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Biostratigraphical and palaeoecological
significance of graptolites, trilobites and
conodonts in the Middle-Upper Ordovician
Anderso Shale: an unusual ‘mixed facies’ deposit
in Jamtland, central Sweden

Christian Palsson, Kristina Mansson and Stig M. Bergstrom

ABSTRACT: Althoughonly about 20 m thick, the Anderso Shale contains one of the most diverse,
if not the most diverse, late Middle—early Late Ordovician faunas known in Baltoscandia. It includes
more than 20 trilobite species, more than 20 species of other shelly fossils, about 10 graptolite species,
and about 20 conodont species. Based on its lithology, its geographical position near the foreland
basin margin, and the presence of trilobites of the raphiophorid association and conodonts of the
Periodon—Pygodus biofacies, this formation is interpreted to represent an outer shelf-upper slope
(ramp) deposit laid down in moderately deep water. The co-occurrence of some widespread and
biostratigraphically diagnostic conodonts, graptolites and trilobites makes it possible directly to
compare distribution patterns of these fossils, establish ties between graptolite and conodont
zones, and correlate the formation with units elsewhere in Europe, North America and China.
Stratigraphically and faunally, the Andersd Shale is of particular interest in straddling the Middle—
Upper Ordovician Series boundary as this boundary is recognised in the new global classification

of the Ordovician System.
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From the standpointof detailed Lower Palaeozoic biostratigra-
phy, sections with good representation of several major index
fossil groups, such as trilobites, graptolites and conodonts,
are of particular importance. Well-exposed such successions
of ‘mixed facies’ are rare in the Middle and Upper Ordovician
of Baltoscandia, and indeed elsewhere in the world. That is,
zonally significant graptolites tend to occur primarily in
dark shales with few conodonts and shelly fossils, whereas the
carbonate units commonly contain diverse shelly fossils and
conodonts but few, if any, graptolites. This major biofacies dif-
ference has led to difficulties in establishing the precise relation
between shaly and shelly stratigraphical units, and separate
zone schemes have been used in some regions for each of the
two major facies. In order to clarify the precise chronostrati-
graphical relations across lithofacies and biofacies boundaries,
‘mixed facies’ sections warrant particularly careful study. An
excellent and well-exposed succession of this type is represented
by the upper Middle-lower Upper Ordovician Andersé Shale
in the Lower Allochthon of the Lake Storsjon region in the
Province of Jdmtland in central Sweden (Fig. 1). Because the
potential of this sequence for establishing correlations across
facies boundaries was recognised already by Hadding in 1913,
it is rather surprising that until recent investigations, the
fauna of this formation has received very limited study since
Hadding’s time and is clearly in need of modern re-appraisal.
The purpose of the present study is to summarise some new
data at hand bearing on the Anderso Shale trilobites, grapto-
lites and conodonts, and their biostratigraphical and palaeo-
ecological significance.

Such a summary is particularly timely because in the current
international effort to establish a new global series and stage
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classification of the Ordovician System (Webby 1998), the
Swedish sequence plays a prominent role. In this global classi-
fication, the base of the Upper Ordovician has been proposed
to be at the base of the Nemagraptus gracilis Zone in the grap-
tolite shale succession at Fagelsang, Scania, southernmost
Sweden (Bergstrom et al. 2000). The Anderso Shale is of latest
Middle and earliest Late Ordovician age in terms of this
global classification (Fig. 2), and because it includes rocks of
the Hustedograptus teretiusculus and Nemagraptus gracilis
Zones (Hadding 1913) in ‘mixed facies’, it has the potential
to yield significant information about the biostratigraphical
relations between several key index fossil groups, especially
in the uppermost Middle Ordovician just below the base of
the Upper Ordovician. In view of this, the data presented in
this contribution are of not only local but also international
interest.

Pioneering studies of the fauna and stratigraphy of the
Andersd Shale were carried out by Linarsson (1872, 1875)
and Wiman (1893, 1896), but the first comprehensive faunal
and stratigraphical investigation was by Hadding (1912,
1913). The latter work focused on the excellent outcrops on
Anderson, from which Hadding (1913) described a substantial
fauna of 49 taxa, including nine graptolites, three gastropods,
one bivalve, seven brachiopods, one hyolith, seven cephalopods
and 21 trilobites (including varieties). Subsequent early studies
on the Anderso sequence and its faunas include Ulrich (1930),
Thorslund & Asklund (1935), Asklund (1936) and Thorslund
(1937, 1940). For more recent publications, see Thorslund
(1960), Bergstrom (1971b, 1973a, 1986), Karis (1982, 1998),
Ahlberg (1995), Rasmussen & Bruton (1994), Ménsson (1998,
2000a, b) and Rasmussen (2001).
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Figure 1 Sketch-mapsshowing location of the sections investigated : (A) Map of Scandinavia with the study area
in the Province of Jimtland marked by black square and arrow. Lettered localities on the map are as follows: F,
Fjicka; GS, Gotska Sandon; G, Gullhogen; H, Hillekis; SG, Smedsby Gard; K, Killeréd; F, Fagelsang. (B)
Sketch-map of study area showing geographical situation of the study localities on Norderén and Anderson.
(C) Locations of Hadding’s (1912, 1913) Localities 1-5 along the NW and N shore of Anderson. (D) Schematic
cross-section of the sampled succession of the Anderso Shale along the northern shore of Norderdn (modified
after Thorslund (1960). J63-14, etc. refer to samples from the Staltorp Limestone Member, and underlying beds.

Karis (1998) presented a comprehensive and very useful
summary of the geology and distribution of the Andersd
Shale that also included some palacontologicaldata. However,
in this monograph there is a significant change in lithostrati-
graphicalnomenclature that needs to be addressed. Specifically,
it concerns the construction of formation names based on geo-
graphical features. With very few exceptions, the common prac-
tice in Sweden since at least the 19th century has been to use the
stem of geographical names without the definite article (which
in Swedish is placed behind the stem), for instance, Andersd
Shale instead of Anderséon Shale (named for the Island of
Anderson). However, Karis (1998) changed many well-
established formation names to the longer version (e.g. Dalby
Limestone to Dalbyn Limestone) in the English parts of his
text but used the short version in his Swedish text (e.g. Dalby-
kalksten). Having a dual nomenclature like this is unwarranted
and confusing, and we see no need to change long-established
formation names to the longer form. Accordingly, we use the
terms Andersd Shale, Isd Limestone and Ora Shale as they
were written when proposed by Karis himself (1982).

The present restudy of the Andersd Shale has been organised
as a team project in which Palsson has been responsible for the
graptolites, Mdnsson for the trilobites and Bergstrom for the
conodonts. Although we have shared fully the results of our
investigations between us, we feel it appropriate to show our
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specific project responsibilities by having individual authorship
of the respective faunal chapters. Bergstrom coordinated the
final assembling of the manuscript and takes full blame for
any inaccuracies that may have been created during that
process.

1. Lithostratigraphy and localites

The Andersd Shale, which was formerly known as the
Ogygiocaris Shale (Hadding 1913), is a lithologically distinc-
tive, and widely distributed, unit in the Storsjon region. It occu-
pies a low position in a nappe complex (Lower Allochthon; see
Karis 1998) and rests on the Lower—Middle Ordovician Is6
Limestone. It is locally overlain, probably conformably, by a
grey limestone, referred to by Karis (1998) as the Dalby Lime-
stone, or by dark shales of the Ord Shale. Because of locally
complex tectonic structure, soil cover and a lithologically
poorly defined upper boundary, its precise thickness is not
known, but at least locally, it has been estimated to be of the
order of 20m. Recent authors (Karis 1998; Mansson 2000a)
have interpreted the Andersé Shale as an outer shelf—upper
slope deposit, most of which was laid down in moderately
deep to deep water near the margin of a carbonate ramp in
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Figure 2 Classification of the Anderso Shale in terms of some standard chronostratigraphical units; the conodont
zone dating of the topmost part of the Is6 Limestone is based on Rasmussen (1994, 2001).

the eastern portion of a foreland basin (Fig. 3). To the W, it
grades into non-calcareous siliciclastic turbidite sequences
and to the E, its stratigraphic equivalents are present in the
carbonate rocks of the autochthonous successions.

