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Carbon isotope chemostratigraphy of the Late Silurian Lau Event, Got-

land, Sweden 

HANI YOUNES1 

Younes, H., 2012: Carbon isotope chemostratigraphy of the Late Silurian Lau Event, Gotland, Sweden. 

Dissertations in Geology at Lund University, No. 318., 40 pp. 45 hp (45 ECTS credits). 

 

Abstract: The positive δ13C excursion associated with the Late Silurian Lau Event (approximately 420 Ma) is re-

cognized globally and considered to be one of the most prominent carbon isotope excursions of the Phanerozoic. Its 

maximum values are exceeded only by values from the Proterozoic. Over the last years the Lau Event has been stu-

died in great detail on the island of Gotland, Sweden (Baltica palaeocontinent). These studies include lithological 

successions and high-resolution conodont biostratigraphy, as well as δ13C chemostratigraphy. For these reasons, 

Gotland is considered the standard classical model for studying the Lau Event. The purpose of the present study is 

to produce the first continuous, high-resolution δ13C stratigraphy across the stratigraphic range of the event. The 

δ13C record is based on two drill cores (Uddvide-1 and Ronehamn-1) and work as a standard model for global corre-

lation of the event. The generated profiles have high positive peak values of 8.03 ‰ and 9.01 ‰ respectively in 

Uddvide-1 and Ronehamn-1 drill cores. Both profiles have the typical model of the Lau Event consisting of rising 

limb, plateau and falling limb. The correlation not only improves the knowledge on Ludlow stratigraphy but also 

helps to understand the evolution of climate, marine ecosystems and depositional environment during the Ludfordi-

an. In doing so, the cause of this high positive δ13C excursion will be better understood.  

Keywords: Silurian, Lau Event, extinction, Gotland, carbon isotope excursion, conodonts, high-resolution 

correlation, microbial resurgence. 
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the Hirnantian Carbon Isotope Excursion (HICE; 

Bergström et al. 2006) in the Ordovician, and the 

Ireviken, Mulde and Lau excursions in the Silurian 

(Calner 2008).  The cause(s) for the many carbon 

cycle anomalies in the Palaeozoic is not understood 

although several models involving the ocean-

atmosphere system have been proposed (Cramer et 

al. 2006; Eriksson and Calner 2008). The similarity 

in their geochemical, paleontological, and sedimen-

tological characteristics, however, implies a singu-

lar causing mechanism (Munnecke et al., 2003). 

The Silurian Period (444-416 Ma) was for long 

time thought to be a stable period in Earth history 

with respect  to dramatic changes in the ocean-

atmospheric system. Recurrent fossil faunal anoma-

lies and distinct positive carbon isotope excursions, 

however, have now shown it to be one of the most 

variable periods of the Phanerozoic (Cramer and 

Saltzman 2005; Calner 2008). The integrated stable 

1- Introduction 

Major and minor extinction events have dramatical-

ly affected biodiversity throughout the history of 

life on Earth (Sepkoski et al., 1981). Studying the 

causes and mechanism of these events forms the 

basis of understanding the diversification of taxa 

and evolution of life. Many studies on stable car-

bon isotope chemostratigraphy of sedimentary suc-

cessions of various ages were published over the 

last fifteen years. These studies have unequivocally 

shown that most ancient crises in marine faunas are 

accompanied by anomalies in the relationshion be-

tween 12C and 13C, shown as anomalies in δ13C. In 

the Palaeozoic these excursions are positive and 

normally range from one to a few per mil. Most of 

them are excellent for intercontinental correlation 

of sedimentary packages, e.g. the Guttenberg Car-

bon Isotope Excursion (GICE; Saltzman 2001) and  
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2010). Since Gotl-nd is considered a classical mo-

del for studying the Lau Event (Calner 2005; Jepps-

son et al. 2006;Calner 2008; Eriksson and Calner 

2008), it is worth mentioning that many researchers 

have correlated or at least compared their δ13C re-

sults in combination with lithofacies and faunal 

changes to its equivalent sequences of Gotland (e.g. 

Saltzman 2002; Jeppsson et al. 2007; Kozlowski 

and Munnecke 2012). The main objective of this 

study is to establish a continuous, high-resolution 

δ13C profile across the Lau Event based on the suc-

cessions of Uddvide-1 drill core (in correlation 

with the Ronehamn-1 drill core). This curve will 

function as a model for correlation of the strata 

with coeval successions in other palaeocontinents 

in order to investigate the morphological variation 

of this exceptionally strong positive δ13C excursion 

and the stratigraphic completeness of various Lud-

fordian sections. The study is therefore a first 

attempt to correlate several successions from wi-

dely separated palaeocontinents of Lau Event.  

2- Geological setting and stratigraphy 

The uppermost Llandovery through Ludlow strata 

on Gotland was formed within the Baltic Basin, 

which was a warm and shallow epicontinental sea 

covering large parts of southern Scandinavia and 

the East Baltic area (Fig. 1A). The Baltic Basin was 

affected by three tectonic developments, the Cale-

donian, Variscian and Alpine orogenesis (Poprawa 

et al. 1999). The Caledonian orogeny and the  

accretion of Avalonia have been affecting the sout-

hwestern margins from the Late Ordovician and 

onwards (Eriksson and Calner 2008). The Rheic 

ocean and rifted Gondwana terranes were located 

to the south of Baltic Basin in Late Silurian (Fig. 

1A). Metamorphism and strong folding have no 

clear effect on strata of Gotland (Jeppsson 2005). 

The Uddvide-1 drill core is located in deeper subti-

dal carbonate platform comparing to Ronehamn-1 

drill core (Calner 2008)(Fig. 3A). The succession 

on Gotland yields reef and stratified limestone, 

marlstone, and to a lesser extent fine-grained si-

liclastic deposits. The stratigraphical subdivision of 

the succession was introduced by Hede (1921  and  

1925,  summarized  in  English in 1960). 

isotopes and faunal changes data/models obtained 

from different palaeocontinents have instead trans-

formed the Silurian Period to be a key object for 

studies and researches on climate change, environ-

mental and oceanographic perturbations (Lehnert et 

al. 2006). The most prominent δ13C excursion of 

the Silurian, and surprisingly little studied, is that 

associated with the Late Silurian Lau Event. This is 

a minor extinction event and faunal turnover that 

was first recognised and named by Jeppsson (1987, 

1990, and 1993).  It is the last of the three major 

ecological turnovers and biotic events that occurred 

during the Silurian Period (Jeppsson 1990; 1998; 

summarised by Calner 2008). It affected conodonts 

severely but had less effect on graptolites (Jeppsson 

and Aldridge 2000). Several other groups have 

been analysed with respect to the Lau Event, in-

cluding acritarchs, chitinozoans, corals, brachio-

pods, ostracodes, trilobites, tentaculitides, fishs, 

and polychaetes (Eriksson 2004; Eriksson and 

Claner 2008). Perhaps most prominent is the major 

anomaly in the global carbon cycle that is associat-

ed with the event. This perturbation, which was 

first detailed from southernmost Sweden (Wigforss

-Lange 1999) and which has a magnitude of more 

than 10 per mil in some areas, is considered the 

largest in the whole Phanerozoic and the second 

largest in Earth’s history (Munnecke at al. 2003; 

Barrick 2010). The carbon isotope excursion has 

been detected in several different palaeocontinents 

(Fig. 4 and Table 1). These excursions attain maxi-

mum values ranging from 3 ‰ in Southern Lauren-

thia (Barrick 2010), 9 ‰ on Gotland (this study), 

11 ‰ from southern Sweden (Wigforss-Lange 

1999) and even up to 12 ‰ in Queensland Austral-

ia (Jeppsson et al. 2007). Since the Lau Event was 

first recognised, and is stratigraphically well de-

fined on Gotland (Figs. 1 and 2), this island may 

function as the type area for the event (Calner 

2005; Jeppsson et al. 2006; Calner 2008; Eriksson 

and Calner 2008). The abundant and well preserved 

fossil faunas here serve in studying the Lau Event 

and allow precise high-resolution correlations by 

means of biostratigraphy as well chemostratigraph-

ical data obtained from δ13 C analysis (e.g. Samt-

leben et al. 2000; Calner et al. 2006; Lehnert et al.  
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Formation in the eastern part of the outcrop belt by 

