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Abstract: This investigation examines the distribution of conodont elements in the up-
per Lower Ordovician (Arenig) Volkhov Stage of the Méekalda section situated in the
Tallinn area, north-central Estonia. Slightly more than 36,000 conodont elements from
18 samples were investigated, and the biostratigraphic result was compared to previous
works on conodont biostratigraphy from localities in south-central Sweden. Relative
frequencies of taxa were compared with data from Narke, Vistergotland, the Bothnian
Bay, Oland and Jdmtland. The samples are correlated with the Baltoniodus navis Zone,
the Paroistodus originalis Zone and the Baltoniodus norrlandicus Zone. Previously, a
subdivision based on physical events (transgressions and regressions) of the P. origina-
lis Zone has been made, and five phases can be distinguished. The fauna from Méekalda
is correlated with coeval Swedish conodont assemblages, even though differences in
depositional environment, principally owing to variation in water depth in the Balto-
scandian palacobasin led to some variation in fauna and sediment thickness. The cono-
dont fauna from Macekalda reflects a sedimentary sequence deposited in a shallow part
of the Baltoscandian palaeobasin which was sensitive to transgressions and regressions.
Other sections in western Baltoscandia reflect the same physical events, but in a deeper
water setting.

Keywords: Conodonts, biostratigraphy, Baltoniodus navis Zone, Paroistodus origina-
lis Zone, Baltoniodus norrlandicus Zone, Toila Formation, Volkhov, Arenig, Ordovi-
cian, Miekalda, Estonia.

Jenny C. Wickstrom, Department of Geology, Division of Historical geology and pal-
aeontology, University of Lund, Solvegatan 13, SE-223 62 Lund, Sweden. E-mail:
JYW@novell.geol.lu.se




Conodonts are phosphatic microfossils belonging to
an extinct group of animals. They have a world-wide
distribution in most marine rocks of Cambrian to
Triassic age. They were first discovered by Pander
(1856), and their disclosure led to a wealth of re-
search concerning their origin. In 1982 an almost
complete conodont animal, a so called natural assem-
blage, was found in the Carboniferous “shrimp-bed”
in Scotland. Based on this, and some subsequent finds
from the same locality, Briggs et al. (1983) suggest-
ed that conodont elements are relics from jaw appa-
ratuses belonging to a vertebrate, or at least a chor-
date. This theory is today the most popular one, but
the affinity and function of conodonts is still uncer-
tain. The fossil group is one of the most important in
Palaeozoic biostratigraphy, due to their rapid evolu-
tion, widespread distribution and relative abundance
in most Palaeozoic marine rocks.

The aim of this study is to investigate the cono-
dont fauna from the middle-upper part of the Méaeka-
1da section in north-central Estonia (Fig. 1) biostrati-
graphically, and to compare it to conodont faunas of
similar age from localities in south-central Sweden
(Orreholmen, Lanna, Gillberga and Finngrundet),
described by Léfgren (e.g. 1978; 1985; 1995; 1996),
as Sweden and Estonia were both situated within the
North Atlantic faunal region or province; cold-water
realm, during the Ordovician (Dzik 1983).

Geological setting

During the Arenig, Baltoscandia was situated 45-50°
south of the palaeoequator (Torsvik et al. 1996), and
the climate was probably relatively cool, with fluctu-
ating temperatures (Lindstrém 1984). The Iapetus
Ocean was located west of Baltica, and Laurentia
was situated further westwards, on the other side of
the Iapetus Ocean (Fig. 2). The width of the Iapetus
Ocean (Baltica-Laurentia) at this time has been esti-
mated by Torsvik et al. (1996) to be about 3000 km.
Siberia was located north-west of Baltica, and Gond-
wana to the south (Fig. 2). In the Baltoscandian pal-

__aeobasin, marine carbonate sediments were deposit-

ed, possibly representing a subantarctic shallow wa-
ter carbonate platform (Lindstrom 1984). The suc-
cession in north Estonia was probably deposited in
the shallowest part of the basin, and may have been
the most sensitive part to sea level fluctuations (Mei-
dla et al. 1998).

The confacies belts, introduced by Jaanusson
(1976), divide the Ordovician palacobasin of Baltica
into different parts, each part with similarities in bio-
facies and lithofacies (Fig. 3). Estonia is divided into
two parts by the Central Baltoscandian Confacies Belt
and the North Estonian Confacies Belt (Lindstrém
1984; Meidla et al. 1998). The southern parts of Es-
tonia belong to a part of the Central Baltoscandian
Confacies Belt called the Livonian Tongue (Lindstrém

Fig. 1. (A) Sketch map
of Estonia showing
the locality Maekalda
(marked by a filled
square). (B) Simpli-
fied map of the Baltic
area.
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Fig. 2. Palaeogeographic map showing the location of Baltica dur-
ing Early-Middle Ordovician. (From Mac Niocaill et al. 1997; Fig. 2).

1984; Meidla et al. 1998). The sedimentation in this
area is believed to have taken place in the lower ramp
zone (Meidla et al. 1998). South-central and central
Sweden also belong to the Central Baltoscandian
Confacies Belt (Lindstrém 1984). The northern part
of Estonia and Gotland belong to the North Estonian
Confacies Belt (Lindstrém 1984; Meidla et al. 1998).
Here discontinuous sedimentation is characteristic;

presumably indicating deposition near fair-weather

base in a middle-upper ramp zone (Meidla et al.
1998).

