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The lithostratigraphic subdivision of the Cambrian successions in Scania-Bornholm,
Ostergétland, Vistergotland, Nérke, Oland-Gotland, the southern Bothnian Sea and the Mjosa
District is reviewed and revised. The review includes the Tremadocian part of the Alum Shale
Formation.

The Cambrian of Scania-Bornholm comprises the Nexo, Hardeberga, Leesd, Gislov and Alum
Shale formations. The Nexo Formation of Bornholm is subdivided into the new Gadeby and
Lange-skanse members, which are c. 40 and 50 m thick, respectively. The 1-15 m thick arkosic
basal part of the sandstone succession in Scania, previously treated as part of the Hardeberga
Sandstone, is allo-cated to the Nexe Formation. The ‘Balka Sandstone’ of Bornholm is considered
an integrated part of the Hardeberga Formation and the designation Balka Sandstone Formation
is abandoned. The Har-deberga Formation, which is 109 m thick on Bornholm and c. 105-110 m
in Scania, comprises the Hadeborg (new), Lunkaberg (Scania only), Vik, Brantevik and Tobisvik
members. The overlying Leesd Formation contains the Norretorp and Rispebjerg members; the
former is regarded a senior synonym of the Broens Odde member of Bornholm. The N orretorp
Member is thicker in Scania than previously estimated (> 25 m, rather likely even > 30 m); on
Bornholm it is 103 m thick. The Rispe-bjerg Member is 1-3.7 m thick.

The Cambrian of the Oland-Gotland area, the southern Bothnian Sea and the districts of south
central Sweden comprises the File Haidar, Borgholm and Alum Shale formations. The File
Haidar Formation of the Oland-Gotland area, which is up to 127 m thick, includes the Viklau,
Nir Shale and Nar Sandstone members; the Grétlingbo Member is transferred to the Borgholm
Formation. The validity of the Kalmarsund Member is questioned; its lithological characteristics
probably re-flect diagenesis. The Lingulid and Mickwitzia sandstone members constitute the
File Haidar For-mation in south central Sweden, where the unit is up to 37 m thick.

New names and to some extent new definitions are introduced for the members of the
Borgholm Formation, viz. Kvarntorp Member (new name for the thin glauconitic sandstone
overlying the Lingulid Sandstone Member in central Sweden), Mossberga Member (new name for
the coarse part of the Eccaparadoxides oelandicus Shale sensu Hagenfeldt 1994), Barstad Member
(new name for the fine-grained part of the Eccaparadoxides oelandicus Shale), Aleklinta Member
(new name for the Paradoxides paradoxissimus Siltstone) and Tornby Member (new name
for the Paradoxides paradoxissimus Shale). The Granulata Conglomerate (= Acrothele
Conglomerate of previous litera-ture) is formally ranked as a bed at the base of the Aleklinta
Member. The informal designation Soderfijirden formation is abandoned. The Borgholm
Formation locally exceeds 150 m in the Oland-Gotland area; it is significantly thinner in south
central Sweden.

The Cambrian of the Mjosa District comprises the Vangsas, Ringstrand and Alum Shale
forma-tions. Of these, the new Ringstrand Formation encompasses the strata between the
Vangsds and Alum Shale formations, previously referred to as the ‘Holmia Series’. The
Ringstrand Formation includes the Brennseetersag (new), Redalen (new), Temten (new), Evjevik
and Skyberg (new) mem-bers. Thickness estimates are rendered difficult due to tectonic
overprinting, but the Ringstrand Formation is probably about 50-60 m thick in the Lower
Allochthon around Lake Mjosa.

The Scandinavian Alum Shale Formation, which is up to 100 m thick in Scania and even
thicker subsurface of Kattegat, is restricted to encompass only kerogeneous mudstones/ shales
with subor-dinate limestones and very rare sandstone beds. It is proposed abandoning the
Kléppe Shale and Fjdllbranna Formation of the Lower Allochthon of Jimtland and to regard
these units as part of the Alum Shale Formation. Several widespread thin units are formally
reerbataedo Within Decdvieidtol Frmeasioprigshyling sheferemslitrdmeniane Bed (ngy
name for the ‘fragment limestone” at or near the base of the Alum Shale Formation in Scania; this
unit is also developed in Ostergdtland



and Narke), the Exsulans Limestone Bed, the Hyolithes Limestone Bed, the Andrarum Limestone
Bed, the Exporrecta Conglomerate Bed, the Kakeled Limestone Bed (new name for the ‘Great Orsten
Bank’ of south central Sweden), the Skaningstorp Sandstone Bed (new name for the thin sandstone
intercalation at the base of the Ordovician in Ostergétland) and the Incipiens Limestone Bed.
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The current lithostratigraphic framework used for
the Cambrian of Scandinavia has been developed
during more than 100 years of research (for reviews,
see Martinsson (1974), Jaeger (1984), Bergstrom &
Gee (1985), Mens et al. (1990) and Moczydiowska
(1991)). Only a small number of units are defined by
boundary stratotypes, but with few exceptions this
has not created noteworthy ambiguity. The present
paper presents a general review and revision of the
Cambrian lithostratigraphic units of Scania-Born-
holm, Ostergétland-Narke-Vastergdtland, the south-
ern Bothnian Sea, Oland-Gotland and the Mjesa Dis-
trict (Fig. 1). Within these districts the Cambrian is
4010350 m thick. The revised lithostratigraphy adop-
ted in this paper is shown in Figures 2 and 3.

Renaming well-established units just because they
do not meet current standards of definition or nam-
ing may cause controversy. Nonetheless, it is pro-
posed to omit the lithologic "designator’ in old names
and for instance just refer to the Nexe Formation
rather than the Nexe Sandstone Formation because
this is shorter, does not cause ambiguity and follows
the recommendations of Salvador (1994). Retention
of a lithological term is only suggested in the few
cases where an omission can lead to misunderstand-
ings (e.g. the Nar Sandstone and Nar Shale mem-
bers of the File Haidar Formation). The lithologic
‘designator’ is also maintained in old terms based
on fossil names (e.g. the Lingulid Sandstone Mem-
ber of central Sweden), and is proposed for a few
new units like the Forsemélla Limestone Bed in or-
der to match the general style for the previously
named beds of the Alum Shale Formation.

