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A Wen lock to Lud low terrigenous-car bon ate suc ces sion in the Vidukle core in Cen tral Lith u a nia rep re sents a deep shelf en vi ron ment
with a gen eral up wards-shallowing trend, in ter rupted by brief deep en ing ep i sodes. The car bon iso tope trend, based on 115 whole-rock
anal y ses, shows three main ex cur sions: (1) a ma jor ex cur sion (d13C val ues reach 3.2‰) in the lower Wen lock, (2) low shifts (1.3‰ and
1.6‰) at two lev els in the up per most Wen lock Siesartis For ma tion cor re spond ing to the Monograptus ludensis Biozone, (3) the most
prom i nent ex cur sion (d13C val ues reach 8.2‰) oc curs in the up per Lud low Mituva Fm. The up per Lud low ex cur sion is dated by the last
oc cur rences of Polygnathoides siluricus be low the main shift and the ap pear ance of Ozarkodina wimani and O. crispa above the ex cur -
sion. The ex cur sion stratigraphically co in cides with the Lau oce anic Event and is cor re lated with the mid-Ludfordian Neocucullograptus 
kozlowskii-Bohemograptus bohemicus tenuis Biozone. Changes in the car bon iso tope trend are in gen eral har mony with some as pects of
the rock (CaO, terrigenous com po nent) and fos sil con tent of the sec tion. The data pre sented are con sis tent with an arid cli mate model for
the Ludfordian iso tope event.
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INTRODUCTION

The role of car bon di ox ide as a cli mate driver has be come a
sub ject of great in ter est in mod ern en vi ron men tal pol icy, but
also in palaeoclimatology (Kump, 2000; Veizer et al., 2000). In 
this con text data on the long-term car bon cy cling and its im pact
on the var i ous as pects of global change are highly nec es sary.
The gen eral mech a nism of car bon cy cling is well es tab lished
(Holser et al., 1995), but in ter pre ta tion of ac tual data and dif fer -
ent mod els var ies greatly, in clud ing im pli ca tions of pri mary
pro duc tiv ity, car bon burial, bi o log i cal ox i da tion and oce anic
pro cesses. A short-term event like the re lease of meth ane from
gas hy drates or in flux of vol ca nic CO2 (Weissert, 2000) may
change the above sce nario, even if these ef fects are hard to
mea sure. An other com pli cat ing ques tion is to what de gree a
car bon iso tope anom aly is in duced or de formed by lo cal and
global fac tors. Ap pli ca tion of car bon iso topes for strati graphi -
cal cor re la tions is caus ing less am bi gu ity, but biostratigraphic
con trol is highly de sir able.

Si lu rian fa cies and fau nas, with bi otic and sta ble iso tope
events linked to at mo spheric, oce anic and tec tonic changes
(Land ing and John son, 1998, 2003) are well-stud ied and can
pro vide a good base for an in te grated anal y sis of the en tire en -
vi ron men tal com plex. A gen eral pat tern of the Si lu rian car bon
iso tope trend seems to be suf fi ciently well-founded, only in
part of Llandovery and Pridoli the avail able doc u men ta tion
(Azmy et al., 1998; Kaljo et al., 1998; Kaljo and Martma, 2000; 
Saltzman, 2001) is rel a tively scarce.

Three pos i tive car bon iso tope ex cur sions have been rec og -
nized in the Wen lock and Lud low se quences of the world. The
first ex cur sion, with the d13C val ues reach ing 4–5‰, oc curs in
the low er most Wen lock and is the most well known Si lu rian
shift (for a sum mary see Munnecke et al., 2003). The sec ond
ex cur sion, ob served in the top of the Wen lock, is dou ble
peaked and de pend ing on sed i men tary fa cies, is show ing dif -
fer ent d13C val ues. In deep shelf rocks val ues re main be low 2‰ 
(Kaljo et al., 1997, 1998; Porêbska et al., 2004), but in slightly
shal lower ones in Brit ain and on Gotland they reach 3–4‰
(Cor field et al., 1992; Azmy et al., 1998; Samtleben et al., 2000). 



A re cord high value of 4.6‰ is known from the Ohesaare core,
Es to nia (Kaljo et al., 1997). The youn gest among the three ex -
cur sions is the most prom i nent one, even in terms of the en tire
Phanerozoic. It is rec og nized by d13C val ues of over 10‰ in the
up per Lud low (Ludfordian) of Baltica, Laurentia, Perunica and
Aus tra lia, giv ing ev i dence of the truly global di men sion of this
sta ble iso tope event. The same eval u a tion is also ac cept able for
the first two ex cur sions.

These ex cur sions are stratigraphically re lated to the fol low -
ing con sec u tive oce anic events: the early Wen lock Ireviken
Event, the late Wen lock Mulde Event and the late Lud low Lau
Event, pro posed by Jeppsson (1993, 1998) and by Jeppsson
and Aldridge (2000) based on a va ri ety of en vi ron men tal sig -
nals and cono dont biodiversity changes. Each event in volves
in ter est ing prob lems (Kaljo et al., 1997, 1998, 2003;
Munnecke et al., 2003; Porêbska et al., 2004) de serv ing spe cial 
study, but here we con cen trate on the Lau Event, which co in -
cides with an ex traor di narily strong pos i tive car bon iso tope ex -
cur sion (in Aus tra lia the d13C val ues reach 12‰, An drew et al., 
1994). Marked biodiversity changes in sev eral groups of biota
(cor als, graptolites, ver te brates, cono donts, acritarchs; Kaljo et
al., 1995) have been reg is tered in ap prox i mately the same in -
ter val of the Ludfordian, mak ing the event highly in trigu ing.

We also dis cuss the ear lier, Wen lock ex cur sions in or der to
better un der stand the re la tion ships be tween the en vi ron men tal
dy nam ics and ac com pa ny ing changes in car bon cy cling, as
well as its global and lo cal as pects. We as sume that the rea sons
for both the iso to pic and bi otic changes can be es tab lished
through a de tailed study of the re la tion ships be tween these phe -
nom ena and their bio- and lithofacies back ground. This pa per
was writ ten to con trib ute to this aim. T. M. was re spon si ble for
iso tope stud ies, A. B. for cono dont palae on tol ogy, D. K.
(Tallinn) for stra tig ra phy and fa cies in ter pre ta tion, D. K.

(Vilnius) for geo chem is try and lithology, P. M. for brachiopod
community evolution.

PREVIOUS STUDIES ON THE LATE LUDLOW 

d13C EXCURSION

Jux and Steuber (1992) first noted the Ludfordian pos i tive
sta ble iso tope shift in the Burgsvik, Hamra and Sundre beds of
Gotland (Fig. 1), with a d13Ccarb peak of 5.7‰  (mean of 6 bulk
rock sam ples) in the Hamra Beds and d13Corg peak in the
Burgsvik Beds. The au thors did not have sam ples from the un -
der ly ing Eke Beds. Based on anal y ses of brachi o pod shells,
Wenzel and Joachimski (1996) showed a more com plete curve
of the same d13Ccarb ex cur sion be gin ning in the Lower Eke
Beds (mean value 6.9‰), reach ing peak val ues (8.1‰) in the
Up per Eke Beds and con tin u ing through the Burgsvik (6.8‰)
and Hamra (3.7‰) beds. The au thors of both pa pers high -
lighted a cor re la tion be tween the global sea level curve and
changes in the dis tri bu tion of car bon iso topes: the high d13C
val ues, gen er ally con fined to sea level low-stand ep i sodes,
were re garded as in di ca tions of en hanced pri mary pro duc tiv ity
and pos si bly in creased burial of Corg in Si lu rian seas. 