The section at Méekalda is situated in the Tallinn
area, close to the Bay of Tallinn, in north-central Es-
tonia (Fig. 1). The sequence is exposed in a roadcut,
and comprises sediments from the Lower Cambrian
to the Middle Ordovician (Llanvirn), and it has for a
long time been used as a type section for northern

Estonia. The Cambrian-Ordovician boundary has
proved impossible to define in the section as the
boundary beds contain disconformities (Mens et al.
1989). Today, the lowermost part of the sequence is
no longer available for studies as it has been covered
during road construction.

Material and methods

The 18 conodont samples in this study were collect-
ed at the Méaekalda section, and the extraction of the
conodonts was performed in Estonia. The extraction
of the conodonts was made by using standard tech-
niques, according to Jeppsson et al. (1985), with the
exception that non-buffered acetic acid was used for
the dissolution of the limestone. The samples were
then decanted to clean them from the clay fraction,
and the conodonts were separated from the other res-
idues. The slightly more than 36, 000 conodont ele-
ments were sorted and glued in microfossil slides by
the present author and Dr. Anita M. Lofgren. The
preservation of the conodonts is generally very good,
with some minor variations between the samples. In
several of the samples small phosphatic brachiopods
and Milaculum were discovered, but these have not
been investigated further in this study.

Representative conodont elements were selected
and fixed with double adhesive tape on a SEM knob
for electron scanning and photographing, and these
are illustrated in Fig. 8.

Colour Alteration Index (CAI)

When conodonts are exposed to heat, their colour
change, and this process is progressive, cumulative
and irreversible (Epstein et al. 1977). Epstein et al.
(1977) exposed unaffected conodonts to different tem-,
peratures, and from their results an eight degree col-
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Fig. 3. Confacies belts of the Baltoscan-
dian palaeobasin in the late Early-Mid-
dle Ordovician. (From Lindstrém 1984;

Fig. 1).
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Fig. 4. Lithology of the Toila Formation in the Méekalda section with
the sample levels shown on the right, modified after Viira in Einasto
etal. (1996). (FS = the Flowery Sheet).

our chart scale was made, where each number on the
scale represents a temperature interval which the rock
has been subjected to. This makes conodonts impor-
tant in the oil and gas industry since the organic mat-
" uration in the rock can be estimated by comparing
the colour of the conodonts with the colour chart scale
(Epstein et al. 1977).

The colours of the elements in this study were com-
pared with the colour chart in Epstein et al. (1977)
and the Colour Alteration Index, CAI, could subse-
quently be assessed. The conodont elements in this
investigation are pale yellow to very pale brown, (CAI
varying between 1-1.5), which means that they are
basically unaltered and have only been exposed to
temperatures below 90° C (Epstein et al. 1977).

Some elements in the samples, e.g. Drepanodus
arcuatus, are slightly reddish, probably due to a dis-
colouring by iron in the sediment.

Biostratigraphy and lithology of the

Volkhov Stage

The microflora and fauna of the Miekalda section
are very rich, and several publications on acritarchs,
ostracodes, trilobites, brachiopods, chitinozoans and
conodonts from the section have been published (e.g.
Einasto et al. 1996; Heinsalu & Viira 1997a; Hein-
salu & Viira 1997b; Meidla 1997a; Meidla 1997b;
Meidla 1997c; Meidla 1997d). Mens et al. (1989)
examined acritarchs, conodonts and inarticulate bra-
chiopods from the lowermost (Cambrian) part of the
section, which today is not available for further in-
vestigations. The lowermost visible part of the sec-
tion belongs to the Tremadocian Pakerort Stage and
Varangu Stage.

The part of the section at Méekalda where the
samples in this study were collected from is of Volkho-
vian age and belongs to the Toila Formation (Fig. 4).
At Miekalda the Toila Formation is divided into four
members; the Piite Member, which belongs to the
Latorp Stage, and the Saka, Telindmme and Lahepere
Members, belonging to the Volkhov Stage. The Toila
Formation is well developed in the northern parts of
Estonia, and within this area the formation has been
strongly dolomitized (Meidla 1997c). Brachiopods
and ostracodes are abundant, and gastropods, cyst-
oids and cephalopods occur within the formation
(Meidla 1997c). The Saka Member constitutes the
base of the Volkhov Stage in northern Estonia, and it
is overlain by the Kiinnapohja Member in the eastern
part, and by the Telindmme Member in the west (Mei-
dla 1997c¢). The upper part of the formation consists
of the Lahepere Member west of Tallinn and the Ka-
Ivi Member east of Tallinn (Meidla 1997c). The La-
hepere Member is assumed to be the younger unit,
since it locally overlies the other member (Meidla
1997¢). The Volkhov Stage has previously been di-
vided into four conodont zones: the Baltoniodus tri-
angularis Zone, the Baltoniodus navis Zone, the
Paroistodus originalis Zone and the Baltoniodus
norrlandicus Zone or the Microzarkodina parva Zone
(Fig. 5). The 18 samples in this study were derived
from the latter three zones spanning the Saka, Tel-
indmme and Lahepere Members (Fig. 4).

The lowermost samples studied in this investiga-
tion, Mi-14 - 20, belong to the Saka Member, sam-
ples Mi-21 - 27 to the Telindmme Member and the
upper samples, M4-28 - 31, to the Lahepere Member
(Fig. 4). Einasto et al. (1996) described the lithology
and the fauna of the Miekalda section, and here a
short review of that description is made from the base
of the Saka to the top of the Lahepere Member.