a stratigraphical hiatus  (Manten 1971;  Cherns 

1982;  Eriksson and Calner 2008). The Eke Form-

ation (≈ 15 m thick in Uddvide-1 and ≈ 12 m thick 

in Ronehamn-1) is charcterised by high abundance 

of oncoids (Rothpletzella and Wetheredella), which  

have been used as the main defining charcater of 

the formation (Jeppsson 2005). The formation     

comprises argillaceous, silty crinoidal wackestone-

packstone and oncoidal wackestone-packstone with 

interbedded marl. The formation yield an impove-

rished conodont fauna and rare graptolites 

(Jeppsson 2005). Crinoid debris are the most com-

mon fossils represented in local reef limestones 

within the Eke Formation (Manten 1971). The 

overlying ca 32.5 m thick Burgsvik Formation 

comprises quartz sandstone, siltstone and shale 

overlain by a thin cap of oolitic limestone in the 

Uddvide-1 core. In the Ronehamn-1 drill core, only  

 The most  recent  stratigraphic  revision was pres-

ented by Jeppsson et al. (2006) (Figs. 1B, 2 and 

3B).  The oldest strata considered for the present 

study belong to the uppermost part of the När 

Formation of the Hemse Group. This succession is 

ca 13-14 m thick in the Uddvide-1 drill core and ca 

13.5 m in Ronehamn-1 drill core. The strata consist 

of interbedded skeletal mudstone-wackestone and 

marl and it is charcterised by diverse assemblage of 

fossils. The depositional environment has been in-

terpreted as fairly deep below wave base seaward 

of a reef barrier (Eriksson and Calner 2008). Whe-

reas Botvide Member is absent in the Uddvide-1 

core, it occupies the uppermost decimeters of 

Hemse Group in Ronehamn-1 drill core. This mem-

ber is charcterised by coquinas of the brachiopod 

Dayia navicula in a slightly dolomitic mudstone 

with rare limestone beds (Jeppsson 2005). När 

Formation is separated from the overlying  Eke  

Formation  

Fig. 1. A Silurian palaeogeography of Baltica and the East Baltic area with location of Gotland within 

the square (modified from Baarli et al. 2003). B Stratigraphical units of Gotland with the location of 

drill cores indicated. (1) Ronehamn-1 drill core, (2) Uddvide-1 drill core. 
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Fig. 2. The Geological map of Gotland showing the major Hede’s subdivision and locations of 1- Rone-

hamn-1 and 2- Uddvide-1 drill cores (Jeppsson 2005a). 
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were affected during the event and only six out of 

23 species present in pre-extinction strata survived. 

None of the platform-equipped conodonts survived 

during the event. Conodonts are a reliable tool for 

stratigraphic correlation in Silurian shallow-water 

successions, and since this was the most affected 

group during the event, conodonts are considered 

key fossils for a reliable biostratigraphical identifi-

cation of the Lau Event. The detailed conodont zo-

nation for the Ludlow was developed and revised 

over the last few years by Jeppsson (2005, 2006; 

Figs. 3A and 5).  The extinction of the widespread 

zone fossil Polygnathoides siluricus is considered a 

mark for the beginning of the Lau Event (Jeppsson  

the two basal metres of the  Burgsvik  Formation  is 

preserved. The uppermost  portion of the  Burgsvik 

Formation in the Uddvide-1 drill core constitutes  

the thin Burgsvik Oolite Member. The ooids have 

originated by precipitation from marine waters su-

persaturated with respect to calcium carbonate (cf. 

Bosence and Wilson 2003). 

3- The Lau Event   llllllllllllllllllllllllll                            

The Lau Event started at the beginning of Ludfordi-

an Stage and was accompanied, in the Baltic basin, 

by substantial sea level changes and a major posi-

tive carbon isotope excursion (Eriksson and Calner 

2008). Among marine groups, especially conodonts 
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zone. The middle Eke coincides with  the  Middle 

Icriodontid conodont subzone, its base is defined 

by the re-occurrence of a slender form of P. 

equicostatus. The upper Eke coincides with the Up-

per Icriodontid conodont subzone, in which only 

one single conodont species (Panderodus 

equicostatus on Gotland and Ozarkodina scanica in 

Skåne), has survived from the past stages of extinc-

tion. This species is strongly dominant (Jeppsson 

1998; Jeppsson and Aldridge 2000; Jeppsson 

2005). In the recovery stage at the end of the event 

there is a moderate diversity in the O. snajdri cono-

dont Zone, which corresponds to the lowermost 

part of the Burgsvik Formation (Jeppsson 1998; 

Jeppsson 2005). The  graptolite  fauna  experienced  

the  same  development  as well; they were diverse 

With N. kozlowski in the main part of the När For-

mation (upper part of the Hemse Group). ma 

2005). The Icriodontid zone represents the lowest  

diversity conodont fauna  that prevailed  during  the 

event, whereas a recovery is  seen in the O. snajdri  

Zone. Platform conodonts were very diverse in the 

main part of P. siluricus Zone, but they suffered 

rapid stepwise extinctions in the upper P. siluricus 

and O. excavata faunal subzones, corresponding to 

the base of the Botvide Member of the När For-

mation (Jeppsson 1998; Jeppsson 2005).  The next 

younger zone, the Icriodontid Zone, corresponds to 

the Eke Formation. The name of the zone was in-

troduced by Jeppsson (2005) for the widely recog-

nised interval of strongly impoverished faunas that 

followed P. siluricus extinction. Eke Formation is 

subdivided into three sub-units; lower, middle and 

upper Eke, and each of  these  sub-unites  coincides 

with one of the Icriodontid subzones. The lowerEke 

coincides with the Lower Icriodontid conodont sub-

Fig. 4. Palaeogeographical distribution for published records of the positive carbon isotope excursion 

during the late Silurian (Ludfordian) Lau Event. Some of the locations represent more than one published 

report and a number of sections. (1) Gotland, Sweden, the two drill cores analysised in this study, (2) Eas-

tern Baltica (Kaljo 2007), (3) The Prague Basin (Lehnert et al. 2007a,b), Palaeogeographic reconstruction 

from Cocks and Totsvik (2002).  (4) Queensland Australia (Jeppsson at al. 2007), (5) Laurentia palaeocon-

tinent, Oklahoma, Tennesse and Missori, United States (Barrick 2010). (6) Southern Baltica (Kozlowski 

2012).  
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 prevailed in earlier times in Earth history, particu-

larly in the Pre-Camberian Era (Schubert and 

Bottjer 1992; Hagadorn and Bottjer 1997; Whalen 

et al. 2002; Pruss et al. 2004; Sheehan and Harris 

2004; Calner 2005). Flat-pebble conglomerates, 

stromatolites, oncolites, oolites and wrinkle struc-

tures are prominent in the Eke and Burgsvik For-

mations (Calner 2005). The lowermost part of the 

Eke Formation, at the boundary with the Botvide 

Member, is characterised by the existence of flat-

pebble conglomerates. The abundance of crinoids 

and oncoids in Eke Formation indicates a warm-

water shallow marine environment. In both drill 

cores, the abundance of oncoids (Rothplezella and 

Wetherdella) is high (Fig. 7C) in addition to well 

preserved brachiopods (Fig. 7B) in the argillaceous 

Eke Formation. Rothpletzella  with   thick   cortices  

are   the   most abundant oncoids in Eke Formation 

(Calner 2005).   

In Eke Formation we have an impoverished fauna, 

followed by a moderately diverse fauna with Pm. 

latilobus in the recovery stage in the lowermost 

part of Burgsvik Sandstone Member (Jeppsson 

2005; Fig. 5). Also the marine sedimentary facies 

changed substantially during the event, implying 

rather profound environmental changes to the car-

bonate platform ecosystem (Calner 2005). Tropical 

shallow-marine carbonate platforms are built by 

rapidly calcifying organisms (Bosence and Wilson 

2003). These organims are very sensitive for ma-

rine environmental changes. According to recent 

studies of the strata on Gotland, major changes in 

composition and structure of carbonate platforms 

were associated with the event (Jeppsson 2003; 

Calner et al. 2004; Calner 2005; Calner and Eriks-

son 2006). Most notable,  the sediments deposited 

during and shortly after Lau Event are character-

ised by anachronistic facies, which those that 

Fig. 5. Conodont and graptoli- 

tes zones and subzones and cor-

responding formations and sub-

formations, the shadowed part 

represents Lau Event (δ13C curve 

was obtained from this study and 

the faunal changes are modified 

from Jeppsson 2005). 
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 and infaunal activity during the event, and there-

fore; they can be referred to, as post-extinction 

‘’disaster forms’’ (Calner 2005). 

