. The innovative aspect of our 
study on the Kačák Event is that we apply modern geo-
chemical and geophysical stratigraphic methods together 
with common, but indispensable faunal analyses in shal-
low as well as in deeper marine sections of the Eifelian/Gi-
vetian tropical belt. Only a combination of several methods 
will help to uncover the nature of the Kačák Event. One of 
the main points we focus on is a high resolution paleotem-
perature log (based on oxygen isotope analyses from co-
nodont apatite) across the event interval from different lati-
tudes across the tropical belt of the southern hemisphere. 
These logs will be compared to contemporaneous devel
opments in rugose corals to document whether changes in 
coral faunas can be related to temperature variations, or if 
they are distinctive for other causes. 

Future perspectives

Actually, it is well documented by CO2 proxy record (Roy-
er, 2006) that the rise given to land plants during the Mid-
dle Devonian was coupled with strongly decreasing at-
mospheric CO2 values from 4000 ppm to nearly present 
day values during the Early Carboniferous of about 300 
ppm. The development on land and its effect on marine 
biota (especially on skeletal frame-builders like corals) as 
documented by the fossil record will provide important in-
formation uncovering controlling mechanisms responsible 
for climate change. This might help to produce strategies 
to counteract rapid rising CO2 levels during the recent cli-
mate change. 

Acknowledgements 

We are grateful to the FWF for financial support of P23775-
B17. Furthermore we would like to thank both anonymous 
reviewers for their constructive and valuable comments on 
the original project application. This is a contribution for 
IGCP 596. 

References

Algeo, T.J. & Scheckler, S.E. (1998): Terrestrial-marine telecon-
nections in the Devonian: links between the evolution of land 
plants, weathering processes, and marine anoxic events. – Royal 
Society of London Philosophical Transactions, ser. B, 353/1, 113–
130.

Becker, T.R., Jansen, U., Plodowski, G., Schindler, E., Abous-
salam, S.Z. & Weddige, K. (2004): Devonian litho- and biostratig-
raphy of the Dra Valley area – an overview, Devonian of the west-
ern Anti Atlas: correlations and events. – Documents de l’Institut 
Scientifique, Rabat, 19, 3–18. 

Benton, M.J. (1993): The fossil record 2. – 899 pp., London (Chap-
man and Hall).

Bosetti, E.P., Grahn, Y., Horodyski, R.S., Mauller, P.M., Breuer, 
P. & Zabini, C. (2011): An earliest Givetian “Lilliput Effect” in the 
Parana Basin, and the collapse of the Malvinokaffric shelly fauna. 
– Paläontologische Zeitschrift, 85, 49–65.

Boucot, A.J., Bahlburg, H., Breitkreuz, C., Isaacson, P.E., Nie-
meyer, H. & Urzua, F. (1995): Devonian Brachiopods from North
ern Chile. – J. Paleont. 69/2, 257–263.

Braun, A. & Budil, P. (1999): A Middle Devonian radiolarian fauna 
from the Chotec Limestone (Eifelian) of the Prague Basin (Barran-
dian, Czech Republic). – In: De Wever, P. & Caulet, J.P. (Eds.): 
InterRad VIII. – 8–13, Paris – Bierville.

Buggisch, W. & Joachimski, M.M. (2006): Carbon isotope strati-
graphy of the Devonian of Central and Southern Europe. – Palaeo3, 
240, 68–88. 

Budil, P. (1995a): The Middle Devonian Kačák Event in the Barran-
dian area. – Geolines, 3, 7–8.

Budil, P. (1995b): Demonstrations of the Kačák event (Middle 
Devonian, uppermost Eifelian) at some Barrandian localities. – 
Věstník Českého geologického ústavu, 70/4, 1–24.



415

Chlupáč, I. (1960): Stratigrafiká studie o vrstvách srbských (givet) 
ve středočeském devonu. – Sborník Űstŕedního Űstavu Geolo-
gického, Oddil Geologicky, 26, 143–185. 

Chlupáč, I. (1994): Devonian trilobites-evolution and events. – 
Geobios, 27, 487–505. 

Chlupáč, I. (1998): Devonian. – In: Chlupáč, I., Havlíček., V, Kříž, 
J., Kukal, Z. & Štorch, P. (Eds.): Palaeozoic of the Barrandian 
(Cambrian to Devonian). – 101–133, Czech Geological Survey, 
Prague. 