The Saka Member is about 75-80 cm thick at the
Miekalda section. The base (the uppermost bed of
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Fig. 5. Biostratigraphic and chronostratigraphic subdivision of the mid-
dle-upper Arenig to lower Llanvirn in Baltoscandia, modified from L&f-
gren (1995).

the Paite Member) is a discontinuity surface with numer-
ous vertical burrows, known in Sweden as “Blommiga
Bladet” and in Estonia as Piistakkiht” (in English the
Flowery Sheet). The Saka Member consists of a dark
grey, hard dolomite containing glauconite grains (Einas-
to et al. 1996). Phosphatized and partially limonitized
discontinuity surfaces occur 4-6 cm above the base and
below the top of the member (Einasto et al. 1996). Con-
odonts characteristic of the P. navis Zone; Microzarko-
dina flabellum (Lindstrém) and Prionodus navis Lind-
strdm, occur in the lower part of the member at the Mzeka-

lda section (Einasto et al. 1996). This conodont
zone has been revised (Lindstrém 1971), and it
is equivalent to the Baltoniodus navis Zone used
in this study. In the middle and upper parts of
the Saka Member Paroistodus originalis (Ser-
geeva), the index fossil for the P, originalis Zone,
occurs (Einasto et al. 1996). The lingulate bra-
chiopod Acrotreta tallinnensis Holmer and Pop-
ov is also present within this interval (Einasto et
al. 1996).

The overlying member, the Telindmme Mem-
ber, is about 130 cm thick at Méaekalda; a light
grey, fine-grained, semi-nodular limestone with
clayey intercalations of grey green argillite, con-
taining some glauconite grains (Einasto et al.
1996). The lower part of the member is dolomi-
tized with beige or green burrows and abundant
coarse-grained glauconite in the basal 20 cm (Ei-
nasto et al. 1996). Conodonts indicative of the
P. originalis Zone, and lingulate brachiopods,
e.g. Eosiphonotreta verrucosa Eichwald, occur
within this interval (Einasto et al. 1996).

The thickness of the upper member of the Toi-
la Formation, the Lahepere Member, is about
40-50 cm at the Méekalda section. It consists of
a light grey, dolomitized, thick bedded limestone
with several glauconitic, pyritized and phos-
phatized discontinuity surfaces (Einasto et al.
1996). In the middle-upper part of the member,
Microzarkodina flabellum parva Lindstr6m ap-
pears (Einasto et al. 1996). It has been suggest-
ed that this is indicative of the Microzarkodina
parva Zone or the Baltoniodus norrlandicus
Zone.

IISISIS S 318381818188/ /818/813| =
Spcis Sampe s|s|s|s sz is)s|s|s|slslsis|s|s|s| @
Drepanoistodus forceps 1086/ 920{ 223} 107 | 1109 4 3449
Microzarkodina flabellum 689 543| 101| 54| 336] 43| 334 68 2168
Baltoniodus navis 663| 315 87| 30| 288| 212| 537| 218] 333| 2127| 1842| 820| 234| 456 1228| 301| 478| 181| 10350
Protopanderodus rectus 182| 102| 38 53| 247| 40{ 215| 19| 21 54 47] 32| 5| 2f 20| 53] 75 9| 1214)
Scolopodus rex 113 65 16/ 5 18] 68/ 37] 4 24| 28 378
Drepanoistodus cf. basiovalis 66 78| 28| 15 69 ~—Ph. 4 — 256
Decoriconus cf. mercurius 38 4 5| 9 86 7 38 7 6 33 16 9 3 16 6 3 326
Cornuodus longibasis 35 3 2 5 2 12 3 10 52 19 1 4 10 158
Trap hus sp. 32| 90| 36/ 5 59 12|  37] 29 4 34 58 29 2 26 15 1 2 471
Scalpellodus latus 5 4 3] 2 34 6| 47| 30[ 32 88 27 22| 16| 5 68 115] 124 12 640| .
Drepanodus arcuatus 5 3 8 28 16 13 43 68 45 3 2 16 16 19{ 11 296
Triangulodus brevibasis i 3 2| 3] 6 54| 125 249| 100 132| 496] 394/ 207| 35| 67| 100 74 80| 74| 2201
“Semiacontiodus “aff. cornuformis 4 2 1 44 3 2] 16 6 29 7 4 [ 60 98| 119] 21 422
Periodon flabellum 3 1 -B. no.Z-. 4
Paroistodus originalis --B. na.Z.-- 106/ 126 461| 58| 186| 614| 1646] 675| 162} 51 67 1 28 4181
Drepanoistodus basiovalis | —Ph. 1- 411 863| 426 330{ 1487| 1641] 787| 110{ 90| 473| 370{ 304| 155| 7447
Microzarkodina parva | —~—-——Ph. 2 144| 540] 592| 218| 98| 149 381| 357| 169/ 60| 2708
‘Others” ! 2 1 Ph. 3 2 8 4 17
Total number of elements i 2917| 2170] 544! 289| 2462| 1068| 2860| 991| 1210| 5555| 6390| 2867| 670| 824] 2470| 1446 1421| 532] 36686

Fig. 6. Conodont element distribution in the Médekalda samples. Zones as well as phases of the P. originalis Zone are shown in the table. Taxa
with less than 1% in abundance are included in "Others’, except for some taxa that are considered very important ("Semiacontiodus’ aff.
cornuformis and Periodon flabellum). Abbreviations: B. na. Z. - Baltoniodus navis Zone; Ph 1-4 - Phases 1-4 of the Paroistodus originalis

Zone; B. no. Z. - Baltoniodus norriandicus Zone.
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Fig. 7. Conodont element distribution (relative frequencies) in the Méekalda samples. Zones as well as phases of the P. originalis Zone are
shown on the right. Taxa with less than 1% in abundance are included in “Others’, except for some taxa that are considered very important

("Semiacontiodus” aff. comuformis and Periodon flabellum).

Description of the samples

The conodont element distribution for each of the 18
samples from the Miekalda section is shown in Fig.
6. The relative frequencies, together with the bios-
tratigraphic subdivision made herein, are presented
in Fig. 7. The characteristics of the samples are de-
scribed below, along with brief descriptions of the
conodont zones to which they have been assigned.