In study ing the Ludfordian ex cur sion on Gotland (with a
gap cor re spond ing to the Burgsvik Beds), Samtleben et al.
(1996) and Bickert et al. (1997) ob tained the same range of val -
ues as above. New data from the Burgsvik Sand stone (val ues
up to 7.7‰) by Samtleben et al. (2000) pro duced a con tin u ous
pro file of the ex cur sion. Their in ter pre ta tion of the C iso tope
trend was based on the in ter pre ta tion that cli ma tic changes con -
trolled the fa cies dis tri bu tion (Primo and Se cun do ep i sodes of
Jeppsson, 1990, cor re spond ing to the Hu mid and Arid states of
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Fig. 1. Strati graphi cal clas si fi ca tion and ter mi nol ogy em ployed in the pa per (sources: stan dard
units — Kaljo et al., 1995; Scan di na via — Bassett et al., 1989; 

Bal tic area — Paškevièius et al., 1994; Kaljo et al., 1997)

B — Bjärsjölag¯rd Mem ber



the lat ter au thors) with less em pha sis on sea level changes.

High d13C val ues were linked with arid cli mate con di tions with
reef growth, evap o ra tion, on shore-di rected anti-estuarine cir -
cu la tion of sur face ocean wa ters and anoxic deep ocean
(Bickert et al., 1997). 

Azmy et al. (1998, ta ble DR1) also re ported sev eral d13C
val ues from Gotland, in clud ing iden ti fi ca tions from the Eke
(4.9–5.4‰) and Hamra (4.7–7.4‰) beds, cor re lated re spec -
tively with the Bohemograptus bohemicus tenuis and
Neocucullograptus kozlowskii graptolite biozones. The au thors 
note cor re la tion of the shift with a sea level lowstand, but the
role of en hanced pri mary pro duc tion on the burial of Corg was
con sid ered un clear.

In the East Bal tic the Ludfordian d13C ex cur sion has been
es tab lished (Kaljo et al., 1997, 1998) in three core sec tions
from Lat via (Fig. 1). In the Priekule core the peak val ues reach
5.9‰ in the Nova Beds of the Dubysa For ma tion (fur ther ab -
bre vi ated Fm.), in the Pavilosta core (4.2‰) in the lower part,
and in the Ventspils core (5.0‰) in the top, of the Mituva Fm.
In the Ohesaare core the peak level is rep re sented by a gap. The
shift was cor re lated with the early and mid-Ludfordian sea
level lowstand and the fol low ing sea level rise, with two
bioevents (se ri ous ex tinc tions in sev eral groups of biota, Kaljo
et al., 1995) and with the Lau Event of Jeppsson (1993).

Data from the Bol’shezemel’skaya Tun dra sec tion in the
Timan–Pechora re gion (Rus sia) on the NE shelves of Baltica
show much lower d13C val ues in the Ludfordian than usual at
this level in the Bal tic gulf area. Modzalevskaya and Wenzel
(1999) note that the peak val ues in the Tselebej Fm. (cor re lated
with the lower part of the mid dle Ludfordian Collarothyris
canaliculata Brachi o pod Zone) reach only 1.5‰, but the to tal
rise from the bot tom of the curve in the un der ly ing Sizim Fm.
(= Didymothyris didyma Zone) is over 4‰. Such low val ues
might have been caused by diagenetic fac tors, but the orig i nal
car bon iso tope trend is still pre served. Ac cord ing to these au -
thors the ox y gen iso tope con tent was even less (!) in flu enced
by diagenesis and there fore the low d13C val ues are most likely
re lated to spe cific re gional ocean o graphic and cli ma tic con di -
tions dif fer ing from those in the Bal tic area.

In Scania the Ludfordian car bon iso tope shift reaches ex -
tremely high d13C val ues (11.2‰, Wigforss-Lange, 1999), in
the oncoid lime stones of the Bjärsjölag¯rd Mem ber (Klinta
Fm., Öved — Rams¯sa Group). Wigforss-Lange stressed that
such high d13C val ues can not be ex plained only by en hanced
pri mary pro duc tion and/or by burial of or ganic car bon. These
seem to be the main rea sons for val ues up to 5‰, but val ues
above 6‰ con tain a frac tion gen er ated by the pho to syn the siz -
ing ac tiv ity of cyanobacteria and al gae re lated to the abun dance 
of oncoids in the Bjärsjölag¯rd Mem ber.

Very high d13C lev els were doc u mented also by An drew et al.
(1994) in the up per Lud low Jack Lime stone in Aus tra lia. The ac -
tual val ues are not given in the text, but peak val ues mea sured
from fig ure 3 of An drew et al. (1994) were 12–13‰. The shift is
lo cated in the MBC sec tion (Bro ken Hill, Queensland) just above
the Pentamerid (or End-siluricus) Event and 40 m above the only
known oc cur rence of Polygnathoides siluricus. An drew et al. (op. 
cit.) em pha sized causal ties be tween bi otic and iso tope events.

In North Amer ica the d13C val ues of the Ludfordian ex cur -
sion are slightly lower than 4‰ (Saltzman, 2001). In the High -

way 77 sec tion cut in the Arbuckle Moun tains of Oklahoma the 
ex cur sion peak (3.6‰) is lo cated just above the P. siluricus
cono dont Biozone in the low er most Henryhouse Fm. In the
Pete Hanson Creek II sec tion (Rob ert Moun tains, cen tral Ne -
vada) the ex act dat ing of the peak (3.8‰) in the Rob ert Moun -
tains Fm. is more prob lem atic. Ac cord ing to fig ure 3 of
Saltzman (2001) the shift oc curs at the top of the range of the
cono dont Kockelella variabilis and within that of Saetograptus
chi maera. If the lat ter spe cies has been iden ti fied cor rectly, this
in di cates a level be low the bot tom of the Ludfordian Stage, i.e.
clearly an older event than the d13C shift in the High way 77 sec -
tion. Judg ing from the Baltoscandian ex pe ri ence, this seems
un likely and the dat ing should be checked be fore any con clu -
sions are drawn. In dis cuss ing the ex cur sion, Saltzman (2001)
noted a con nec tion with the Pentamerid or End-siluricus
Bioevent and sim i lar i ties with the early Wen lock Ireviken
Event ac com pa nied by a low er ing of sea level.