Non-geographic names like the Alum Shale For-
mation, Lingulid Sandstone Member or the Exsulans
Limestone Bed strictly speaking do not meet the
recommendations of Salvador (1994), but these
designations are well-established in the literature and
are not changed.
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Stratigraphic units

Scania-Bornholm

The Cambrian is up to c. 250 and 340 m thick in Scania
and on Bornholm, respectively, and comprises the
Nexo, Hardeberga, Leesa, Gislov and Alum Shale
formations. The latter unit is treated separately below.
The positions of localities and wells referred to in
the text are shown in Figure 4.

Nexo Formation

(Drsted & Esmarch 1819; Surlyk 1980;
emended)

Stratotype. The Borggard core, southern Bornholm,
between 310.45-218.3 m is designated as the strato-
type section (Fig. 5).

Members. On Bornholm the formation comprises the
Gadeby and Langeskanse members. The Nexo For-
mation of Scania is not subdivided into members.

Lithology. On Bornholm the lower part of the forma-
tion is dominated by reddish, poorly sorted, subarko-
sic sandstone with high clay-matrix content (Gade-
by Member), whereas the upper part is more
quartzose, better sorted, only partly red-striped and
has significantly lower clay-matrix content (Lange-
skanse Member). The thin Nexe Formation of Scania
comprises coarse-grained and conglomeratic arko-
sic sandstone. Hansen (1936a), Hadding (1929) and
Bruun-Petersen (1971) provide petrographic descrip-
tions of the unit; see also the individual members.

Boundaries. The formation rests unconformably on
more or less weathered crystalline basement. It is
conformably overlain with a sharp boundary by the
Hardeberga Formation.
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Figure 1. Map showing the position of localities and wells referred to in the text. Inserts indicate position of the detailed maps
shown in Figs 4 and 7 (close ups of Scania, Bornholm and the Mjosa District).

Distribution and thickness. The Nexe Formation is
present in Scania and on Bornholm. It is 15 m thick
at Skrylle in central western Scania (cf. Molnos 2002),
1-10 m at Lunkaberg in SE Scania (basal arkose sen-
su Lindstrom & Staude 1971) and c. 2 m at Rekekro-
ken in NW Scania (basal arkose sensu Hadding 1929,
pp- 75-77). In southeastern Bornholm the formation
is 92 m in the Borggard well and probably about 100
110 m in the Nexo area, but the latter figure is uncer-
tain.

The Nexo Formation is a lateral equivalent of the
up to 186.5 m thick Zarnowiec Formation in north-
eastern Poland introduced by Lendzion (1970) (for
review, see Jaworowski & Sikorska (2003)). The dis-
tinction of two formations reflects national rather
than lithological differences. The Adlergrund Con-
glomerate Member, 55.5 m thick, of the offshore G-

14 well north of Riigen (Fig. 1) probably also repre-
sents the Nexo/Zarnowiec Formation (cf. Feldrappe
et al. 2005).

Age. The formation is assumed to be of earliest Cam-
brian age (e.g. Bruun-Petersen 1977; V. Poulsen 1978
and subsequent authors) but with the exception of
rare Planolites (Bromley 2002, p. 81) no body or trace
fossils have been reported. Attempts to use palaeo-
magnetic data for dating have produced ambiguous
results (cf. Lewandowski & Abrahamsen 2003 and
references therein).

Remarks. On Bornholm the formation has previously
been referred to as the Nexoer Sandsten (Jrsted &
Esmarch 1819, p. 21), Nexo/Neksg Sandstone (many
authors) and Neksg Sandstone Formation (Surlyk

Nielsen et al.: Cambrian to basal Ordovician lithostratigraphy in southern Scandinavia - 49



Trilobite
Zonation
Acrhitarch
Zonation

7]

0

g’ Mjgsa District . .

» Lower Alloch. Bornholm  SE Scania  Ostergotland Oland Gotland

X v E————f Tornby ﬂb?iﬂ@i:
3 Fl(jI— = 7=y - U |
B 5 o £ %ﬂﬂﬂEJ@Exsulans Limestone Bed %r@JTLHTLrLrLHT‘@ " Aleklinta Mbr—] Granulata Con-
c g‘:ﬁ 3L tf_ﬁﬁ)—i‘ = - glomerate Bed
=% 8l E:o:o:o:o:?mu.&.,.@.mwf(wu_t AT
QIn .. . ., Faludden Mbr ¥ §
'g § 4 E =2 £ = Forsemolla Limestone Bed — " .g
q|l s E o |5 —| 8
i _ 13w — 2J:
3= 13|k 12
szl |F £
&8s -5
© 3 IS <
S @ ' 'S [ |
o c|gE &
< 5 = 40
wil s = iy o)
VO -1
S 3l =
= 8.5
y |M o] g
) 2
¥
= "':I:in ulid -
4 S|o glo o SO
S 2|s £z ‘5~ Sandstone c
AL Bl 5
eS| TS £l Member ;. e
g s 8|8 Shrietac oo g
= N7
s _ 1 _|EEE Evjevik @E L =
oY OE==-=""-"2"7 c 5 I
=~ a [T K} 5 T
E 5 BT T e UnitVMsa: £
«© — —
215 5 o 5|E
gl of B]g o i 4=
E 2|2 g5k >[ S|e
2 8|12 5> |IFE OF————"— ] fis
1S I i L e =
‘a2 8 : = - 0.0.0:C. s
2% i T X TUnitYMs| -]~
c © .5 = - L0000 =2 le¥e ole)
g IS £ | Brensztersag | _| >, 2.+« Rispebjerg Member - ., *,
el 8 5 _§ Member -%
<l S . =A
O| s 5 3 s ?
|l =xrr-=T7T LTy Y of-
ol EN S RN [ &
21 S E[. 8|s]| |-Ringsakeri]-s
) g o c|a O XY K PR U e S
tE g ‘. l:'l?njtze.r___ = L -« (No name) =+ ?
3|3 §| & '
w .
g s|¥ g|la
~ Q w
5 N el Lithologies: Age diagnostic
o [T TP
g-} 15, Sandstone fossils:
o q4 Ok
[ B4 Q- . .
L S Siltstone ffi Trilobites
n o
2. St = Acritarchs
2t el ol £ Mudstone x
S |8 3|25k
— S e, 1 .
5|28 § 5 E== Black shale Boundaries:
s 35 9 —— Member
< et i .
Z T Nexa Fm ) ET 5] Limestone m— Formation
e [+ Langeskan-
| | se Member: Carbonate concretions
1 9 ot
] SRR OO Conglomerate
Z | Gadeby Mbr