4- Material and Methods 

Two core sections drilled in the south-eastern part 

of Gotland were described and sampled for this 

study (Fig. 1A). The cores have a diameter of 39 

mm and were named the Ronehamn-1 core (30 m 

long; GPS E:1663083 N:6342406), and the Udd-

vide-1 core (70 m long; GPS E:1653025 

N:6333020) by Eriksson and Calner (2008).  

It is believed that these oncoid-rich beds were for-

med in calm environments seaward of the reefs 

(Calner 2008). Beds enriched with oncoids seem to 

be associated with the the highest δ13C values in 

both the Uddvide-1 (Figs. 6 and 12) and Ronehamn

-1 drill core sections (Fig. 13). Small scale wrinkle 

structures are common in the  Burgsvik  Sandstone 

Member (Calner 2005), whereas oolite are abun-

dant in the Burgsvik Oolite Member (Fig. 7D). The 

boundary between the two members is shown in 

Figure 7E. It is hypothesized that this microbial 

resurgence is related to decreased  rates of grazing  

 

 

Table 1. Locations of previous Lau Event studies including carbon isotopes analyses. 

 

 
 

Baltica                                                                                                                                    

    Gotland                                 Eke Formation                          9.01 ‰                               this paper 

    Poland                                  Winnica Formation                   8.89 ‰                               Kozlowski 2012 

 

    Podolia-Ukraine                  Rykhta andPrigorodok Fm.       4.3 ‰                                Kaljo et al. 2007  

 

    Lithuania                             Mituva Formation                      8.17 ‰                             Martma et al.  2005 

     

 

Northern Europe         

    Czeck Republic                  Upper Kopanina Formation         8‰                                   Lehnert 2007  

 

 

North America 

     Southern Oklahoma         Henryhouse Formation               3.66‰                             Barrick 2010  

    South-Eastern Missori     Bainbridge Formation                 5.41‰                             Barrick 2010 

    Western Tennessee          Brownsport Formation                 4.61‰                            Barrick 2010  

 

Australia 

    Queensland                 Coral gardens Formation                9.02‰                            Jeppsson et al. 2007  

___________________________________________________________________________ 

 

Location            ´   Formation        Peak Values              Key Reference 
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Fig. 6. Late Silurian (Ludfordian) stratigraphic framework of Gotland and carbon isotope chemostra-

tigraphy of Uddvide-1 core. Sequence stratigraphy from Eriksson and Calner 2008. The stratigraphic range 

of the Lau Event is shown with light grey shading. 
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Fig. 7. Photographs showing various microbial facies related to Lau Event. A Oncoids obtained from 

Eke Formation exposed in Lau Backar-1 (locality close to the location of the Roneham-1 core, 1250 

ENE of Lau Church). B Well preserved brachiopods from the same locality (Lau Backar.1). C On-

coids within the Eke formation in the Uddvide-1 core. D Oncoids within the Burgsvik Oolite Member 

in the Uddvide-1 core. E Image showing the boundary between the Burgsvik sandstone and Burgsvik 

oolite taken in SE Gotland. 
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The lithofacies occurring in the Uddvide-1 drill 

core are marl and limestone, clastic  mudstone, silt-

stone and fine-grained sandstone (quartz arenite), 

the clastic deposits associated with the Burgsvik 

Formation. Based on microfacies analysis, the marl 

and limestone can be subdivided into the following 

microfacies: 

Skeletal mudstone-wackestone (marl): This micro-

facies is common in the När Formation, which oc-

cupies the lowermost 13-14 m of the Uddvide-1 

drill core. This formation consists mainly of ag-

grading limestone-marl alternations with some 

finely laminated beds (Fig. 8A), suggesting low 

rates of infaunal activity and a slightly dysoxic dep-

ositional setting. The presence of graptolite frag-

ments suggests a deeper carbonate platform deposi-

tional environment.  

Crinoidal packstone-wackstone: Unlike the När 

Formation, abundant crinoidal derbis at the base of 

Eke Formation indicates normal marine subtidal 

conditions; this aggraditional zone comprises 

wackestone-packstone facies, limestone interbeds, 

stromatolite fragments and abundance of whitish 

grains of crinoids (Fig. 8B). They are together indi-

cating shallower depositional setting as compared 

to the underlying När Formation. The thickness of 

the crinoidal-rich unit, which also includes frag-

ments of trilobites and brachiopods, is almost 3 m. 

The  Botvide  Member  is absent due to erosion and 

is directly deposited at the conformable boundary 

between Eke and När formation (Fig. 8C) (Calner 

2008).   

The cores are stored at the Department of Geology, 

Lund University. Whole-rock carbon isotope 

samples were obtained by drilling with a microdrill 

and collecting the powder in small plastic cans.  

About 10 g of powder was recovered for each 

sample. In order to avoid contamination, the rugged 

core surface was first grinded with the core before 

a mm-sized hole was drilled. Skeletal grains were 

avoided and samples were taken from the micritic 

matrix of the rock. The rate of sampling was 4 

sample/m in Eke formation and 2 sample/m in the 

adjacent formations close to both lower and upper 

boundaries of Eke Formation and 1 sample/m in the 

other parts of the core, therefore sampling intervals 

were less in Eke Formation (where the effect of 

Lau Event is detected). The samples were drilled 

from the two cores in the same manner. In total 77 

samples of Ronehamn-1 and 118 samples of  Udd-

vide-1 were sent to GeoZentrum Bayern in Er-

langen, Germany, for analysis. The samples were 

subsequently reacted with 100% phosphoric acid 

(density >1.9; see Wachter and Hayes, 1985) at 75o 

C using a Kiel online preparation line connected to 

a ThermoFinnigan 252 masspectrometer. The anal-

yses were performed at the GeoZentrum Nordbay-

ern of the University of Erlangen-Nuremberg, Ger-

many. All values are reported in permil relative to 

the  V-PDB  by assigning an organic d13C value of  

+1.95‰ and an d18O value of -2.20% to NBS 19. 

Reproducibility for carbon isotope analyses was 

monitored by replicate analysis of laboratory stand-

ards and was better than ±0.05% (1s). 

5- Results 

5-1 Sedimentary facies of the Uddvide-1 drill core 
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brachiopods, and corals were identified. Siliclastic 

strata: The siliciclastic strata are confined to the 

Burgsvik Sandstone Member of the Burgsvik For-

mation. These strata are ca. 32.5 metre thick 

(Calner 2008). The lowermost part of this member 

comprises barren prodelta shale with rare, thin in-

terbeds of siltstone (Fig. 9A). The middle part com-

prises siltstone and almost planar laminated inter-

beds of fine-grained sandstone, the dewatering 

structures preserved in siliclastic rocks can be easi-

ly observed (Fig. 9B). The upper member consists 

of massive, fine-grained sandstone (Fig. 9C). The 

Burgsvik Sandstone Member is unconformably 

overlain by the Burgsvik Oolite Member, which 

constitute oolite grainstone and oncoidal rudstone 

(Fig. 9D).  

Oncoidal packstone: A progradational oncoidal 

packstone facies represents most of the Eke For-

mation (except the lower crinoidal zone). It is about 

14 m thick in the Uddvide-1 drill core. It comprises 

wackestone-packstone with an argillaceous matrix 

rich in silt-sized quartz and a fossil content similar 

to the crinoidal-rich unit, in addition to high abun-

dance of oncoids (Calner 2008).  The oncoids are 

bluish-grey coloured and have diameters varying 

from few millimetres up to ca 3-4 cm. Their shape 

varies from spherical with cement infilling in the 

nuclei to non-spherical, irregularly formed shells. 

The cortex varies in thickness from a few millime-

tres to more than 10 millimetres and is almost in 

the thicker end of that range (Fig. 8D). In addition 

to oncoids, a few shell fragments of graptolites, 

brac 

Fig. 8. Photographs showing facies characteristics of the Uddvide-1 core section. A Limestone-marl alte-

ration of the När Formation. B Crinoid fragments within crinoids-rich zone of the Eke Formation. C The 

boundary between the När Formation and the crinoidal-rich zone of the basal Eke Formation. D A part 

from Eke Formation containing oncoids and showing 1 nucleaus and 2 cortex. 
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Fig. 9. Photographs showing facies characteristics of the Burgsvik Formation in the Uddvide-1 drill core. 