Re cently, Lehnert et al. (2003) re ported the first re cord of
the Ludfordian ex cur sion in con nec tion with the Lau Event
from the peri-Gond wana area (Perunica). The ex cur sion (max.
d13C whole-rock val ues of 4.6‰) is well dated by cono donts
and brachi o pods in the Muslovka sec tion near Prague: the ex -
cur sion started 3 m above the last oc cur rence of Polygna -
thoides siluricus and ended 1 m be low the first oc cur rence of
Ozarkodina snajdri. The peak level oc curs just above a sharp
sea level fall and above sev eral fau nal ex tinc tion events re -
corded in the sec tion. In terms of graptolite biozonation, the be -
gin ning of the ex cur sion was placed into the up per part of the
Neocucullograptus kozlowskii Biozone, but the sharp shift with 
the high est val ues con tin ues into the next Monograptus
latilobus Biozone (fig. 2 in Lehnert et al., 2003).  This date is
slightly youn ger than that dis cussed be low.

MATERIAL AND METHODS

The iso tope anal y ses on the Vidukle core were per formed
at the Palaeoclimatological Lab o ra tory of the In sti tute of Ge ol -
ogy at the Tallinn Uni ver sity of Tech nol ogy. A to tal of 115
sam ples were ana lysed from a 324 m long sec tion and the iso -
tope data ob tained are shown in Ta ble 1. The mean sam pling
in ter val was 2.8 m, though around 1 m close to event lev els.
Whole-rock sam ples were crushed, the ma te rial was pow dered
and treated with 100% phos pho ric acid at 100°C for 15 min and 
ana lysed with a Finnigan MAT Delta-E mass spec trom e ter.

The re sults are given in the usual d-no ta tion, as per mil de vi a -
tion from the VPDB stan dard. Reproducibility of rep li cate
anal y ses was gen er ally better than 0.1‰.

The main ad van tage of the whole-rock method is that sam -
pling could be per formed at reg u lar in ter vals not de pend ing on
the oc cur rence of bioclasts. Pre vi ous stud ies (Kaljo et al., 1997;
Heath et al., 1998; Brenchley et al., 2003) show lit tle diagenetic
al ter ation of Bal tic early Palaeozoic rocks, in di cat ing that good
re sults of car bon iso tope anal y sis of bulk rock sam ples may be
ex pected from the Vidukle core. Ac cord ing to the cono dont col -
our al ter ation in dex (CAI 1-1.5), the Wen lock and Lud low rocks 
in the core were heated to less than 100°C, sug gest ing that tem -
per a ture has had only a lim ited in flu ence on diagenesis.
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Depth [m] Stra tig ra phy d13C [‰] d18O [‰]
1 2 3 4