Our studies have been centred on the Andersod Shale in the
classical outcrops on Anderson and Norderdn (Fig. 1), where
the formation can be subdivided into three lithological units,
a lower and an upper shale member, which are separated by a
distinctive limestone member (Figs 4, 5). The Lower Shale
Member, which is about 6 m thick at Locality 1 of Hadding
(1912, 1913) along the NW shore of Andersodn, consists of
dark shale and mudstone with interbeds and lenses of grey,

fine-grained, impure, fossiliferous limestone. At this outcrop,
the rocks dip about 50° toward the NW and exhibit minor
faulting and folding and some tectonic squeezing of, especially,
the shale beds. Althoughit appears that the contact between the
Iso6 Limestone and the Andersoé Shale is faulted, the tectonic
structure of the succession is simple at this outcrop compared
with that at most other exposures, such as on Norderdn,
where the shale beds are locally isoclinally folded (Karis
1998). Hadding (1913) recorded graptolites of the Hustedo-
graptus teretiusculus Zone (the Climacograptus putillus Zone
of Hadding) along with quite a diverse shelly fauna from this
member on Anderson.
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Figure 3 Diagrammatic E-W cross-section showing the inferred position of the Anderso Shale in relation to the
E calcareous platform succession and the W foreland basin turbiditic sequence (modified after Jaanusson 1982);
illustrated successions are of Early to Late Ordovician age and rocks of the Lower Allochthon are shown in
their autochthonous position; note that the Andersé Shale is interpreted to have been deposited in an outer

ramp to upper slope deeper-water environment.
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Figure 4 Outcrop of the Lower Shale Member (L) and the Stéltorp Limestone Member (S) of the Anderso Shale
at Locality 1 of Hadding (1912, 1913) along the NW shore of Anderson; looking N; the contact between the rocks
in the foreground, which are the topmost part of the Is6 Limestone, and the Andersd Shale appears to be a small
bedding-plane fault; the Lower Shale Member in this section contains graptolites of the Hustedograptus teretius-
culus Zone and conodonts of the Pyogodus serra Zone; most of the Staltorp Limestone Member belongs to the
Pygodus anserinus Zone; the base of the Upper Ordovician (base of Nemagraptus gracilis Zone) is tentatively
taken to be at the top of the Staltorp Limestone Member, which is at the pine tree at the left margin of this outcrop.

The Lower Shale Member is overlain, with gradational con-
tact, by a distinctive (in the Anderson and Norderon sections
about 1-5m thick), rather pure, dark-coloured, bedded lime-
stone. This unit was informally referred to as the ‘Telephina
biseriata beds’ by Thorslund (1960) but in more recent studies,
the designation ‘biseriata limestone’ has been used (Karis 1982,
1998; Rasmussen & Bruton 1994; Madansson 1998, 2000a;
Rasmussen 2001). This lithological unit, which is known from
several localities in central Jimtland (Karis 1998), is of con-
siderable faunal and biostratigraphical interest and deserves
to be recognised with a proper lithostratigraphical name, and
we propose that it be called the Staltorp Limestone Member.
It is named for the farm of Staltorpet, which is located 0-5km
SE of its type section at Hadding’s Locality 1 along the NW
shore of Anderson (Fig. 1). Rasmussen & Bruton (1994)
suggested that this limestone member may be an extension of
the still poorly known Elvdal Formation of the S Norwegian
Caledonides about 200km SW of Anderson. However, as
pointed out by these authors, the lithology of the Elvdal
Formation differs in some significant respects from that of
the Staltorp Limestone Member. Also, the Elvdal conodont
fauna (Rasmussen & Bruton 1994) appears to represent the
Amorphognathus inaequalis Subzone of the Pygodus anserinus
Zone and hence to be younger than that present in the Staltorp
Limestone Member. In view of this, it appears inappropriateto
use the Norwegian formation name for this member. In the
study area, the Staltorp Limestone Member is well exposed at
Hadding’s (1912) Localities 1, 4 and 5 on Andersdn and at
the Nils Hans Husa section of Norderdn (Fig. 1).
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The Staltorp Limestone Member is overlain by the Upper
Shale Member of the Andersoé Shale (Fig. 5) that consists of
dark-grey to black shales and mudstones with occasional inter-
beds of sandy greywacke, siltstone and impure limestone. There
are also relatively common fossiliferous limestone concretions
(Hadding 1913). Because of soil cover, folding and faulting,
the thickness of this member is difficult to determine precisely
but Karis (1998) estimated it to exceed 10m. Exposures of
this member occur along the NW and N shore of Anderson
and along the N shore of Norderdn. This member has yielded
some graptolites and conodonts but few shelly fossils. Hadding
(1913) recorded Nemagraptus gracilis from the lower 6 m of
the unit, and referred its upper part to the Dicranograptus
clingani Zone. The presence of the latter zone has not been
confirmed and the zone identification is unlikely to be correct
(Karis 1998). Hadding’s (1913) zone record is probably due
to a misidentification of the zone index (see below).

2. Graptolites (by Christian Pdlsson)

2.1. Occurrence and previous work

The present account of the Andersd Shale graptolites is based
on collections from exposures along the NW shore of Anderson
(Localities 1-2 of Hadding 1912, 1913). Graptolites are gener-
ally relatively rare and poorly preserved in the Andersd Shale in
these outcrops, particularly in the lower fine-grained portion of
the Lower Shale Member and in the Staltorp Limestone
Member. Their preservation is somewhat better in the calcar-
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Figure 5 Outcrop of the relatively steeply dipping beds of the Upper
Shale Member of the Andersé Shale on the shore and the bluff at
Locality 2 of Hadding (1912, 1913); looking S; the topmost portion
of the Staltorp Limestone Member is visible at the distal end of the out-
crop; the dark shale and limestone concretions on the shore have
yielded Nemagraptus gracilis and other graptolites of that zone; this
and other localities on Anderson are now in a nature reserve and a
collecting permit must be applied for from the Provincial Authority
(Lénsstyrelsen) in Ostersund.

eous mudstones in the higher part of the Lower Shale Member,
where graptolites are also more common than in lower parts of
the unit. Most specimens are fragmentary, many are strong
pyritised, and all have been subjected to considerable heating
(see below). A few complete rhabdosomes have been collected
from the calcareous mudstones in the upper part of the
Lower Shale Member. The graptolite collections at hand are
classified into ten taxa, amongst which eight are identified to
species. Because of their less-than-perfect state of preservation,
it is very difficult, if not impossible, to produce adequate photo-
graphs of the Andersd Shale graptolites but some important
species are illustrated by camera lucida outline drawings (Fig.
6).

The biostratigraphical investigations by Hadding (1912,
1913) on Anderson resulted in the recognition of three grapto-
lite zones in the Andersd Shale, namely the zones of Climaco-
graptus putillus, Nemagraptus gracilis and Dicranograptus
clingani. In current taxonomy, the index species of the former
zone is referred to as Normalograptus haddingi (Glimberg)
and the interval of the former C. putillus Zone is now consid-
ered to correspond to the upper portion of the Hustedograptus
teretiusculus Zone. Hadding (1913) recorded, but did not illus-
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trate, seven species of graptolites from the Lower Shale
Member. From the Upper Shale Member, he listed three
species: Dicellograptus sextans exilis Elles & Wood, Dicrano-
graptus clingani (Carruthers) and Nemagraptus gracilis remotus
Elles & Wood. In this unit, he recognised two zones ( Hadding
1913, fig. 15), a lower Nemagraptus gracilis Zone overlain by a
Dicranograptus clingani Zone, and illustrated the interpreted
contact between these zones at his Locality 3 on the shore
0-3-0-4km N of Locality 1 (Fig. 1). Hadding (1913) noted
the unexpected occurrence of D. clingani in association with
N. gracilis and recognised that this is an anomaly, because in
Scania, as well as in the United Kingdom, these species occur
in different stratigraphic intervals and are indices of separate
graptolite zones. Unfortunately, it has not been possible to
locate the specimens assigned to D. clingani in Hadding’s
Andersd collections, which are kept at the Department of
Geology, Historical Geology and Palaeontology at Lund
University. However, the Upper Shale Member has yielded
Dicroanograptus cf. brevicaulis Elles & Wood (unpublished
data from R. Nilsson). Dicranograptus brevicaulis occurs in
the Nemagraptus gracilis Zone in the United Kingdom and it
seems likely that Hadding’s (1913) record of D. clingani occur-
ring together with N. gracilis refers to this species. Clearly, the
sparse graptolite fauna in the Upper Shale Member is in need of
revision but such a re-examination has not yet been under-
taken. As far as I am aware, after Hadding’s time and prior
to the present research, no additional study has been carried
out on the Andersd Shale graptolite faunas.