Chlupáč, I. & Kukal, Z. (1986): Reflection of possible global Devo-
nian events in the Barrandian area, C.S.S.R. – In: Walliser, O.H. 
(Ed.): Global Bioevents, a critical approach. – Lecture Notes in 
Earth Sciences, 8, 169–179.

Chlupáč, I. & Kukal, Z. (1988): Possible global events and the 
stratigraphy of the Palaeozoic of the Barrandian (Cambrian – 
Middle Devonian), Czechoslovakia. – Sborník geologických věd-
geologie, 43, 83–146. 

Copper, P. (2002): Silurian and Devonian reefs: 80 million years of 
global greenhouse between two ice ages. – In: Kiessling, W., Flü-
gel, E. & Golonka, J. (Eds.): Phanerozoic Reef Patterns. – Society 
of Economic Paleontologists and Mineralogists Special Publica-
tion, 72, 181–238. 

Copper, P. & Scotese, C.R. (2003): Megareefs in Middle Devonian 
supergreenhouse climates. – Special Publication of Geological 
Society of America, 370, 209–230.

Crick, R.E., Ellwood, B.B., El Hassani, A. & Feist, R. (2000): Pro-
posed magnetostratigraphy susceptibility magnetostratotype for 
the Eifelian–Givetian GSSP (Anti-Atlas, Morocco). – Episodes, 23, 
93–101.

DeSantis, M.K. & Brett, C.E. (2011): Late Eifelian (Middle Devoni-
an) biocrises: Timing and signature of the pre-Kačák Bakoven and 
Stony Hollow Events in eastern North America. – Palaeo3, 304, 
113–135.

Ellwood, B.B., Benoist, S.L., El Hassani, A., Wheeler, C. & 
Crick, R.E. (2003): Impact Ejecta Layer from the Mid-Devonian: 
Possible Connection to Global Mass Extinctions. – Science, 
300/5626, 1734–1737. 

Ellwood, B.B., Benoist, S.L., El Hassani, A., Wheeler, C. & 
Crick, R.E. (2004): Response to Comment on “Impact Ejecta 
Layer from the Mid-Devonian: Possible Connection to Global 
Mass Extinctions”. – Science, 23, 471.

Ellwood, B.B., Algeo, T.J., El Hassani, A., Tomkin, J.H. & Rowe, 
H.D. (2011): Defining the timing and duration of the Kačák Interval 
within the Eifelian/Givetian boundary GSSP, Mech Irdane, Moroc-
co, using geochemical and magnetic susceptibility patterns. – 
Palaeo3, 304, 74–84.

Empt, P. (2004): Steroidbiomarker als Indikatoren der Evolution 
mariner Algen im Paläozoikum (Ordovizium bis Perm). – Ph.D. 
Thesis, Inaugural-Dissertation zur Erlangung des Doktorgrades 
der Mathematisch-Naturwissenschaftlichen Fakultät der Universi-
tät zu Köln, 103 S., Köln,  

Flügel, H.W. & Hubmann, B. (1994): Catalogus Fossilium Austriae, 
Anthozoa palaeozoica: Rugosa. – Österr. Akad. Wiss., IVc/1a, 141 
pp, Wien

Galle, A. (1985): Biostratigraphy and rugose corals of Moravian 
Devonian (Czechoslovakia). – Newsletters on Stratigraphy, 14/1, 
48–68. 

Galle, A. (1994): Rugose corals of the Acanthopyge Limestone of 
Koněprusy (Middle Devonian, Barrandian, Czech Republic). – 
Věstník Českého Geologického ústavu, 69/1, 41– 58. 

Galle, A. & Hladil, J. (1981): Biostratigraphy of the Paleozoic in 
the south-eastern Moravia. – Knihovnicka Zemniho Plynu a Nafty, 
2, 3–255. 

Galle, A. & Hladil, I. (Eds.), (1991): Lower Paleozoic Corals of 
Bohemia and Moravia. Excursion-Guidebook B3. – VI. Internation
al Symposium on Fossil Cnidaria, Münster, 83 pp. 