1080.0 Minija Fm., Pridoli   0.06 –5.74

1086.5 Minija Fm., Pridoli   0.10 –5.93

1092.7 Minija Fm., Pridoli –0.02 –4.76

1098.4 Ventspils Fm.   1.04 –6.72

1102.0 Ventspils Fm.   1.42 –5.66

1106.4 Ventspils Fm.   1.56 –4.90

1110.7 Ventspils Fm. –0.37 –5.89

1115.0 Ventspils Fm. –0.85 –6.24

1115.5 Mituva Fm.   0.04 –5.83

1116.2 Mituva Fm.   1.24 –4.88

1120.0 Mituva Fm.   2.21 –2.93

1125.0 Mituva Fm.   3.38 –5.57

1130.5 Mituva Fm.   4.43 –5.92

1133.0 Mituva Fm.   4.43 –6.11

1137.2 Mituva Fm.   6.41 –4.77

1138.5 Mituva Fm.   5.31 –5.05

1140.5 Mituva Fm.   7.11 –5.21

1142.5 Mituva Fm.   7.37 –5.27

1145.2 Mituva Fm.   6.36 –4.85

1146.5 Mituva Fm.   7.60 –4.66

1147.5 Mituva Fm.   8.17 –4.68

1148.9 Mituva Fm.   4.63 –4.88

1150.0 Mituva Fm.   4.56 –4.66

1152.5 Mituva Fm.   4.42 –4.35

1155.5 Mituva Fm.   3.40 –4.52

1157.5 Mituva Fm.   2.92 –4.46

1159.0 Mituva Fm.   1.87 –4.63

1164.0 Mituva Fm.   0.80 –5.00

1166.6 Mituva Fm.   0.77 –4.87

1169.8 Dubysa Fm. –0.53 –4.66

1174.8 Dubysa Fm. –1.39 –4.46

1178.5 Dubysa Fm. –1.54 –4.55

1181.6 Dubysa Fm. –0.88 –4.81

1184.5 Dubysa Fm.   0.40 –5.29

1187.0 Dubysa Fm.   0.32 –5.29

1192.5 Dubysa Fm.   0.71 –5.09

1197.2 Dubysa Fm.   0.74 –5.38

1200.1 Dubysa Fm.   0.21 –5.58

1202.5 Dubysa Fm.   0.01 –6.10

1207.1 Dubysa Fm.   0.17 –4.97

1211.7 Dubysa Fm.   0.48 –4.95

1216.3 Dubysa Fm.   0.11 –5.12

1221.7 Dubysa Fm. –0.03 –4.80

1227.8 Dubysa Fm. –0.32 –4.70

1232.8 Dubysa Fm.   0.01 –5.61

1235.4 Dubysa Fm. –0.19 –4.63

1238.0 Dubysa Fm.   0.01 –4.79

1240.2 Dubysa Fm. –0.55 –4.16

1243.3 Dubysa Fm. –1.20 –3.67

1248.0 Dubysa Fm. –0.26 –4.87

1252.9 Dubysa Fm. –0.21 –5.26

1255.0 Dubysa Fm. –0.70 –4.22

1258.2 Dubysa Fm.   0.49 –4.21

1259.8 Dubysa Fm. –1.14 –4.92

1260.0 Dubysa Fm. –1.79 –4.78

T a  b l e  1

Car bon and ox y gen iso tope data from the Vidukle core

1 2 3 4

1261.0 Dubysa Fm. –0.17 –5.13

1262.8 Dubysa Fm. –0.12 –4.71

1267.9 Dubysa Fm. –0.32 –5.56

1272.9 Dubysa Fm. –0.12 –4.93

1278.3 Dubysa Fm. –0.05 –5.32

1280.5 Dubysa Fm.   0.38 –5.37

1281.4 Dubysa Fm.   1.42 –4.91

1281.6 Dubysa Fm.   1.47 –5.23

1283.0 Siesartis Fm.   0.57 –5.16

1284.4 Siesartis Fm.   1.56 –4.94

1286.1 Siesartis Fm.   1.31 –4.65

1287.3 Siesartis Fm.   0.76 –3.27

1289.8 Siesartis Fm.   0.53 –3.38

1291.0 Siesartis Fm.   0.77 –3.92

1292.2 Siesartis Fm.   0.14 –4.08

1293.6 Siesartis Fm.   0.75 –3.86

1295.0 Siesartis Fm.   1.16 –4.08

1296.5 Siesartis Fm.   1.25 –4.16

1297.9 Siesartis Fm.   1.01 –5.56

1298.8 Siesartis Fm.   1.23 –5.30

1299.5 Siesartis Fm.   1.31 –4.34

1301.9 Siesartis Fm.   0.75 –3.46

1304.1 Siesartis Fm.   0.61 –3.54

1305.0 Siesartis Fm.   0.69 –3.91

1306.8 Siesartis Fm.   0.15 –3.44

1307.6 Siesartis Fm.   0.16 –3.39

1307.9 Siesartis Fm. –0.17 –3.29

1309.0 Riga Fm.   0.48 –4.29

1310.0 Riga Fm. –0.09 –3.11

1311.2 Riga Fm. –0.01 –3.69

1311.8 Riga Fm. –0.02 –3.69

1313.3 Riga Fm.   0.10 –5.60

1315.3 Riga Fm. –0.03 –4.19

1317.3 Riga Fm. –0.40 –5.30

1319.3 Riga Fm. –0.25 –5.63

1321.3 Riga Fm. –0.34 –5.29

1323.3 Riga Fm. –0.60 –5.60

1325.3 Riga Fm. –0.36 –5.33

1327.3 Riga Fm. –0.50 –5.81

1329.3 Riga Fm. –0.23 –5.74

1332.6 Riga Fm.   0.52 –4.27

1335.3 Riga Fm. –1.05 –4.91

1339.3 Riga Fm. –1.14 –5.97

1343.3 Riga Fm. –0.54 –5.22

1347.5 Riga Fm. –0.62 –5.08

1351.5 Riga Fm. –0.76 –5.23

1355.5 Riga Fm. –0.77 –4.76

1359.3 Riga Fm. –0.72 –5.80

1363.3 Riga Fm. –0.32 –5.20

1367.3 Riga Fm. –0.20 –5.42

1371.3 Riga Fm. –0.20 –5.19

1375.3 Riga Fm.   1.59 –4.72

1379.3 Riga Fm.   2.13 –4.72

1383.3 Riga Fm.   2.67 –4.55

1387.5 Riga Fm.   3.16 –5.04

1391.5 Riga Fm.   2.62 –5.15

1395.5 Riga Fm.   2.05 –5.63

1399.5 Riga Fm.   0.80 –5.78

1401.5 Riga Fm.   0.67 –5.77

1403.5 Rasyte Fm., Lland.   0.94 –5.66



The re li abil ity of iso tope sig nals in the Or do vi cian and Si lu -
rian rocks of Es to nia and else where in Baltoscandia has been
dis cussed in sev eral pa pers (Samtleben et al., 1996; Brenchley
et al., 2003). The main con clu sion is that iso tope val ues mea -
sured from the early Palaeozoic rock sam ples re flect the pri -
mary iso to pic com po si tion of sea wa ter. An other ques tion is
how re li able whole-rock iso tope data are, of the Bal tic rocks in
par tic u lar. Com par i son of the Bal tic Or do vi cian and Si lu rian
whole-rock data with brachi o pod shell iso tope data shows

slight dif fer ences in d13C val ues, but a great sim i lar ity of curves 
pro duced by both ap proaches (Samtleben et al., 1996; Mar shall 
et al., 1997; Heath et al., 1998; Brenchley et al., 2003). The ox -
y gen iso tope ra tios are more sen si tive to diagenesis (Mar shall,
1992) and there fore data from whole-rock anal y sis may not be
trust wor thy. An other dif fi culty arises from the fact that Bal tic
car bon ate rocks are mostly highly vari able mix tures of cal cite
and do lo mite, which have clearly dif fer ent ox y gen iso tope frac -
tion ation fac tors. Con sid er ing these as pects, we do not dis cuss
the ox y gen an a lyt i cal data pre sented in Ta ble 1.

Data on the con tent of CaO and MgO in the Lud low rocks
of the Vidukle core, pre sented in Ta ble 2, were sup plied by the
chem i cal lab o ra tory of the Geo log i cal Sur vey of Lith u a nia ac -
cord ing to a VSEGEI stan dard method of s.c. “wet chem i cal
anal y sis”. Terrigenous com po nent, cal cite and do lo mite were
cal cu lated from the data us ing the for mu las and meth od ol ogy
de scribed by Kaljo et al. (1997, p. 213).

GEOLOGICAL SETTING

EAST BALTIC STRATIGRAPHY AND CORRELATION 
WITH OTHER AREAS

The Bal tic Si lu rian stra tig ra phy, and that of Lith u a nia in
par tic u lar, is sum ma rized in sev eral pa pers (Bassett et al., 1989; 
Paškevièius et al., 1994; Nestor, 1997; Paškevièius, 1997). For
that rea son, we re strict this in tro duc tion to a brief ac count of the 
most im por tant back ground in for ma tion. The strati graphi cal
frame work for our study is given in Fig ure 1, where the cor re -
spond ing lo cal ter mi nol ogy and units (re gional stages and for -
ma tions) are cor re lated with the Wen lock and Lud low part of
the stan dard clas si fi ca tion of the Si lu rian Sys tem. Most of the
dis cus sion be low con cerns East Bal tic se quences, but Scan di -
na vian and Pol ish ma te ri als are also in volved. There fore the
cor re la tion chart com prises partly also the lat ter ar eas, while
other data are linked to ours through stan dard strati graphi cal
ter mi nol ogy. The cor re la tion of the units in Fig ure 1 is based
mainly on the pub li ca tions men tioned above and ad di tion ally
on Jeppsson et al. (1994), Kaljo et al. (1997) and Viira (1999).
Only a few re fine ments were made in this study. The rea sons
for these changes are dealt with in de tail in the dis cus sion sec -
tion be low.

The East Bal tic strati graphi cal no men cla ture makes use of
three cat e go ries of units: bio-, litho- and chronostratigraphical
units, but in the re gional part of Fig ure 1 only lithostrati -
graphical for ma tions and a few “beds” are shown. To save
space, the re gional stages were left out and the nec es sary
graptolite and cono dont data are in cluded in the de scrip tion of
the Vidukle sec tion. The lithostratigraphic for ma tions, mem -

bers and beds, which make up the East Bal tic re gional stages in
dif fer ent parts of the ba sin, are of ten diachronous and there fore
their bound aries need not co in cide with those of the
chronostratigraphical units. Sev eral cases of the diachrony
play ing an es sen tial role in our topic are shown in Fig ure 1.

 GENERAL FACIES ZONATION IN THE BALTIC AREA 
WITH SOME DETAILS FOR LITHUANIA

The Vidukle core is lo cated in the south ern area of the Bal tic
Gulf (Fig. 2), ly ing as a part of the Baltoscandian palaeobasin on
the west ern pericratonic mar gins of the Baltica palaeocontinent.
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Depth
[m]

CaO
[%]

MgO
[%]

CaO/
MgO

Cal cite 
[%]

Do lo mite 
[%]

Terrigenous 
com po nent

[%]