Figure 2. Revised lithostratigraphic scheme for the Lower and lower Middle Cambrian of southern Scandinavia. Correlations and
biozones according to Nielsen & Schovsbo (in prep.). The traditional definition of the Lower/Middle Cambrian boundary is
adopted in this paper (compare alternative proposal by Moczydiowska 1999). Abbreviations: Rus. para. = Rusophycus parallelum;
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1980 and subsequent authors). Regarding spelling,
the town of Nexo/Nekso was spelled with ks’ in
the period 1938-1996 (see www.navneforskning.dk);
it is suggested reverting to the original spelling with
x” also in lithostratigraphy.

Originally the Nexg Sandstone included all sand-
stones below the ‘Green shales’ (= Laesa Formation)
of Bornholm (e.g. Johnstrup 1874; Gronwall 1916;
Hansen 1936a). Hansen (1938) introduced the desig-
nation Balka Quartzite for the upper quartzitic part
and subsequently the term Nexo/Nekseo Sandstone
became restricted to encompass only the lower, red-
dish to violet subarkosic sandstone quarried at var-
ious sites in southern and southeastern Bornholm.
The Nexo Formation of Bornholm is here subdivi-
ded into the Gadeby and Langeskanse members, fol-
lowing an unpublished proposal by Bruun-Petersen
(1971). The two units represent, respectively, the low-
er, predominantly terrestrial red-coloured ‘classical’
Nexg Sandstone and a lesser known shallow marine
upper part, dominated by partly red-striped quartz-
ites (so-called Gingham sandstone, see Hansen 1936a).

Within recent years the Nexe and Balka sandstones
of Bornholm have generally been ranked as two sepa-
rate formations (e.g. Surlyk 1980; Hamberg 1991).
There has, however, been some discussion regard-
ing the separation of these units and whether they
should be separated at all (e.g. Bergstrom & Ahlberg
1981). The previous debate regarding the so-called
Aker Formation of southern Bornholm (Gry 19364,
b; Hansen 1936a, b; Larsen 1955) also relates to this
issue. The differences in interpretation reflect that the
Langeskanse Member includes highly Balka sand-
stone-like lithologies in combination with the lack of
continuous exposures on southern Bornholm, making
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it difficult to sort out the succession in this inten-
sively faulted area. As an additional complication the
colour of the Langeskanse Member is variable
because of subsequent hydrothermal remobilisation
of iron minerals (notably in the Nexg area) and local
bleaching (in the Akirkeby area). Hence the Lange-
skanse Member is quite intensively red-striped in the
Nexg area and more Balka sandstone-like in the
Akirkeby area.

The rather thin basal arkosic to subarkosic sand-
stones of Scania, described by Hadding (1929, pp.
69-77) and hitherto included in the Hardeberga For-
mation (e.g. by Molnos 2002), are here allocated to
the Nexo Formation, which is considered a more
consistent classification of these red-coloured beds.
The colouration is, however, mainly due to a high
content of feldspar and is not caused by hematite
like on Bornholm.

Gadeby Member
(New)

Derivation of name. The new name alludes to the ac-
tive quarries at Gadeby, Bornholm, where a section
c. 10-20 m above the base of the Nexg Formation is
excavated. The succession at Gadeby is illustrated
and discussed by Clemmensen & Dam (1993) and
Pedersen & Surlyk (1999, stop X3).

Stratotype. The Borggard core, southern Bornholm,
between 310.45-268.1 m is designated as the strato-
type section (Fig. 5).
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Lithology. The member consists of comparatively
poorly sorted sandstone characterised by 12-25%
feldspar and a high content of clay matrix (rock types
I and II of Hansen 1936a). Unweathered rocks are
pinkish, reddish-brown and violet and represent
what is nowadays regarded as typical Nexo Sand-
stone. The red colour is due to hematite in the ma-
trix and as coatings on the sand grains. For descrip-
tions of lithology, see Hansen (1936a), Bruun-Petersen
(1971) and Clemmensen & Dam (1993).

Boundaries. The member rests unconformably on the
crystalline basement. The typical red Nexo Sandstone
is separated by a 12 m transitional succession (c. 274—
262 m in the Borggard core, Fig. 5) from the over-
lying Langeskanse Member, showing a gradual
upwards decrease in red colouration. In the strato-
type core the upper boundary is defined within this
transitional section at a level where the colour shifts
from subtle pinkish to subtle grey violet, concomi-
tant with the appearance of numerous dark irregu-
lar laminae (?clay), which characterize the lower part
of the Langeskanse Member and essentially are ab-
sent in the Gadeby Member. It is uncertain how con-
sistently this lithological shift can be traced elsewhere
on southern Bornholm and the transitional charac-
ter of the boundary section is emphasized. The pink-
ish upper part of the Gadeby Member is represented
by the upper part of the succession previously quar-
ried in the Old Frederiks Quarry north of Nexe.

Distribution and thickness. The member is developed
only on Bornholm. It is about 42 m in the stratotype
core and 32-37 m in the Akirkeby area (cf. Larsen
1955, pl. I). It is possibly slightly thicker in the Nexo
area, where two water wells (GEUS nos 247.291 and
247.602) southwest of the Old Frederiks Quarry pene-
trated 45 m of sandstone. Hence the Gadeby Mem-
ber may be 45-50 m or maybe even slightly thicker
in the Nexg area.

Age. No fossils are known; probably earliest Cam-
brian.

Remarks. The unit has previously been referred to as
the Lower Nexe Sandstone (Stehmann 1934; Gry
1936a) and the Bodilsker member (Bruun-Petersen
1971). See also remarks on the Nexo Formation.
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Langeskanse Member

(M. Poulsen et al. 2000, emended and
formalized)

Stratotype. The Borggard core, southern Bornholm,
between 268.1-218.3 m is designated as the strato-
type section (Fig. 5).

