


tention. However, Huff et al. (1992) argued that there
is no evidence for major extinctions in main fossil
groups and the marine biota, if it had been strongly
affected, must have recovered very rapidly.

The initial task of this study was to obtain some
new quantitative data from a fossiliferous exposure,
torecord the succession of different fossil groups and
identify any changes in the associations, even if they
do not embody an extinction, which could be related
to the ash-fall.

Eighteen samples were taken from a 7.5 m interval
of limestone from the Pdédskiila outcrop, northern Es-
tonia. The samples were divided into two parts, one
(300g) processed with sodium-hyposulphite for cal-
careous fossils (mainly ostracodes), and the other
(300-800g) dissolved with acetic acid to study phos-
phatic- and organic-walled microfossils. The distri-
bution of scolecodonts and ostracodes, two common
benthic groups that easily provide quantitative data,
were recorded and analyzed. In addition, macrofossils
(brachiopods, bryozoans, echinoderms, trilobites, gas-
tropods and algae), represented mainly by fragments
or particles of skeleton of different size (dominantly
less than 10 mm) were collected from ostracod sam-
ple residues.

Geological setting and locality

The main configuration of the Late Ordovician sedi-
mentary basin in Baltoscandia has been described by
Mainnil (1966), Jaanusson (1976), and Nestor & Einasto
(1997). In general, northern Estonia was characterized
by relatively shallow-water shoal to open shelf facies,
the Marginal Confacies. These conditions contrast
with the deeper-water environments in Latvia and
Sweden, which make up the westward deepening
Central Confacies (Fig. 1; see Nestor & Einasto 1997).
The Kinnekulle ash was deposited geologically simul-

taneously at the beginning of the Keila time in differ-
ent parts and in different facies of this palaeobasin.

The Haljala—Keila stage boundary interval is pres-
ent in numerous boreholes of the East Baltic area,
however, there are very few surface outcrops that
expose the Kinnekulle Bed. An extensive exposure at
Paaskiila Hill on the southern limit of Tallinn, north-
ern Estonia, provides the best opportunity for study-
ing the Kinnekulle Bed and the under- and overlying
limestones. This outcrop has been recently described
by Hints et al. (1997), and was proposed as the bound-
ary stratotype for the Keila Regional Stage (Hints &
Nolvak 1999). A continuous section at Paaskiila Hill
exposes a more than 8 m thick succession of lime-
stones that contains two volcanogenic beds, the Kin-
nekulle Bed and a bed from the Grimstorp complex
(Bergstrom et al. 1995). In the Baltic region, these beds
have also been referred to as bed ‘d’, and bed ‘e’, re-
spectively (Jiirgenson 1958). The sampled section (Fig.
1) is highly fossiliferous, except for the topmost part,
which lacks organic-walled microfossils due to the
effect of weathering.

The Kinnekulle Bed is nearly 30 cm thick in the
Péaéskiila section. Its basal and upper parts are hard,
richin K-feldspar whilst themiddle part of the bed usu-
ally contains plasticclay thatcanbe easily disintegrated
in water (see Hints et al. 1997 for details of the min-
eralogical composition). It has a flat and sharp lower
boundary, and, primarily as a result of bioturbation,
a transitional and often unclear upper boundary.

Faunal succession
Ostracodes

The distribution of ostracodes in the Haljala-Keila in-
terval of Estonia was first discussed by Sarv (1959).
More detailed information on the ostracod succession
across the Kinnekulle Bed was given by Sarv (1960)
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Fig. 1. Sketch map of the study
locality and stratigraphy of the
Péaaskiila section. K - Kinne-
kulle Bed.
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and Sarv in Pdlma et al. (1988). The latter paper ar-
gued that the lower boundary of the Keila Stage is
characterized by disappearance of the ostracod assem-
blage typical of the Haljala interval, including Pseu-
dorakverella optata Sarv, Disculcina interminata Sarv,
Scrobisylthis reticulatus (Sarv), Tetrada memorabilis
(Neckaja) and Cytherellina cf. jonesi Bonnema. Ostra-
cod logs of the Keila, Rummu and Pagari drill cores
(all located in northern Estonia) show that distribu-
tions of some of the other species may also have been
affected by the Kinnekulle ash-fall. The possibility that
this faunal change could reflect the effect of the vol-
canic ash-fall was nevertheless not discussed by
Polma et al. (1988).