1097.0 53.3 1.0 53 92.9   4.3   2.9

1098.1 54.8 0.8 69 95.9   3.6   0.5

1102.6 50.0 2.4 21 83.7 10.3   6.0

1108.5 49.4 2.0 25 83.6   8.3   8.1

1112.9 21.0 6.9   3 23.4 25.9 50.7

1116.3 46.1 4.1 11 72.6 17.9 9.5

1119.5 20.8 13.3    2   6.2 56.9 36.9

1120.9 52.0 1.2 43 90.1   5.0   4.9

1125.1 54.1 0.5 108 95.5   2.0   2.5

1133.4 53.8 0.9 59 93.9   3.9   2.1

1138.4 28.0 7.7   4 32.9 31.4 35.7

1142.9 50.8 1.9 26 86.3   8.2   5.5

1146.8 51.0 1.8 28 86.9   7.7   5.3

1149.7 24.2 10.8    2 18.5 45.6 35.9

1151.7 47.8 2.7 18 79.2 11.5   9.4

1155.4 45.1 3.6 13 72.5 14.8 12.7

1157.4 28.0 6.9   4 35.1 27.3 37.6

1165.7 44.7 1.1 40 78.2   3.1 18.7

1166.7 47.9 1.3 36 83.1   4.7 12.2

1171.4 16.9 8.3   2 12.8 31.8 55.4

1174.9 39.8 4.0 10 62.6 15.7 21.8

1186.2   8.9 6.0   1   5.5 19.3 75.2

1191.6 49.4 1.7 29 84.5   6.9 8.6

1195.1 17.8 5.3   3 22.2 17.6 60.2

1199.5 42.0 2.0 21 71.4   6.6 21.9

1203.0   4.6 4.8   1   1.3 12.6 86.1

1208.2   7.9 4.9   2   6.8 13.6 79.7

1215.7 12.6 6.0   2 11.6 19.9 68.4

1218.0 48.5 1.8 27 82.6   7.2 10.2

1224.2 14.8 6.2   2 14.9 21.4 63.7

1235.5 39.4 3.3 12 63.4 12.6 23.9

1241.0 16.4 7.2   2 14.9 26.4 58.7

1245.2 12.3 8.7   1   4.0 33.1 62.9

1251.4   5.9 5.1   1   2.7 14.5 82.8

1251.8 35.3 2.3 15 59.2   7.0 33.8

1257.4 42.9 2.9 15 70.5 11.5 18.1

1257.8   9.5 5.5   2   7.8 17.0 75.2

1269.1   8.4 5.2   2   6.6 15.3 78.1

1274.3   8.7 4.2   2   9.9 10.3 79.8

1275.3 38.1 2.2 17 64.1   7.1 28.8

T a  b l e  2

Geo chem i cal data from the Lud low rocks of the Vidukle core



By the be gin ning of the Wen lock ep och the con ti nent, drift ing
from mid dle lat i tudes of the South ern Hemi sphere, reached the
equa to rial belt (Cocks and Torsvik, 2002). This means that the
lo cal cli mate be came trop i cally warm, and to wards the De vo nian 
some signs of in creas ing arid ity and evap o ra tion have been ob -
served (e.g. gyp sum in clu sions in lower Lud low rocks dis trib -
uted in Cen tral and East Lith u a nia, Paškevièius, 1997; see fa cies
belt 1 in Fig. 2 here). The gen eral fa cies pat tern for an early Lud -
low time-slice (Fig. 2, com posed ac cord ing to the fa cies model
by Nestor and Einasto, 1997) more or less ap plies also to the
Wen lock and es pe cially to later times through the Lud low. Here,
some dif fer ences should be men tioned (seen in Fig. 3), dem on -
strat ing ba sin de vel op ment in terms of the evo lu tion and dis tri -
bu tion of brachi o pod com mu ni ties. 

The ear li est Wen lock was a time (af ter a short shallowing
event) when sea level was in gen eral high and was char ac ter -
ized by a wide dis tri bu tion of graptolite-bear ing and other deep
shelf de pos its, partly even in the cen tral epicratonic ar eas of
Baltica. But this highstand in ter val was chang ing in time and
dis played some re gional vari abil ity. For ex am ple, a mid-shelf
lime stone-marl al ter ation with reef mounds of the Up per Visby
Beds on Gotland shows an up wards in crease of a car bon ate
con tent, but in the East Bal tic the max i mum dis tri bu tion of
grap to lit ic rocks was con fined to the early riccartonensis time
(Bassett et al., 1989). Slow, but steady re gres sion of the
Palaeobaltic Sea, even if in ter rupted by brief transgressive ep i -
sodes, be gan in late riccartonensis time, marked by mag nif i -
cent reef/bioherm struc tures of the Högklint (Gotland) and
Ninase (= up per Riga in Fig. 1; Saaremaa Is land, Es to nia) for -
ma tions. By the end of the Lud low the re gres sion had caused

con sid er able re stric tion of the 
ba sin and move ment of the
shal low shelf and ramp fa cies 
belts, to gether with brachi o -
pod com mu ni ties (Fig. 3), to
the south-west (Bassett et al.,
1989; Nestor and Einasto,
1997; Paškevièius, 1997).

Fa cies changes are ap par -
ent in the re la tion ships be -
tween com mu ni ties, ben thic
as sem blages and fa cies belts
(Musteikis and Paškevièius,
1999). The shal low est-wa ter
brachi o pod com mu nity listed
in Fig ure 3 is that of Sphae -
rirhynchia wilsoni, be long ing
to both BA 2 and 3 oc cur ring
usu ally in the shal low est part
of the open shelf fa cies belt (3
in Fig. 2). All com mu ni ties
listed in BA 3 and the Day -
ia-Isorthis com mu nity from
BA 3–4 oc cur in the deeper
part of the open shelf belt. The 
re main ing com mu ni ties be -
long ing to BA 3–4, 4 and 4–5
are dis trib uted in the tran si tion 
fa cies belt (4 in Fig. 2) along

the deep en ing gra di ent to wards the shelf de pres sion (5 in Fig. 2)
oc cu pied by a pe lagic com mu nity with or with out rare ben thic
fos sils of a more or less level sea floor. 

The gen eral trend of sea level is barely ex pressed through the 
Wen lock in the Vidukle area in the deep fa cies belt. Even the
Homerian sea level falls well doc u mented on Gotland and
Saaremaa (Nestor, 1997; Calner and Jeppsson, 2003) can not be
traced there. In the Lud low the sed i men tary en vi ron ment around
the drill ing site is pro gres sively more change able (Figs. 3 and 4)
and shal lower with a more vari able bot tom to pog ra phy.

The Vidukle core (Fig. 4) com prises a se ries of
terrigenous-car bon ate rocks, show ing upsection con tin u ous
shallowing of the sea with a few deep en ing ep i sodes in the
Lud low. The Riga Fm. is rep re sented by rather deep-wa ter dark 
grey to black argillites and clayey marlstones with abun dant
graptolites. In the mid dle part rare Jonesea grayi, and in the up -
per part sev eral oc cur rences of Plagiorhyncha depressa, have
been re ported. Higher lies the Siesartis Fm. con sist ing of grap -
to lit ic ar gil la ceous marlstones with thin lime stone interbeds. At 
the very top, rare P. depressa have been found. The Lud low be -
gins with the Dubysa Fm. sub di vided into two parts (Fig. 4).
The Šešupe Beds are more ar gil la ceous, con tain ing marls with
interbeds of nod u lar lime stones rich in graptolites and shelly
fauna (mainly the Jonesea grayi com mu nity) and are more cal -
car e ous, es pe cially at the top; the Nova Beds con sist of al ter nat -
ing nod u lar lime stones and marly in ter ca la tions. Pe lagic and
shelly fau nas al ter nate, the lat ter pre vail ing. From the bot tom
up wards the fol low ing suc ces sion of brachi o pod com mu ni ties
is ob served: Lissatrypa obovata (BA 4) at 1215 m, Dayia
(BA 4) at 1204–1212 m, Dayia-Isorthis (BA 3–4) sev eral times 
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Fig. 2. Lo ca tion of the study area and core sec tions, and gen eral fa cies zonation of the Bal tic Gulf dur ing
early Lud low nilssoni time (mod i fied from Bassett et al., 1989)

Fa cies belts: 1 — tidal flat/la goon, 2 — shoal, 3 — open shelf, 4 — tran si tion from open to deeper shelf, 5 — shelf
de pres sion



be tween 1281 and 1287 m and Protochonetes piltenesis from
the Atrypoidea com mu nity (BA 2) at the very top.

