EXAMENSARBETE | GEOLOGI VID
LUNDS UNIVERSITET

LUNDS UNIVERSITET
GEOBIBLIOTEKET
PERIODICA

Historisk geologi och Paleontologi

Middle Cambrian trilobites and biostratigraphy
of the Almbacken drill core, Scania, Sweden

Niklas Axheimer

‘/DL/
W —
15000 600693164 |
Lund 2001 Examensarbete, 20 p Nr 133

Geologiska Institutionen, Lunds Universitet



Gevlvfr Coden:SE-LUNBDS/NBGO-01/5133+23s

EXAMENSARBETE | GEOLOGI VID
LUNDS UNIVERSITET

Historisk geologi och Paleontologi

Middle Cambrian trilobites and biostratigraphy
of the Almbacken drill core, Scania, Sweden

Niklas Axheimer

Lund 2001 Examensarbete, 20 p Nr 133
Geologiska Institutionen, Lunds Universitet




Middle Cambrian trilobites and biostratigraphy of
the Almbacken drill core, Scania, Sweden

NIKLAS AXHEIMER

Axheimer, N., 2001: Middle Cambrian trilobites and biostratigraphy of the Almbacken
drill core, Scania, Sweden. Examensarbete i geologi vid Lunds Universitet, Historisk ge-
ologi och paleontologi Nr 133, pp. 1-23.

Abstract: A core drilling at Almbacken in Sodra Sandby, Scania, southern Sweden, pene-
trated a c. 30 m thick succession of Middle Cambrian—upper Lower Cambrian strata. The
Middle Cambrian of this core is the most complete one so far documented in Scania. The
core contains a stratigraphical sequence from the Lejopyge laevigata Zone (upper Paradox-
ides forchhammeri Stage) to the Holmia kjerulfi-group Zone (upper Lower Cambrian). The
Acadoparadoxides oelandicus Stage is probably missing. The Middle Cambrian is c. 28.3
m thick and consists of dark grey to black mudstones and shales (alum shale) with stink-
stone and limestone beds. Three major limestone beds can be identified: the “Fragment
Limestone”, the Exsulans Limestone, and the Andrarum Limestone. The Middle Cambrian
is richly fossiliferous and the faunas are dominated by agnostid trilobites. Polymerid trilo-
bites and indeterminate lingulate brachiopods are common at some levels. The succession
of trilobite species are used for a biostratigraphical subdivision into seven biozones. The
preservation is generally good and 31 trilobite species were identified. The excellent preser-
vation in the stinkstones allowed a description of growth stages in pygidia of Ptychagnostus
punctuosus (Angelin, 1851). Only the upper part of the Lower Cambrian (Gislév Forma-
tion) was recovered, comprising c. 1.5 m of siltstones and a thin limestone bed at the base of
the core.
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The Cambrian of Scandinavia consists predominantly of
siliciclastic deposits which accumulated under generally
shallow to moderately deep marine conditions. Outside
the Caledonides, these deposits have escaped tectonic
deformation and are completely unmetamorphosed. Aren-
aceous strata laid down in a near-shore shallow marine
environment generally dominate Lower Cambrian suc-
cessions. In Scania (Skéne), southern Sweden, the Low-
er Cambrian is subdivided into four formations. In as-
cending order these are the Hardeberga Formation, the
Norretorp Formation, the Rispebjerg Sandstone, and the
Gislov Formation (e.g. Bergstrom & Ahlberg 1981; Berg-
strom & Gee 1985; Ahlberg 1998).

The Lower Cambrian is succeeded by a series of mud-
stones and shales, which comprise the Middle Cambri-
an. These Middle Cambrian argillaceous deposits are
often very dark due to a high organic content, and form
part of the Alum Shale Formation (e.g. Bergstrém &
Ahlberg 1981; Buchardt et al. 1997). The Alum Shale
Formation consists of dark grey to black mudstones and
shales with lenses and beds of dark grey limestone (often
referred to as orsten in Swedish). Three major limestone
units can be identified in the lower part of the Alum Shale
Formation in Scania. These are, from base to top: the
“Fragment” Limestone, the Exsulans Limestone, and the

Andrarum Limestone (e.g. Hadding 1958; Ahlberg 1998).
They are considered to have been deposited during re-
gressive events (Bergstrom & Gee 1985; Conway Morris
& Rushton 1988; Nielsen 1996).

The accumulation of mudstone and shale was a very
slow process with a deposition rate of merely 1-10 mm/
1000 years in a principally dysoxic environment (Bu-
chardt ef al. 1997). The dysoxic environment resulted in
slow decay of dead organisms, and the preservation in
the alum shale is therefore generally good, especially in
the stinkstones.

The biostratigraphy of the Middle Cambrian (Para-
doxides Series) of Scandinavia is based mainly upon tri-
lobites. The Middle Cambrian is subdivided into three
stages (in ascending order): the Acadoparadoxides oe-
landicus Stage, the Paradoxides paradoxissimus Stage,
and the Paradoxides forchhammeri Stage. The A. oelan-
dicus Stage has not been recorded with certainty in
Scania, whereas the latter stages are generally complete.
In other areas of Scandinavia, the P. paradoxissimus and
P. forchhammeri stages are generally incomplete or oc-
casionally even missing. The probable absence of the A.
oelandicus Stage in Scania seems to coincide with the
Hawke Bay regression of North America (Bergstrom &
Ahlberg 1981).
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Middle Cambrian sedimentary outcrops are fairly
sparse in Scania and confined to only a few localities in
the south-eastern parts of the province, the most exten-
sive ones being the old quarries at Andrarum. Thus our
knowledge of the thickness, faunal content, and stratig-
raphy of the Middle Cambrian is to a great extent based
on drillings. A series of drillings in Scania were carried
out in the 1940’s under the supervision of the Swedish
paleontologist A. H. Westergard. Much of this work has
been an important source of knowledge in understand-
ing the Middle Cambrian of Scania. An additional bor-
ing was made in 1949 at Almbacken in Sodra Sandby,
western Scania. This paper focuses on the succession of
trilobites and the biostratigraphy of the Almbacken core.