A Prodelta shale of the lower informal member of the Burgsvik sandstone. B Siltstone with dewatering 

structures of the middle informal member of the Burgsvik sandstone. C Massive sandstone bar of  the up-

per informal member in Burgsvik sandstone. D Photograph of the Burgsvik Oolite showing 1 spherical 

oncoid with cement infilling in the nuclei and 2 non-spherical, irregularly formed shells, and 3 ooids. 

most ca. 13.5 m of the drill core section. The for-

mation comprises massive mudstone-wackestone 

with trace fossils (Chondrites), and includes thin 

interbedded limestone layers (Fig. 11A). Skeletal 

fragments of brachiopods and other faunal contents 

are obviously seen in this layer (Fig. 11C). The fau-

nal content including mainly conodonts, graptolites 

and trilobites is more diverse in Ronehamn-1 than 

in Uddvide-1 suggesting a more shallow environ-

ment seaward of the reef barrier.  

5-2 Sedimentary facies of the Ronehamn-1drill core 

The lithofacies occurring in the Ronehamn-1 drill 

core are very similar to those of Uddvide-1. The 

only difference is that -unlike Uddvide-1- Botvide 

Member is preserved in Ronehamn-1 and that only 

the basal part of the siliciclastic strata are preserved 

in Ronehamn-1 (due to post-Silurian erosion). The 

following microfacies are identified:     lllll                 

Skeletal mudstone-wackestone (marl): represented 

by the När Formation which occupies the lower-
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Fig. 10. Photograph showing oncoids within Eke 

Formation in in Ronehamn-1 drill core. 

The uppermost centimetres of the När Formation 

(below Botvide Member) comprises flat-pebble 

conglomerates indicating relative shallowing (cf. 

Myrow et al 2004). The Botvide Member (the up-

permost ca 1 m of the När Formation) comprises 

intraclastic skeletal packstone and grainstone (Fig. 

11B), and displays an upper minor erosional 

boundary towards the Eke Formation.  

Crinoidal wackestone-packstone: This unit is al-

most 1 m thick at the base of Eke Formation. The 

unit is characterized by the abundance of crinoid 

fragments, limestone interbeds in addition to some 

other faunal fragments (stromatolites, brachiopods, 

trilobites). The base of this zone includes a flat-

pebble conglomerate. 

Oncoidal wackestone-packstone: this progradation-

al facies comprises most of the Eke Formation 

(except the crinoidal zone) and is ca 11 m thick. 

The fossil contents of particularly oncoids (Fig. 

10), corals and brachiopods increase upwards 

through this unit. Also the microfacies get coarser 

and change from wackestone in the lower part to 

packstone in the upper part. The oncoids (Fig. 11D) 

have diameters varying from a few millimetres up 

to 4-5 centimetres; their increasing abundance in 

upper levels of Eke Formation reflects a shallowing

-upwards environment with successively increasing 

water energy. 

Siliclastic strata: In the Ronehamn-1 core only the 

lowermost two meters of Burgsvik Formation is 

preserved. The strata consist of ca. 1.5 m thick ar-

gillaceous facies and ca. 0.5 m of siltstone. 
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Fig. 11. Photographs showing facies characteristics of Ronehamn-1 drill core. A Marl with limestone 

interbeds within När Formation. B Botvide Member. C Skeletal fragments of brachiopods within När 

Formation. D Oncoids fragments within Eke Formation. 
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average δ13C values after  the  falling limb, i.e.  In 

the Burgsvik Sandstone Member, is still relative- ly 

high and much higher than the δ13C base line va-

lues before the initial rising limb (Fig. 12). This can 

be interpreted as due to the disappearance of on-

coids or because the isotope values reflect the dia-

genetic cement in the sandstone rather than skeletal 

grains and micritic matrix as in the other samples. 

If so, the slight drop in δ13C values is due to sedi-

mentary facies change rather than to the end of The 

Lau Event. The renewed rise in δ13C values in the 

Burgsvik Oolite Member can support this interpre-

tation (Fig. 12). The similarity in correlation with 

COG section (mentioned later in this study) can 

provide additional support to this assumption. In 

the Ronehamn-1 drill core, the average value of 

δ13C through the När Formation (except Botvide 

Member) is 1.28 ‰. The values steeply rise 

through Botvide Member (the uppermost 0.87 m of 

the När Formation) from 1.83 ‰ to 5.06 ‰. δ13C 

values fluctuate through Eke Formation and they 

have general tendency to rise gradually from avera-

gely 5.17 ‰ through the lowermost 1.01 m of the 

Eke Formation (crinoidal-rich zone). They attain 

peak values between 8.58 ‰ and 9.01 ‰ in the up-

permost part of the Eke Formation before  they 

start declining in Burgsvik Formation (Table 3 in 

Appendix B; Fig. 13). 

It is clear in that the low-diversity Icriodontid Zone 

coincides with a plateau in the δ13C curve, and the 

highest values of δ13C coincide with the Upper 

Icriodontid conodont subzone (Fig. 5). 

5-3 Carbon isotope chemo-stratigraphy 

In both of the studied core sections, Uddvide-1 and 

Ronehamn-1, a strong positive shift in δ13C values 

is observed in the sediments covering the Lau 

Event interval (Figs. 6, 12 and 13). In Uddvide-1: 

δ13C values are about 0.62 ‰ to 1.85 ‰ through 

most of the upper part of the När Formation and 

they increase to 2.35‰ in its uppermost part, just 

before the boundary with the Eke Formation (Table 

2 in Appendix A; Figs. 6, 12). δ13C values continue 

to gradually rise through the lowermost 2.25 m of 

the Eke Formation (crinoidal-rich zone), from 3.22 

‰ at the base of the crinoidal zone, to as high as 

5.10 ‰ near the top of that zone. Values are fluctu-

ating through the Eke Formation, with a tendency 

to rise, but generally forming a plateau that corre-

sponds in time with the oncoid-rich part of the Eke 

Formation, and attain peak values between 7.21 ‰ 

and 8.03 ‰ in the upper part of Eke Formation be-

fore the declining limb of carbon isotope excursion 

starts. A single taxon (Icriodontid) dominated the 

conodont fauna during the time interval correspon-

ding to the plateau. The δ13C values fall at the 

boundary between Eke Formation and Burgsvik 

Formation (Figs. 6, 12 and Table 2). It is notable 

that high δ13C values are re-established in the 

Burgsvik Oolite Member similar to those of the 

plateau that prevailed during the event (Table 2). 

This may be related to the existence of microbial 

fossils in the Burgsvik Oolite Member, which also 

includes abundant oncoids (Fig. 12). By linking the 

rapid stepwise extinctions to the δ13C chemostra-

tigraphy of the Uddvide-1 drill core (Fig. 5 and 

Table 2), it is shown that the extinction was accom-

panied with gradually increasing δ13C values. The 

kjl 
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Fig. 12. Illustration showing The Uddvide-1 core section and the established  δ13C stratigraphy. 
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Fig. 13. Illustration showing The Ronehamn-1 core section and the established δ13C stratigraphy . 
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controlled by nutrient export flux  is the main fac-

tor controlling the changes in atmospheric CO2 dur-

ing interglacial-glacial transitions (Longhurst 

1991). The sudden rise in carbon isotope values at 

the beginning of a carbon isotope excursion is con-

sidered to be a marker for the onset of changes in 

oceanic carbon cycle (Brenchley et al. 2003).  The 

biologically-mediated processes that transport car-

bon from the ocean surface waters to the deep lay-

ers of ocean waters are referred to as the 

‘’biological pump’’ (Longhurst 1991). Whereas the 

surface layer of the ocean is in equilibrium with the 

atmosphere, the deeper water layers are oversatu-

rated with dissolved CO2, the gravitational settling 

of  organic  carbonate  C  fixed  by  plant  cells  in 

surface  water   maintain   the   sinking   flux  of   C 

(Longhurst 1991). Since carbon flux is produced in 

surface water, it is very important to take into ac-

count the properties of these surface water layers 

like salinity, nutrient abundance and the thickness 

of the photosynthesis zone. High productivity re-

sulting from high nutrient supply occurred during 

the time of sea-level lowstand (Botvide Member 

and Lower Eke Formation) and was interpreted as 

the reason of Late Silurian δ13C excursion on Got-

land by Wenzel & Joachimski (1996).  

6-1 A chemostratigraphic model for the Lau Event 

As documented from several parts of the World, 

the morphology of the Lau Event δ13C profile in-

cludes a relatively short, gradually rising limb fol-

lowed by a plateau with constant or slightly rising 

values, and then a gradually falling limb (Kaljo et 

al. 2007; Jeppsson et al. 2007 and Barrick 2010).     