The up per Lud low Ludfordian Stage com prises two for ma -
tions. The lower, Mituva Fm. is rep re sented by nod u lar and lam i -
nated lime stones with marl in ter ca la tions; in the up per part, skel -
e tal lime stones with oncolite in ter ca la tions pre vail. A suc ces sion
of brachi o pod com mu ni ties, clearly ex press ing the shallowing
ten dency of the ba sin, is rec og nized: Alaskospira ludloviensis
(BA 1–2) at the lower bound ary, Dayia-Isorthis (BA 3–4) at
1158–1162 m, al ter nat ing Isorthis ovalis, Atrypa reticularis,
Protochonetes piltenensis and Microsphaeridiorhynchus nucula
(BA 2–3) be tween 1140 and 1157 m. Higher, es pe cially at
1120–1135 m, mem bers of the Atrypoidea com mu nity (BA 2)
dom i nate. The Herrmannina com mu nity oc curs at the up per
bound ary, to gether with Atrypoidea con tin u ing also into the
over ly ing Ventspils Fm. The Ventspils Fm. con sists mainly of
clayey lam i nated lime stones with silty marls. Its up per part
marks a short-lived drown ing event (oc cur rence of BA 3 brachi -
o pods Isorthis ovalis and Atrypa reticularis). The lower Pridoli
Minija Fm. (above 1093 m) is rep re sented by nod u lar lime stones 

with thick marl interbeds. The up per Ventspils Fm. and the
Minija Fm. mark the be gin ning of a spe cific in fill ing stage of
sed i men ta tion of the Palaeobaltic ba sin, high lighted by a marked
in crease in the in flux of terrigenous ma te rial into the sea (Nestor
and Einasto, 1997).

CARBON ISOTOPE TREND AND DATING 
OF THE EXCURSIONS

The car bon iso tope trend shows the fol low ing main ex cur -
sions:

1. A ma jor car bon iso tope ex cur sion (d13C val ues reach
3.2‰ at 1387.5 m) oc curs in the lower Wen lock; higher, the
val ues re main be low or close to 0‰.

2. In the up per most Wen lock Siesartis Fm. slightly greater
val ues were re corded at two lev els: 1.3‰ at 1299.5 m and 1.6‰
at 1284.4 m. Graptolites found (Paškevièius et al., 1994) in this
bed date these weak shifts to the Monograptus ludensis Biozone.
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Fig. 3. Dis tri bu tion of ben thic as sem blages (BA) in Lith u a nia through the late Wen lock 
to the late Lud low

 In the belts marked by BA in di ces brachi o pod taxa rep re sent ing cer tain com mu ni ties are shown; the east ern most belts with out com mu nity names are rep -
re sented by dolomites, where no brachi o pods have been iden ti fied; the fig ure is based on a se ries of com mu nity dis tri bu tion maps com piled by P. Musteikis



3. The lower Lud low Dubysa For ma tion shows also low
val ues (0 to 0.7‰) with a neg a tive shift reach ing –1.5‰ at the
top. The shift is dated by the last oc cur rence of Bohemograptus
bohemicus tenuis and by the ap pear ance of Polygnathoides
siluricus (Fig. 4).

4. In the up per Lud low Mituva Fm. the car bon iso tope trend

changes com pletely, val ues of the pos i tive d13C ex cur sion reach
8.2‰ (at 1147 m) and com menc ing from 1178 m, the en tire shift 
reaches 9.7‰. The ex cur sion oc cu pies the en tire for ma tion
(Fig. 4). A neg a tive shift (–0.9‰ at 1115 m), sim i lar to that at the 
start of the ex cur sion, oc curs at the bound ary with the over ly ing
Ventspils Fm. The be gin ning of the ex cur sion is dated by the last
oc cur rences of Polygnathoides siluricus (depth 1167 m) just be -
low the main shift and to gether with the first ap pear ances of
Coryssognathus dubius. The lat ter forms a nar row but dis tinct
biozone at the very be gin ning of the pos i tive shift. The high est
peak of the ex cur sion co in cides ex actly with the Panderodus
equicostatus Biozone (1152.5–1133.0 m), which is also known

from the up per part of the Lau Event on Gotland (Jeppsson,
1998). The first ap pear ances of Ozarkodina eosteinhornensis
scanica and O. ambiqua at 1130.5 m and O. wimani at 1126.7 m
date the up per fall ing limb of the ex cur sion. The true O. crispa
ap pears above the up per neg a tive shift at 1107.5 m in the low er -
most Ventspils Fm. The cono dont oc cur rences al low us to date
the ex cur sion as of mid dle Ludfordian age.

5. In the up per most Lud low the car bon iso tope val ues re -
turned to about 1‰.

DISCUSSION

STRATIGRAPHIC DATING OF THE MAIN SHIFTS

The early Wen lock ex cur sion is well dated by graptolite oc -
cur rences (Kaljo et al., 1997), and so the cor re la tion of the peak 
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Fig. 4. The Vidukle core sec tion: stra tig ra phy, li thol ogy, sea level changes in ter preted as ben thic 
as sem blages (BA) suc ces sion and the d13C trend dated by graptolite (Paškevièius et al., 1994) 

and cono dont biostratigraphy

Lo ca tion of oce anic events af ter Jeppsson (1998); ar rows — the first or last oc cur rences, in ter vals — the full
ranges, open cir cles — sin gle oc cur rences of taxa



level with the Monograptus riccartonensis Biozone is com -
monly ac cepted (Azmy et al., 1998; Saltzman, 2001). The ex -
cur sion, how ever, is broad and in some sec tions (Kaljo et al.,
2003; Munnecke et al., 2003) its slowly ris ing limb be gins in
the top most Llandovery; in the Vidukle core (Fig. 4) it con tin -
ues above the riccartonensis Biozone (sensu stricto). The fall -
ing limb reaches the M. flexilis Biozone. The data from the
Vidukle core show clearly that the Ireviken oce anic Event as
de fined by Jeppsson (1998) oc curs be low the peak of the early
Wen lock d13C ex cur sion. 