2.2. Biostratigraphy

The Lower Shale Member, between the Is6 Limestone and the
Staltorp Limestone Member, has yielded a moderately diverse
graptolite fauna (Fig. 7). Specimens of Diplograptus notabilis
Hadding, Nemagraptus subtilis Hadding and Normalograptus
haddingi (Fig. 6k) appear just above the Is6 Limestone and
these species range through the investigated interval. Dicello-
graptus sp., Didymograptus superstes Lapworth (Fig. 6e, f).
Hustedograptusteretiusculus (Hisinger) (Fig. 6h, 1), and Pseudo-
climacograptusscharenbergi(Lapworth) (Fig. 6,1, m) maketheir
appearance in the middle part of the Lower Shale Member.
Among these, P. scharenbergi and H. teretiusculus range at
least as high as the lowermost portion of the Upper Shale
Member. Specimens of Dicranograptus irregularis Hadding
(Fig. 6a—d) and Amplexograptus perexcavatus (Lapworth)
(Fig. 6p-q) appear near the top of the Lower Shale Member
and are also present in the lowermost part of the Upper Shale
Member.

Whereas Hadding (1913, fig. 15A) referred the Stéltorp
Limestone Member to the Hustedograptus teretiusculus Zone
(Climacograptus putillus Zone in Hadding), Karis (1998,
p. 170) brought the unit to the Nemagraptus gracilis Zone
based on his record of Nemagraptus gracilis from shale inter-
beds in the limestone. I have examined some of Karis’ speci-
mens identified as N. gracilis and conclude that they represent
fragmentary specimens of Dicellograptus sp. that are not
useful for zonal assignment. During the course of this study,
no graptolites were found in the middle and upper part of the
Staltorp Limestone Member (above the 6-7m level in the sec-
tion at Locality 1), and direct graptolite evidence of its position
in the graptolite zone succession is not yet available. However,
as noted below, conodont evidence suggests that Hadding
(1913) was correct in referring the limestone interval to the
Hustedograptus teretiusculus Zone (Hadding’s Climacograptus
putillus Zone).

The black shale just above the limestone has yielded Amplex-
ograptus perexcavatus, Diplograptusnotabilis, Glyptograptussp.
and Paraclimacograptus scharenbergi. Being relative long-
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Figure 6 Outline drawings of graptolites from the Andersoé Shale at Locality 1 on Anderson. (a—d) Dicrano-
graptus irregularis Hadding: (a) LO8445t,x 3; (b) LO 8446t, x3; (c) LO 8447t, x5-7; (d) LO 8448t, x3-5. (e, f) Didy-
mograptus superstes Lapworth: (e) LO 8449t, x1-3; (f) LO 8450t, x1-7; (g) LO 8451t, x4-8. (h, i) Hustedograptus
teretiusculus (Hisinger): (h) LO 8452t, x8-6; (i) LO 8453t, x3-9. (j) Pseudoclimacograptus scharenbergi (Lap-
worth), LO 8454t, x10-8. (k) Normalograptus haddingi (Glimberg), LO 8455t, x8-6. (1, m) Pseudoclimacograptus
scharenbergi (Lapworth): (1) LO 8456t, x8-9. (m) LO 8457t, x7-4. (n, o) Hustedograptus teretiusculus (Hisinger):
(n) LO 8458t, x8. (0) LO 8459t, x6-3. (p, q) Amplexograptus perexcavatus(Lapworth): (p) LO 8460t, x3-3; (q) LO
8461t, x4. Allillustrated specimens are deposited in the type collection of the Department of Geology, Historical

Geology and Palaeontology at Lund University.

ranging, none of these species is useful for determining the level
of the base of the Nemagraptus gracilis Zone. More significant
biostratigraphically is the occurrence of Nemagraptus subtilis,
Normalograptus haddingi and Dicranograptus irregularis at
this stratigraphic level, because in the Fagelsing succession
(Fig. 7), this species association ranges no higher than
the very basalmost portion of the Nemagraptus gracilis Zone
(Bergstrom et al. 2000). Hadding (1913) and others have
reported N. gracilis from the lower few metres of the Upper
Shale Member, but the precise level of appearance of this
species, which is taken as the base of the Nemagraptus gracilis
Zone, is not yet established on graptolite evidence. However,
conodont evidence suggests that it is likely to be in the lower-
most part of the Upper Shale Member, and tentatively, and
pending further studies, the zone boundary is herein placed at
the base of the Upper Shale Member.

2.3. Comparison with the Fagelsang succession

The standard graptolite zone succession in Baltoscandia
around the Middle-Upper Ordovician boundary is based on
the sequence in Scania (Skane), particularly as it is developed
in the Fagelsing area, where outcrops and drill-cores have
been investigated in considerable detail (Hadding 1913; Hede
1951; Bergstrom et al. 2000). As noted above, the Fagelsang
succession has recently been proposed to be the global strato-
type section and point (GSSP) for the base of the Nemagraptus
gracilis Zone that marks the base of the global Upper Ordo-
vician Series (Bergstrom et al. 2000). In view of the fact that
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the Anderso Shale straddles this important boundary, it is
clearly appropriate to compare its graptolite succession with
that at Fagelsang, and some reference to that sequence has
already been made above. Such a comparison was in fact
made by Hadding (1913) and, interestingly, his graptolite-
based interpretation of the general biostratigraphical relations
between these two sequences, which are separated geographi-
cally by a distance of almost 850km, is supported by the
present study. This provides evidence of Hadding’s (1913)
keen perception of biostratigraphical relationships because
far more is now known about the occurrence, taxonomy and
stratigraphical range of graptolite species than in Hadding’s
time almost a century ago.

Figure 7 illustrates the known ranges of graptolites in the
Anderson and Fagelsang successions. As shown in this figure,
the association of Nemagraptus subtilis, Climacograptus had-
dingi, Didymograptus superstes and Dicranograptus irregularis
is at Fagelsang characteristic of the upper Hustedograptus
teretiusculus Zone, although Climatograptus haddingi, Dicrano-
graptus irregularis  and Didymograptus superstes are also
recorded from the very lowermost Nemagraptus gracilis Zone.
Hughes (1989) reported a similar range for Nemagraptus
subtilis and Dicranograptus irregularis in Wales and the Welsh
Borderland. The presence of N. subtilis, the probable ancestor
of N. gracilis, in the lowermost part of the Lower Shale
Member is of special significance because recent re-examination
of the nemagraptids in the Fagelsang succession indicates that
there, this species first appears well above the base of the
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Pygodus serra Zone

Figure 7 Vertical distribution of graptolites in the Andersd Shale at Localities 1 and 2 on Andersén and a
comparison with the distribution in the Fagelsang succession (Fagelsang ranges after Bergstrom et al. 2000);
the vertical distribution of graptolite species in the Féagelsang sequence suggests that the base of the Upper
Shale Member is not younger than the lowermost part of the Nemagraptus gracilis zone; also the conodonts in
the Staltorp Limestone Member are not older than those present in the upper Hustedograptus teretiusculus
Zone elsewhere; this indicates that the base of the Nemagraptus gracilis Zone is at, or close to, the base of the

Upper Shale Member.

Hustedograptus teretiusculus Zone (Bergstrom et al. 2000).
Hence, it provides evidence that the Andersd Shale at Locality
1 does not extend below the base of this graptolite zone, and
that its base is of Uhakuan age in terms of the Baltic stage
classification. This conclusion is of interest in view of the fact
that Karis (1998) recorded a Didymograptus murchisoni Zone
faunain strata mapped as the Anderso Shale in the Hammerdal
region about 65 km NE of Anderson. This may indicate that
the base of the Andersd Shale is diachronous regionally, or
that the lowermost portion of the Lower Shale Member is miss-
ing at Locality 1 due to faulting.