The δ13C profile documented herein from the 

Uddvide-1 drill core is thus representative for the    

Uddvide-1     

6- Discussion 

It is well known that the environmental changes in 

marine ecosystems correlate with changes in iso-

topic ratios of some elements in atmospheric gases, 

animals and plant tissues, the carbonates of teeth, 

corals, soils and the organic matter deposited in 

sediments. Carbon is considered one of those 

chemical elements, and it is the most effective 

proxy for environmental changes. Most biotic 

events in Earth history are associated with anoma-

lies in the 13C/12C ratio and carbon isotope che-

mostratigraphy therefore plays an important role in 

the study of mass extinctions as well as minor bio-

tic turnovers. The method provides us with valua-

ble information about the synchronicity of environ-

mental changes on local, regional and global levels 

(Coleman and Fry 1991). Carbon isotope che-

mostratigraphy utilises minor changes in the ratios 

of 13C/12C (the relative abundance of 13C and 12C in 

nature is ≈ 1:99), which are reported relative to an 

international standard using a delta notation; δ13C= 

(13C/12C -1)*1000 (Todd E. Dawson and Rolf T.W. 

Seigwolf 2007). Valuable information about both 

processes and sources could be calculated  from  

the  ratio of  rare-to-common (or heavy to lighter) 

stable isotope of a particular element like the ratio 

13C/12C. Since the World oceans contain about 50 

times as much carbon as the atmosphere, the ocean-

ic carbon cycle is considered the main sink deter-

mining the large perturbations in atmospheric CO2 

during interglacial and glacial cycles (Bopp and Le 

Quèrè 2009). Carbon sequestered in marine organ-

isms throughout geological time controls to a large 

extent the geochemical disequilibrium of our plan-

et. Biological sequestration of carbon in the ocean– 
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Event and the initial part of the succeeding 

Secundo Episode (Talent et al., 1993; Samtleben et 

al. 1996, 2000; Wenzel and Joachimski 1996; Wen-

zel 1997; Saltzman 2001; Cramer and Saltzman 

2005). Figure 14 overviews the chemostratigrap-

hical model with sea level changes. The δ13C curve 

forms a base line of low or even negative values 

shortly before the event starts: +1 on Gotland (this 

study) and in Bohemia (Lehnert 2007), -1 in Podo-

lia, Ukraine (Kaljo et al. 2007), and + 0.5 in both 

Australia (Jeppsson et al. 2007) and USA (Barrick 

2010). The rising limb correlates with the onset of 

the extinction, before a plateau is established, and 

corresponds in time with the lowermost Eke Form-

ation in Gotland, the Winnica Formation in Poland 

and the Coral Gardens Formation  in  Queensland, 

Australia. The plateau displays stable values that 

scatter around 6.5 ‰ in the Uddvide-1 core and 7.5 

‰ in the Ronehamn-1 core on Gotland (this study), 

4 ‰ in Podolia Ukraine, and 5 ‰ in Southern Lau-

rentia. The plateau is coeval with a high-stand 

systems tract (HST) on Gotland and coincides with 

the most impoverished conodont and graptolite fau-

nas (Fig. 14). The absence of a plateau in some cur-

ves most likely results from weathering and erosion 

of the corresponding strata. Some other differences 

in the compiled curves can result from meteoric 

digenesis, by mistakes in sampling, or by labora-

tory treatment. The decreasing of δ13C values wit-

hin the Burgsvik Sandstone Member, where we 

have moderate faunal diversity, can be interpreted 

either as the re-appearance of predators of microbi-

al organisms or by sedimentary facies change. The 

increasing of δ13C values again in Burgsvik Oolite 

Member supports the second hypothesis (Fig. 12).  

   

Lau Event as recognised in other palaeocontinents. 

The rising limb can be steep, such as in the Rone-

hamn-1 drill core, where it coincides with a minor 

unconformity located at the boundary between the 

Botvide Member and the Eke Formation (Figs. 6, 

12 and 13). The carbon isotope curves from the 

Uddvide-1 and Ronehamn-1 cores show a very si-

milar development. Since only the Uddvide-1 core, 

however, shows a complete record for the entire 

event, i.e. including also the Burgsvik Formation, 

this discussion will be focused on this curve. The 

similar relationship between the chemostratigraphy 

and biostratigraphy throughout the Baltic region 

(Gotland Sweden, Holy Cross Mountains Poland, 

and East Baltica) suggest that it has  a  regional 

chemostratigraphic value. Also, the   similarity in 

shape as well -in most cases- and in magnitude of 

the carbon isotope excursions indicate that this is a 

global excursion that can be used for detailed che-

mostratigraphic correlation on intercontinental ba-

sis. Here, I describe the morphology and charac-

teristics of carbon isotope excursion of the Lau 

Event and correlate positive excursions detected on 

different palaeocontinents in the same way as 

Brenchley et  al.  (2003) did for the Late Ordo-

vician mass extinction. Five stratigraphic levels 

(datums) of conodont extinctions were identified 

for the Lau Event by Jeppsson et al. (1993). The 

Lau Event encompasses two oceanic cycles, na-

mely one Primo and one Secundo episode. Key lev-

els of environmental changes have been identified 

along the carbon isotope profile. Low, stable, and 

slowly increasing δ13C values are associated with 

the Primo Episode, whereas initially high, slowly 

decreasing values are associated with the Lau 

jhkjhkj 
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Fig. 14. Summary diagram showing the stratigraphy and evolution of the Lau Event carbon isotope 

curve. 
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that two regressions coincide with two glaciation 

periods; the first corresponds to the palaeo-karst 

associated with the crinoidal-rich facies in the Lo-

wer Eke Formation, and the second one with the 

Burgsvik sandstone facies (Eriksson and Calner 

2008).  

6-2-1 Uddvide-1, Gotland vs COG, north-eastern 

Australia 

The studied area in north-eastern Australia was lo-

cated on the eastern margin of Gondwana during 

the Late Silurian (Cocks and Torsvik 2002), while 

Gotland was formed within the Baltic Basin during 

the same epoch (Barrli et al. 2003). Facies with 

corresponding isotopic ratios of both the Uddvide-1 

and COG sections are shown in Figure 16. The 

length of the Uddvide-1 drill core from its base to 

approximately 47.5 m is comprised of the Upper 

Hemse Group. The δ13C values obtained from this 

length show a slight increase with an average base-

line of around 1.5‰. The length of the COG 

section from approximately 14 m to 43.5 m encom-

passes the argillite and limestone beds of the Coral 

Gardens Formation, a length equivalent to the Up-

per Hemse Group in the Uddvide-1 drill core. The 

δ13C values of this length show a similar increase 

with an average base line of around 1‰. The δ13C 

values of both lengths are similar, ranging from 

around 0.5‰ to 1.5‰ before reaching their highest 

value at the boundary with the overlying formation/

sub-formation. The δ13C values of the rising limb in 

the COG section, which corresponds with dark 

flaggy bioclastic micrites, increase suddenly from 

around 2‰ to more than 6‰. The δ13C values of 

the rising limb in the Uddvide-1 core section, 

which corresponds with the crinoidal-rich facies of 

j 

6-2 Chemostratigraphical correlations 

In case of rapid environmental change, correlation 

based on chemostratigraphy is of a higher resolu-

tion than that based on biostratigraphy (Brenchley 

et al. 2003). Consequently, chemostratigraphical 

correlation is very useful in studying the similari-

ties and differences in the patterns of the Lau Event 

on different palaeocontinents (see Fig. 15 in Ap-

pendix A). Here δ13C profiles from different palae-

ocontinents are compared to the δ13C profile of the 

Uddvide-1 drill core. 

Long-term sea-level changes are caused by either 

climatic processes or by plate tectonics (Coe and 

Church 2003). Plate tectonics control sea-level 

change by modifying the size and shape of ocean 

basins (Coe and Church 2003). Metamorphism and 

strong tectonic processes are not evident in the 

strata of Gotland (Jeppsson 2005). As such, with 

regard to this study, climatic processes are conside-

red alone to be the cause of sea-level change 

(Eriksson and Calner 2008). Climatic processes 

control sea-level change either through the format-

ion or melting of ice-caps and glaciers, or through 

the thermal expansion of oceans (Coe and Church 

2003). Changes in the oceanic carbon cycle effect 

changes in carbon isotope values and are linked to 

the onset of glaciation and sea level change 

(Brenchley 2003). Substantial base-level changes 

during the Lau Event played an important role in 

sedimentary changes, such as the development of 

discontinuity surfaces, microbial faunal activity 

(Rothplezella and Wetherdella), the influx of sedi-

ments into the basin, and the widespread distribu-

tion of intraclastic and flat-pebble conglumerates. 