Lithology. The member is dominated by quartzitic
sandstone (including rock types III, IV and VII of
Hansen 1936a), generally with a subtle violet tint,
and which at some levels are red-striped (the so-
called Gingham sandstone, rock type V of Hansen
1936a). In the stratotype core the red striation is
largely restricted to the upper 19 m of the unit (Fig.
5). The feldspar content is generally low, but scat-
tered grains are usually visible with the naked eye.
Infrequent grains of glaucony (Bruun-Petersen 1971)
and conglomeratic quartz-pebble levels are also
present in the Langeskanse Member.

The red-striped Gingham-rock has been affected
by diagenetic redistribution of iron minerals (Bruun-
Petersen 1971), but whether this is the sole origin of
the striation is uncertain. The unit is more red-striped
in the Nexo-Balka area than in the stratotype core
section and the vicinity of Akirkeby. Within the latter
area this may be due to local bleaching (Gry 1936b;
Bruun-Petersen 1971).

Boundaries. The lower boundary is transitional and
somewhat arbitrarily defined (for description, see
GadebyMember). The Langeskanse Memberincludes
1.5 m of feldspathic, non-red-striped, medium- to
coarse-grained sandstone at the very top, in turn
overlain with a conformable but sharp boundary by
the Hadeborg Member of the Hardeberga Formation

(g.v.).

Distribution and thickness. The Langeskanse Member
is developed only on Bornholm. It is best exposed
along the beach at Langeskanse, eastern Bornholm,
(sites nos 221-225 of Hansen 1936a; for a brief review
of the exposure see Gry 1936a, pp. 37-38), but can
also be seen in the trench at Hadeborg, but where
large parts are faulted out (cf. M. Poulsen et al. 2000).
The member is 50 m in the stratotype core and seems
to exceed 38 m in the Akirkeby area (well 247.118,
Larsen 1955).Itis probably about 50-60 m in the Nexo-
Balka area.

Age. Probably earliest Cambrian, but no fossils have
been reported from the member.



Remarks. The Langeskanse member was introduced
informally by M. Poulsen et al. (2000). It is equiva-
lent to the middle part of the Nexe Sandstone in the
sense of Gronwall (1916) and has previously been
referred to as the Middle Nexo Sandstone (Stehmann
1934) and the ‘Middle littoral series’ (Gry 1936a). It
includes most of the Aker Formation of Hansen
(1936a,b).

By comparison with the Gadeby Member the Lan-
geskanse Member is clearly more quartzitic, the sand-
stone is better sorted and fine-grained interbeds are
typically greenish, not dark red-brown (green inter-
beds occur, however, in the upper part of the Gade-
by Member). The quartzitic Langeskanse Member ex-
hibits a subtle violet tint whereas the comparatively
quartz-rich upper part of the Gadeby Member has a
faint to pronounced reddish hue. The Langeskanse
Member differs from the overlying Hardeberga For-
mation by being partly red-striped and by contain-
ing horizons rich in quartz pebbles, besides having
generally higher feldspar content. However, notably
in the vicinity of Akirkeby local bleaching including
quartz replacement of feldspar grains (cf. Gry 1936b;
Larsen 1955) gives the Langeskanse Member a
whitish, superficially highly Hardeberga Sandstone-
like appearance and which is well seen in the trench
at Hadeborg. In small outcrops it may be difficult or
impossible to discern the Langeskanse Member from
the Hardeberga Formation.

The Langeskanse Member was ranked as part of
the Balka sandstone formation by M. Poulsen et al.
(2000), but including it as part of the Nexs Forma-
tion results in a much more stringently defined
boundary between the Nexe and Hardeberga forma-
tions. Besides, maintaining a classification of the red-
striped ‘Gingham sandstone’ as part of the Nexo
Formation is most practicable for establishing the
lithostratigraphy in non-cored water wells.

Hardeberga Formation

(Angelin 1877; Bergstrom 1970; Hamberg
1990, 1991; emended)

Stratotype. The Hardeberga Quarry, central western
Scania (Bergstrom 1970); only the upper boundary
is exposed. The cored 9204 well of Skrylle, penetra-
ting the lower part of the formation, is here desig-
nated as a hypostratotype section; for description,
see Molnos (2002).

Members. The Hardeberga Formation comprises the
Hadeborg, Lunkaberg, Vik, Brantevik and Tobisvik
members.

Lithology. The formation is dominated by well-sort-
ed strongly cemented orthoquartzites but also in-
cludes mud- and siltstones horizons (notably the
Hadeborg and Brantevik members). On Bornholm
most of the unit consists of fine- to medium-grained
quartzite (rock types VI and VII of Hansen 1936a)
that contains very little feldspar and clay matrix (Br-
uun-Petersen 1971) and coarse-grained beds are al-
most entirely absent. The sandstone is typically whit-
ish grey to grey, but may locally be darker grey or
even completely black; the latter is due to interstitial
pyrobitumen (Meoller & Friis 1999).

The Hardeberga Formation of Scania broadly con-
tains the same lithologies, but tends to be more
strongly bioturbated than on Bornholm; the biotur-
bated horizons are usually somewhat impure. See
Hadding (1929), Hansen (1936a), Lindstrom & Staude
(1971), Shaikh & Skoglund (1974), Hamberg (1991)
and Molnos (2002) for description of petrography,
lithology and sedimentology.

Boundaries. In Scania the Hardeberga Formation rests
conformably on a thin tongue of the Nexo Forma-
tion. The fairly sharp boundary is indicated by a shift
from arkosic, reddish sandstone to white-grey vague-
ly pinkish quartzite. On Bornholm the Hardeberga
Formation rests conformably on the Langeskanse
Member of the Nexe Formation. The sharp bound-
ary is indicated by a shift from feldspar-bearing part-
ly red-striped sandstones to glaucony-bearing
quartzite with mudstone laminae and intercalations.
The Hardeberga Formation is unconformably over-
lain by the Leaesa Formation.