Pseudoclimacograptus scharenbergi, Amplexograptus perex-
cavatusand Hustedograptusteretiusculus are more long-ranging
and are recorded as high as the Diplograptus foliaceus (formerly
D. multidens) Zone at Fagalsang. As shown in Figure 7, the
Andersd Shale graptolite ranges are in broad agreement with
those recorded from the Fagelsang succession. The more
diverse graptolite fauna in the latter (Bergstrom et al. 2000) is
attributed to the fact that this portion of the Fagelsang succes-
sion represents a deeper-water environment with thriving
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graptolite species assemblages that are now preserved in a typi-
cal graptolite shale with a very sparse shelly fauna.

3. Trilobites (by Kristina Mdnsson)

3.1. Composition of trilobite fauna and previous research

Asnoted by Hadding (1913), the Andersd Shale containsa very
substantial shelly fauna. Among the shelly fossils, only the tri-
lobites have been re-assessed since Hadding’s time, and as now
known, the trilobite fauna may be the most diverse described
from the Uhakuan interval in Scandinavia. For instance,
according to Jaanusson (1960), the well-known Uhakuan
(late Darriwilian) trilobite fauna from Oland contains about
15 species which compares with at least 22 in the Anderso
Shale. Compared with other macrofossil groups in the forma-
tion, the Anderso trilobites have been the subject of a consider-
able amount of past and recent research, and the major part of
this fauna has been described in detail: the remopleuridids have
been dealt with by Nikolaisen (1965, 1983, 1991); the trinucleids
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by Owen (1987); the telephinids by Ahlberg (1995); and the
olenids, raphiophorids and dionidids by Mansson (1998,
2000b).

As noted in these papers, some of the described species are
present not only on Anderson but also at several other outcrops
of the Andersd Shale. For a summary account, see Mansson
(2000a). Important trilobite species are illustrated in Figures
8 and 9.

The Lower Shale Member and the Staltorp Limestone
Member contain at least 12 genera of trilobites, namely
Ampyx Dalman, 1827, Botrioides Stetson, 1927, Cnemidopyge
Whittard, 1955, Lonchodomas Angelin, 1854, Nileus Dalman,
1827, Ogygiocaris Angelin, 1854, Porterfieldia Cooper, 1953,
Paraceraurus Minnil, 1958, Pseudomegalaspis Jaanusson,
1953, Robergia Wiman, 1905, Sculptaspis Nikolaisen, 1983 and
Telephina Marek, 1952 (Hadding 1913; Mansson 2000a). Nine
genera have been recorded from the Upper Shale Member,
namely Ampyx, Ampyxoides Whittington, 1965, Botrioides,
Lonchodomas, Nileus, Ogygiocaris, Paraceraurus, Robergia and
Telephina (Hadding 1913; Ménsson 2000a). In addition, based
on a single cranidium, Hadding (1913) described Fialoides anti-
quatus Hadding, 1913 from the lower part of the Anderso
Shale but his specimen has not been available for re-
examination.

3.2. Preservation and occurrence

The trilobites in the Andersd Shale are generally disarticulated.
They occur throughout the section but they are most abundant
and diverse in the Lower Shale Member (except its basal part)
and in the Staltorp Limestone Member. They are rare in the
lowermost part of the Lower Shale Member which has yielded
only Lonchodomas striolatus Mansson 2000b, Robergia sparsa
Nikolaisen, 1983 and Telephina mobergi (Hadding 1913). This
may be partly due to their poor preservation in this part of
the section where the rocks are strongly weathered, as is also
the case in the outcrops of the Upper Shale Member.

The known vertical distribution of trilobite species through
the study sequence on Andersdn is shown in Figure 10.

The most common trilobites are species of the asaphid
genus Ogygiocaris which is represented by two species, O. lata
Hadding,1913and O. regina Henningsmoen, 1960. These species
are particularly frequent in the lowermost Staltorp Limestone
Member where they comprise about 50% of the trilobite speci-
mens. In the strata below and above this interval, Ogygiocaris
specimens are less common although they are present in some
abundancein a few beds. Whereas the cranidia and hypostomes
are characteristic of each species, their pygidia are very similar
and in many cases difficult to identify to species. Both species
appear in the lower, but not lowermost, portion of the Andersd
Shale and range concurrently through this unit. Ogygiocaris
lata seems to be restricted to Jimtland but O. regina also
occurs in the Oslo region of Norway. The Jimtland specimens
of O. regina are in most cases considerably larger than the
Norwegian ones. Several large cranidia and pygidia of this
species have been collected on Anderson, including the huge
pygidium figured by Hadding (1913; text-fig. 23) as O. dilatata
var. sarsi. Its size suggests that the entire trilobite was at least
20cm long. In all other respects, the Swedish and Norwegian
specimens of O. regina are closely similar morphologically.

Specimens of Ogygiocaris are common in the Oslo region
and Henningsmoen (1960) showed that the various species
and subspecies are useful biostratigraphically. The stratigraphi-
cally earliest species, O. dilatata, appeared during the early
Darriwilian (early Llanvirn) in the Oslo region whereas in the
Andersd Shale, species of Ogygiocarius first make their
entrance considerably higher in the succession, namely well
up in the late Darriwilian Lower Shale Member of the Anderso
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Shale (Fig. 10). Also, whereas in the Oslo region the genus has
not been recorded with certainty from beds younger than the
middle-late Darriwilian Elnes Formation (formerly Ogygio-
caris Shale), it ranges higher in Jamtland with O. /ata being
present in the uppermost part of the Andersd Shale.

Apart from the outcrops on Anderson, specimens of Ogygio-
caris have been collected in carbonate-rich facies at several
other Andersd Shale outcrops in central Jimtland. The species
is rarer in siliclastic facies and appears to be absent in the dark-
grey mudstones and shales with Triarthrus that represents the
formation on Froson (Ménsson 1998). In Sweden, Ogygiocaris
also occurs in Vistergotland and on Oland (Jaanusson 1953).

Nileids are fairly common in calcareous beds in the middle
and upper part of the Lower Shale Member but occasional
specimens are present throughout the study interval (Fig. 10).
Only a single species seems to be represented that Hadding
(1913) identified as Nileus armadillo. This early Darriwilian
(early Kundan) species, which is well known in Scandinavia,
was thoroughly re-described by Nielsen (1995). The Andersd
specimens closely resemble N. armadillo but differ in some
minor details, which, however, may be due to different states
of preservation. They are herein referred to as N. cf. armadillo.

A raphiophorid trilobite species association is present in the
shales and mudstones on Anderson (Mansson 2000a, b). Five
species are represented, namely Ampyx clavifrons Hadding,
1913, Ampyxoides minor Mansson, 2000b, Cnemidopyge costata
(Angelin 1854), Lonchodomas striolatus Mansson, 2000b and
Lonchodomas sp. Ampyx clavifrons and C. costata range
through a substantial part of the Andersd Shale, whereas
L. striolatus appears to be restricted to the lowermost portion
of the Lower Shale Member and A. minor to the Upper Shale
Member.

Telephinid trilobites occur throughout the section, but are
particularly common in the Staltorp Limestone Member, and
just below and above this member. At least five species are
recognised (Ahlberg, 1995): Telephina bicuspis (Angelin,
1854), T. biseriata (Asklund, 1936), T. aff. biseriata (Asklund,
1936), T. granulata (Angelin, 1854) and T. mobergi (Hadding,
1913). Specimens of 7. mobergi have been found only in the
lower half of the Lower Shale Member and 7. granulata is
recorded only from the Upper Shale Member. Three of the
Andersd Shale species, namely 7. bicuspis, T. mobergi and T.
granulata, are present also in the Oslo region in Norway.

Specimens of Robergia are common in some beds in the
Andersd Shale. Among the two species present, R. sparsa Niko-
laisen, 1983 is known only from the lowermost part of the
Lower Shale Member. The other species, R. microphthalma
(Linnarsson, 1875), ranges from the middle portion of the
Lower Shale Member into the Upper Shale Member.

Two species of Sculptaspis Nikolaisen, 1983, a fairly
common genus in the Middle Ordovician of Sweden, are
present in the Andersd Shale, namely S. circularis (Hadding,
1913) and S. subquadratus (Hadding, 1913). Both occur in the
Lower Shale Member but the latter species is quite rare,
being known only from a few specimens. Neither of these spe-
cies has been found outside Jimtland. Although being consid-
erably younger stratigraphically, S. impolita Nikolaisen, 1983
from the Oslo region has similar cranial proportions as S. cir-
cularis, but it has sculptural lines on the median area which
are missing in the latter species. However, it is possible that
the lack of these lines may be due to poor preservation of the
Jamtland specimens.