Baltoniodus navis Zone
The Baltoniodus navis Zone was first described by
Lindstrém (1971), and B. navis was proposed as a
zonal indicator. The definition of the zone was later
revised by, e.g., Lofgren (1993) and Bagnoli & Stouge
(1997). Typical for the upper part of the zone is the
co-occurrence of B. navis (Fig. 8A) and Triangulodus
brevibasis (< 0.3%), (Fig. 8K), before the level where
D. basiovalis (Fig. 8D) outnumbers D. forceps (Fig.
8G), which indicates the lower boundary of the Par-
‘oistodus originalis Zone (Lofgren 1993). Paroist-
odus originalis has not yet appeared in great num-
bers within this interval (Léfgren 1995).

Mi-14 (24 cm above the Flowery Sheet)

The 2917 elements in this sample represent 12 differ-
ent species. The most abundant of them are Drepa-
noistodus forceps (37.2%), Microzarkodina flabel-
lum (23.6%), (Fig. 8F), and Baltoniodus navis
(22.7%). In accordance with Loéfgren (1995), this
indicates that the sample is from the upper Baltoni-
odus navis Zone, since the relative frequency of
Drepanoistodus forceps outnumbers Drepanoistodus

cf. basiovalis (2.3%), and the relative frequency of
Triangulodus brevibasis is less than 0.3% (0.1%).
No elements of Paroistodus originalis have been
found in this sample.

Mi-15 (32 cm above the Flowery Sheet)

Among the 2170 elements in this sample 12 different
species were identified, and the most frequent taxa
are, as in Ma-14, Drepanoistodus forceps (42.4%),
Microzarkodina flabellum (25.0%) and Baltoniodus
navis (14.5%). The relative frequency of Triangu-
lodus brevibasis is 0.1%, and no elements of Par-
oistodus originalis were found. The conodont assem-
blage indicates that the sample belongs to the top of
the Baltoniodus navis Zone.

Paroistodus originalis Zone

The Paroistodus originalis Zone was first defined
by Lindstrém (1971), but the definitions of its bound-
aries has later been altered. The lower boundary of
the P. originalis Zone is defined as the level where
Triangulodus brevibasis increases to more than 0.3%
of the fauna (Léfgren 1995). Lofgren (1995) dis-
cussed three events that could be used to mark the
upper boundary of the zone: (1) the first appearance
of ‘Semiacontiodus’ cornuformis; (2) the first ap-
pearance of Baltoniodus norrlandicus; and (3) the
last occurrence of T. brevibasis. Event (2) was sug-
gested to be the most suitable marker for the upper
boundary of the zone (Lofgren 1995), and it is the
one also used in this study. Lofgren (1995) distin-
guished five successive phases within the 7. origina-



lis Zone, and suggested that these faunal changes rep-
resent physical events, most probably caused by sea
level fluctuations. Regional differences in relative
frequencies within these phases are natural, since
depositional conditions must have varied in different
parts of the basin. The criteria for the five successive
phases are summarized below.

Phase 1 is the lowest interval in the P. originalis
Zone, and it is distinguished by an increase of the
zonal fossil (Fig. 8L-M), and the co-occurrence of
Triangulodus brevibasis, Microzarkodina flabellum
and Drepanoistodus forceps. Within this interval the
two species Microzarkodina flabellum and Drepa-
noistodus forceps show a decrease, and in the late
part of the phase Drepanoistodus basiovalis replac-
es Drepanoistodus forceps.

The second interval, Phase 2, is characterized by
the co-occurrence of Microzarkodina flabellum and
Drepanoistodus basiovalis with Periodon flabellum
(Figs. 8B, 8E).

The third interval within the P. originalis Zone,
Phase 3, is presumably the longest of the five phases,
and it is characterized by the replacement of Micro-
zarkodina flabellum by Microzarkodina parva (Fig.
8C), and the co-occurrence of the latter taxon and
Triangulodus brevibasis. The relative frequency of
the zonal fossil, P. originalis, is in this interval often
more than 30%.

Phase 4 is proposed to be a regressive event, char-
acterized by a sharp decrease or total absence of P
originalis. Within this interval Drepanoistodus ba-
siovalis is still rather common, and Microzarkodina
parva is generally more common than in the previ-
ous phase. '

The uppermost interval within the P. originalis
Zone, Phase 5, is distinguished by the reappearance
of the zonal fossil prior to the first appearance of
Baltoniodus norrlandicus, and before or at the be-
ginning of the continuous range of ‘Semiacontiodus’
cornuformis. Drepanoistodus basiovalis is less abun-
dant than in Phase 4, and the number of Microzarko-
dina parva elements decreases.

The samples from Miekalda belonging to the P
originalis Zone have, as far as possible, been arranged
within these phases”.

M3i-16 (35 cm above the Flowery Sheet)

This sample, containing 544 elements from 12 dif-
ferent species, is suggested to belong to the Paroist-
odus originalis Zone, even though the zonal fossil
has not yet appeared. The reason for this conclusion
is that the number of Triangulodus brevibasis has
reached 0.6% (>0.3%). The lack of the zonal fossil
could indicate that the sample is probably taken near
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or at the lower boundary of the zone. The most abun-
dant taxa are Drepanoistodus forceps (41.0%), Mi-
crozarkodina flabellum (18.6) and Baltoniodus navis
(16.0%). According to the subdivision made by Lof-
gren (1995) the sample should belong to Phase 1, as
these three species occur together.