Distribution and thickness. The Hardeberga Formation
is a widespread unit recorded from Scania, Bornholm
and subsurface of Sjelland and Kattegat, eastern
Denmark (Terne-1 (Michelsen & Nielsen 1991); Sla-
gelse-1 (C. Poulsen 1969)). It has also been encoun-
tered in deep wells in SW Scania (Norling & Skoglund
1977) and probably corresponds (at least partly) to
the c. 90 m thick Adlergrund Sandstone Member of
the offshore G-14 well north of Riigen (cf. Feldrappe
et al. 2005).

The formation is approximately 105 m thick in the
type area and c. 110 m in SE Scania (Lindstrom &
Staude 1971; Falk 1993, minus the succession here
allocated to the Nexe Formation). The Hardeberga
Formation is 109 m thick in the Borggard well on
southern Bornholm (Figs 5, 6).

Age. The Hadeborg Member contains macrofossils
suggestive of a late Ediacaran (?) — earliest Cambrian
age (see below), whereas acritarchs indicative of the
Early Cambrian Skiagia ornata-Fimbriaglomerella mem-
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branacea Zone have been recovered from the Brante-
vik and Tobisvik members (Vidal 1981; Moczyd-
lowska 1991). The trace fossils Syringomorpha nilsso-
ni, Psammichnites gigas and Rusophycus parallelum
(Lindstrom & Staude 1971; Bergstrom 1970) also oc-
cur only in the Brantevik and Tobisvik members.

Remarks. The formation has previously been referred
to as the Hardeberga Sandstone/Quartzite and Bal-
ka Sandstone/Quartzite (many authors). Other pre-
viously used designations include Scolithos linearis-
sandstone/Diplocraterion sandstone/Syringomor-
pha sandstone (Hadding 1929, pp. 81, 94, 98), Nexe
Sandstone (many authors prior to Hansen 1938), Sla-
gelse quartzite (C. Poulsen 1969), and Simrishamn
Formation (Shaikh & Skoglund 1974); see also treat-
ment of individual members below.

In our interpretation the Hardeberga Formation
of Scania (Angelin 1877, see below) and the Balka
quartzite /sandstone of Bornholm (Hansen 1938)
represent the same depositional unit, and the latter
designation is therefore abandoned. This simplifica-
tion was originally proposed by V. Poulsen (1978)
and later adopted by Hamberg (1990, 1991) and Mens
et al. (1990), but it has not been followed by all strati-
graphers (e.g. Surlyk 1980; Moczydiowska 1991).
Bergstrom & Ahlberg (1981) also advocated the uni-
fication of all basal Lower Cambrian sandstones of
Scania-Bornholm into the Hardeberga Sandstone,
even including the Nexe Sandstone (see also Berg-
strom 1981), but in which case the latter name has
priority.

The designation Hardeberga Sandstone dates back
to Angelin (1877), but the name has been used for
different rock units over the years (see Bergstrom
1970 for review of earlier works). Bergstrom (1970)
separated the upper part of the Hardeberga Sand-
stone sensu Angelin as the Norretorp Sandstone (For-
mation), and this modification has gained wide-
spread acceptance; this unitis here ranked as a mem-
ber of the Laesd Formation (see below). Lindstrom &
Staude (1971) subdivided the Lower Cambrian of SE
Scania into the Lunkaberg, Vik, Brantevik, Harde-
berga, Norretorp and Rispebjerg sandstone forma-
tions. Shaikh & Skoglund (1974) ranked these units
as members of a Simrishamn Formation, whereas
Bergstrom & Ahlberg (1981) were sceptical regard-
ing the recognition of the mentioned pre-Norretorp
units in other parts of Scania. Hamberg (1991) classi-
fied the Lunkaberg, Vik, Brantevik and Hardeberga
sandstones of Lindstrom & Staude (1971) as mem-
bers of the Hardeberga Formation, and informally
introduced the Tobisvik member as a replacement
name for the Hardeberga Sandstone sensu Lindstrom
& Staude. Hamberg (1991) also extended the usage

56 - Bulletin of the Geological Society of Denmark

of the Vik, Brantevik and Tobisvik members to cen-
tral western Scania, based on sequence stratigraphi-
cal correlation.

We here follow Hamberg’s approach albeit with
slightly modified definitions of the members. The
fine-grained Hadeborg and Brantevik members re-
flect major rises in sea level, and these two drown-
ing horizons form easily identified regional marker
levels naturally subdividing the Hardeberga Forma-
tion into three sandstone-dominated units, i.e. the
Lunkaberg, Vik and Tobisvik members. There are
some minor and rather subtle lithological differen-
ces between these units, but in many cases it will
difficult or impossible to identify which member is
present in a specific small exposure of Hardeberga
Sandstone.

Hadeborg Member

(M. Poulsen et al. 2000, emended and
formalized)

Stratotype. The Borggard core, southern Bornholm,
between 218.3-201.1 m is designated as the strato-
type section (Fig. 5).

Lithology. On Bornholm the upper main part of this
member is dominated by dark grey mudstone with
thin sandstone interbeds (see Hansen 19364, fig. 26).
The lowermost part is dominated by glauconitic
sandstone with thin mudstone interbeds and lami-
nae. In SE Scania the Hadeborg Member consists of
dark mudstone with numerous thin sand-beds con-
taining scattered glaucony and phosphorite.

Boundaries. The Hadeborg Member rest conformably
but with a sharp boundary on the Langeskanse Mem-
ber (Nexo Formation) and the Lunkaberg Member
(Hardeberga Formation) on Bornholm and in SE
Scania, respectively. On Bornholm the lower bound-
ary is defined by the incoming of glauconitic sand-
stone with mudstone intercalations and in SE Scania
by the shift to mudstone lithology. The upper bound-
ary is transitional for 1-2 m in both Scania and on
Bornholm (coarsening upward succession of sand-
stone interspersed by thin mudstone beds; see Lind-
strom & Staude 1971 p. 3; M. Poulsen et al. 2000, p.
11). The upper boundary is defined at the level where
sandstone becomes dominating in the succession rela-
tive to mudstone.