Location and general remarks

In 1941 and 1942 a series of drillings were made in Scania
on commission of the Swedish Geological Survey in or-
der to obtain information on the alum shale in Scania.
Drillings were made at Andrarum, Gislévshammar,
Akarpsmélla, and Sédra Sandby. Unfortunately the bor-
ing at Sodra Sandby struck a diabase dyke and only an
incomplete succession through the Alum Shale Forma-
tion was obtained (Westergard 1944). To complete the
Sddra Sandby core an additional boring was made in 1949
at Almbacken, in the southern part of Sodra Sandby (Fig.
1). The Almbacken estate is situated about 1 km south of
Soddra Sandby church, and the drilling was probably made
slightly north of the Almbacken farm.

The Almbacken drilling was a success and a more or
less complete core through the Middle Cambrian was
recovered, as well as the uppermost part of the Lower
Cambrian. The boring reached a depth of approximately
33 m and penetrated the following sequences: Quater-
nary (0-2.87 m), Middle Cambrian (2.87-31.20 m), and
Lower Cambrian (31.20-32.70 m) (Plate 1). The core
diameter is 7.2 cm. The Middle Cambrian succession
has a thickness of c¢. 28.3 m and consists mainly of medi-
um to dark grey shale and laminated mudstone with sev-
en limestone intercalations. For a detailed description of
the lithological succession and its faunal content, see
Appendix. The core was briefly examined by Per Ahl-
berg, who also collected fossils from all fossiliferous in-
tervals. These fossils form the basis for this study. The
lithologies and the lithologic succession in the Almbacken
core were described by Meyerson (1997).

Middle Cambrian biostratigraphy of

Scandinavia

The stratigraphic classification of the Middle Cambrian
has gone through numerous revisions, especially in the
early twentieth century. Before the series of borings took
place, the Middle Cambrian stratigraphy of Scania was
based solely upon studies of various outcrops, especially
those in and around the Andrarum quarries, revealing
only partial sections of Cambrian strata (Westergard
1944). These outcrops were used by Swedish palaeontol-
ogist Tullberg (1882) when he proposed a biostratigra-

phy for the Middle Cambrian of Scandinavia. Tullberg
divided the Paradoxides Shale (Middle Cambrian) into
thirteen zones. His classification was later revised by
Gronwall (1902) into no more than four zones during an
attempt to correlate the Middle Cambrian in Scania with
that of Bornholm using Tullberg’s (1882) scheme. Moberg
(1910) later revised Gronwall’s (1902) four zones into
the following three, in ascending order: the Paradoxides
oelandicus Zone, the Paradoxides tessini (=Paradoxides
paradoxissimus) Zone, and the Paradoxides forchham-
meri Zone. Finally, Westergard (1944) believed that these
three zones were of too great importance to represent
zones alone and regarded them as stages instead. These
three stages are still in use today. The P. oelandicus Stage
is known today as the Acadoparadoxides oelandicus
Stage.

Westergard made many extensive studies of Cambri-
an stratigraphy and trilobite faunas of Sweden and sub-
divided the Middle Cambrian into the following nine
zones (in ascending order): the Eccaparadoxides insu-
laris Zone, the Paradoxides pinus Zone, the Ptychag-
nostus gibbus Zone, the Tomagnostus fissus/Ptychagnos-
tus atavus Zone, the Hypagnostus parvifrons Zone, the
Ptychagnostus punctuosus Zone, the Ptychagnostus lun-
dgreni/Goniagnostus nathorsti Zone, the Solenopleura
brachymetopa Zone, and the Lejopyge laevigata Zone
(Westergard 1946). The P. pinus Zone is currently re-
ferred to as the Ptychagnostus praecurrens Zone (Ahl-
berg 1989). The reason for giving some zones more than
one species name is that in some localities one of the
species might be rare or sometimes even absent.

Since Westergérd’s (1946) work on the Middle Cam-
brian, various other subdivisions have been suggested,
e.g. by Robison (1982, 1984). Based upon the succession
of agnostids Robison’s (1984) intention was, and still is,
to propose a global zonation for the Middle Cambrian.
This zonation is primarily based upon species of the fam-
ily Ptychagnostidae (Robison 1984). The Ptychagnosti-
dae was selected because of its frequent usage by research-
ers around the world. Robison (1982, 1984) defined the
lower boundary of each zone by the first appearance of a
single species and the upper boundary by the base of the
overlying zone, in contrary to Westergard (1946) who
never really explained how the zonal boundaries were to
be defined. Robison (1984) and Peng & Robison (2000)
created a system with five interval-zones. In ascending
order these are the Ptychagnostus praecurrens Zone, the
P. gibbus Zone, the P. atavus Zone, the P. punctuosus
Zone, and the L. laevigata Zone (lower and upper). The
zonal index fossils were selected because of their wide
geographical distribution and abundance. The lower three
zones were defined in an earlier publication (Robison
1982).

Robison (1984) excluded Westergard's (1946) Tomag-
nostus fissus and Hypagnostus parvifrons zones in his
biostratigraphy. Peng & Robison (2000) state that “T. fis-
sus is known from shallow- to deep-water lithofacies of
high paleolatitudes but from only deep-water lithofacies
of low paleolatitudes”, and they therefore consider 7. fis-
sus to be of less stratigraphical significance than P. ara-



Series Stages Zones (Westergard 1946) Scanian Rock Units | Zones (Robison 1984)
Lejopyge laevigata Alum Shale Fm
Paradoxides Lejopyge laevigata
forchhammeri Solenopleura brachymetopa Andrarum Lst
Stage
Ptychagnostus lundgreni/ Goniagnostus nathorsti
Ptychagnostus punctuosus
Middle Ptychagnostus punctuosus
Cambrian
Paradoxides Hypagnostus parvifrons Alum Shale Fm
paradoxissimus Ptychagnostus atavus
Stage Tomagnostus fissus/Ptychagnostus atavus
Ptychagnostus gibbus Ptychagnostus gibbus
Acadoparadoxides Ptychagnostus praecurrens / Ptychagnostus praecurrens
oelandicus — = — =
Stage Eccaparadoxides insularis /
Z

Fig. 2. Middle Cambrian stratigraphy of Scania, southern Sweden, and Middle Cambrian biostratigraphy according to Westergard (1946)

and Robison (1984).

vus. Regarding H. parvifrons, Peng & Robison (2000)
claims that its stratigraphical range is much longer than
that of P. atavus, and that it should therefore be excluded
as an index fossil. The P. lundgreni/G. nathorsti Zone is
also not present in Robison’s (1984) zonation. Many au-
thors have excluded this zone due to the long range of P.
lundgreni and the fact that P. lundgreni can not always
be found together with G. nathorsti (Berg-Madsen 1985a,
1985b).