M3i-17 (40 cm above the Flowery Sheet)

The 289 elements in this sample represent 12 differ-
ent species. Drepanoistodus forceps is the most abun-
dant taxon (37.0%). By looking at the M-elements, it
was possible to discern the number of Drepanois-
todus cf. basiovalis and Drepanoistodus forceps. This
gave a fair picture of their individual relative fre-
quencies (D. cf. basiovalis 12.5% and D. forceps
87.5%). Other abundant taxa are Microzarkodina
Jflabellum (18.7%), Protopanderodus rectus (18.3%)
and Baltoniodus navis (10.4%). Triangulodus brevi-
basis has increased to 2.1%. This sample is also as-
signed to Phase 1 of the Paroistodus originalis Zone.
Included in ‘Others’ is Acodus sp. (0.70%).

M3i-18 (47 cm above the Flowery Sheet)

The number of elements in this sample is 2462, and
they represent 16 different species. The most abun-
dant taxa are Drepanoistodus forceps (45.0%), Mi-
crozarkodina flabellum (13.6%) and Baltoniodus
navis (11.7%). Within this sample the zonal fossil
Paroistodus originalis (4.3%) and Periodon flabel-
lum (0.1%) first appear. Triangulodus brevibasis has
a relative frequency of 2.2%. The co-occurrence of
Drepanoistodus forceps, Microzarkodina flabellum
and Triangulodus brevibasis is typical for Phase 1,
but the co-occurrence of Periodon flabellum, Micro-
zarkodina flabellum and Drepanoistodus cf. basio-
valis is indicative for Phase 2. The sample is tenta-
tively referred to Phase 2, and is believed to be close
to the boundary between Phase 1 and Phase 2, due to
the presence of Periodon flabellum. Protopanderodus
calceatus (0.04%) is included in "Others’.

M3i-19 (63 cm above the Flowery Sheet)

The 1068 elements represent 17 different species.
Drepanoistodus basiovalis (38.5%) is the most com-
mon taxon, and it has almost totally replaced Drepa-
noistodus forceps (0.4%). This fact, along with the
co-occurrence of Drepanoistodus basiovalis, Micro-
zarkodina flabellum and Periodon flabellum, sug-
gests that this sample may belong to Phase 2. The
relative frequencies of Paroistodus originalis (11.8%)
and Triangulodus brevibasis (11.7%) have increased
compared to the previous sample, and the number of
Scolopodus rex elements (Fig. 8N) is higher than in
any other sample from Méekalda (6.4%).



Fig. 8. Conodont elements from the Baltoniodus navis Zone (M&-14 - 15), the Paroistodus originalis Zone (M&-16 - 29) and the
Baltoniodus norrlandicus Zone (M&-30 - 31). A. Baltoniodus navis (Lindstrom), Pa-element, x 95, from Mé-14 (Baltoniodus navis
Zone). Note the round holes through the basal cavity wall on the right (posterior) process, probably caused by epibionts. B. Periodon
flabellum (Lindstrém), S-element (multiramiform element), x 100, from M&-18 (Paroistodus originalis Zone, phase 2). C. Microzarkodi-
na parva Lindstrom, P-element, x 120, from M&-15 (Baltoniodus navis Zone). D. Drepanoistodus basiovalis (Sergeeva), oistodontiform
element, x 90, from M&-23 (Paroistodus originalis Zone, phase 3). E. Periodon flabellum (Lindstrom), M-element (oistodontiform
element, inner side), x 60, from Ma-18 (Paroistodus originalis Zone, phase 2). F. Microzarkodina flabellum (Lindstrém), P-element, x
120, from M&-15 (Balfoniodus navis Zone). G. Drepanoistodus forceps (Lindstrém), oistodontiform element, x 100, from M&-16 (Par-
oistodus originalis Zone, phase 1). H - I. Scalpellodus latus (van Wamel). H. P-element, x 120, from M&-30 (Baltoniodus norriandicus
Zone). |. Long-based S-element, x 140, from M&-28 (Paroistodus originalis Zone, phase 4). J. Cornuodus longibasis (Lindstrém),
asymmetrical element, type A, x 110, from M&-20 (Paroistodus originalis Zone, phase 2). K. Triangulodus brevibasis (Sergeeva), three-
edged scandodontiform element, x 90, from M&-21 (Paroistodus originalis Zone, phase 2). L - M. Paroistodus originalis (Sergeeva). L.
Drepanodontiform element, x 110, from M&-24 (Paroistodus originalis Zone, phase 3). M. M-element (oistodontiform element, outer
side), x 110, from M&-24 (Paroistodus originalis Zone, phase 3). N. Scolopodus rex Lindstrém, ‘normal’, symmetrical element type, x
75, from Ma-15 (Baltoniodus navis Zone).
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Mi-20 (72 cm above the Flowery Sheet)

The sample contains 2858 elements representing 17
different species, and it is assigned to Phase 2, al-
though Periodon flabellum is absent. The reason for
this assumption is that Microzarkodina parva has
not appeared and replaced Microzarkodina flabel-
lum, and that Drepanoistodus forceps is lacking and
has been replaced by D. basiovalis, which is indica-
tive for this phase. The most common taxa are Drepa-
noistodus basiovalis (30.2%), Baltoniodus navis
(18.8%), Paroistodus originalis (16.1%) and Micro-
zarkodina flabellum (11.7%).

Mi-21 (82 cm above the Flowery Sheet)

The sample contains 991 elements representing 12
different species. It much resembles the previous sam-
ple, and is therefore also assumed to belong to Phase
2. Maybe this sample is representing the upper part
of Phase 2, since Microzarkodina flabellum has its
last occurrence herein (6.9%).