Some models for Lau Event of  Gotland suggest 

that 
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Data used in the correlation is obtained from Kaljo 

et al. (2007) for correlation with Zhvanets 39 from 

Podolia, Ukrain, and from Kozlowski and 

Munnecke (2012) for correlation with the Rzepin 

section, Holy Cross Mountains (HCM), Poland. 

The δ13C profiles from the shared parts of the Udd-

vide-1 and Ronehamn-1 core sections are very si-

milar, ranging between 0.5‰ and 1.5‰ before they 

reach a value of 2‰ at the onset of the rising limb. 

The δ13C values started to rise at the boundary 

between Eke and När Formations, whereas they 

started to rise at the base of Botvide Member re-

flecting lateral facies changes (Fig. 17). The rising 

limb shows a steep trend in Ronehamn-1 corre-

sponding to the Botvide Member which is absent in 

Uddvide-1 core. The Botvide Member forms the 

uppermost part of Hemse Group and is terminated 

upwards by a minor erosional hardground surface, 

whereas the boundary between the När and Eke 

formations is conformable in the Uddvide-1 core 

section (Calner 2008). The δ13C profile from the 

Zhvanets 39 section has average base line values of 

about 0‰ before the onset of positive excursion at 

the boundary towards the overlying Grinchuk sub-

formation. δ13C values start to increase gradually at 

the very bottom of the Isakovtsy dolomites sub-

formation in similar way to Uddvide-1 with initial 

value of 1.3‰ and increase steadily to more than 

4‰ at the end of the rising limb. The onset of the 

δ13C positive excursion in Zhvanets 39 is coeval 

with the change in  sedimentary  facies  at  the  

boundary  between Grinchuk and Iskovtsy sub-

formations. Data of δ13C rising limb values are 

missing in Rzepin section, Poland.  

the lowermost 3 meters of the Eke Formation, 

increase gradually from 1.5‰ to 6‰. The diffe-

rence between the rising limbs of the two sections 

can be explained by the presence of the carbonate-

rich dark flaggy bioclastic micrites in the COG 

section (Jeppsson et al. 2007). The equivalent car-

bonate-rich layer (the Botvide Member) is not pre-

sent in the Uddvide-1 core section (Eriksson and 

Calner 2008). The onset of the CIE corresponds 

with the onset of forced regression in both COG 

and Uddvide-1 sections. They continued to increase 

within the latter system tracts. The δ13C values of 

the oncoidal-rich Eke Formation form a plateau 

with a slightly rising trend fluctuating between 6‰ 

to 8‰. The thickness of this part is around 12 m. 

The coeval δ13C profile in the COG section shows 

the same morphology forming a similar plateau to 

that of Uddvide-1, with slightly rising values 

scattering between 6‰ and 7‰. It is difficult to 

decide If the gradually decreasing δ13C values in 

the Burgsvik Sandstone Member are because of 

changes in sedimentary facies linked to the falling 

sea level or because of different diagenesis or some 

other reason. Since faunal fossils with carbonate 

shells are near absent in the Bursgsvik Sandstone 

Member, the relatively high δ13C values through 

this member could be interpreted as non-organic 

13C stable isotopes sequestered in cement. The 

equivalent part of COG section shows the same 

isotopic and facies changes as shown in Figure 16. 

δ13C values rise again in oolitic sandstone layers in 

both sections.  

6-2-2 Uddvide-1, Gotland vs Baltica 

The correlated cores in this passage are located on 

the same palaeocontinent (Baltica) and their facies 

and isotopic ratios are shown in Fig. 17.  
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Fig. 16. Chemostratigraphical correlation of the Lau Event between Uddvide-1, Gotland and COG, North-

East Australia. 
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sediments of Gotland (which are thinner than the 

HCM sediments) have been deposited in the crato-

nic interiors of the same foreland basin (Kozlowski 

and Munnecke 2012). It is known that the sedi-

ments of east Baltica have been deposited in a shal-

lower water environment than those of Gotland. 

Whilst the falling limb is missing in Ronehamn-1 

and is incomplete in Zhvanets 39, with a decreasing 

rate of ca 1 ‰ per m, it shows the same trend in 

Rzepin and Uddvide-1 sections. falling limbs in 

both of them show gradual decreasing from ≈ 6‰ 

to base line of ≈ 1‰ in Rzepin and from ≈ 6‰ to 

base line of ≈ 4‰ in Uddvide-1. 

The δ13C profiles from all sections have similar  

slightly rising plateau reaching a peak of 8.03‰ in 

Uddvide-1, 9.01‰ in Ronehamn-1, 6.6‰ in Zhva-

nets 39, and 8.9‰ in the Rzepin section. The 

thickness of the corresponding strata (of the pla-

teau) is obviously very different between different 

sections. This variation is in turn related to varying 

depositional settings and linked to sea level change 

(different sedimentation rate). This can be interpre-

ted due to the studied sections are located in diffe-

rent areas with different local tectonic regimes. For 

example, the HCM where we have the longest δ13C 

plateau and thus highest net depositional rates, is 

located in the fordeep of a foreland basin, while  

nllkl 

Fig. 17. Chemostratigraphical correlation of the Lau Event on Baltica. 
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more gently than those of the Kosov and Mušlovka 

sections. The δ13C values from the Kosov section 

start to rise increasingly from 2.9‰ to 6.7‰ for-

ming a steep rising limb. This rising limb is associ-

ated with non-conformity between volcanic tuffitic 

shales and overlying bioclastic wackestone-

packstone, which resemble the development of the 

rising limb Ronehamn-1 and COG, described 

above. The onset of the positive δ13C excursion in 

the Mušlovka section starts with values of 2.1‰ 

and 2.8‰.  The incomplete plateau of the Kosov 

section rises slightly from 6.7‰ and reaches a peak 

value of 8‰. Due to that this deep-water section is 

cut off by a fault, the δ13C profile is not complete. 

The δ13C values in the Mušlovka section reaches a 

peak of  4.6‰  before  they  start  to  decrease back  

6-2-3 Uddvide-1, Gotland vs Bohemia 

Unlike Baltica, which was located within tropical 

and subtropical latitudes, the Prague Basin was lo-

cated in middle southern latitudes of northern Peri-

Gondwana during the Late Silurian (Lehnert et al. 

2007). Isotopic data used in this correlation is ob-

tained from Lehnert et al. (2003, 2007). 

The background δ13C values from the Kosov 

section (Fig. 18) are varying roughly between 0‰ 

and 2.9‰ before the onset of the shift to higher va-

lues starts. A similar development is seen in the 

δ13C background values in the Mušlovka section, 

ranging roughly between -0.4‰ and 2‰ with an 

average value close to 1‰. The background values 

of  δ13C  in  the  Uddvide-1 core  are varying much  

Fig. 18. Chemostratigraphical correlation of the Lau Event between Uddvide-1 Gotland and Peri-

Gondowana. 
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companied with rapid shift from shaly deeper-water 

to shallow-water clastic and bioclastic deposits in 

similar way as in eastern Gotland (Lehnert 2007). It 

is difficult to correlate δ13C values of Pozary 

section, within Prague Basin, with the other sect-

ions due to the diagenitic overprint coincides with 

these values there. 

6-2-4 Uddvide-1, vz. Laurentia 

During the Late Silurian Laurentia was located 

within a low latitude region facing Gondwana to 

the south and southwest (Cocks and Scotese, 1991; 

Golonka et al., 1994; Cocks and Torsvik, 2002; 

Dalziel, 1997; Niocaill et al., 1997).  Data dis-

cussed in this section are obtained from Barrick, 

(2010).  The  sections  studied  from  Southern Lau-

rentia  are  located  in three  places; Oklahoma, Mi- 

Due to the erosion and/or hiatus in the beds gradu-

ally to background values around 1‰. It is worth 

mentioning that δ13C values from shallow water 

sections are higher usually than those of deep 

water, but the situation is actually the opposite here 

where δ13C values from the deep-water Kozov 

section reach peak values between 6‰ and 8‰, 

meanwhile the δ13C  peak value of the shallow 

water Mušlovka section does not exceed 4.6‰. 

This is interpreted as due to subarerial erosion due 

to a significant sea-level fall (Lehnert et al. 2007). 