The Middle Cambrian zonation of Westergéard (1946)
is applied in this paper because Robison’s (1982, 1984)
zonation is largely based upon North American agnostid
faunas. A comparison between the Middle Cambrian
zonation of Westergard (1946) and Robison (1984) is
shown in Fig. 2.

Stratigraphical remarks

Middle Cambrian. — The Middle Cambrian of the Alm-
backen core has a thickness of c. 28.3 m and is dominat-
ed by dark grey to black mudstone and shale. It is richly
fossiliferous, except in the lower c. 6 m, and has a highly
diverse fauna containing 31 identified agnostid and
polymerid trilobite species. The preservation is general-
ly good, especially in the stinkstones. In addition to shale
and stinkstone, the Middle Cambrian contains three major
limestone beds, and these are in ascending order: the
“Fragment” Limestone (28.25-28.60 m), the Exsulans
Limestone (25.08-25.47 m), and the Andrarum Lime-
stone (4.10-5.65 m). These beds are richly fossiliferous,
except for the “Fragment” Limestone, which contains
only indeterminate brachiopod valves and trilobite frag-
ments. The Andrarum Limestone is well known for its
rich faunas (Ahlberg 1998) but has yielded only four spe-
cies in the Almbacken core.

The first appearance of an index fossil is that of Pry-
chagnostus gibbus at 25.23 m. Accordingly the Aca-
doparadoxides oelandicus Stage is missing, or can at
least not be positively identified. The first appearance of

P. gibbus coincides with the first appearance of 7. fissus.
This implies a difficulty when establishing the lower
boundaries of the 7. fissus/P. atavus Zone and the P. gib-
bus Zone, because application of first appearance data is
not possible. Unfortunately Westergard (1946) never ex-
plained exactly how he defined these boundaries. He
states, however, that the P. gibbus Zone includes the
Exsulans Limestone layer (Westergard 1946). Therefore,
the boundary between the P. gibbus Zone and T. fissus/P.
atavus Zone is placed at the last appearance of P. gibbus
(25.09 m).

Hypagnostus parvifrons is sparse and cannot be con-
sidered to be frequent at any level. Ptychagnostus atavus
is as most common around the 23 m level and occurs in
great numbers at 22.80 m, which is above the first ap-
pearance of H. parvifrons. The P. atavus Zone should
therefore extend up to this level, at least. The lower bound-
ary of the H. parvifrons Zone is set at 22.40 m, a level
where the frequency of P. atavus starts to decrease and
the last appearance of 7. fissus, the latter being restricted
to the T. fissus/P. atavus Zone (Westergard 1946). H.
parvifrons generally extends from the 7. fissus/P. atavus
Zone and continues up into the lower part of the Pry-
chagnostus punctuosus Zone (Westergard 1944). In the
Almbacken core H. parvifrons appears in the T. fissus/P.
atavus Zone but terminates just below the first appear-
ance of P. punctuosus.

The occurrence of Peronopsis fallax depressa, diag-
nostic of the H. parvifrons Zone, at 15.45 m marks where
the lower boundary of the P. punctuosus Zone is placed,
alevel close to where the frequency of P. punctuosus starts
to increase. This is also a level where Ptychagnostus cf.
stenorrhachis occurs, a species diagnostic of the P. punc-
tuosus Zone (Westergard 1946). However, since the iden-
tification of P. stenorrhachis is uncertain, its stratigraph-
ical significance should be taken with precaution. Para-
solenopleura linnarssoni generally ranges to the upper
boundary of the H. parvifrons Zone (Westergard 1953),
and this is also the case in the Almbacken core.




Fig. 3. A. Eodiscus scanicus (Linnarsson, 1883), incomplete pygidium. P. gibbus Zone in the Almbacken core (25.08 m). x17. B. Cotalag-
nostus lens claudicans (Grénwall, 1902), cephalon. T. fissus/P. atavus Zone in the Almbacken core (22.80 m). x7. C-D. Hypagnostus
parvifrons (Linnarsson, 1869). C, cephalon. H. parvifrons Zone in the Alimbacken core (17.72 m). x9.5. D, pygidium. T. fissus/P. atavus
Zone in the Almbacken core (22.94 m). x15. E-F. Hypagnostus cf. nepos (Brégger, 1878). P. lundgreni/G. nathorstiZone in the Alimbacken
core. E, cephalon (9.57 m). x12.5. F, incomplete pygidium (9.63 m). x9.5. G-H. Peronopsis fallax (Linnarsson, 1869). T. fissus/P. atavus
Zone in the Almbacken core. G, cephalon (24.46 m). x6. H, pygidium (24.70 m). x8. . Peronopsis fallax depressa Westergard, 1946,
pygidium. H. parvifrons Zone in the Almbacken core (15.45 m). x9. J. Peronopsis fallax ferox (Tullberg, 1880), pygidium, latex cast of
external mould. P. punctuosus Zone in the Almbacken core (11.17 m). x8. K-L. Diplagnostus planicauda (Angelin, 1851). P. punctuosus
Zone in the Almbacken core. K, cephalon (10.55 m). x8. L, cephalon (10.63 m). x8.

Ptychagnostus lundgreni appears in the uppermost
part of the P. punctuosus Zone in most localities in Scania
(Westergard 1946), but not in the Almbacken core. How-
ever, it is generally rare in the core, which may explain
its absence in this zone. The lower boundary of the Pty-
chagnostus lundgreni/Goniagnostus nathorsti Zone is
here defined by the first appearance of P. lundgreni (9.75
m). The low frequency of G. nathorsti in the Almbacken
core corresponds with Westergérd's observations from
Andrarum, whereas in other localities this condition
might be reversed, hence the usage of two index fossils
(Westergard 1946).

There is an uncertainty concerning the boundary be-
tween the Solenopleura brachymetopa Zone and the Le-
Jopyge laevigata Zone, because neither of these zonal
fossils are with certainty present in the core. Following
Westergard (1953), the S. brachymetopa Zone is tenta-
tively set to comprise the Andrarum Limestone (4.10-
5.65 m). Very poorly preserved specimens of Lejopyge
have been found in the lower part of, and just above, the

Andrarum Limestone, but no species identification was
possible.