Galle, A., Hladil, J. & Isaacson, P.E. (1995): Middle Devonian bio-
geography of closing South Laurussia; North Gondwana Varisci-
des; Examples from the Bohemian Massif (Czech Republic), with 
emphasis on Horni Benesov. – Palaios, 10, 221–239. 

van Hengstum, P. & Gröcke, D.R. (2008): Stable-isotope record of 
the Eifelian-Givetian boundary Kačák-otomari Event (Middle Devo-
nian) from Hungry Hollow, Ontario, Canada. – Can. J. Earth Sci., 
45/3, 353–366.

Hill, D. (1981): Rugosa and Tabulata. – In: Moore, R.C., Robin-
son, R.A., Teichert, C., Ashlock, V., Keim, J.D., McCormick, L. & 
Williams, R.B. (Eds.): Treatise on Invertebrate Paleontology, Part 
F, Coelenterata. – Supplement Geol. Soc. America, Boulder, 762 
pp. 

Hladíková, J., Kadlec, J., Žák, K., Cílek, V. & Ložek, V. (1997): 
Climatic changes during the Holocene: comparison between sta-
ble isotope, biostratigraphical and lithological climate records in 
freshwater calcareous tufa. – J. Czech Geol. Soc., 42/3, 82. 

Hladil, J., Melichar, R., Otava, J., Galle, A., Krs, M., Man, O., 
Pruner, P., Cejchan, P. & Orel, P. (1999): The Devonian in the 
Easternmost Variszides, Moravia: a Holistic Analysis Directed 
Towards Comprehension of the Original Context. – Abh. Geol. 
B.-A., 54, 27–47.

Hladil, J., Pruner, P., Venhodová, D., Hladilová T. & Man, O. 
(2002): Toward an exact age of Middle Devonian Čelechovice 
corals – Past problems in biostratigraphy and present solutions 
complemented by new magnetosusceptibility measurements. – 
Coral Research Bulletin, 7, 65–71.

Hladil, J., Gersl, M., Strnad, L., Frana, J., Langrova, A. & Spisi-
ak, J. (2006): Stratigraphic variation of complex impurities in plat-
form limestones and possible significance of atmospheric dust: a 
study with emphasis on gamma-ray spectrometry and magnetic 
susceptibility outcrop logging (Eifelian–Frasnian, Moravia, Czech 
Republic). –  Int. J. Earth Sci., 95/4, 703–723.

House, M.R. (1985): Correlation of mid-Palaeozoic ammonoid 
evolutionary events with global sedimentary perturbations. – 
Nature, 313, 17–22.

House, M.R. (1996): The Middle Devonian Kačák Event. – Read at 
the Annual Conference of the Ussher Society, 79–84.

House, M.R. (2002): Strength, timing, setting and cause of mid-
Palaeozoic extinctions. – Palaeo3, 181, 5–25.

Hubmann, B. (1995): Catalogus Fossilium Austriae, Anthozoa 
palaeozoica: Tabulata (inklusive Chaetetida und Heliolitida). – 
Österr. Akad. Wiss., IVc/1b, 111 pp, Wien. 

Hubmann, B. & Messner, F. (2007): „Stein im Bild“: Die fazielle 
Entwicklung der Rannachdecke (Grazer Paläozoikum). – Jb. Geol. 
B.-A., 147/1+2, 277–299.

Hubmann, B. & Suttner, T. (2007): Siluro-Devonian Alpine reefs 
and pavements. – In: Alvaro, J.J., Aretz, M., Boulvain, F., Munne-
cke, A., Vachard, D. & Vennin, E. (Eds.): Palaeozoic Reefs and 
Bioaccumulations: Climatic and Evolutionary Controls. – Geol. 
Soc. London, Spec. Publ., 275, 95–107. 

Hubmann, B., Pohler, S., Schönlaub, H.P. & Messner, F. (2003): 
Paleozoic Coral-Sponge Bearing Successions in Austria. – Ber. 
Geol. B.-A., 61, 91 pp.

Hubmann, B., Suttner, T.J. & Messner, F. (2006): Geologic frame 
of Palaeozoic reefs in Austria with special emphasis on Devonian 
reef-architecture of the Graz Palaeozoic. – Joannea – Geologie 
und Paläontologie, 8, 47–72.