Distribution and thickness. The Hadeborg Member is
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developed in Bornholm and SE Scania, where it is 17
m and 3 m thick, respectively (new data; Lindstrom
& Staude 1971). The supposedly coeval succession
in central western Scania is assigned to the Lunka-
berg Member (see remarks). The 8 m thick argilla-
ceous sandstone unit g, described from the Lunka-
berg Quarry by Lindstrom & Staude (1971, p. 3), may
be considered a transitional facies between the Lunka-
berg and Hadeborg members (in particular the lower
part of unit g), but the sand-dominated transitional
successionisretained within the Lunkaberg Member.

Age. On Bornholm parts of the Hadeborg Member
contain very common Sabellidites cambriensis, pre-
viously referred to as annelids resembling Byronia
by C. Poulsen (1967) and as algae by Bromley (2002,
fig. 5). S. cambriensis is primarily known from the
Ediacaran(?)-basal Cambrian Rovno and Lontova
stages of the East Baltic area (Mens et al. 1990, p. 8).
Only stratigraphically undiagnostic acritarchs were
recorded from the ‘Lunkaberg sandstone’ (presum-
ably the mudstone here assigned to the Hadeborg
Member) by Vidal (1981, p. 184). The Hadeborg Mem-
ber of Bornholm has so far failed to produce acritarchs
(Moczydiowska personal communication 2004).

Remarks. The Hadeborg Member was introduced in-
formally by M. Poulsen ef al. (2000), based on the
exposure in the trench at Hadeborg, Streby, south-
ern Bornholm, which currently is the only exposure
of this unit (see Bromley 2002, fig. 4). The member
corresponds to 4.2—c. 12.5 m in the section shown by
M. Poulsen et al. (2000, p. 11). The unit is significant-
ly thicker in the stratotype core and the lower glau-
conitic part of the member is faulted out at Hade-
borg. This inference is corroborated by data from
water well GEUS no. 246.224 located 300 m south of
the Hadeborg trench, where the Hadeborg Member
is about 15 m thick. The mudstone-rich member was
observed by Jespersen (1865) at Kannikegérd, Meld
and Hundsemyre, but none of these exposures exist
any longer.

We regard the lower main part of the so-called
‘Lunkaberg Wechselfolge’ in SE Scania (see Lind-
strom & Staude 1971) as a thin tongue of the Hade-
borg Member; the base is located approximately 44
m above the local base of the Hardeberga Formation
as defined here. The strongly bioturbated horizon
mentioned by Falk (1993) at c. 27-31 m above the
base of the Hardeberga Formation (as defined here)
in drill-core 9204 from Skrylle is probably a sandy
equivalent of the Hadeborg Member of SE Scania,
but for lithological reasons this succession is here
assigned to the Lunkaberg Member. This core-sec-
tion was destroyed for analytical purposes and is no

58 - Bulletin of the Geological Society of Denmark

longer available for study. The preserved parts of the
core adjacent to this horizon are dark-coloured and
clay-rich.

Lunkaberg Member

(Lindstrom & Staude 1971; Hamberg 1991;
emended)

Stratotype. The abandoned and partly water-filled
quarry at Lunkaberg, SE Scania (Lindstrom & Staude
1971).

Lithology. The Lunkaberg Member is dominated by
medium-grained slightly feldspathic, partly argilla-
ceous quartzite, which typically displays a more or
less pronounced pinkish colour when fresh (Lind-
strom & Staude 1971; Falk 1993). Bioturbation is
sparse. For a brief description of the succession, see
Lindstrom & Staude (1971).

Boundaries. The member overlies the Nexe Forma-
tion with a sharp boundary, characterized by a rap-
id decline in feldspar content accompanied by a shift
to grey colour, albeit a faint pinkish tint still prevails.
In SE Scania the Lunkaberg Member, as redefined
here, is overlain with a sharp boundary by a thin
tongue of the mudstone-dominated Hadeborg Mem-
ber (see remarks). In central Scania the uppermost
part of the Lunkaberg Member is a dark grey to black-
ish, impure sandstone, some 4 m thick, which is over-
lain by grey sandstone assigned to the Vik Member.
However, the upper boundary of the Lunkaberg
Member is here less obvious to pinpoint than in SE
Scania.

Distribution and thickness. The Lunkaberg Member is
developed only in Scania and is envisaged repre-
senting a nearshore deposit corresponding in age to
the Hadeborg Member of Bornholm. The member is
31 m thick below the Skrylle Quarry in central Scania
(Falk 1993, Molnos 2002 minus the succession here
allocated to the Nexg Formation) and about 44 m at
Lunkaberg in SE Scania (see Lindstrom & Staude
1971).

Age. Most likely Early Cambrian, but no fossils are
known.

Remarks. The unit was originally established as the
Lunkaberg Sandstone Formation (Lindstrom &
Staude 1971) but we here follow Hamberg (1991)
rankingitas a member of the Hardeberga Formation.

Originally the Lunkaberg Sandstone included the



mudstone dominated ‘Lunkaberg-Wechselfolge’ sen-
su Lindstrom & Staude (1971), but which here is con-
sidered a tongue of the Hadeborg Member. The sand-
stoneexposed above the Hadeborg Member at Lunka-
berg was also originally included in the Lunkaberg
sandstone, but this succession is here allocated to the
Vik Member.

Vik Member

(Lindstrom & Staude 1971; Hamberg 1991;
emended)

Stratotype. The coastal exposures near Vik, SE Scania,
were designated as the stratotype section by Lind-
strom & Staude (1971), but here the base of the mem-
ber is not exposed. We designate the Lunkaberg
Quarry, where the redefined lower boundary is
exposed, as a hypostratotype section.

Lithology. The Vik Member is dominated by fine- to
medium-grained quartzite. Within SE Scania the
member is characterized by couplets of whitish rather
pure quartzite and greenish somewhat argillaceous
sandstone, which is strongly bioturbated (see Ham-
berg 1991, fig. 10). The intense bioturbation — which
is well seen in the type section near Vik — was the
main distinguishing criterion of the Vik Sandstone
emphasized by Lindstrém & Staude (1971). However,
the lower part of the member in SE Scania as well as
its counterpart on Bornholm is little bioturbated.