The Acadoparadoxides oelandicus Stage has not been
recorded with certainty from any localities or drill cores
in Scania. This is generally explained by an interruption
of sedimentation due to a regressive event (Lindstrom et
al. 2000).

Lower Cambrian. — The transition beds between the
Middle Cambrian and strata herein considered as Lower
Cambrian are poorly fossiliferous, containing only inde-
terminate lingulate brachiopod valves and trilobite frag-
ments. The boundary between the Middle and Lower
Cambrian is therefore based upon lithology and is tenta-
tively placed at 31.20 m where a series of dark grey to
black mudstones overlies a series of siltstones. This im-
plies a core recovery of c. 1.5 m of Lower Cambrian stra-
ta. The siltstones are 1.20 m thick, medium to dark grey
in colour, highly calcareous, and pyritiferous. They overlie
a thin limestone bed, comprising 0.3 m. The limestone,
which is light grey in colour, is rich in small rounded
quartz grains. Fossils are present, but observable only as
cross sections of polymerid trilobites, making any form
of identification impossible without extensive prepara-
tion.



The siltstone and limestone sequences seems to rep-
resent the Holmia kjerulfi-group Zone of the Gislév For-
mation although no definite correlation can be made since
the available material is sparse (fragmentary sections
comprising 1.5 m) and fossil identification virtually im-
possible.

Systematic palaeontology

Terminology. — The morphological terms applied herein
are those defined by Whittington (in Kaesler 1997) and
Robison (1982, 1988, 1994).

Repository. — Discussed and illustrated specimens are
stored at the Department of Geology, University of Lund.

Class Trilobita Walch, 1771

Order Agnostida Salter, 1864

Family Eodiscidae Raymond 1913
Genus Eodiscus Hartt in Walcott, 1884
Eodiscus scanicus (Linnarsson, 1883)
Fig. 3A

Material. — One nearly complete pygidium.

Remarks. — The species was described by Westergard
(1946, pp. 25-26, pl. 1, figs. 6-11) and Babcock (1994,
pp. 112-115, fig. 28, 1-5). It is considered to be fairly
common in a thin layer just above the Exsulans Lime-
stone at Andrarum in Scania (Westergard 1944). E. scan-
icus occurs at the corresponding level in the Almbacken
core (25.08 m).

Occurrence. — Zone of Ptychagnostus gibbus in the Alm-
backen core. Also known from Norway, Great Britain,
Canada, and Greenland (Westergard 1946; Babcock
1994).

Genus Opsidiscus Westergard, 1950
Opsidiscus bilobatus (Westergard, 1946)
Material. — Three cephala, one being nearly complete.

Remarks. — The species was discussed and illustrated by
Westergard (1946, p. 27, pl. 1, figs. 16-22). The Alm-
backen specimens are poorly preserved in shale. The spe-
cies is considered to be rare in all localities in Scania
and all specimens found have been of inferior preserva-
tion. The name bilobatus is derived from the bilobate-
shaped glabella, a feature that seems to be unique in the
family Eodiscidae (Westergard 1946).

Occurrence. — Zone of Lejopyge laevigata in the Alm-
backen core. O. bilobatus has also been recorded from
Andrarum, Ostergotland, and Vistergotland (Westergard
1946).

Family Peronopsidae Westergard, 1936
Genus Cotalagnostus Whitehouse, 1936

Cotalagnostus lens claudicans (Grénwall, 1902)
Fig. 3B

Material. — One nearly complete cephalon and one poor-
ly preserved pygidium.

Remarks. — C. lens claudicans shares many morpholog-
ical characteristics with Hypagnostus truncatus (Brog-
ger, 1878) as well as with many other species of Hypag-
nostus, but can be distinguished by e.g. a less rectangu-
lar glabella and a less defined anterior glabellar furrow.
According to Westergard (1946), H. truncatus is a fore-
runner of C. lens claudicans. The subspecies was de-
scribed by Westergard (1946, p. 54, pl. 6, figs. 20-27).
The cephalon of C. lens claudicans can be separated from
the nominal subspecies by its less oval shape.

Occurrence. —T. fissus/P. atavus Zone in the Almbacken
core. In Scania, it is also known from Brantevik and Gis-
lévshammar, where it appears to be fairly rare (West-
ergard 1946).

Genus Hypagnostus Jaekel, 1909
Hypagnostus parvifrons (Linnarsson, 1869)
Fig. 3C-D

Material. — Thirteen cephala and two pygidia.

Remarks. — Brogger (1878) distinguished two varieties
of H. parvifrons, viz. nepos and mammillata. The former
was regarded as a species by Westergard (1946). H. parv-
ifrons is extremely rare in the Middle Cambrian of Aus-
tralia, but there are a few occurrences in the Euagnostus
opimus Zone (Opik 1979). H. parvifrons was discussed
by e.g. Westergérd (1946, p. 45, pl. 4, figs. 27-31), Opik
(1979, pp. 66-67, pl. 6, figs. 7-8), and Peng & Robison
(2000, pp. 60-63, fig. 45).

Occurrence. — The species appears in the upper part of
the T. fissus/P. atavus Zone and ranges through the H.
parvifrons Zone in the Almbacken core. It is widely dis-
tributed in Scandinavia, and has also been recorded from
e.g. Great Britain, North America, Greenland, and Chi-
na (Westergard 1946; Robison 1994; Peng & Robison
2000).

Hypagnostus cf. nepos (Brogger, 1878)
Fig. 3E-F
Material. — About thirty cephala and thirty pygidia.

Remarks. — The species was originally described by Brog-
ger (1878, p. 72, pl. 6, fig. 2) and later by Westergard
(1946, pp. 47-48, pl. 5, figs. 5-8). The preservation of
the Almbacken material is very poor, and the species iden-
tification is uncertain. H. nepos differs from its ascend-
ant H. parvifrons in having a more elongate glabella and
a narrower posteroaxis, features only seen in few of the
specimens in this study.

Occurrence. — H. cf. nepos was found in the lower part
of the P. lundgreni/G. nathorsti Zone in the Almbacken
core. According to Westergard (1946) the species proba-
bly ranges through the P. punctuosus Zone to the lower
portion of the S. brachymetopa Zone. The species is
known from numerous localities in Sweden and Norway
(Westergard 1946).