416

Joachimski, M.M., Breisig, S., Buggisch, W., Talent, J.A., Maw-
son, R., Gereke, M., Morrow, J.R. & Day, J. (2009): Devonian 
climate and reef evolution: Insights from oxygen isotopes in apa
tite. – Earth Planet. Sci. Lett., 284, 599–609.

Kaufmann, B. (2006): Calibrating the Devonian Time Scale: A syn-
thesis of U-Pb ID-TIMS ages and conodont stratigraphy. – Earth 
Sci. Rev., 76, 175–190.

Kenrick, P. & Crane, P.R. (1997): The origin and early diversifica-
tion of land plants. – Smithsonian Series in Comparative Evolution
ary Biology Washington, Smithsonian Institution Press, 441 pp.

Königshof, P. (Ed.) (2009): Devonian Change: case Studies in 
Palaeogeography and Palaeoecology. – Geological Society, Lon-
don, Special Publications, 314, 298 pp.

Kreutzer, L.H. (1990): Mikrofazies, Stratigraphie und Paläogeo-
graphie des Zentralkarnischen Hauptkammes zwischen Seewarte 
und Cellon. – Jb. Geol. B.-A., 133/2, 275–343.

Kreutzer, L.H. (1992a): Photoatlas zu den variszischen Karbonat-
Gesteinen der Karnischen Alpen (Österreich/Italien). – Abh. Geol. 
B.-A., 47, 46 pp.

Kreutzer, L.H. (1992b): Palinspastische Entzerrung und Neuglie-
derung des Devons in den Zentralkarnischen Alpen aufgrund von 
neuen Untersuchungen. – Jb. Geol. B.-A., 135/1, 261–272.

Kreutzer, L.H., Schönlaub, H.P. & Hubmann, B. (1997): The 
Devonian of Austria. – In: Schönlaub, H.P. (Ed.): IGCP 421 North 
Gondwanan Mid-Paleozoic Biodynamics: Inaugural Meeting Vien-
na, Sept. 17–21, 1997: Guidebook. – Ber. Geol. B.-A., 40, 42–59.

Krs, M., Pruner, P. & Man, O. (2001): Tectonic and paleogeogra-
phic interpretation of the paleomagnetism of Variscan and pre-
Variscan formations of the Bohemian Massif, with special refer
ence to the Barrandian terrane. – Tectonophysics, 332/1–2, 
93–114. 

Lütte, B.P. (1987): Glossophyllum-Arten aus dem Mittel-Devon der 
Eifel (Rugosa; Rheinisches Schiefergebirge). – Senckenberg. 
Lethaea, 67/5-6, 433–457.

Lütte, B.P. (1990): Horn- und kegelförmige rugose Korallen aus 
dem Mittel-Devon der Eifel. – Senckenberg. Lethaea, 70/4-6, 297–
395. 

Lütte, B.P. (1993): Rugose corals from the Eifelian/Givetian 
boundary in the northern Eifel Hills. – Cour. Forsch.-Inst. Sencken-
berg, 164, 103–108.

Marshall, J.E.A., Astin, T.R, Brown, J.F., Mark-Kurik, E. & 
Lazauskiene, J. (2007): Recognizing the Kacák Event in the Devo-
nian terrestrial environment and its implications for understanding 
land-sea interactions. – Geol. Soc. London, Spec. Publ., 278, 
133–155.

Mawson, R. & Talent, J.A. (1989): Late Emsian–Givetian cono-
dont stratigraphy and biofacies-arbonate slope and offshore shoal 
to lagoon and nearshore carbonate ramp – Broken River, north 
Queensland, Australia. – Cour. Forsch.-Inst. Senckenberg, 117, 
205–259. 

Meyer-Berthaud, B., Soria, A. & Decombeix, A.L. (2010): The land 
plant cover in the Devonian: a reassessment of the evolution of 
the tree habit. – Geol. Soc. London, Spec. Publ., 339, 59–70.

Oekentorp-Küster, P. & Oekentorp, K. (1992): Rugose Korallen-
faunen des Mittel- und Ober-Devons der zentralen Karnischen 
Alpen. – Jb. Geol. B.-A., 135, 233–260.

Ogg, J.G., Ogg, G. & Gradstein, F.M. (2008): The concise geo
logic time scale. – 177 pp. (Cambridge University Press). 