Boundaries. The lower boundary is redefined here (see
remarks). Within Bornholm and SE Scania the Vik
Member conformably overlies the Hadeborg Mem-
ber. The boundary is transitional for 1-2 m, forming
a coarsening upward unit containing fewer and fewer
mudstone interbeds. The lower boundary of the Vik
Member is defined at the level where sandstone
dominates relative to mudstone. In central Scania the
lower boundary of the Vik Member is known only
from the fully cored 9204 borehole in the Skrylle
Quarry, described by Falk (1993) and Molnos (2002).
It here overlies a dark coloured 4 m thick argillaceous
sand unit (27-31 m above the base of the Hardeberga
Formation as defined here), forming the top of the
Lunkaberg Member.

The Vik Member is unconformally overlain by the
Brantevik Member in Scania and with a sharp bound-
ary on Bornholm

Distribution and thickness. The Vik Member, as rede-
fined here, is some 44 m thick in central Scania (data

from Falk 1993) and more than 34 m thick in SE Scania
(Lindstrom & Staude 1971; Hamberg 1988). The
member is 12 m thick in the Borggard core on south-
ern Bornholm (Fig. 5).

Age. Most likely Early Cambrian, but no fossils are
known.

Remarks. The member has previously been referred
to as the Vik Sandstone Formation (Lindstrom &
Staude 1971) and Streby member (M. Poulsen et al.
2000).

The boundary conditions between the Lunkaberg
and Vik sandstones were not discussed when Lind-
strom & Staude (1971) defined these units. By analo-
gy with the boundary defined between the Brante-
vik and Tobisvik members we suggest redefining the
regressive Vik Member to include the entire succes-
sion from the easily identified maximum flooding
horizon represented by the Hadeborg Member of
Bornholm and SE Scania and its equivalent level
within Central Scania. The redefined Vik Member
includes the uppermost part of the Lunkaberg sand-
stone sensu Lindstrom & Staude (1971).

Brantevik Member

(Lindstrom & Staude 1971; Hamberg 1991;
emended)

Stratotype. The exposure between the two harbours
at Brantevik on the east coast of Scania, described by
Hadding (1932, fig. 26, loc. 6), was designated as stra-
totype section for the Brantevik Glauconite Sandstone
Formation by Lindstrom & Staude (1971). However,
this locality has within recent years been covered by
the construction of a small recreational area.

The Skrylle Quarry (Fig. 4A), where both the lower
and upper boundaries of the Brantevik Member are
well-exposed in the northern walls, is here designated
as a neostratotype section.

Lithology. Within Scania the member consists of thin-
bedded, dark-coloured, locally strongly glauconitic
silt- and sandstone interbedded with thin mudstone.
For description, see Hadding (1929, pp. 100-102) and
Hamberg (1991). On Bornholm the member is repre-
sented by a predominantly greenish mudstone with
sporadic very thin sandstone interbeds.

Boundaries. The Brantevik Member is sandwiched by
the quartzite-dominated Vik and Tobisvik members.
In Scania the lower boundary is a well-defined uncon-
formity associated with a phosphoritic conglomerate
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also containing sandstone clasts. Hadding (1929, p.
100) reported sandstone boulders up to 0.3 m in dia-
meter. On Bornholm the lower boundary is conform-
able and gradual for 0.4 m, exhibiting an upward
decrease in sandstone content. We suggest defining
the boundary where mudstone becomes dominating
relative to sandstone. In Scania the upper boundary
of the member is less distinct; it is here placed where
the mudstone intercalations essentially disappear and
the lithology changes to quartzite (see remarks). On
Bornholm the upper boundary is sharp and marked
by an abrupt shift from mudstone to sandstone
although the lower part of the overlying Tobisvik
Member still contains a few thin mudstone beds.

Distribution and thickness. The member is a thin (2-3
m) easily identified marker level known from seve-
ral exposures in southeast and central western Scania
(Hadding 1929, p. 98; Lindstrom & Staude 1971). It
is located 28-30 m below top of the Hardeberga For-
mation in central western Scania and more than 25
m below top of the formation in SE Scania (Ham-
berg 1991). On Bornholm (Borggard core, Fig. 5) the
member is represented by a 4 m thick succession 76.5—-
80.5 m below top of the Hardeberga Formation. The
horizon is currently available for study only in the
Borggard core, but it is readily recognized in water
wells due to a distinctive gamma-log response (cf.
Klitten & Larsen 1998).

Age. Early Cambrian, Skiagia ornata - Fimbriaglomer-
ella membranacea acritarch Zone (Vidal 1981; Moczyd-
towska 1991).

Remarks. The Brantevik Member has previously been
referred to as the “Greywacke zone” /Lower glauco-
nite zone (Hadding 1929, p. 98), Brantevik Glauco-
nite Sandstone Formation (Lindstrom & Staude 1971),
Brantevik Sandstone (Shaikh & Skoglund 1974) and
Brantevik unit (Molnos 2002). It was ranked as a
member of the Hardeberga Formation by Hamberg
(1991).

Hamberg (1991) and Falk (1993) defined the up-
per boundary of the Brantevik Member at a thin mud-
stone occurring 2-2.5 m above the top of the mem-
ber as defined here. The upper part of the Brantevik
Member in their terminology consists of amalgama-
ted hummocky-cross-stratified sandstone which we
forlithological reasons assign to the Tobisvik Member.
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Tobisvik Member
(Hamberg 1991; formalized)

Stratotype. There are no suitable exposures in the
Tobisvik area that may serve as basal stratotype sec-
tion, and we instead designate the excellent and com-
plete exposure of the member in the Skrylle Quarry,
central Scania, as the stratotype section.

Lithology. Within Scania the middle main part of the
member consist of very pure, well-cemented com-
paratively coarse quartz-sandstone (Hamberg 1988,
1991; Falk 1993). On Bornholm the thick unit is dom-
inated by fine-grained quartzite. In both Bornholm
and Scania the upper 5-6 m of the unit are thoroughly
bioturbated and comparatively impure (Hamberg
1991; Falk 1993, new data) thus reminding of the
Scanian Vik Member.

Boundaries. Within Scania the lower boundary is gra-
dual within a zone of 2-3 m. We suggest defining it
where the silt-mudstone intercalations essentially
disappear and sandstone becomes dominating. On
Bornholm the boundary is sharp and marked by an
abrupt shift from mudstone to sandstone.