Olenid trilobites are rare, or absent, in much of the Anderso
Shale on Anderson, the only species present being Porterfieldia
humilis (Hadding, 1913), which has been collected from the
Lower Shale Member. No specimen of Triarthrus has been
found in the Anderson sections, but several Triarthrus species
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Figure 8 Important trilobites from the Andersé Shale: (a) Telephina biseriata (Asklund, 1936), cranidium, SGU
8653, x7-5, also figured by Ahlberg (1995, pl. 6, figs 11, 12) and Mansson (2000a, fig, 7i—j); (b) Telephina bicuspis
(Angelin, 1854), cranidium, LO 2565, x7-5, also figured by Hadding (1913, pl. 1, fig. 3a, b), Ahlberg (1995, pl. 1,
fig. 7) and Mansson (2000a, fig. 7g); (c) Telephina granulata (Angelin, 1854), cranidium, SGU 8651, x7-5, also
figured by Ahlberg (1995, pl. 5, fig. 8) and Mansson (2000a, fig. 7h); (d-f) Ogygiocaris lata Henningsmoen,
1960: (d) distorted cranidium, LO 8297, x2.5, also figured by Mansson (2000a, fig, 8i); (e) pyrgidium, LO 8298,
x2-8, also figured by Mansson (2000a, fig. 8j); (f) hypostome, LO 2528, x2, also figured by Hadding (1913,
pl. 7, fig. 7) and Mansson (2000a, fig. 8f); (g—1) Ogygiocaris regina Henningsmoen, 1960: (g) cranidium, LO
2522, x1-2, also figured by Hadding (1913, pl. 7, fig. 1) and Mansson (2000a, fig. 8g); (h) pygidium, LO 2527,
x 12, also figured by Hadding (1913, pl. 7, fig. 6) and Mansson (2000a, fig. 8k); (i) hypostome, LO 8294, x1,
also figured by Mansson (2000a, fig. 8d); (j) Robergia microphthalma (Linnarsson, 1875), cranidium, LO 2556,
x5, also figured by Hadding (1913, pl. 8, fig. 15), Nikolaisen (1991, fig. 13A) and Mansson (2000a, fig. 7k); (k)
Nileus cf. armadillo (Dalman, 1827), cranidium, LO 2533, x4-5, also figured by Hadding (1913, pl. 7, fig. 11)
and Mansson (2000a, fig. 8b); (1) Sculptaspis subquadratus (Hadding, 1913), cranidium, LO 2552, x4-5, also
figured by Hadding (1913, pl. 8, fig. 11) and Mansson (2000a, fig. 9k).
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Figure 9 Important trilobites from the Anderso Shale. (a, b) Ampyx clavifrons Hadding, 1913: (a) cranidium, LO
8098, x4, also figured by Mansson (2000b, fig. 6d); (b) pygidium, LO 8099, x4, also figured by Mansson (2000a,
fig. 9g and 2000D, fig. 6j); (c) Cnemidopyge costata (Angelin, 1854), cranidium, LO 2539, x3, also figured by
Hadding (1913, pl. 7, fig. 17) and Mdnsson (20004, fig. 9c and 2000D, fig. 8a); (d, €) Ampyxoides minor Mansson,
2000b: (d) cranidium, holotype, SGU 9146, x12, also figured by Mansson (2000a, fig. 9h and 2000b, fig. 7d);
(e) pygidium, SGU 9149, x10, also figured by Mansson (2000b, fig. 7g); (f) Botroides efflorescens (Hadding,
1913), cranidium, holotype, LO 2540, x7, also figured by Hadding (1913, pl. 7, fig. 18), Owen (1987, pl. 13, fig.
8) and Mansson (2000a, fig. 9i); (g, h) Lonchodomas striolatus Mansson, 2000b: (g) cranidium, holotype, SGU
9157, x6, also figured by Mansson (2000a, fig. 9i and 2000b, fig. 9a-b); (h) thorax and pygidium, SGU 9158,
x9-5, also figured by Mansson (2000a, fig, 9j and 2000b, fig. 9¢); (i) Lonchodomas sp., cranidium, SGU 9155,
x5, also figured by Ménsson (2000b, fig. 9m); (k) Paraceraurus sp., cranidium, LO 2535, x2.5, also figured by
Hadding (1913, pl. 7, fig. 13) and Mansson (2000a, fig. 9n).

are present, in many cases in abundance, in fine-grained parts
of the Upper Andersé Shale at other localities in the Lake
Storsjon region (Mansson 1998). Indeed, parts of the Anderso
Shale were formerly known as the Triarthrus Shales (Thorslund
1960).

3.3. Palaeoecological significance
Asaphids have been interpreted as being typical of relatively
shallow-water facies (Nielsen 1995), but whether this applies
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to Ogygiocaris is questionable, in view of its presence in rocks
representing a variety of environments from the platform lime-
stones on Oland to the outer shelf-slope rocks in Jimtland. The
raphiophoridsmay be more sensitive environmentalindicators.
The presence of several blind forms suggests environments with
low light levels in either deep or turbid waters. The shales and
mudstones in the Andersd Shale represent a notable influx of
fine-grained siliciclastics, some of which have been interpreted
to be turbidites (Karis 1998). Fortey & Owens (1978, 1987)
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Figure 10 Vertical ranges of trilobites in the Andersd Shale succession at Locality 1 on Anderson; note the
greatest diversity is in the upper part of the Lower Shale Member, in the Staltorp Limestone Member and the
lowermost Upper Shale Member, whereas other parts of the formation contain less diverse trilobites although
the vertical distribution pattern suggests that the Andersd Shale may be subdivided into four trilobite zones
(corresponding to the lowermost part of the Lower Shale Member; middle and upper part of the Lower Shale
Member; the Staltorp Limestone Member; and the Upper Shale Member), confirmation of this range pattern in
other successions of the Anderso Shale is needed before formally named trilobite zones are proposed; pending
this, the intervals are informally marked Zone 1, etc.; note that the contact between the Anderso Shale and the

Is6 Limestone is faulted (F) in this section.

applied the term ‘raphiophorid community’ for a trilobite
species association in the Lower Ordovician of S Wales which
is dominated by species adapted to life on soft substrates. It
appears that the raphiophorid-trinucleid assemblages in the
Anders6 Shale on Anderson may be an equivalent to the
Welsh community that was interpreted by Fortey & Owens
(1978) to have occupied an outer-shelf position. Mansson
(2000a) noted that the Andersd Shale on Andersdn contains a
more diverse fauna than the typical deeper-water, low-oxygen
olenid community, and interpreted the depositional environ-
ment of the former as well-oxygenated, fairly deep water in
an outer-shelf setting (Fig. 11).

4. Conodonts (by Stig M. Bergstrom)
4.1. Samples and biostratigraphy

Conodont samples were collected from six limestone interbeds
in the Lower Shale Member, from about a dozen levels in the
Staltorp Limestone Member and from two limestone beds in
the Upper Shale Member (Fig. 12), at Localities 1 and 2 on
Andersdn. A similar set of nine samples was obtained from
the eastern part of the Nils Hans Husa section on Norderdn
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(Thorslund 1960; Fig. 1D). The samples from the Lower and
Upper Shale Members at both sections contained only small
numbers of conodont specimens, but several from the Staltorp
Limestone Member were quite productive, yielding hundreds of
elements. The state of conodont element preservation ranges
from poor to excellent. All specimens have been heated, show-
ing a Color Alteration Index (CAI) of 5 (Bergstrom 1980, fig, 4),
which indicates heating of about 300°C. If this heating was
caused by overburden alone, it would require a stratal thickness
of as much as 8,000-10,000m (Epstein et al. 1977). This thick-
ness of the overburdenis considerably larger than Karis’ (1998)
estimate of 3,000m for the Lockne area about 25km SE of
Anderson, where the CAI values are also around 5.