Hypagnostus sp.

Material. — Some twenty cephala and numerous frag-
mentary shields.

Remarks. — The material seems to represent the genus
Hypagnostus, but the poor state of preservation makes
further classification difficult.

Occurrence. — Occurs sporadically from the H. parvi-
frons Zone to the lower part of the P. lundgreni/G. nath-
orsti Zone in the Almbacken core.

Genus Peronopsis Hawle & Corda, 1847
Peronopsis fallax (Linnarsson, 1869)

Fig. 3G-H

Material. — Hundreds of disarticulated specimens.

Remarks. — This is by far the most abundant species in
the Almbacken core. The long range of P. fallax implies
that its use in biostratigraphy is limited (Opik 1979).
The species was revised by Westergard (1946, pp. 37-39)
and his classification, which include three subspecies,
has been generally accepted. P. fallax was described and
illustrated by Westergard (1946, p. 37, pl. 2, figs. 18-24)
and Opik (1979, pp. 54-55, pl. 4, figs. 4-7).

Occurrence. — In the Almbacken core the species ranges
from the uppermost part of the P. gibbus Zone to the
lowermost part of the P. punctuosus Zone.

Peronopsis fallax depressa Westergard, 1946
Fig. 31
Material. — Two pygidia.

Remarks. — The pygidium has a low convexity and a
slightly ogival-shaped posteroaxis with a transverse sul-
cus. The preservation in one of the specimens is poor,
but it shows one of the pygidial spines, a feature rarely
seen in the Almbacken material. The subspecies was de-
scribed by Westergard (1946, pp. 37-38, pl. 2, figs. 25-
26).

Occurrence. — This subspecies occurs at the top of the H.
parvifrons Zone in the Almbacken core. It is also present,
but rare, in other localities in Scania (Westergard 1946).

Peronoposis fallax ferox (Tullberg, 1880)
Fig. 37
Material. — Two cephala and six pygidia.

Remarks. — This subspecies can be distinguished from P.
Jfallax fallax by its shorter pygidial axis, and the lateral
lobes being uniform in breadth throughout (Westergard
1946). The Almbacken specimens conforms in all essen-
tial features with Westergérd’s (1946) description, but
has a somewhat less blunt termination of the pygidial
axis.

Occurrence. — Upper part of the P. punctuosus Zone in
the Almbacken core. It is widely distributed in Scandi-
navia, and ranges from the P. punctuosus Zone into the
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lowermost part of the S. brachymetopa Zone (Westergard
1946).

Peronopsis pusilla (Tullberg, 1880)
Material. — One pygidium.

Remarks. — The pygidium is incomplete and not well
preserved, but shows several morphological features. The
pygidial axis is short, faintly ogival in shape and nearly
as wide as each of the lateral lobes, which are equal in
breadth throughout and separated by a very faint post-
axial furrow. The external exoskeletal surface is smooth
but can sometimes be faintly granulated (Westergard
1946). The species was thoroughly described by West-
ergard (1946, pp. 42-43, pl. 4, figs. 12-18).

Occurrence. — P. punctuosus Zone of the Almbacken core.
The species is known from many localities in Scania,
and also from e.g. Bornholm (Denmark), Newfoundland,
and Norway (Westergard 1946).

Peronopsis scutalis (Salter in Hicks, 1872)
Material. — Four cephala and six pygidia.

Remarks. — The pygidium of P. scutalis is similar to that
of C. lens claudicans, but has a shorter, narrower, and
more pointed posteroaxis. The species was described by
Westergard (1946, pp. 41-42, pl. 4, figs. 4-11).

Occurrence. — Uppermost part of 7. fissus/P. atavus Zone
in the Almbacken core. It is known to appear just above
the Exsulans Limestone and range to the top of the T.
fissus/P. atavus Zone (Westergard 1946). Outside Scania,
P. scutalis is recorded from Great Britain and Newfound-
land (Westergard 1946).

Peronopsis sp.
Material. — Hundreds of disarticulated specimens.

Remarks. — All shields are either too small or too dam-
aged for species identification.

Occurrence. — Ranges through the major part of the Alm-
backen core, from the upper P. gibbus Zone to the mid-
dle P. lundgrenilG. nathorsti Zone.

Family Phalacromidae Hawle & Corda, 1847
Genus Phalacroma Hawle & Corda, 1847
Phalacroma scanicum (Tullberg, 1880)

Fig. 4B

Material. — Two pygidia, one of which is an external
mould.

Remarks. — This species is rare and poorly known (West-
ergard 1946). A brief description of the species was made
by Westergard (1946, p. 93, pl. 14, figs. 15-18), based
upon only a few poorly preserved specimens. The pygid-
ium of P. scanicum is similar to that of Phalacroma mar-
ginatum (Brégger, 1878) but has a more oval posteroax-
is and a border which is more or less subequal in breadth,
occasionally expanding backwards, as seen in the Alm-



Fig. 4. A. Diplagnostus planicauda (Angelin, 1851), incomplete pygidium. P. punctuosus Zone in the Almbacken core (10.52 m). x8. B.
Phalacroma scanicum (Tullberg, 1880), pygidium, latex cast of external mould. P. punctuosus Zone in the Aimbacken core (15.22 m). x12.
C-F. Tomagnostus fissus (Linnarsson, 1879). H. parvifrons Zonein the Almbacken core. C, cephalon (22.45 m). x8.5. D, cephalon (22.45
m). x9. E, cephalon (22.50 m). x9.5. F, pygidium (22.45 m). x8. G. Doryagnostus incertus (Brogger, 1878), pygidium. P. punctuosus Zone
in the Almbacken core (13.50 m). x11. H-l. Goniagnostus nathorsti (Brégger, 1878). P. lundgreni/G. nathorstiZone in the Almbacken core.
H, cephalon (9.40 m). x7.5. |, incomplete cephalon (9.40 m). x7.5. J-K. Ptychagnostus affinis (Brogger, 1878). H. parvifrons Zone in the
Almbacken core. J, cephalon (17.76 m). x13. K, pygidium (15.60 m). x9.5. L. Ptychagnostus lundgreni nanus (Grénwall, 1902), pygidium.