Due to the erosion and/or hiatus in the beds  over-

laying the dark micritic limestone layer in Mušlov-

ka section (Manda 2003); we do not have plateau 

similar to that of Uddvide-1 core section. These  

two  outcrops  studied  in  Prague  Basin  are  ac-

Fig. 19 Chemostratigraphical correlation of the Lau Event between Uddvide-1 Gotland and Laurentia 

(Oklahoma and Missouri). 
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The positive δ13C shift starts at the top of Beech 

River Member and seems to coincide with the last 

appearance datum (LAD) of  P. siluricus and the 

occurrence of chert in the section. This shift is 

increasing gradually from 2‰ up till around 3.63‰ 

at the boundary between Beech River Member and 

Bob Member where we have a poorly developed 

plateau with values rising slightly reaching a peak 

value of 5.44‰. The notable difference between 

the plateau of the two sections from Tennessee and 

the plateau in the Uddvide-1 core section is that the 

peak value appears early in the plateau in sections 

of Tennessee, while it appears late in Uddvide-1 

core and in similar plateaus of sections from Bal-

tica and Australia before the falling limb starts.  

The falling limb starts at the upper part of Bob 

Member where the values decline from 3.57‰ 

down to around 1‰.  The δ13C curve of Eagle 

Greek section shows the same trend with very simi-

lar δ13C values except that the background values 

fluctuate roughly before the onset of the positive 

shift (Fig. 20), and the plateau seems to start above 

the boundary between Beech River and Bob Mem-

ber. The plateau of sections from Tennessee is 

shorter than those of Gotland, which can be inter-

preted as lower sedimentation rates in Tennessee as 

compared to Gotland. The absence of plateau in 

Oklahoma sections can be interpreted by a major 

submarine hiatus defined there (Barrick, 2010). The 

very brief plateau in the Missouri section can be 

interpreted as that the major marine flooding there 

took place across somewhat shallower depth. The 

δ13C profiles from southern Laurentia are more si-

milar tot hose described from Bohemia which cor-

respo- nds to sediments deposited in deep water 

settings comparing to those from Gotland and Au-

stralia.   

ssouri and Tennessee. The Dougherty West-

Oklahoma δ13C profile has background values 

varying between 0.6‰ and slightly higher than 

1‰, with an average baseline of 0.5‰ within the 

Lower Henry House Member (Fig. 19). The  posi-

tive shift in δ13C curve starts at the top of the Lo-

wer Henry House Member and is associated with a 

change in sedimentary facies from argillaceous li-

mestone to calcareous shale an the termination of 

P. siluricus. δ13C values increase steeply up to 

3.5‰ before they start to decline again to slightly 

above 1‰. They decline to values between 0‰ and 

1‰ within the higher portions of the section wit-

hout forming a plateau similar to that defined in the 

Uddvide-1 core on Gotland and several other sect-

ions from other palaeogeographic regions. The δ13C 

curve from the Highway 77 section in Oklahoma 

shows almost the same trend (Fig. 19). The peak 

δ13C value from the Highway 77 section is 2.8‰. 

Greither Hill-Missouri represents deeper water 

shelf to basinal facies (Barrick 2010). The back-

ground δ13C values there range between 0.5‰ and 

1.5‰ before they fall back to -3.5‰ at the 

boundary between reddish-colored carbonates and 

argillaceous shale and limestone accompanied with 

the termination of P. siluricus conodont fauna. δ13C 

values increase steeply from -3.5‰ to +4‰ before 

they form a brief plateau with values fluctuating 

between 4.1‰ and 5.1‰ with slightly rising trend. 

δ13C values decline irregularly to around 1‰ with 

the appearance of O. snajdri conodont fauna. The 

Linden and Eagle Greek sections in Tennessee 

seem more similar to the Uddvide-1 core section 

than to the sections previously described above 

from Oklahoma and Missouri. The background 

δ13C  values of  the  Linden  section  have  base  

line  values of  little bit lower than 2‰.  
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Fig. 20. Chemostratigraphical correlation of the Lau Event between Uddvide-1 Gotland and Laurentia 

(Tennessee). 

The δ13C profile of the Uddvide-1 drill core 

spans all stages of and related to the Lau 

Event in high-resolution. As such, the Udd-

vide-1 δ13C profile is a good reference model 

for correlation with other Lau Event profiles 

worldwide. 

A contemporaneous regression of sea level 

can be recognized in studied sections from 

north-eastern Australia, Peri-Gondwana and 

Holy Cross Mountains in Southern Baltica, 

Gotland and Southern Laurentia (Jeppsson et 

al. 2007; Kozłowski and Munnecke 2010; 

Lehnert et al. 2007; Calner and Eriksson 

2008, Barrick 2010). This contemporaneous 

regression likely reflect glacio-eustasy. The  

7- Conclusions  

The Late Silurian Lau Event began at the base of 

Botvide Member in the uppermost part of the När 

Formation, Hemse Group, corresponding to the last 

appearance datum of P. siluricus. The event ends at 

the boundary between the Eke Formation and the 

lowermost part of the Burgsvik Sandstone, corre-

sponding to the O. snajdri conodont zone.  

The turnover of conodonts and other faunas 

during the Lau Event was accompanied by a 

prominent positive δ13C excursion. δ13C peak 

values of 9.01‰ and 8.01‰ are documented 

from the Ronehamn-1 and Uddvide-1 drill 

cores, respectively. 
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beginning of δ13C rise corresponds with the 

onset of this regression. This implies that the 

carbon isotope excursion was accompanied 

with global change in sea level. 

Anachronistic facies appeared during the 

event and seem to be globally distributed but 

at slight different stratigraphic levels. Where-

as changes in conodont faunas are closely 

corresponding between Gotland and COG, 

they are more difficult to correlate to Lau-

rentia where subdivisions of Icriondontid 

Zone not have been established. The abun-

dance of these faunas differs between studied 

palaeo-continents as well. 

Gradually rising limbs of the δ13C profile cor-

respond to conformable boundaries whereas 

steeply rising limbs of the δ13C profile corre-

spond to unconformities with evidence of 

weathering and/or erosion. 

Large tectonic activity was not recorded in 

Baltica. The changes in δ13C are due to rapid 

sea level changes occurring at the intervals of 

glacial/interglacial periods. 

Larger positive CIEs correspond to shallow 

waters at higher latitudes (e.g. Gotland, Que-

ensland) whereas smaller positive CIEs corre-

spond to deeper waters at lower latitudes (e.g. 

Southern Laurentia, Podolia). This is possibly 

due to a different nutrient supply, fresh water 

runoff, turbidity, or changes in ocean cir-

culation. These factors affect the amount of 

organic 13C sequestered in carbonaceous 

shells.  
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Appendix A: Table. 2  δ13C data of Uddvide-1 drill core samples. 

 

 

 
 
 

Identifier  Formation              Depth (m)  δ13C                Identifier   Formation             Depth (m)  δ13C  