The Andersd Shale conodont collection totals approximately
2000 elements which are grouped into 16 multielement species.
In addition, there are several taxa that require further study and
access to additional specimens for safe identification. Hence,
the total number of multielement species is likely to exceed
20. Virtually all of the identified species are well-known taxa
that have been adequately described in the recent literature
(see, for instance, Dzik 1994) and there is no need or redescribe
these forms herein. Some of the important species are
illustrated in Figures 13 and 14. The vertical distribution of
individual species is shown in Figure 12. An interesting and
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sea level
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Triarthrus

Andersd Shale
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Figure 11 Trilobite biofacies model, showing inferred position of the Andersd Shale on the outer shelf and the
presumed preferred environments of olenids, raphiophorids and ogygiocarids; modified after Mansson (2000a).

unexpected occurrence in the Staltorp Limestone Member is
several specimens of ‘Roundya’ bispicata Sweet & Bergstrom
(Fig. 14e, f), a rare species of a new genus that was previously
known only from the uppermost Middle Ordovician of the
Southern Appalachians (Sweet & Bergstrom 1962).

In most respects, the conodont species association in the
Andersd Shale is closely similar to that present in coeval strati-
graphical intervals in other Baltoscandian successions such as
the Furudal Limestone and the Gullhégen Formation of
S Sweden (Lindstrom 1960; Fahraeus 1966; Bergstrom un-
published), the ‘Dicellograptus Shale’ (Bergstrom et al. 2000)
and Killerod Formation (Bergstrom 1973a) in Scania, and the
Vollen Formation (formerly Ampyx Limestone) of SE
Norway (Hamar 1964, 1966). The presence of the biostrati-
graphically highly significant species Baltoniodus prevariabilis
(Fahraeus) (Fig. 13a), B. variabilis (Bergstrom) (Fig. 13c),
Cahabagnahus sweeti (Bergstrom), Eoplacognathus lindstroemi
Bergstrom (Fig. 14a—d), Pygodus anserinus Lamont & Lind-
strom (Fig. 13g—) and P. serra (Hadding) (Fig. 13k) is of
particular significance for the classification of the succession
in terms of the Atlantic conodont zonal scheme (Bergstrom,
1971a, 1983).

Rasmussen (1994, 2001) and Rasmussen & Bruton (1994)
recorded the zonal index Eoplacognathus suecicus Bergstrom
1971afrom the uppermost part of the Isd Limestone, indicating
the E. suecicus Zone and a pre-Lasnaméagian age. I have
collected apparently conspecific specimens from the top 0-5m
of the Is6 Limestone at both Locality 1 and at Nils Hans
Husa. As noted above, graptolite evidence indicates that the
base of the overlying Andersd Shale is no older than the
lower Hustedograptus teretiusculus Zone, which is earliest
Uhakan or latest Lasnamigian in age (Bergstrom 1973a).
Hence, much of the Lasnamégian seems to be missing, but
whether this is due to faulting, to the presence of an unconfor-
mity, or some other reason, requires further study. Karis (1998)
correlated the topmost part of the Is6 Limestone with the late
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Lasnamigian Folkeslunda Limestone, but this is in conflict
with the conodont evidence at hand.

Although the Lower Shale Member is poor in conodonts, the
presence of P. serra, and the absence of specimens of P. anser-
inus, indicate that it represents the Pygodus serra Zone. This is
consistent with Rasmussen’s (1994, 2001) record of Eoplacog-
nathus reclinatus (Fahraeus 1966), which is the index of the
next lowest subzone of the Pygodus serra Zone (Bergstrom
1971a), from a level about Sm above the base of the Anderso
Shale at Locality 1. This record is of particular interest for
the correlation between graptolite and conodont subzones,
because it provides the first firm evidence that the upper part
of this subzone corresponds to part of the Hustedograptus
teretiusculus Zone as suggested by Bergstrom (1986, fig. 3).
Previous studies (Bergstrom 1973a, fig. 4) have shown that
the lower part of this subzone is equivalent to the uppermost
part of the Didymograptus murchisoni Zone, but the graptolite
zone equivalent of the upper part of this subzone has previously
been uncertain (Bergstrom 1973a).

The appearance of P. anserinus in the lowermost part of the
Staltorp Limestone Member marks the base of the Pygodus
anserinus Zone (cf. Rasmussen & Bruton 1994). The presence
of B. prevariabilis, C. sweeti and well-preserved specimens of
E. lindstroemi (of a type present in the lower part of the
P. anserinus Zone elsewhere) supports assignment of the Stal-
torp Limestone Member to the A. kielcensis Subzone (Berg-
strom 1983) of the Pygodus anserinus Zone. The occurrence
of Baltoniodus variabilis in the Upper Shale Member of the
Andersd Shale suggests that this unit is not older that the
upper part of the Pygodus anserinus Zone, the Amorphognathus
inaequalis Subzone (Bergstrom 1983). This is consistent with
the graptolite evidence that indicates that this unit is referable
to the Nemagraptus gracilis Zone (Hadding 1913; Thorslund
1960; Karis 1998). Based both on graptolites and conodonts,
the base of the Upper Ordovician is at, or near, the base of
the Upper Shale Member in the sections studied.
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Figure 12 Vertical ranges of conodonts in the studied Andersén and Norder6n sections; note the position of the Pygodus serra/ Pygodus anserinus Zone boundary in the lowermost

part of the Staltorp Limestone Member.
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Several species in the Andersd Shale conodont fauna,
especially representatives of Cahabagnathus, Eoplacognathus
and Pygodus, have short vertical ranges combined with a vir-
tually global distribution and are very useful for extraordinarily
precise local and long-distance correlations. A particularly
important level biostratigraphically is the base of the Pygodus
anserinus Zone, which is based on a speciation event in the
Pygodus lineage, namely the evolution of Pygodus anserinus
from P. serra (Bergstrom 1971a, 1983; Zhang 1998). This
takes place within a very narrow stratigraphical interval, in
many cases less than 0-5m thick, and because of the distinctive
morphology of the taxa involved, it can be readily recognised in
both shelly and shaly facies. It is present near the base of the
Staltorp Limestone Member (also cf. Rasmussen & Bruton
1994; Rasmussen 2001).

Within Sweden this level in the lowermost Staltorp Lime-
stone Member can be correlated with, for instance (Fig. 15),
a horizon 4.95-5-20 m below the top of the Furudal Limestone
in the Fjiacka section, Dalarna (Bergstrom, unpublished); a
level 4-49-5-23m below the top of the same unit in the
Gotska Sandon drill-core, Gotland (Bergstrom, unpublished);
a level 2-15-2-60 m below the top of the Gullhogen Formation
at the Héllekis Quarry, Vistergdtland (Bergstrom, unpub-
lished; Zhang 1998); a level 2-6-2-7m below the top of the
same formation at the Gullhogen Quarry, Vistergotland
(Bergstrom, unpublished); a level of 0-1-0-15m above the
base of the Killerod Formation at its type locality, Scania
(Bergstrom 1973a); and a level about 3-5 below the base of
the Nemagraptus gracilis Zone in the ‘Dicellograptus Shale’ at
Fagelsang, Scania (Bergstrom et al. 2000).

Outside Sweden, the base of the Pygodus anserinus Zone can
be recognised in many regions around the world (Fig. 15), for
instance, about 1 m below the K-bentonite in the Mo’jcza
Limestone at its type locality, Holy Cross Mountains, Poland
(Dzik 1994); 1-2—-1-8 m above the base of the Pratt Ferry beds
in Alabama (Hall ez al. 1986); about 33m above the base of
the Cobbs Arm Limestone on Cottle’s Island, Newfoundland
(Bergstrom et al. 1974; Fahraeus & Hunter 1981); and about
9m above the base of the Saergan Formation at Dawangou,
Tarim, China (Bergstrom et al. 1999).