P. lundgreni/G. nathorstiZone in the Almbacken core (6.46 m). x11.

backen core. This posterior expansion of the border is,
however, not as pronounced as in P. marginatum.

Occurrence. — Lower portion of the P. punctuosus Zone
in the Almbacken core. It is also known from Andrar-
um, Brantevik, and Gislovshammar in Scania (West-
ergird 1946).

Family Diplagnostidae Whitehouse, 1939
Genus Diplagnostus Jaekel, 1909
Diplagnostus planicauda (Angelin, 1851)
Fig. 3K-L, 4A

Material. — Approximately 40 cephala and 30 pygidia of
various sizes and states of preservation.

Remarks. — The species was described by Westergard
(1946, pp. 61-62, pl. 8, figs. 13-24) and most recently by
Peng & Robison (2000, p. 49, figs. 5.5, 35). Three sub-
species have been described (see Westergard 1946). How-
ever, Robison (1988, pp. 33-35) noted that these are based
on characters that can vary within populations and that
there is no reason to distinguish subspecies. This view is
followed herein and D. planicauda bilobatus is only re-
garded as a variety of D. planicauda.

11

Occurrence. — Ranges from the upper part of the P. punc-
tuosus Zone into the P. lundgreni/G. nathorsti Zone in
the Almbacken core. Besides Scania, D. planicauda is
widely distributed in Scandinavia (Westergard 1946).
Outside Scandinavia D. planicauda is known from e.g.
Australia, China, and Greenland (Robison 1988; Peng
& Robison 2000).

Genus Tomagnostus Howell, 1935
Tomagnostus fissus (Linnarsson, 1879)
Fig. 4C-F

Material. — Approximately one hundred cephala and
pygidia in various states of preservation, generally flat-
tened. No complete specimens or thoracic segments
found.

Remarks. — Scandinavian specimens were described thor-
oughly by Westergéard (1946, pp. 58-59, pl. 7, figs. 21-
29). It is considered to be rare in the Exsulans Limestone
(Westergard 1946), which is in accordance with the
number of specimens in the Exsulans Limestone of the
Almbacken core. Some specimens found in the Almback-
en core show faint radiating grooves on the cheeks. Dis-
playment of grooves on the cheeks is a feature that usu-
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Fig. 5. A-G. Ptychagnostus punctuosus (Angelin, 1851). P. punctuosus Zone in the Almbacken core. A, nearly complete specimen (14.80
m). x9. B, pygidium (14.15 m). x8. C, pygidium (11.90 m). x7. D, pygidium (11.17 m). x7. E, cephalon (14.80 m). x6. F, cephalon (14.80
m). x8.5. G, cephalon (14.80 m). x7. H. Ptychagnostus affinis (Brégger, 1878), cephalon with attached thoracic segments. H. parvifrons
Zone in the Almbacken core (17.76 m). x9.5. I-J. Ptychagnostus gibbus (Linnarsson, 1869). P. gibbus Zone in the Alimbacken core. I,

cephalon (25.10 m). x6.5. J, pygidium (25.23 m). X7.

ally occurs in the species, but they may sometimes be
absent (Westergérd 1946). Absence of grooves on the
cheeks can be seen in a few specimens in the Almbacken
core, but may be a result of poor preservation.

Occurrence. — Appears in the upper part of the P. gibbus
Zone and continues through the T. fissus/P. atavus Zone
to the lower boundary of the H. parvifrons Zone in the
Almbacken core. The species is also known from Great
Britain and eastern North America (Westergard 1946).

Family Doryagnostidae Shergold, Laurie & Sun,
1990

Genus Doryagnostus Kobayashi, 1939
Doryagnostus incertus (Brogger, 1878)
Fig. 4G

Material. — One nearly complete pygidium.

Remarks. — The species was described by Westergard
(1946, pp. 83-84, pl. 12, figs. 20-23) and Opik (1979, p.
82, pl. 17, fig. 3). The pygidium of D. incertus is charac-
terized by a narrow terminal axis with a pointed termi-
nation of the posteroaxis and a transverse sulcus. The
genus Doryagnostus was initially assigned to the family
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Agnostidae M’Coy, 1849, but was later reassigned, by
Kobayashi (1939), to the family Ptychagnostidae. Cur-
rently, D. incertus is the only species in the Doryagnosti-
dae, a family erected by Shergold, Laurie & Sun (1990).

Occurrence. — Middle part of the P. punctuosus Zone in
the Almbacken core. According to Peng & Robison (2000)
D. incertus ranges from the base of the P. punctuosus
Zone to the P. lundgreni/G. nathorsti Zone. D. incertus
has been recorded from Scandinavia, Australia, and
China (Westergard 1946; Opik 1979; Peng & Robison
2000).

Family Ptychagnostidae Kobayashi, 1939
Genus Goniagnostus Howell, 1935
Goniagnostus nathorsti (Brogger, 1878)
Fig. 4H-1

Material. — Four incomplete cephala and one incomplete
pygidium.

Remarks. — This is a distinctive and easily identified spe-
cies. The surface of the genae and the pleural fields are
finely granular, but in poorly preserved specimens the
surface may appear smooth (Westergard 1946). G. nath-



orsti was described by Westergard (1946, p. 81, pl. 12,
figs. 12-16) and Opik (1979, pp. 150-152, pl. 47, fig. 6;
pl. 60, figs. 1-5; pl 61, figs. 1, 3-6). It was recently dis-
cussed by Peng & Robison (2000), who gave a complete
list of synonyms.

Occurrence. — Lower part of the P. lundgreni/G. nath-
orsti Zone in the Almbacken core. G. nathorsti is known
from several districts in Scandinavia, as well as from
Australia, Canada, and China (Westergard 1946; Opik
1979; Peng & Robison 2000).

Genus Lejopyge Hawle & Corda, 1847

Lejopyge sp.
Material. — Six cephala and seven pygidia, none of them
complete.

Remarks. — The cephala and pygidia from the Almback-
en core are poorly preserved, but show some of the char-
acteristics of Lejopyge. Their stratigraphic occurrence
suggest that they probably belong to Lejopyge laevigata.

Occurrence. — Lower part of the S. brachymetopa Zone
and the lower part of what is considered to be the L. lae-
vigata Zone. In Sweden Lejopyge is restricted to the mid-
dle and upper part of the P. forchhammeri Stage (West-
ergard 1946).