During the present study, 65 species of ostracodes
(among these several tentatively identified) were
documented from the Paaskiila section. The frequency
and diversity patterns of the ostracod assemblage are
illustrated in Figure 2. At the level of altered volcanic
ash, notable changes in frequency and species diver-
sity are recorded. The frequency increases upwards
below the Kinnekulle Bed but drops strikingly at the

Humber of soeckes
(pmr sAmpls |

F e uimricy
npacimis ! Thgh

Diversly ndes
(& Smpson's fonmuia)

level of the altered ash bed, so that the number of
specimens in sample OMO00-7 is several times lower
than that in the underlying sample. Above sample
OMO00-7, the frequency begins to increase again and
in sample OMO00-11 it achieves the level of sample
OMO00-1 just below the Kinnekulle Bed (Fig. 2). This
trend is controlled by five samples, and is therefore
most probably not coincidental. It could be an indica-
tion that a natural, continuous frequency trend in the
ostracod community was disrupted by the deposition
of the ash. Alternatively, this could be explained by
the increased rate of sedimentation just above the
Kinnekulle Bed causing a‘dissolution effect’amongst
the ostracods.

The taxonomic diversity of ostracodes (number of
species per sample) displays a drop following, and
possibly resulting from, the ash-fall (samples OMO00-
7 and OM00-8). Otherwise the average for below and
above the Kinnekulle Bed is relatively similar, with a
slightly higher number below it.

The diversity index calculated by Simpson’s for-
mula has been successfully applied to ostracod data
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Fig. 3. Succession of ostracodes in the Pééskiila section. Width of the bar represents relative frequency (%) of species, light grey
marks the Kinnekulle Bed. 1 — Pseudorakverella optata; 2 — Sigmoopsis cornuta; 3 — Severobolbina elliptica; 4 — Tetrada memorabilis; 5 —
Kiesowia (Carinobolbina) carinata; 6 — Cytherellina cf. jonesi; 7 — Olbianella braderupensis; 8 — Miehlkella? sp.; 9 — Bolbina ornata; 10 —
Pentagona pentagona; 11 — Tetrada krausei?; 12 — Sigmoopsis rostrata; 13 — Homeokiesowia frigida; 14 — Braderupia asymmetrica; 15 —
Ceratobolbina sp.; 16 — Disulcinoides auricularis; 17 — Sylthis interminata; 18 — Eolomatella bicuspidata; 19 — Platybolbina temperata; 20 —
Eurocyamus posterobicarinatum; 21 — Sigmobolbina? wennigstedensis; 22 — Seviculina sp.; 23 — Longiscula sp.; 24 — Pedomphalella egregia;
25 — Airina amabilis; 26 — Rectella sp.; 27 — Easchmidtella fragosa; 28 — Krauselloides sp.; 29 — Circulina fimbriata; 30 — Tetrada longata; 31
— Baltonotella sp. n; 32 — Bolbina major; 33 — Rectella inaequalis?; 34 — Oepikium sp.; 35 — Piretella sp.; 36 — Sudon? nussi; 37 — Bolbina
plicata; 38 — Oepikella canaliculata; 39 — Unisulcopleura weitschati; 40 — Ardennea tricostata; 41 — Kiesowia (Quadritia) quadrispina; 42 —
Scrobisylthis reticulatus; 43 — Bilobatia bidens; 44 — Ningulella? sp.; 45 — Unisulcopleura sp.; 46 — Fallaticella bulbata; 47 — Leperditella
prima?; 48 — Hippula serra; 49 — Snaidar radians; 50 — Moeckovia? sp.; 51 — Longiscula parrectis; 52 — Kiesowia (Pseudotallinnella) moles?;
53 — Pariconchoprimitia coniqua; 54 — Polyceratella aluverensis; 55 — Tvaerenella sp.; 56 — Uthoernia longofrenatorum; 57 — Gen. et sp. n.;
58 — Tetrada harpa; 59 — Karinutatia sp.; 60 — Ceratobolbina obliqua?; 61 — Pyxion nitidum?; 62 — Vaiguva sp.; 63 — Platybolbina sp.; 64 —
Sigmobolbina sp.; 65 — Sigmobolbina? sp.