4.2. Palaeoecology and biofacies

The conodont species association in the Andersd Shale, and
particularly in the Staltorp Limestone Member, is dominated
by representative of FEoplacognathus, Periodon, Protopan-
derodus, Pygodus and Walliserodus. Specimens of Baltoniodus,
which are abundant in most Baltoscandic Middle Ordovician
sections, are relatively rare in the lower half of the Staltorp
Limestone Member but occur more commonly in the upper
0-5m of this unit. Other genera are represented by compara-
tively few elements in most samples. A diagrammatic com-

parison of the relative frequency of the six most common
genera in samples through the Stiltorp Limestone Member
at the two study localities (Fig. 16) shows several interesting
features. As might be expected in view of the relatively close
geographical proximity of these sections, and the virtually
identical thickness of the Staltorp Limestone Member, the fre-
quency curves are, by and large, similar. It may be significant
that at both sections, the lower half of the Staltorp Limestone
Member is characterised by a relatively abundant occurrence
of Eoplacognathus, Periodon and Pygodus, whereas Baltoniodus
is absent or present in only very small numbers. In most of the
upper half of the same unit, Pygodus is less common, and
Eoplacognathus and Periodon are missing, but Baltoniodus is
present is markedly higher frequency. That Baltoniodus and
Periodon show contrasting frequency changes, which has pre-
viously been observed in several Swedish sections, suggests
that these genera had somewhat different palacoecological pre-
ferences, which were possibly related to water depth. Although
not restricted to such deposits, Periodon is known from deep-
water deposits, such as dark shales and cherts (Hadding 1913;
Lindstrom 1957; Lamont & Lindstrom 1957; Sweet & Berg-
strom 1966; Bergstrom et al. 2000), whereas Baltoniodus is
most common in shallower-water strata such as the Darriwilian
limestone deposits in Baltoscandia (Loéfgren 1978; Rasmussen
& Stouge 1995; Zhang & Sturkell 1998). Based on the apparent
depth preferences of these genera, their Staltorp distribution
curve could be interpreted as indicating that the lower half of
the unit was deposited in deeper water that the upper half.
This is consistent with the fact that Periodon and Eoplacog-
nathus reappear, and the frequency of Baltoniodus decreases,
in the very uppermost portion of the Stiltorp Limestone
Member. This is also shown by a sample from the very upper-
most, Lituites-bearing, portion of the Staltorp Limestone
Member at Hadding’s Locality 5 (Fig. 1) just W of Kédringnéset
on the N shore of Anderson. This sample contains many speci-
mens of Pygodus anserinus and P. serra, but no Baltoniodus ele-
ments. This presumably reflects a deepening of the depositional
environment just prior to the deposition of the overlying dark
graptolite shales of the Upper Shale Member that are likely
to have been laid down on relatively deep water. Apparently,
these shales represent the Nemagraptus gracilis Zone (basal
Caradoc) transgressive eustatic event that has been recognised
in many parts of the world (Fortey 1984).

The species association in the lower half of the Stéltorp
Limestone Member is particularly similar to one described
from the Southern Appalachians and referred to as the
Periodon—Pygodus Recurrent Species Association (RSA) by
Bergstrom & Carnes (1976). In updated terminology, the
RSAs may be taken to denote biofacies. This North American
biofacies (Fig. 17) differs from the Anderso one in containing
specimens of Ansella, Belodina and Phragmodus. The two
latter genera have not been recorded in coeval faunas in

Figure 13 SEM micrographs of selected conodonts from the Anderso Shale on Anderson; all specimens are kept
in the type collections of the Orton Geological Museum at the Ohio State University, Columbus, Ohio, USA.
(a) Baltoniodus prevariabilis (Féhraeus, 1966), OSU 51001, Pa element, lateral view, x 115, Staltorp Limestone
Member, sample J63-12; (b) ‘Coelocerodontus’ digonius Sweet & Bergstrom, 1962, OSU 51002, lateral view,
x 115, same sample as (a); (c) Baltoniodus variabilis (Bergstrom, 1961), OSU 51003, Pa element, lateral view,
x 55, Upper Shale Member, sample J60-57; (d) ‘Oistodus venustus Stauffer, 1935, OSU 51004, lateral
view, x130, Staltorp Limestone Member, sample J65-1; (e) Walliserodus ethingtoni (Fahraeus, 1966), OSU
51003, lateral view, x 115, same sample as (d); (f) Dapsilodus viruensis (Fahraeus, 1966), OSU 51006, lateral
view, x120, Staltorp Limestone Member, sample J60-53; (g—) Pygodus anserinus Lamont & Lindstrém, 1957:
(g) OSU 51007, lateral view of alate S element, x 170, same sample as (d); (h) OSU 51008, lateral view of quad-
riramate S element, x170, same sample as (d); (i) OSU 51009, lateral view of Pa element, x90, same sample as
(d); (j) OSU 51010, upper view of Pb element, x90, same sample as (d); (k) Pygodus serra (Hadding, 1913),
OSU 51011, upper view of Pb element, x95, Lower Shale Member, sample J60-51.
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Jamtland or elsewhere in Baltoscandia, but they are present in
the Upper Ordovician of Sweden, Norway and Estonia (Viira
1974; Bergstrom et al. 1998). Ansella occurs in the Lower
and Middle Ordovician elsewhere in Scandinavia (Loéfgren
1978; Zhang & Sturkell 1998) and the reason for its absence
in the present fauna is unclear.

The Periodon—Pygodus biofacies is typical of relatively deep,
cold-water, slope-basin environments in many parts of the
world. Its position in the deepest-water part of a transect
from shallow to deep-water depositional environments in the
S Appalachians in Tennessee is illustrated in Figure 17. The
occurrence in the Andersd Shale, which represents an outer
shelf-upper slope (ramp) environment (Ménsson 2000a; Fig. 3),
is consistent with this model. Broadly coeval strata in the auto-
chthonous limestone succession farther to the E in Jimtland,
which were laid down in shallower water, have similar cono-
dont species associations but the relatively more abundant
specimens of Baltoniodus and Eoplacognathus may justify
their reference to the Baltoniodus—Eoplacognathus biofacies of
Bergstrom & Carnes (1976) (Fig. 17).

It is of interest to note that the upper Middle and lower
Upper Ordovician conodont biofacies differentiation is less
pronounced in Baltoscandia than in eastern North America.
Only two, apparentlyintegrading, biofacies are currently recog-
nised in the study interval, namely the Periodon—Pygodus biofa-
cies and the Baltoniodus—FEoplacognathus biofacies. The former
is characteristic of deeper-water strata, whereas the latter
occurs in shallower-water continental platform deposits. The
horizontal distribution of some of the important conodont
genera in terms of major depositional environments in Sweden
is schematically shown in Figure 18. There are at least two
principal reasons for this apparent uniformity of conodont
biofacies in the study interval.

Firstly, very shallow-water (intertidal or high subtidal)
deposits comparable to the Mosheim Limestone in eastern Ten-
nessee are not known in Sweden. Somewhat older (Aserian—
Lasnamégian Stages, middle Darriwilian Stage) limestones in
the autochthonous eastern platform succession in Jimtland
have locally stromatolites, structures interpreted as desiccation
surfaces, and other features best known from shallow-water
environments, as described in detail by Larsson (1973). How-
ever, Lindstrom (1984a, b) noted that such structures may
also be formed under subtidal conditions, and their palacoen-
vironmental significance is currently somewhat controversial.
Interestingly, the condont fauna of the stromatolitic intervals
(the Lunne facies of Larsson (1973)) does not show any
unique features compared with that in the non-stromatolitic
intervals (Lofgren 1978, fig. 20; Zhang & Sturkell 1998,
figs 5-6). Both lithological and biological indications in the
somewhat younger outer shelf and upper slope Andersd Shale
suggest deposition at a water depth well below wave base, pos-
sibly as much as several tens of metres to more than 100 m.
Hence, the conodont species that were ecologically restricted

to very shallow cold-water marine conditions did not find
their preferred ecological conditions in Sweden during the
time interval studied herein.

Secondly, because Baltoscandia seems to have occupied a
position in the temperate zone (Jaanusson 1973), perhaps at a
latitude of 30-40° S during early Late Ordovician time (Torsvik
et al. 1996; Torsvik 1998), the range of water temperatures was
more restricted than in the tropics. Relatively cold water also
prevailed in the platform environments as suggested by,
among other things, the non-bahamitic carbonate lithology
(Jaanusson 1973). In view of the fact that recent faunal distri-
bution patterns clearly demonstrate that water temperature is
one of the most important factors controlling the distribution
of marine organisms, the regional uniformity of the Baltic
conodont faunas of this age is not surprising.