U1 När Formation -60.84 0.74 

U2 När Formation -60.19 0.71 

U3 När Formation -59.13 1.00 

U4 När Formation -58.20 1.34 

U5 När Formation -57.17 0.62 

U6 När Formation -56.18 0.87 

U7 När Formation -55.03 0.66 

U8 När Formation -54.23 1.65 

U9 När Formation -53.21 1.42 

U10 När Formation -53.07 0.86 

U11 När Formation -52.21 1.68 

U12 När Formation -51.73 1.51 

U13 När Formation -51.17 1.28 

U14 När Formation -50.90 0.69 

U15 När Formation -50.34 1.67 

U16 När Formation -49.82 1.80 

U17 När Formation -49.26 1.77 

U18 När Formation -48.93 1.85 

U19 När Formation -48.23 1.18 

U20 När Formation -48.01 2.02 

U21 Eke Formation -47.61 2.25 

U22 Eke Formation -47.05 3.22 

U23 Eke Formation -46.77 2.09 

U24 Eke Formation -46.51 3.09 

U25 Eke Formation -46.25 2.59 

U26 Eke Formation -46.14 3.56 

U27 Eke Formation -45.84 3.60 

U28 Eke Formation -45.62 4.06 

U29 Eke Formation -45.32 4.20 

U31 Eke Formation -45.07 5.10 

U32 Eke Formation -44.80 4.50 

U33 Eke Formation -44.63 5.92 

U34 Eke Formation -44.50 5.46 

U36 Eke Formation -44.06 6.31 

U37 Eke Formation -43.80 6.11 

U38 Eke Formation -43.47 4.31 

U39 Eke Formation -43.26 3.73 

U40 Eke Formation -43.16 3.84 

U41 Eke Formation -42.82 7.15 

U42 Eke Formation -42.54 3.73 

U43 Eke Formation -42.29 4.52 

U44 Eke Formation -42.11 6.18 

U45 Eke Formation -41.81 3.63 

U46 Eke Formation -41.68 5.28 

U47 Eke Formation -41.35 3.89 

U48 Eke Formation -41.09 7.21 

U49 Eke Formation -40.74 6.99 

U50 Eke Formation -40.47 7.17 

U51 Eke Formation -40.32 7.59 

U52 Eke Formation -40.20 7.59 

U53 Eke Formation -39.98 7.50 

U57 Eke Formation -39.95 5.20 

U54 Eke Formation -39.80 7.18 

U55 Eke Formation -39.44 7.16 

U56 Eke Formation -39.30 7.43 

U58 Eke Formation -38.66 4.62 

U59 Eke Formation -38.38 5.51 

U63 Eke Formation -38.19 4.46 

U62 Eke Formation -37.93 4.92 

U61 Eke Formation -37.69 5.74 

U60 Eke Formation -37.45 5.44 

U63 Eke Formation -37.26 6.09 

U64 Eke Formation -36.94 5.48 

U65 Eke Formation -36.75 6.27 

U66 Eke Formation -36.54 7.07 

U67 Eke Formation -36.32 6.07 

U68 Eke Formation -36.10 5.75 

U69 Eke Formation -35.75 5.20 

U70 Eke Formation -35.58 8.03 

U71 Eke Formation -35.38 7.08 

U72 Eke Formation -35.03 7.68 

U73 Eke Formation -34.70 7.44 

U74 Eke Formation -34.51 7.73 

U75 Eke Formation -34.43 7.22 

U76 Eke Formation -34.06 7.21 

U77 Eke Formation -33.90 6.78 

U78 Eke Formation -33.66 7.04 

U79(1) Eke Formation -33.53 7.20 

U79(2) Eke Formation -33.47 6.94 

U80 Eke Formation -33.23 6.74 

U81 Eke Formation -33.02 7.17 

U82 Eke Formation -32.87 5.77 

U83 Eke Formation -32.67 5.78 

U84 Burgsvik Sandstone -32.27 6.05 

U85 Burgsvik Sandstone -31.03 4.20 

U86 Burgsvik Sandstone -29.95 5.08 

U87 Burgsvik Sandstone -29.11 3.65 

U88 Burgsvik Sandstone -28.12 3.73 

U89 Burgsvik Sandstone -27.28 5.51 

U90 Burgsvik Sandstone -26.63 6.44 
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U91 Burgsvik Sandstone -26.05 4.10 

U92 Burgsvik Sandstone -24.98 4.02 

U93 Burgsvik Sandstone -23.98 4.13 

U94 Burgsvik Sandstone -23.10 4.27 

U95 Burgsvik Sandstone -22.00 4.39 

U96 Burgsvik Sandstone -21.04 0.09 

U97 Burgsvik Sandstone -20.05 3.72 

U98 Burgsvik Sandstone -19.13 3.29 

U99 Burgsvik Sandstone -18.02 3.89 

U100 Burgsvik Sandstone -16.98 3.71 

U101 Burgsvik Sandstone -16.07 4.12 

U102 Burgsvik Sandstone -15.12 3.93 

U103 Burgsvik Sandstone -14.38 2.97 

U104 Burgsvik Sandstone -13.80 4.04 

U105 Burgsvik Sandstone -12.92 3.72 

U106 Burgsvik Sandstone -11.89 3.21 

U107 Burgsvik Sandstone -10.94 4.12 

U110 Burgsvik Sandstone -8.12 3.86 

U111 Burgsvik Sandstone -7.12 3.90 

U112 Burgsvik Sandstone -6.11 3.76 

U113 Burgsvik Sandstone -5.09 4.00 

U114 Burgsvik Sandstone -4.01 3.58 

U115 Burgsvik Sandstone -3.18 3.62 

U116 Burgsvik Sandstone -2.03 4.03 

U117 Burgsvik Sandstone -1.12 5.57 

U118 Burgsvik Sandstone -0.84 5.97 

U119  Burgsvik Oolite 0.12 6.64 

U120 Burgsvik Oolite 0.40 7.48 

U121 Burgsvik Oolite 0.67 7.45 

Identifier       Formation              Depth (m)  δ13C          Identifier      Formation              Depth (m)  δ13C 

Appendix B: Table. 3  δ13C data of Ronehamn-1drill core samples. 

Identifier           Formation          Depth (m)  δ13C      Identifier          Formation             Depth (m)  δ13C 

R 1 När Formation -26.71 1.40 

R 2 När Formation -25.62 1.35 

R 3 När Formation -24.64 0.36 

R 4 När Formation -23.62 1.19 

R 5 När Formation -22.64 0.94 

R 6 När Formation -21.82 1.17 

R 7 När Formation -21.00 0.94 

R 8 När Formation -20.48 1.52 

R 9 När Formation -20.00 1.66 

R 10 När Formation -19.44 0.91 

R 11 När Formation -18.98 1.37 

R 12 När Formation -18.50 1.49 

R 13 När Formation -18.02 1.36 

R 14 När Formation -17.42 0.93 

R 15 När Formation -17.20 1.68 

R 16 När Formation -16.72 1.52 

R 17 När Formation -16.09 1.71 

R 18 När Formation -15.63 1.33 

R 19 När Formation -15.11 1.18 

R 20 När Formation -14.60 1.07 

R 21 När Formation -14.20 1.83 

R 22 När Formation -13.52 0.91 

R 23 När Formation -13.27 1.05 

R 24 När Formation -13.00 1.08 

R 25 När Formation -12.75 2.00 

R 26 När Fo. (Botvide Memmber) -12.63 1.83 

R 27 När Fo. (Botvide Memmber) -12.28 3.47 

R 28 När Fo. (Botvide Memmber) -11.98 5.06 

R 29 Eke Fo. (Crinoidal zone) -11.73 4.99 

R 30 Eke Fo. (Crinoidal zone) -11.48 5.19 

R 31 Eke Fo. (Crinoidal zone) -11.25 5.42 

R 32 Eke Fo. (Crinoidal zone) -10.97 5.06 

R 33 Eke Formation -10.75 5.63 

R 34 Eke Formation -10.52 5.68 

R 35 Eke Formation -10.26 4.44 

R 36 Eke Formation -10.00 6.82 

R 37 Eke Formation -9.76 6.07 

R 38 Eke Formation -9.51 5.19 

R 39 Eke Formation -9.24 4.01 

R 40 Eke Formation -9.00 4.68 

R 41 Eke Formation -8.78 3.53 

R  43 Eke Formation -8.24 4.18 

R  44 Eke Formation -7.88 3.51 

R  45 Eke Formation -7.77 7.67 

R  46 Eke Formation -7.75 4.18 

R  47 Eke Formation -7.51 7.42 

R  48 Eke Formation -7.25 7.46 

R  49 Eke Formation -7.01 7.41 

R  50 Eke Formation -6.75 7.57 

R  51 Eke Formation -6.49 7.99 

R  52 Eke Formation -6.21 5.54 

R  53 Eke Formation -6.03 7.54 

R  54 Eke Formation -5.89 7.27 

R  55 Eke Formation -5.48 5.63 

R  56 Eke Formation -5.20 7.50 

R  57 Eke Formation -4.98 7.15 

R  58 Eke Formation -4.75 6.37 

R  59 Eke Formation -4.51 7.01 
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Identifier          Formation        Depth (m) δ13C              Identifier          Formation              Depth (m)  δ13C 

R  60 Eke Formation -4.26 4.51 

R  61 Eke Formation -3.98 5.84 

R  62 Eke Formation -3.73 7.88 

R  63 Eke Formation -3.48 7.99 

R  64 Eke Formation -3.22 7.82 

R  65 Eke Formation -2.95 8.01 

R  66 Eke Formation -2.72 5.57 

R  67 Eke Formation -2.47 8.40 

R  68 Eke Formation -2.20 7.59 

R  69 Eke Formation -2.01 9.01 

R 70 Eke Formation -1.75 8.70 

R  71 Eke Formation -1.45 8.61 

R  72 Eke Formation -1.31 8.92 

R  73 Eke Formation -1.00 8.58 

R  74 Eke Formation -0.81 8.92 

R  75 Eke Formation -0.42 8.24 

R  76 Eke Formation -0.18 6.40 

R  77 Eke Formation -0.13 8.03 

R  78 Burgsvik Sandstone 0.06 5.60 

R  79 Burgsvik Sandstone 0.29 8.08 

R  80 Burgsvik Sandstone 0.54 7.11 

R  81 Burgsvik Sandstone 0.78 5.06 

R  82 Burgsvik Sandstone 1.02 7.51 

R  83 Burgsvik Sandstone 1.27 5.98 
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