(Pokorny 1971). It is the inverse of dominance, that
is, the higher value of the index, the more evenly the
species are represented in the assemblage.

The diversity index curve calculated here for the
ostracod succession at Paadskiila fluctuates, and the
current sampling density does not allow for an un-
ambiguous interpretation (Fig. 2). It seems, however,
that the average diversity index is somewhat higher
just below the Kinnekulle Bed. Following the altered
ash bed, the index displays rather low values with
low variability until the sample OMO00-11, above
which it nearly doubles.
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The raw numeric data on individual ostracod spe-
cies (as well as scolecodonts; see below) provided in
this study were recalculated as relative frequencies
(%), and as absolute frequency (specimens / 1kg sam-
ple). Relative frequency best characterizes the assem-
blage structure whilst the absolute frequency better
describes the dynamics of individual taxa. It was
found, however, that the difference between the two
approaches is not significant (that is, the trends are
not reverse) so only the per cent calculation is illus-
trated in Figure 3.

Considering the individual species that account for



ol 17

oo
1
. 1
=
- 1
a4 oRioe-1%
=
1
1
1
o
T 1
1
1
A
3 o1
1
=
o i
=
il TR
1
- 1
1
.-

CRl- 10
1 e
| R
CE-T

e il

] /T .I-I* |r-||-~.l
m 1
e 2
= T
-1 -;—:-f.'nu

I |
1

=
1T858 T w8 = 1

i3 ul

m
w m

1 1 1 i

Fig. 4. Succession of scolecodonts in the Paaskiila section. Width of the bar represents relative frequency (%) of species, light grey
marks the Kinnekulle Bed. 1 — Estonioprion maennili; 2 — Pteropelta kielanae; 3 — Mochtyella duplicidentata; 4 — Oenonites varsoviensis;
5— Xanioprion sp. B; 6 — Incisiprion incisus; 7 — Kozlowskiprion brevialatus; 8 — Leptoprion sp; 9 — Lunoprinella symmetrica; 10 — Mochtyella
cristata; 11 — Oenonites gadomskae; 12 — Oenonites sp.; 13 — Oenonites tuberculatus; 14 — Pistoprion transitans; 15 — Pteropelta gladiata; 16
— Tetraprion pozaryskae; 17 — Vistulella kozlowskii; 18 — Ramphoprion? sp.; 19 — Atraktoprion sp.; 20 — Ramphoprion bialatus; 21 — Oenonites
latus; 22 — Mochtyella sp. B; 23 — Ramphoprion sp.; 24 — Kalloprion sp.; 25 — Mochtyella fragilis; 26 — Mochtyella sp. A; 27 — Oenonites sp.
A; 28 — Mochtyella sp. B; 29 — Mochtyella sp. C; 30 — Xanioprion sp. C; 31 — Atraktoprion cornutus; 32 — Tetraprionidae? gen. et sp. n.; 33
— Conjungaspis sp.; 34 — Incisiprion edentulus; 35 — Ramphoprion cf. staufferi; 36 — Tetraprion? sp.; 37 — Pararamphoprion

the majority of specimens, the most striking change
in the ostracod succession occurs at the level of the
Kinnekulle Bed. Four species that dominate the as-
semblage below the ash layer, Tetrada memorabilis,
Kiesowia (Carinobolbina) carinata (Krause), Cytherellina
cf. jonesi and Olbianella braderupensis (Schallreuter)
disappear. Their position is taken over by e.g. Airina
amabilis (Neckaja), Bolbina major (Krause), Pariconcho-
primitia coniqua Schallreuter, Tetrada harpa (Krause).
There are a few other species that occur only below

the Kinnekulle Bed in the Paaskiila section, but these
are of low frequency.

Two of the disappearing species, Tetrada memorabilis
and Cytherellina cf. jonesi, have never been found
above the Kinnkulle Bed. Sarv in Pélma et al. (1988)
reported that the last local occurrence of these spe-
cies is, in some sections, within the Kinnekulle Bed.
In the Paaskiila section, the altered ash bed was bar-
ren of ostracods.

Olbianella braderupensis (=Olbia sp. of Sarv in P6lma
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