The same re la tion ships are ob vi ous also in the case of the
Mulde Event (Jeppsson, 1998; Calner and Jeppsson, 2003) and
the mid-Homerian d13C ex cur sion. New data from the Vidukle
core al low us to cor rect an ear lier dat ing of that ex cur sion sug -
gested by Kaljo et al. (1997). The graptolites (Fig. 4) re ported
by Paškevièius et al. (1994) prove the oc cur rence of the dou ble
shift in the Vidukle core to lie within the Monograptus ludensis
Biozone. This dat ing is in ac cord with the data by Saltzman
(2001) from North Amer ica. The sit u a tion in the Vidukle core
seems very clear and the dat ing is well-con strained, but we are
not fully con vinced that all these weak shifts ob served in the
Ohesaare, Priekule and Vidukle cores are sit u ated at the same
level of the ludensis Biozone. A re cent pa per by Porêbska et al.
(2004) re ported about two very weak shifts in the dubius and
praedeubeli zones and this sug gests such a pos si bil ity also ex -
ists in the East Bal tic area.

The re la tion ships be tween the mid-Ludfordian d13C ex cur -
sion and the Lau Event seem not to be con stant. Above, we
showed their nearly full co in ci dence (Fig. 4), but there ex ists
some dis crep ancy in the dat ing of the ex cur sion. Graptolites are 
very rare in the Ludfordian of the Bal tic–Scan di na vian Re gion, 
ex cept for in Po land, which be longs to the East Eu ro pean Plat -
form (Urbanek and Teller, 1997). On the ba sis of a few
graptolite oc cur rences and/or on cono dont dis tri bu tions most
au thors have cor re lated this ex cur sion and event with the
Neocucullograptus kozlowskii-Bohemograptus bohemicus
tenuis (Fig. 1) graptolite Biozone or a part of it (Kaljo et al.,
1997, 1998; Azmy et al., 1998; Jeppsson and Aldridge, 2000).
Sev eral other au thors have placed the ex cur sion at the more or
less same level — into the post-Leintwardinian Ludfordian or
up per Lud low (Wenzel and Joachimski, 1996; Bickert et al.,
1997; Wigforss-Lange, 1999). Only Lehnert et al. (2003) sug -
gested a slightly higher po si tion, with the peak val ues in the
lower part of the Monograptus latilobus Biozone. In the
Mušlovka sec tion an ero sional sur face oc curs just be low the
main d13C shift in top of a dark micritic lime stone bed. The bed
and the sur face were in ter preted as an in di ca tion of a marked
sea level fall and the latilobus/kozlowskii zonal bound ary was
placed at that level. The ero sional event makes the ac tual start -
ing point of the ex cur sion ques tion able, but more im por tantly
the lower bound ary of the latilobus Biozone is by no means
proven be cause of the lack of graptolite oc cur rences. We think
that also in Mušlovka the mid-Ludfordian shift marks the
kozlowskii Biozone.

The dis tri bu tion of cono donts also al lows a dif fer ent cor re -
la tion and there fore the dat ing prob lem de serves fur ther at ten -
tion. Paškevièius (1997) cor re lated the Mituva Fm. and the lo -
cal Monograptus balticus Biozone with the kozlowskii-
bohemicus tenuis Zone (Fig. 1). This is a pos si bil ity, but the po -

si tion ex pressed by Urbanek and Teller (1997) based on Pol ish
core sec tions with a rich graptolite as sem blage seems more
firmly grounded. Their data show that Pseudomonoclimacis
latilobus and Monograptus (Slovinograptus) balticus oc cur to -
gether above the Neocucullograptus kozlowskii Biozone, and
the bound ary be tween these zones marks an im por tant change
in graptolite fau nas.

An ad di tional as pect linked to this dat ing prob lem is the
cor re la tion of the Eke, Burgsvik and Hamra beds of Gotland
with the Mituva Fm. of Lith u a nia and with some part of the
Klinta Fm. of Scania and, on the whole, with the kozlowskii-
bohemicus tenuis Zone. Based on the lo ca tion of the car bon
iso tope ex cur sion, this cor re la tion seems se cure, while only the
Sundre Beds and per haps the up per part of the Hamra Beds
could be placed into the higher latilobus/balticus Zone.

RELATIONSHIPS OF THE d13C EXCURSIONS 
WITH SEDIMENTARY CHANGES

Changes in the sed i men tary en vi ron ment in West Lith u a nia 
are in gen eral terms re flected in Fig ure 4 by the lithological log
of the Vidukle core and suc ces sion of the ben thic as sem blages
in the sec tion and in the area (Fig. 3). Some ad di tional char ac -
ter is tics could be added in part of the Lud low rocks based on
geo chem i cal data pre sented in Ta ble 2 and in form of trend
lines for cal cite, do lo mite and terrigenous com po nent plot ted
against the d13C ex cur sion in Fig ure 5. 

The Wen lock part of the se quence rep re sented by pre dom i -
nantly highly ar gil la ceous rocks (mudstones, marlstones) with
pe lagic fos sil as sem blages (graptolites, a few ben thic brachi o -
pods in more car bo na ceous in ter ca la tions), ex hib its a rather sta -
ble en vi ron men tal sit u a tion. The Vidukle core rep re sents de po si -
tion on the deep shelf where strik ing fa cies changes (e.g. ap pear -
ance of skel e tal lime stones with or ganic build ups) ob served in
the shal lower shelf ar eas (Gotland and Saaremaa is lands) did not
play any es sen tial role. Still the fa cies pat tern of the ba sin or a
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Fig. 5. Changes in the con tents of do lo mite (DOL), cal cite (CAL),
terrigenous com po nent (TER) cor re lated with the d13C trend in the

Lud low rocks of the Vidukle core

Con tents of do lo mite and cal cite is given as 5-point mov ing av er age based
on Ta ble 2



large part of it should be kept in mind, when dis cuss ing the en vi -
ron men tal back ground of the car bon iso tope ex cur sions.

The early Wen lock (more pre cisely early Sheinwoodian)
and the late Wen lock (= late Homerian) d13C ex cur sions have
been re garded (Bickert et al., 1997; Munnecke et al., 2003) as
the A-pe ri ods with evap o ra tion and low rate of con ti nen tal
weath er ing at low lat i tudes in con di tions of arid cli mate. On
shal low shelves reefs and car bon ate plat forms were ex pand ing, 
while on the mid-shelf grey shales and lime stones and deeper
black shales oc curred. Dur ing the A-pe ri ods the oce anic cir cu -
la tion fol lowed an anti-estuarine (i.e. shore-wards di rected at a
sur face) pat tern and clear wa ters showed high d13C val ues,
which were de creas ing with wa ter depth. In ter pret ing the
Vidukle data set in the con text of an A-pe riod as de scribed
above ac cord ing to the model by Bickert et al. (1997) we can
note sev eral dif fi cul ties, wide dis tri bu tion of ar gil la ceous and
lim ited oc cur rences of car bo na ceous rocks in par tic u lar. The
lat ter prox ies, es pe cially in a ba sin-wide back ground, are more
in dic a tive for a H-pe riod of hu mid cli mate, but should have low 
d13C val ues.  How ever, con sid er ing also Gotland and Saare maa 
data and high d13C val ues in the Vidukle core we be lieve that
these two car bon iso tope ex cur sions can be fit ted into the A-pe -
riod pat tern.