Mi-22 (98 cm above the Flowery Sheet)

The total number of elements in the sample is 1210,
representing 12 species. In this sample Microzarko-
dina parva first appears, co-occurring with Trian-
gulodus brevibasis, and the sample is therefore re-
ferred to Phase 3. A relative frequency of more than
30% for Paroistodus originalis in Phase 3 is not ful-
filled, however, as there is only 15.4% of that taxon.
According to the subdivision by Bagnoli & Stouge
(1997), this sample belongs to the Microzarkodina
parva Zone, which corresponds to Phase 3 of the
Paroistodus originalis Zone (Lofgren 1995).

M3i-23 (111 cm above the Flowery Sheet)

The sample contains 5555 elements representing 13
different species. This sample is assigned to Phase 3,
but as in the previous sample the abundance of the
zonal fossil still does not exceed 30%, being 11.1%.
The most common taxa are Baltoniodus navis
(38.3%) and Drepanoistodus basiovalis (26.8%).

Mai-24 (143 cm above the Flowery Sheet)

The 6390 elements in this sample represent 13 differ-
ent species. The most abundant taxa are Baltoniodus
navis (28.8%), Paroistodus originalis (25.8%) and
Drepanoistodus basiovalis (25.7%). This sample
presumably also belongs to Phase 3.

M3i-25 (167 cm above the Flowery Sheet)

The 2867 elements in this sample represent 12 differ-
ent species. The most common species are Baltoni-
odus navis (28.6%), Drepanoistodus basiovalis
(27.5%) and Paroistodus originalis (23.5%), and
consequently this sample also belongs to Phase 3.
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M3i-26 (189 cm above the Flowery Sheet)

The number of elements in this sample is 670, repre-
senting 10 different species, and it yielded conodonts
indicative of Phase 3 within the upper part of the P
originalis Zone. The most frequent taxa are Baltoni-
odus navis (34.9%), Paroistodus originalis (24.2%)
and Drepanoistodus basiovalis (16.4%). Microzarko-
dina parva has increased compared to the previous
sample, and is rather common (14.6%).

Mi-27 (199 cm above the Flowery Sheet)

The 824 elements in this sample represent 9 different
species. The dominating taxon in this sample is B.
navis (55.3%), and M. parva has continued to in-
crease (18.1%). The zonal fossil, P. originalis, has
decreased to 6.2%. The sample is suggested to be-
long to Phase 4 within the P. originalis Zone, since
the criteria for this phase are fulfilled.

M3i-28 (215 cm above the Flowery Sheet)

Total number of elements in this sample is 2470, rep-
resenting 14 different species. The most abundant taxa
are B. navis (49.7%), D. basiovalis (19.1%) and M.
parva (15.4%). Paroistodus originalis is quite rare
with a relative frequency of 2.7%. ‘Semiacontiodus’
aff. cornuformis has increased, and reached 2.4% in
relative numbers. The sample is representative of
Phase 4 within the P. originalis Zone.

Mi-29 (234 cm above the Flowery Sheet)

The 1446 elements in this sample represent 13 differ-
ent species. This sample is also proposed to belong
to Phase 4, since the most abundant taxa are D. ba-
siovalis (25.6%), M. parva (24.7%) and B. navis
(20.8%), and since the zonal fossil is only represent-
ed by one specimen among the 1446 elements in to-
tal. The frequency of ‘Semiacontiodus’ aff. cornu-
Jormis is quite ample (6.8%), which also indicates
Phase 4. Scalpellodus latus has increased to 8.0%.
Protopanderodus calceatus occurs in low frequency
(0.14%), and is included among ‘Others” in the range
chart (Fig. 7). ‘

Baltoniodus norrlandicus Zone

The Baltoniodus norrlandicus Zone, introduced by
Bagnoli & Stouge (1997), can be correlated with the
lower part of the Microzarkodina parva Zone pro-
posed by Lindstrém (1971), and the lower boundary
of the B. norrlandicus Zone is marked by the same
criteria as the that of the M. parva Zone. Indicative
for the base of the zone is the first appearance of B.
norrlandicus (see Bagnoli & Stouge 1997), along with
an increase in numbers of ‘Semiacontiodus’ aff. cor-
nuformis. Bagnoli & Stouge (1997) described the
upper part of the M. parva Zone of Lindstrém (1971)



as the Lenodus antivariabilis Zone. As Bagnoli &
Stouge (1997) used a zone named M. parva, corre-
sponding to the uppermost part of the P. originalis
Zone (Phase 3-5), the B. norrlandicus Zone is used
herein instead of the M. parva Zone of Lindstrém
(1971).

M3i-30 (238 cm above the Flowery Sheet)

This sample consists of two combined samples, which
are taken from the same horizon, but are laterally
separated. The 1421 elements represent 16 different
species. The most abundant taxon is B. navis (33.6%).
Other common taxa are D. basiovalis (21.4%) and
M. parva (11.9%). A few specimens of B. norrlandi-
cus have been included amongst the B. navis elements.
As the relative frequency of P, originalis is very low
(2.0%), and B. norrlandicus is present in the sample,
the sample is suggested to represent the base of the
B. norrlandicus Zone, and not belonging to Phase 5
of the P, originalis Zone as might be assumed. Scal-
pellodus latus reaches its highest values at Méeka-
1da (8.7%) in this sample. ‘Semiacontiodus’ aff. cor-
nuformis is quite numerous (8.4%), and since that
taxon is considered a typical shallow water species,
its increase may correspond to a major regression.
Included in "Others’ in the range chart is another shal-
low water indicator; Parapanderodus quietus (0.7%).