Pedder, A.E.H. (1999): Paleogeographic implications of a Devoni-
an (Givetian, Lower varcus Subzone) rugose coral fauna from the 
Ma’der basin (Morocco). – Abh. Geol. B.-A., 54, 385–434.

Pucéat, E., Joachimski, M.M., Bouilloux, A., Monna, F., Bonin, A., 
Motreuil, S., Morinière, P., Hénard, S., Mourin, J., Dera, G. & 
Quesne, D. (2010): Revised phosphate-water fractionation equa
tion reassessing paleotemperatures derived from biogenic apatite. 
– Earth Planet. Sci. Lett., 298, 135–142.

Racki, G. & Koeberl, C. (2004): Comment on “Impact Ejecta Layer 
from the Mid-Devonian: Possible Connection to Global Mass 
Extinctions”. – Science, 303/5657, 471.

Royer, D.L. (2006): CO2-forced climate threshold during the Phan
erozoic. – Geochim. Cosmochim. Acta, 70, 5665–5675.

Schätz, M., Reischmann, T., Tait, J., Bachtadse, V., Bahlburg, H. 
& Martin, U. (2002): The Early Palaeozoic break-up of northern 
Gondwana, new palaeomagnetic and geochronological data from 
the Saxothuringian Basin, Germany. – Int. J. Earth Sci., 91/5, 838–
849. 

Schmitz, B., Ellwood, B.B., Peucker-Ehrenbrink, B., El Hassani, 
A. & Bultynck, P. (2006): Platinum group elements and 187Os/188Os 
in a purported impact ejecta layer near the Eifelian-Givetian stage 
boundary, Middle Devonian. – Earth Planet. Sci. Lett., 249/3–4, 
162–172. 

Schönlaub, H.P. (1993): Stratigraphy, biogeography and climatic 
relationships of the Alpine Paleozoic. – In: von Raumer, J. & Neu-
bauer, F. (Eds.): The Pre-Mesozoic geology in the Alps. – 65–91, 
Berlin – Heidelberg – New York (Springer). 

Scotese, C.R. (2002): PALEOMAP Project – URL: http://www.sco-
tese.com. (Accessed: 29.09.2011).

Stein, W.E., Mannolini, F., Van Aller Hernick, L., Landing, E. & 
Berry, C.M. (2007): Giant cladoxylopsid trees resolve the enigma 
of the Earth’s earliest forest stumps at Gilboa. – Nature, 446, 904–
907.

Talent, J.A., Mawson, R. Andrew, A.S., Hamilton, P.J. & Whid-
ord, D. (1993): Middle Palaeozoic extinction events: faunal and 
isotopic data. – Palaeo3, 104/1–4, 139–152. 

Truyóls-Massoni, M., Montesinos, J.R., Garcia-Alcalde, J.L. & 
Leyva, F. (1990): The Kacak-otomari Event and its characterization 
in the Palentine Domain (Cantabrian Zone, NW Spain). – In: Kauff
man, E.G. & Walliser, O.H. (Eds.): Extinction Events in Earth His-
tory. – Lecture Notes in Earth History, 30, 133–143. 

Veron, J.E.N. (2008): Mass extinctions and ocean acidification: 
biological constraints on geological dilemmas. – Coral Reefs, 27, 
459–472.

Walliser, O.H. (1985): Natural boundaries and Commission 
boundaries in the Devonian. – Cour. Forsch.-Inst. Senckenberg, 
75, 401–408.

Walliser, O.H. (2000): The Eifelian-Givetian stage boundary. – 
Cour. Forsch.-Inst. Senckenberg, 225, 37–47. 

Walliser, O.H., Bultynck, P., Weddige, K., Becker, R.T. & House, 
M.R. (1995): Definition of the Eifelian-Givetian Stage boundary. – 
Episodes, 18, 107–115.

Received: 6. July 2011, Accepted: 29. September 2011


	Kido, Erika;Suttner, Thomas: A new project has been launched: FWF P23775-B17 'Late Eifelian climate perturbations: effects on tropical coral communities'.- Jahrbuch der Geologischen Bundesanstalt, 151, S.407-416, 2011.
	Seite 408
	Seite 409
	Seite 410
	Seite 411
	Seite 412
	Seite 413
	Seite 414
	Seite 415
	Seite 416