In the Lud low rocks of the Vidukle sec tion the con tent of
the CaO, MgO, cal cite, do lo mite and terrigenous com po nent
was ana lysed. The data show the fol low ing dis tri bu tion pattern:

1. The terrigenous com po nent (TER) dom i nates over the
car bon ates in the mudstones and marlstones (sev eral cal -
cite-rich interbeds ex cluded, Ta ble 2) of the Dubysa Fm., but in 
lime stones of the Mituva Fm. its con tent re mains be low 20%
and above 1150 m even be low 10%. Ex cep tions are dolomitic
interbeds where TER con tent reaches 36–38%. The CaO and
cal cite con tents are vari able (es pe cially in the Dubysa Fm.), but 
in crease up to the top of the Mituva Fm. (cor re spond ingly over
50 and 90%), with a few less cal car e ous lev els (cal cite
18–33%). The MgO con tent is low and var ies be low 10%; in
the Mituva Fm. it is be low 5% (dolomitic interbeds ex cluded).
Fig ure 5 dem on strates that in the lat ter in ter val the do lo mite is
mainly tied to the terrigenous com po nent.

2. The d13C pos i tive shift co in cides with the beds (dolomitic 
interbeds ex cluded) where the CaO con tent is con sis tently over
40% and cal cite con tent 72–96%; both neg a tive shifts be fore
and af ter the mid-Ludfordian ex cur sion oc cur in rocks with a
rel a tively high clay con tent.

3. In de tail some cor re la tions be tween the CaO con tent and
the CaO/MgO ra tio on the one hand, and the d13C val ues on the
other, show a fairly reg u lar pat tern. For ex am ple, in the
clay-rich Šešupe Beds (Fig. 4 and Ta ble 2), where the CaO
con tent is as a rule be low 10% and the CaO/MgO ra tio is 1–2,
the d13C val ues re main be low 0‰ (–0.1 to –0.7‰). In a few
lime stone interbeds where the CaO/MgO ra tio is about 15 the
d13C val ues in crease up to 0.5–1‰. In the Nova Beds the mean
CaO con tent is twice as high as in the beds be low and the d13C
val ues also in crease above 0‰ up to 1‰.

4. In ter vals with high d13C val ues in the Mituva Fm. show
the fol low ing pat tern of cor re la tion be tween Ca and C geo -

chem is try: the mean CaO val ues, cor re spond ing to the d13C
val ues 2–4, 4–6 and over 6‰, are 44.7 (49 when ex clud ing one
ar gil la ceous interlayer), 41.9 (50.8) and 43.2 (51)%. This se -
quence of num bers shows only a very gen eral cor re la tion, as
men tioned in the item 2 and as it might be ex pected.

In sum mary, it should be pointed out that the above dis -
cussed re la tion ships as well as a pat tern dem on strated in Fig ure 
5 show a step-by-step de crease of in flux of the terrigenous ma -
te rial into the ba sin and in crease of cal cium car bon ate sed i men -
ta tion. The change of dom i nat ing pro cess oc curred slightly be -
fore the com mence ment of the mid-Ludfordian car bon iso tope
ex cur sion. This change could be in ter preted as a re place ment of 
hu mid type of sed i men tary en vi ron ment with a more arid one.
As an ad di tional proxy we re fer to the oc cur rence of oncolites
in the up per part of the Mituva Fm. in the Vidukle core.
Oncolites are com mon in this part of the sec tion also on
Gotland (Eke and Hamra beds, Samtleben et al., 1996) and in
Scania (Bjärsjölag¯rd Mem ber, Wigforss-Lange, 1999).

On the other hand, these data and Fig ure 5 re veal that cor re -
la tion be tween dif fer ent prox ies is only very gen eral, not
strictly one to one, which means that the data dis cussed here al -
low to pin point only some fac tors of the car bon cy cling while
sev eral oth ers re main ob scure. The lat ter may in clude, for ex -
am ple, the pri mary pro duc tion and role of or ganic car bon
burial, which seem to be im por tant be cause of the ex tinc tion of
biota close to car bon iso tope events (Ireviken, Lau events,
Jeppsson, 1998).  How ever, it is quite clear that the dis ap pear -
ance of ten or more taxa at a da tum plane did not af fect se ri -
ously bioproduction in gen eral (based more on the planktic mi -
cro bial pro duc tion) and, there fore, it is dif fi cult to iden tify their
in flu ence. But the bi otic changes in di cate that some thing is
hap pen ing in the en vi ron ment and we do think that this is the
cli mate in gen eral and its spe cific im pli ca tions, which af fect the 
biota in very dif fer ent ways. In this con text the Vidukle data
and com par i sons with other ones show that the main driver of
the car bon iso tope trend is global fac tors, lo cal ones play only a
mod i fy ing role.

Con sid er ing the high val ues reached and the very steep
ris ing limb of the ex cur sion, the en vi ron men tal change that
caused the mid-Ludfordian iso to pic event must have been
rather rapid. The ex cur sion com menced from –1.5‰ at
1178.5 m and the peak (8.2‰) was reached at 1147.5 m; this
yields 9.7‰ for the to tal shift. In terms of the IUGS 2004
time-scale for Lud low the thick ness of the rock se quence 31
m may cor re spond to 700 000 years. Based on these fig ures
we cal cu lated that the rise of the d13C val ues through 31 m
was 0.3‰ per metre or 1‰ per 70 000 years. The top most part 
of the peak was much steeper (1.44‰ per metre) and the last
4‰ were added only dur ing 55 000 years. The fall ing limb of
the ex cur sion is of the same length that means the en tire ex -
cur sion cor re sponds to around 1.4 Ma. This time span is a
con sid er able in ter val even in geo log i cal terms for en vi ron -
men tal changes, the same should be stressed also about the
ini tial part of the shift and only the high est peak was formed
rather rap idly, al though it would be hard to clas sify the event
as a cat a strophic one.
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CONCLUSIONS

Based on data from the Vidukle core, the fol low ing con clu -
sions can be made:

1. The Wen lock car bon iso tope ex cur sions agree well with
ear lier data from Baltica and else where, and the d13C val ues
clearly re flect the depth of the sed i men tary ba sin. In both cases
the oce anic events di rectly pre cede the car bon iso tope events.
The Ireviken Event pre cedes the ma jor early Wen lock d13C ex -
cur sion and the Mulde Event the late Homerian less prom i nent
but dou ble shift.

2. The peak val ues of the mid-Ludfordian d13C ex cur sion oc -
cur within the lim its of the Lau Event as de fined by cono donts,
but the ris ing and fall ing limbs are at least in part lo cated be fore
and af ter the Event. This in di cates that the global pro cesses caus -
ing the car bon iso tope ex cur sion and the Lau oce anic Event were 
ac tive to a large ex tent dur ing the same time span.

3. The mid-Ludfordian pos i tive ex cur sion be gan and ended 
with neg a tive shifts, which seem to re flect the in her ent pat tern
of the Late Si lu rian car bon iso tope trend. These neg a tive shifts
cor re late to some ex tent with sedimentological changes sug -
gest ing oce anic and cli ma tic pro cesses char ac ter is tic of more
hu mid ep i sodes; the pos i tive ex cur sion it self may be re ferred to 
an arid ep i sode and the en tire in ter val stud ied is a part of a lon -
ger aridisation pe riod.
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