Mi-31 (242 cm above the Flowery Sheet)

The 532 elements in this sample represent 12 differ-
ent species. The sample is considered to belong to the
B. norrlandicus Zone, since B. norrlandicus is
present, although not in great numbers, and P. origi-
nalis is lacking. The most common taxon is B. navis
with a relative frequency of 34.0% (rare B. norrian-
dicus elements have been included within B. navis).
Other numerous taxa are D. basiovalis (29.2%) and
T. brevibasis (13.9%). The number of ‘Semiaconti-
odus’ aff. cornuformis elements is less than in Ma-
30, but the taxon is still rather abundant (3.9%). In-
cluded in ‘Others’ is Protopanderodus calceatus
(0.8%).

Discussion

The conodont faunas derived from the investigated
outcrop are in many ways similar to those of equiva-
lent sequences in Sweden. Comparisons were made
between the fauna from Miekalda section and the
faunas from the following Swedish localities: the
Gillberga and Sandvik sections on Oland (Léfgren
1995), the Orreholmen quarry in Vastergétland (Lof-
gren 1996), the Lanna quarry in Nérke (Lofgren
1995), the Finngrundet drillcore in the south Bothni-
an Bay (Lofgren 1985), and Kloxasen and Kalkber-

get in Jamtland (Lofgren 1978, 1995). The resem-
blances and differences between the Méekalda sec-
tion and the Swedish sections, and their possible caus-
es are outlined below.

The two lowermost Méekalda samples, M&-14 and
Ma-15, are referred to the upper part of the B. navis
Zone. The relative frequency of D. forceps is 37.2%
in Ma-14 and 42.4% in Ma-15. Lofgren (1993, 1995)
described a drop in frequency of D. forceps in the
upper part of this zone, which has been reported in
e.g. the Finngrundet drillcore (Lofgren 1993). In lower
parts of the zone D. forceps has very high relative
frequencies, sometimes reaching more than 60% in
samples from Jamtland (Lofgren 1993). Low num-
bers of 7. brevibasis (0.1%) characterises Mé-14 and
M3i-15, and according to Lofgren (1995) the pres-
ence of this taxon is acceptable within the B. navis
Zone as long as the relative frequency is less than
0.3%, since the species has occasionally been report-
ed in strata older than those belonging to the P. orig-
inalis Zone (Lofgren 1995).

The five phases within the P. originalis Zone pro-
posed by Lofgren (1995), and suggested to be repre-
senting faunal changes due to physical events in the
depositional environment, are distinguishable in the
investigated outcrop. Samples from the Maekalda
section belonging to Phase 1 of the P. originalis Zone
include Mi-16 and Mi-17, even though they lack the
zonal fossil. Triangulodus brevibasis has reached
0.6% and 2.1%, respectively, and its co-occurrence
with M. flabellum and D. forceps, is indicative for
the phase. A decrease in the number of M. flabellum
and D. forceps within this interval was noted by Lof-
gren (1995). In M4-16 and Ma-17 M. flabellum de-
creases, but not D. forceps. One sample from Sand-
vik, Oland, 0194-2, and two from Kloxasen, Jamt-
land, J74-30 and J69-63, were referred to Phase 1,
even though they had high frequencies of latter two

" taxa, and less than 5% of P, originalis (Lofgren 1995).
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These samples were considered to be from intervals
close to the lower boundary (Lofgren 1995). This is
probably also the case with the Maekalda samples.
Samples M4-18, M&-19, M&-20 and Ma-21 from
the Miekalda section are referred to Phase 2 within
the P. originalis Zone. The lowermost of these sam-
ples, Mi-18, is probably taken near the boundary
between Phase 1 and 2, since D. forceps, M. flabel-
lum and T. brevibasis co-occur with P, flabellum and
D. cf. basiovalis. In Mé-18, D. forceps is still abun-
dant (45.0%), and D. cf. basiovalis occurs only in
low numbers (2.8%). In M&-19 D. basiovalis (38.5%)
has replaced D. forceps (0.4%). Periodon flabellum
only occurs in the two lowermost samples from
Méekalda (0.1% in each of them), distinguishing the




Maéckalda samples from the Swedish samples, which
are believed to have been deposited in deeper water.
Of all investigated Swedish samples from this inter-
val, it is only in one sample from Kalkberget, Jimt-
land, that P. flabellum is absent (Lofgren 1995). At
some localities, e.g. in Oland, the relative frequency
of P. flabellum is less than 1% , and in some, e.g. in
Jémtland, the frequency is more than 15%. Drepan-
odus arcuatus is rare in the samples from Méaekalda
(M&-18 - 21), with relative frequencies between 0.1-

1.6% within Phase 2. This is similar to samples from

Oland, where low values of the taxon have been re-
ported (Lofgren 1995). In Jimtland D. arcuatus is
more abundant (up to 7.4%) (Lofgren 1995). The
Méekalda samples also yield very low numbers of
the zonal taxon compared to those from the Swedish
localities. The relative frequency of P. originalis var-
ies in M&-18 - 21 between 4.3 and 16.1%. Similar
abundances have only been reported in samples from
Gillberga on Oland, with relative frequencies below
20% (Lofgren 1995). Triangulodus brevibasis is more
abundant in the Méaekalda samples (2.2%-11.7%) than
in the ones described by Loéfgren (1995) (0.7-6.5%).
Protopanderodus rectus is a quite common taxon with
relative frequencies between 1.9-10.0% in the Méeka-
lda samples, but higher values were reported from
e.g. Lanna (19-26%) (Lofgren 1995).