Genus Ptychagnostus Jaekel, 1909

Ptychagnostus affinis (Brogger, 1878)

Fig. 4J-K, SH

Material. — Approximately 70 cephala and 100 pygidia.

Remarks. — This species is similar to P. punctuosus and
P, atavus, and is considered to be an intermediate form
between these two species (Westergard 1946). It seems
to be most closely related to P. atavus. The pygidium of
P. affinis is characterized by a weak granulation on the
pleural fields, but not on the pygidial axis (Robison 1984).
This granulation is, however, not always distinct, espe-
cially not in the Almbacken material where most of the
specimens are flattened. This makes it sometimes diffi-
cult to separate pygidia of P. affinis from P. atavus, since
the latter lacks any form of granulation.

There are of course other morphological features,
which can be used for classification even though the gran-
ulation seems to be the most characteristic one. P. affinis
sometimes display one to five pairs of faint lateral grooves
on the posteroaxis (Westergard 1946). This feature is,
however, only evident in adult specimens, and has not
been observed in the Almbacken material, despite the
presence of relatively well preserved specimens. Because
of the difficulties in discrimination between the two spe-
cies, some specimens have been left under open nomen-
clature. This is unsatisfactory since the preservation of
these specimens is generally good enough to enable fur-
ther assignment. Furthermore there are intermediate
forms between the two, forming a practically continuous
evolutionary series (Westergard 1946).

P. affinis was described and illustrated by e.g. West-
ergard (1946, p. 79, pl. 11, figs. 26-33), Opik (1979, pp.
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91-92, pl. 39, fig. 8; pl. 40, figs. 2-7) and Robison (1984,
pp- 16-17, fig. 9).

Occurrence. — P. affinis ranges from the lower H. parvi-
frons Zone to the lower middle P. punctuosus Zone in
the Almbacken core. It is known from numerous locali-
ties in Sweden and has also been documented from e.g.
China, Greenland, and Norway (Westergard 1946; Opik
1979; Peng & Robison 2000).

Ptychagnostus atavus (Tullberg, 1880)
Fig. 8C-D
Material. — Nearly 110 cephala and 95 pygidia.

Remarks. — As mentioned above, P. atavus is similar to
P. affinis, but lacks any kind of coarse granulation on the
pleural fields. The surface of the genae may vary from
smooth to moderately scrobiculate (Peng & Robison
2000). According to Westergard (1946) specimens with
smooth genae are known from Sweden. Westergéird
(1946) regarded Ptychagnostus intermedius as a syno-
nym of P. atavus. This was discarded by, amongst oth-
ers, Robison (1982) and Opik (1979) who considered P.
intermedius as a separate species.

The species was thoroughly described and discussed
by Westergéard (1946, pp. 76-77, pl. 11, figs. 8-23), Ro-
bison (1984, pp. 18-21, fig. 11) and Opik (1979, pp. 93-
94, pl. 29, fig. 7; pl. 42, figs. 7-8; pl. 43, figs. 1-4).

Occurrence. — The species first appears, often in great
numbers, in the 7. fissus/P. atavus Zone and continues
into the upper part of the H. parvifrons Zone in the Alm-
backen core. P. atavus is considered to be a common spe-
cies and is reported from e.g. Australia, China, Denmark,
North America, and Norway (Robison 1984).

Ptychagnostus gibbus (Linnarsson, 1869)
Fig. 51-J, 8A-B

Material. — Thirty cephala, twenty-eight pygidia and one
complete specimen.

Remarks. — P. gibbus is the index fossil for the lower-
most zone in the Almbacken core and can be found with-
in and just above the Exsulans Limestone. Despite the
abundance of cephala in the Almbacken core (25.09-25.21
m) no cephalic spines have been observed. The spines,
which are characteristic of the species, are generally bro-
ken off in specimens preserved in limestone (Westergard
1946). Besides the cephalic spines, P. gibbus bears one
spine on the posterior thoracic segment and one on the
M2 of the pygidium, but in the Almbacken material only
the latter spine is visible. Its spinosity separates it from
other Scandinavian species of Prychagnostus (Westergard
1946).

P. gibbus was described and discussed by Westergard
(1946, pp. 70-71, pl. 9, figs. 17-24) and Robison (1984,
pp- 22-24, fig. 13).

Occurrence. — Occurs in what is herein considered to be
the uppermost part of the P. gibbus Zone. P. gibbus has
been documented from all continents except Africa and
South America, and is considered to be a very common
species (Robison 1984).




Ptychagnostus cf. hybridus (Brogger, 1878)
Material. — One incomplete cephalon.

Remarks. — This species was briefly described by West-
ergard (1946, pp. 71-72, pl. 9, figs. 25-26, pl. 10, figs. 1-
2) and the cephalon found in the Almbacken core seems
to be in accordance with his illustrations. The identifica-
tion remains uncertain since the cephalon is imperfectly
preserved, and because of the uncertainty of whether or
not the species occurs in the P. punctuosus Zone.

Occurrence. — Lower part of the P. punctuosus Zone in
the Almbacken material. Ptychagnostus cf. hybridus is
also known from Canada, Great Britain, and Norway
(Westergard 1946).

Ptychagnostus cf. intermedius (Tullberg, 1880)
Fig. 9A
Material. — One poorly preserved cephalon.

Remarks. — P. intermedius commonly shows a pair of
crescentic scrobicules on the anterior parts of the cheek
(Robison 1984), a feature visible on the specimen found
in the Almbacken material. The species was fully de-
scribed by Robison (1984, pp. 25-28, fig. 15), and briefly
by Opik (1979, p. 95, pl. 41, fig. 8).

Occurrence. — Lowermost part of the 7. fissus/P. atavus
Zone in the Almbacken core. The species is also known
from e.g. Australia, China, Norway, and Greenland (Ro-
bison 1984). The only documented occurrence in the 7.
fissus/P. atavus Zone proper is from Australia; in all oth-
er parts of the world it is known only from the P. gibbus
Zone (Robison 1984). This information has not been used
herein for determination of the 7. fissus/P. atavus - P.
gibbus boundary since the species identification is un-
certain.

Ptychagnostus lundgreni (Tullberg, 1880)
Fig. 9D

Material. — Eighteen cephala, nine pygidia and one com-
plete specimen.