That depth and temperature of the sea water had a profound
influence on the composition of Ordovician conodont faunas
in Scandinavia is illustrated by the species associations in the
Oanduan Stage (middle Caradoc). As recently described (Berg-
strom 1997; Bergstrom et al. 1998), the diverse conodontfaunas
of the shallow-water, bahamitic Mjésa Limestone in SE
Norway and the Svarts®tra limestone in central Norway, as
well as that of coeval strata in Estonia, are strikingly similar
to equivalent tropical shallow-water faunas in the North
American Midcontinent (Sweet 1979) but quite different from
equivalent deeper-water faunas in Sweden.

4.3. Comparison with other Middle-Upper Ordovician
conodont biofacies in Baltoscandia

In a pioneering study of middle Upper Ordovician conodont
biofaciesin Baltoscandia, Sweet & Bergstrom (1984) recognised
a  Hamarodus europaeus—Dapsilodus mutatus—Scabbardella
altipes and a Phragmodus undatus—Icriodella—Plectodina
biofacies, neither of which is similar to those in the study inter-
val. Based on multivariate analysis, Rasmussen & Stouge
(1995) distinguished five biofacies in the early Darriwilian of
Scandinavia, and correlated biofacies replacements with rela-
tive sea-level changes. Among these, their shelf-slope Proto-
panderodus—Periodon biofacies is likely to be equivalent to our
Periodon—Pygodus biofacies, and their outer-shelf Baltoniodus
biofacies, although containing some genera not present in the
Andersd Shale, is probably comparable to our Baltoniodus—
Eoplacognathusbiofacies. Using cluster analysisof middle Cara-
doc collections from central Sweden, Leslie (1995) recognised a
Baltoniodus alobatus—Protopanderodusliripipus biofacies, which
is probably equivalent to our Baltoniodus—Eoplacognathus
biofacies, and a slightly younger Besselodus semisymmetricus—
‘Oistodus’ sp. A biofacies.

4.4. Periodon—Pygodus biofacies outside Baltoscandia

In the United Kingdom, the Periodon—Pygodus biofacies is
known from southern Scotland (Bergstrom et al. 1974; Berg-
strom 1990; Armstrong 1997). The diverse and well-described

Figure 14 SEM micrographs of selected conodonts from the Anders6 Shale. (a—d) Eoplacognathus lindstroemi
(Hamar, 1964): (a) OSU 51012, upper view of sinistral stelliplanate element, x80, Staltorp Limestone Member,
sample J63-20, Norder6n; (b) OSU 51013, upper view of dextral stelliplanate element, x 100, Staltorp Limestone
Member, sample J60-53, Anderson; (c) OSU 51014, upper view of sinistral pastiniplanate element, x80, same
sample as (a); (d) OSU 51015, upper view of dextral pastiniplanate element, x80, same sample as (b); (e, f)
‘Roundya’ bispicata Sweet & Bergstrom, 1962: () OSU 51016, lateral view of Sa element, x 120, same sample as
(b); (f) OSU 51017, lateral view of Sc element, x95, same sample as (b); (g) Protopanderodus varicostatus
(Sweet & Bergstrom, 1962), OSU 51018, lateral view, x90, same sample as (b); (h—j) Periodon aculeatus Hadding,
1913: (h) OSU 51019, lateral view of Sc element, x 150, Staltorp Limestone Member, sample J65-1, Anderson; (i)
OSU 51020, lateral view of M element, x 120, same sample as (h); (j) OSU 51021, lateral view of P element, x 115,
same sample as (b); (k) Walliserodus ethingtoni (Fahraeus, 1966), OSU 51022, lateral view of unornamented

element, x 115, same sample as (b).
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Figure 17 Upper Middle Ordovician (upper Darriwilian) biofacies differentiation in a NW—-SE transect across the
Appalachian Valley in eastern Tennessee (modified after Bergstrom & Carnes 1976); the Andersé Shale species
association is comparable to that distinguished as the Periodon—Pygodus biofacies, which is present in the slope
and basin part of the transect; this represents the deepest-water portion of the transect.

coeval faunas from the Holy Cross Mountains of Poland (Dzik
1994) are dominated by Baltoniodus and Eoplacognathus but
Pygodus and Periodon are relatively rare. Hence, it appears
that they represent the Baltoniodus—Eoplacognathus biofacies.
The Periodon—Pygodus biofacies is also represented at many
localities in the Appalachians of eastern North America from
Newfoundland (Bergstrom et al. 1974; Fahraeus & Hunter
1981) to Tennessee and Alabama (Sweet & Bergstrom 1962;
Bergstrom 1973b; Hall et al. 1986). Other occurrences include
the Womble Shale in Arkansas (Repetski & Ethington 1977)
and the upper Fort Pena and Woods Hollow Formations in
West Texas (Bradshaw 1969; Bergstrom 1978), and several
regions in China (Wang & Luo 1984; An 1987; An & Zheng
1990; Bergstrom et al. 1999; Finney et al. 1999). In all these
regions, this biofacies occurs in deeper-water and/or cold-
water sediments, and is typically represented in limestone inter-
beds in black shales.

5. Concluding remarks

‘Mixed facies’ successions with diverse macrofossil and micro-
fossil faunas, including a good representation of key index
fossil groups, are as unusual in the Ordovocian of Baltoscandia
as they are elsewhere in the world. Such sequences provide a
unique opportunity to clarify the distributional relationships
between various significant fossil taxa, and they may provide
direct ties between biostratigraphical schemes based on differ-
ent index fossil groups. The Andersd Shale in the Anderson—
Norderdn region in Jimtland is an outstanding example of such

https://doi.org/10.1017/50263593300000316 Published online by Cambridge University Press

a unit, having a fauna that includes more than 70 recorded
species. Because its presumably rather diverse ostracodes and
acid-resistant microfossils (such as acritarchs, chitinozoa and
scolecodonts) have not yet been studied, it seems safe to predict
that after appropriate investigation of these fossil groups, the
total number of recorded species in this unit will exceed 100.
This figure is one of the highest, if not tke highest, for any
comparable stratigraphical interval in the Scandinavian
Ordovician.

The Anderso Shale is of special biostratigraphicalinterest in
that it straddles the Middle-Upper Ordovician boundary,
according to the definition of this boundary in the new global
stage and series classification scheme (Webby 1998). Although
current graptolite collections from the Andersd Shale do not
permit recognition of the level of this boundary more precisely
that its being at some level in the lowermost portion of the
Upper Shale Member, conodont evidence suggests that it is
close to the base of this member. The co-occurrence of
trilobites, graptolites and conodonts in the latest Middle Ordo-
vician part of the Anderso Shale clarifies the relations between
the distribution patterns of key index fossils. This is important
for regional correlations and establishment of age relations
across lithofacies and biofacies boundaries. Particularly by
use of globally distributed conodonts, the Andersd Shale can
be correlated with exceptional precision with successions in
Sweden and elsewhere in the world.

Lithological evidence suggests that the Andersd Shale was
deposited in an outer shelf-slope environment. This is consis-
tent with the fact that the trilobites represent the deeper-
water raphiophorid community and the conodonts belong to
the deeper-water Periodon—Pygodus biofacies. Although the
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Figure 18 Swedish upper Middle Ordovician (upper Darriwilian) conodont biofacies differentiation based on the
horizontal distribution of common genera; the different thickness of horizontal bars reflects the relative frequency
of different genera at different sites; the sampled key localities represent a transect from continental platform to
foreland basin; note that only two biofacies are recognised, and that the Andersd fauna is referred to the

deeper-water Periodon—Pygodus biofacies.

water depth in this environment is difficult to estimate with a
high degree of confidence, it is likely that the entire Andersd
Shale sequence was laid down well below wave base, probably
at a water depth of several tens of metres to more than 100 m.
The Stéltorp Limestone Member may reflect a minor shallow-
ing and/or greatly reduced influx of siliciclastic material. The
overlying dark shale succession of the Upper Shale Member,
which contains some beds of turbiditic aspect, appears to indi-
cate a renewed deepening that ultimately led to the deposition
of the superadjacent basinal and graptolitiferous Ora Shale
which contains a Triarthrus-dominated deep-water trilobite
assemblage (Mansson 1998).

The fact that the rich faunas, biostratigraphy and deposi-
tional environments of the Andersd Shale have received only
limited study prior to the present investigations is by no
means unique for such an important ‘mixed facies’ sequence
in the Ordovician. We hope that the present multicomponent
investigation will direct attention to such successions elsewhere
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and stimulate much-needed modern studies of these fascinating
deposits.
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