The samples from Mzekalda assigned to Phase 3
within the P, originalis Zone are Mi-22, M&-23, Ma-
24, Ma-25 and Mi-26. In M4-22 M. parva first ap-
pears (11.9%), replacing its predecessor M. flabel-
lum. Protopanderodus rectus is less common than in
the previous interval, with values between 0.7-1.7%,
and a similar decrease has also been reported from
the Gillberga and Lanna samples (Lofgren 1995). The
Maekalda samples contain 7. brevibasis to a greater
extent (5.2-10.9%) than the Swedish samples do. The
number of P. originalis in the Swedish samples is
much higher than in the Méiekalda samples (11.1-
25.8%). In samples from the Lanna section the rela-
tive frequency is greater than 40%, and in several
other samples the zonal species makes up at least 30%
(Lofgren 1995). Samples from Gillberga, Kloxasen
and Finngrundet have less than 30% of the zonal tax-
on (Lofgren 1995).

The P. originalis Zone, Phase 4, is distinguished
in Ma-27, Mi-28 and Mi-29. The number of ele-
ments of Scalpellodus latus (Fig. H-I) increases with-
in this interval (from 0.6 to 8.0%). In M4-28 and
Mai-29 an increase of °S.” aff. cornuformis occurs,
and in all three Miaekalda samples also an increase of
M. parva (15.4-24.7%) can be observed. Léfgren
(1995) only reported S.” aff. cornuformis within this
phase in samples from Oland. Paroistodus origina-
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lis shows a sharp decrease in most of the Swedish
samples, generally to between 0 and 0.4% (Léfgren
1995). The drop has been suggested to be a response
to a regression (Lofgren 1995). In the Méekalda sam-
ples the frequency varies between 0.07-6.2%, which
is quite similar to the frequency fluctuations in Oland
(up to 5.3%) (Lofgren 1995).

Phase 5 within the P. originalis Zone cannot be
distinguished in the Méekalda samples, since P, orig-
inalis never increases in numbers before the first ap-
pearance of B. norrlandicus. Generally the numbers
of the zonal fossil are very low in the Méaekalda sam-
ples compared to the Swedish ones, since the Estoni-
an sequence presumably represents a shallower envi-
ronment than the Swedish sequences do. The thick-
ness of the P. originalis Zone at Miekalda is approx-
imately 2 m, which is relatively thin compared to the
Swedish sections, also due to shallower conditions.
The zone is of varying thickness in the Swedish sec-
tions, e.g.; Kalkberget 8.0-9.0 m, Finngrundet be-
tween 5.5 and 6.4 m, Dalarna between 1 and 2 m,
northern Oland about 1 m (Lofgren 1995).

The two uppermost samples from Méekalda, M-
30 and M4-31, are referred to the B. norrlandicus
Zone, since B. norrlandicus has its first appearance
in the lower of these samples, and ‘Semiacontiodus’
aff. cornuformis increases. The co-occurrence of
Baltoniodus navis and B. norrlandicus has also been
reported from lower parts of the zone, e.g. in Nirke
and Oland (Lofgren 1995). Baltoniodus navis is dom-
inating and B. norrlandicus is rare in the samples
from Maéekalda, whereas B. norrlandicus is domi-
nating in Swedish samples.

Taxa with sporadic occurrences in the investigat-
ed samples from Méekalda include Corrnuodus longi-
basis (Fig. 8)), Scolopodus rex, Decoriconus cf.
mercurius, Trapezognathus sp. and Drepanodus ar-
cuatus. Their relative frequencies are quite similar to
those in the Swedish samples, and most of them nev-
er or rarely reach more than a few percent.

Regional summary and conclusions
Seddon & Sweet (1971) proposed an ecological model
for conodonts. According to this, different species are
segregated by vertical stratification and all conodonts
had a pelagic mode of life. Another ecological mod-
el, proposed by Barnes & Fahraeus (1975), is based
on lateral segregation, which forms laterally segre-
gated conodont communities (Fahraeus & Bames
1975). This indicates that most Ordovician conodonts
were benthic or nektobenthic (Barnes & Fahraeus
1975). Some taxa, e.g. coniform taxa, are consid-
ered pelagic (Barnes & Fahraeus 1975) in this mo-
del.



The investigated outcrop at Méekalda represents
a sequence deposited in a shallower part of the pal-
aeobasin than coeval sediments from the Swedish
sections do, due to an increased water depth gradient
westwards. The eastern parts of Baltoscandia are thus
representing the shallowest parts of the basin, and
the deepest biofacies in Estonia is most probably sim-
ilar in depth to the shallowest biofacies in the more
western parts of Baltoscandia. Presumably this led
to an environment more sensitive to sea level fluctu-
ations than those in the deeper environments within
the palaeobasin. This is reflected in the conodont fau-
na, which contains fewer typical deep water or open
oceanic taxa, such as for instance Periodon flabel-
lum, than the Swedish samples do. These taxa would
increase only at the peak of a transgression in the
lower parts of the ramp zone in contrast to its mid-
dle-upper parts. This is probably the reason why Par-
oistodus originalis in the samples from Maekalda is
generally less numerous than in central Sweden. The
taxon is known to increase in intervals considered
representing transgressive events (Lofgren 1995). The
consequences of a regression in a shallow water en-
vironment could result in an increase of shallow wa-
ter taxa, e.g. ‘Semiacontiodus’ aff. cornuformis and
Microzarkodina, which generally have higher rela-
tive frequencies at Méekalda than in the Swedish fau-
nas. ‘Semiacontiodus’ aff. cornuformis occurs, al-
beit in low numbers, in almost all of the Méekalda
samples. In the two uppermost samples from the P.
originalis Zone, the taxon increases in numbers. In
the Swedish samples the taxon only occurs in very
low numbers in Phase 4 and 5 within the P, origina-
lis Zone, and only at Lanna (Nirke) and Gillberga
(Oland). The similarities between the Miekalda sam-
ples and especially Oland samples are obvious, and
could be explained by a shorter distance between the
localities, leading to similar depth and depositional
conditions.
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