Remarks. — The generic affiliation of this species has
changed during the past decades. Robison (1984, 1994)
claimed that P. lundgreni was an ancestral species of the
genus Lejopyge, thought to have been derived from P,
intermedius by paedomorphism (Robison 1984). Robi-
son (1994) later revised his own classification and as-
signed L. lundgreni to the genus Pseudophalacroma. In
the same paper Robison (1994) reports that “the origin
of P. lundgreni within the Ptychagnostidae remains un-
clear”. I therefore follow Westergard (1946), who assigned
the species to Ptychagnostus. The species was briefly dis-
cussed by Westergard (1946, p. 75, pl. 10, figs. 23-25;
pl. 11, figs. 1-2) and in detail by Robison (e.g. 1984, pp.
46-49, figs. 27-28).

Occurrence. — Appears at the base of the P. lundgrenilG.
nathorsti Zone and ranges to the base of the S. brachyme-
topa Zone in the Almbacken core.
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Ptychagnostus lundgreni nanus (Gronwall, 1902)
Fig. 4L
Material. — Fifteen cephala and eighteen pygidia.

Remarks. — The most distinctive feature, which differen-
tiates this subspecies from the nominal subspecies is a
narrower posteroaxis. Furthermore, the glabella is less
convex and the transverse furrows shallower in P. lund-
greni nanus (Westergard 1946). According to Robison
(1984) there is no reason for distinguishing subspecies
since the differences are very subtle. In the present mate-
rial, however, the differences are subtle, but still distin-
guishable. The subspecies was briefly described by West-
ergard (1946, pp. 75-76, pl. 11, figs. 3-7).

Occurrence. — P. lundgreni nanus ranges from the lower
P. lundgreni/G. nathorsti Zone to the lower part of the L.
laevigata Zone in the Almbacken core. According to
Westergérd (1946) the range of this subspecies is associ-
ated with that of P. lundgreni lundgreni. The range in
the Almbacken core is in accordance with the known
stratigraphical range of P. lundgreni lundgreni (see Ro-
bison 1984).

Ptychagnostus punctuosus (Angelin, 1851)
Fig. 5A-G

Material. — 300 cephala and pygidia, and one nearly com-
plete specimen.

Remarks. — The characteristics of P. punctuosus are sim-
ilar to those of P. affinis, but P. punctuosus shows a much
more elaborate granulation, often visible on the major
part of the test, except on the thoracic segments. Contra-
ry to P. affinis, P. punctuosus also shows granules on the
cephalic surface. As in many other species within the
genus Ptychagnostus, P. punctuosus is variable in many
respects (Westergard 1946). The species was described
by e.g. Westergard (1946, pp. 78-79, pl. 11, figs. 34-35;
pl.12, figs. 1-7) and Robison (1984, pp. 33-35, fig. 20).

Ontogeny. — A small number of well-preserved juvenile
specimens were found at three different levels: 11.90 m,
14.15 m, and 14.80 m. These specimens certainly be-
long to P. punctuosus since no other species have been
found at these levels. Nine juvenile pygidia and four ju-
venile cephala were found. Features showing morpho-
logical changes during the ontogeny have been observed,
but many stages of growth are probably missing. No
protaspids were found, something that might be explained
by the fact that the present study was carried out using a
microscope with a magnification capacity of merely x10.
Only the pygidia will be discussed since the cephala found
display only minor changes during ontogeny. The size of
each discussed and illustrated specimen can be seen in
Fig. 7.

The youngest specimen found is considered to be of
an early meraspid stage (Fig. 6A). The future segmenta-
tion of the thorax is visible by a pair of fused thoracic
segments on the anterior part of the pygidium. The py-
gidial axis is short and narrow. The posteroaxis has a



Fig. 6. Growth stages in pygidia of Ptychagnostus punctuosus (Angelin, 1851). P. punctuosus Zone in the Almbacken core. A, pygidium
(14.15 m). x15. B, pygidium (11.90 m). x15. C, pygidium (14.15 m). x15. D, pygidium (14.80 m). x15. E, pygidium (11.90 m). x14.

lanceolate form and is acutely pointed. A small posteri-
orly orientated protuberance is faintly visible. The seg-
mentation of the anteroaxis is not yet visible at this stage.
The pleural fields are smooth and tapers slightly posteri-
orly. The postaxial median furrow is clearly visible.

Still in a meraspid stage, Fig. 6B displays several
morphological changes. Besides the obvious increase in
size, the first of the two thoracic segments has been re-
leased from the pygidium into the thorax. The poster-
oaxis is still lanceolate in shape. Faint lateral axial fur-
rows are now visible. A very small axial node is visible
on the anterior part of the future M2 of the pygidial axis.
The posteriorly orientated protuberance still exists and
is now considered to be a secondary median node, a fea-
ture that will be effaced in later stages. The termination
of the posteroaxis is more acutely pointed than in the
previous stage. The postaxial median furrow is well de-
fined. There are still no signs of granulation on the test.
The pygidial rim is somewhat wider compared to the
previous stage.

The posterior thoracic segment is still attached to the
pygidium in Fig. 6C. The major changes are an increase
in size and in the morphology of the pygidial axis. The
thoracic segment in the specimen is very well defined by

Fig. 7. Diagram showing pygidial
size of Ptychagnostus punctuosus.

its deep lateral furrows and will probably be released into
the thorax during the next moulting. The posteroaxis
displays a more ogival shape and the F1 and F2 of the
pygidial axis are clearly visible. The axial node on the
M2 is not as distinct in this specimen but the secondary
median node is. The absence of the axial node is proba-
bly due to poor preservation. The pleural fields display a
very faint granulation, barely visible, and the postaxial
median furrow is not as pronounced as in the former spec-
imens. The presence of a postaxial median furrow is a
typical juvenile feature in P. punctuosus and it becomes
completely effaced at a later stage (Westergard 1946).
There is no sign of a depression of the posteroaxis.

The specimen in Fig. 6D is damaged on the anterior
part of the pygidial axis. The posterior thoracic segment
is now released, which implies that the specimen is in an
early holaspid stage. Besides this, few morphological
changes have been made. The secondary median node is
still visible and so is the postaxial median furrow, al-
though it is very faint. There is no granulation of the
test, probably because of poor preservation. A faint de-
pression of the posteroaxis is visible from a lateral view.
There is a slight increase in size compared to the previ-
ously des