Distribution and thickness. The Tobisvik Member is
developed in Scania and Bornholm. It is more than
25 m thick in SE Scania and ranges between 28 to 30
m in central Scania (Lindstrom & Staude 1971, Ham-
berg 1991, Falk 1993). On Bornholm it reaches 77 m
in the Borggard core (Fig. 5).

Age. Early Cambrian, Skiagia ornata — Fimbriaglome-
rella membranacea acritarch Zone (Vidal 1981; Moczyd-
towska 1991).

Remarks. The member has previously been referred
to as the Syringomorpha sandstone (Hadding 1929)
and Hardeberga Sandstone Formation (Lindstrom &
Staude 1971). The name Tobisvik member was intro-
duced by Hamberg (1991), but the unit has never been
formally defined.

Laesa Formation

(Surlyk 1980, emended and formalized)

Stratotype. The Hardeberga Quarry, Scania (see
Norretorp Member). The Borggérd core, southern
Bornholm, between 109-2.6 m is designated as a
hypostratotype section (Fig. 5).



Members. The Leesd Formation, as redefined here,
comprises the Norretorp and Rispebjerg members.

Lithology. On Bornholm greyish-greenish siltstone,
variably glauconitic and with phosphorite nodules
at several levels, is the predominant lithology in the
lower main part of the formation. Sandstone inter-
beds are common and some horizons, in particular
in the upper part of the unit, are quite sandy due to
intense bioturbation, which has mixed the sand inter-
beds with the finer-grained ‘host’ sediment. The
member is dominated by fine-grained sandstone and
siltstone in central western and SE Scania, respec-
tively. The thin, medium- to coarse-grained Rispe-
bjerg Member constitutes the uppermost part of the
formation. For petrographic descriptions, see Had-
ding (1932), Hansen (1936a) and de Marino (1980a).

Boundaries. The Laesa Formation unconformably and
with a sharp contact overlies the Hardeberga For-
mation. A thin basal phosphoritic conglomerate is
present in Scania. A basal conglomerate was also
mentioned by C. Poulsen (1967) from Bornholm, but
in the Borggard core no such conglomerate is devel-
oped. Here the sharp boundary is indicated by the
incoming of frequent glaucony and a decrease in
grain size. The lower boundary is currently exposed
only in central western Scania, where the basal con-
glomerate is overlain by a c. 1 m thick siltstone. The
formation is unconformably and with a sharp bound-
ary overlain by the Gislov Formation (Scania) or the
Alum Shale Formation (Bornholm).

Distribution and thickness. The formation is present
on Bornholm, where it measures 106.5 m in the Borg-
gard core, and in Scania, where it at least is up to 26
m thick (for references, see the individual members).
The formation is less than 8 m thick in the Slagelse-1
well on Sjeelland (cf. C. Poulsen 1969). The Leesa For-
mation has also been reported from the offshore well
G-14 NE of Riigen, where it is assumed to measure
some 170 m (Feldrappe et al. 2005), but we strongly
suspect that the lower main part of that succession
in fact matches the Hardeberga Formation.

Age. Early Cambrian. The formation represents the
Schmidtiellus mickwitzi trilobite Zone and straddles
the Skiagia ornata-Fimbriaglomerella membranacea and
Heliosphaeridium dissimilare-Skiagia ciliosa acritarch
zones (Moberg 1892, 1899; Bergstrom 1973; Vidal
1981; Ahlberg 1984; Moczydlowska & Vidal 1992).

Remarks. The Norretorp sandstone and Laesa forma-
tions were explicitly introduced informally and with-
out designation of stratotypes by Bergstrom (1970)

and Surlyk (1980), but subsequent authors have most-
ly treated them as formal lithostratigraphic units. The
strata here assigned to the Laesd Formation were re-
ferred to as the Norretorp Formation by Vejbaek et al.
(1994), but we suggest ranking the ‘Norretorp Sand-
stone’ as a member of the Laesd Formation. The Nor-
retorp silt/sandstone of Scania and the somewhat
thicker ‘Greenshales’ of Bornholm — informally named
the Broens Odde member by Surlyk (1980) —is here
combined into one member since they broadly speak-
ing exhibit the same lithologies and undoubtedly
represent the same depositional unit. Hence the
Norretorp Member is considered a senior synonym
of the Broens Odde member. The proposed litho-
stratigraphy also streamlines the classification of the
overlying Rispebjerg Sandstone, ranked as a mem-
ber of the Laesa Formation on Bornholm (Surlyk 1980)
and as a separate formation in Scania (Lindstrém &
Staude 1971; Bergstrom & Ahlberg 1981).

Norretorp Member

(Bergstrom 1970; Mens et al. 1990;
emended)

Stratotype. The Hardeberga Quarry, Scania, was list-
ed as stratotype for the Norretorp Formation by Mens
et al. (1990). Here the lower boundary of the unit is
well exposed and the section also serves as the basal
stratotype for the Laesa Formation.

Lithology. The member is dominated by siltstone, of-
ten somewhat sandy, in SE Scania and on Bornholm
and by fine-grained sandstone in central western
Scania. Glaucony and phosphorite nodules are com-
mon at some levels. Thin sandbeds are abundant in
the unit on Bornholm, in particular in the upper half.
Due to intense bioturbation the sandbeds are more
or less mixed with the more fine-grained ‘host’ sedi-
ment. Thicker sand units occur in the upper part of
the member in central western Scania. For descrip-
tions of lithology, see Troedsson (1917), Hadding
(1929, 1932), Hansen (1936a), Shaikh & Skoglund
(1974), Clausen & Vilhjalmsson (1986) and Falk
(1993).

Boundaries. The member rests unconformably and
with a sharp boundary on the Hardeberga Forma-
tion. There is a thin phosphoritic conglomerate at the
base in Scania (Hamberg 1991; Molnos 2002). A ba-
sal conglomerate has also been reported from Born-
holm (Hansen 19364, loc. 74; C. Poulsen 1967), but
was not found in the drilling at Borggard (Fig. 5).
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However, here the boundary is still sharp, being
marked by the abrupt incoming of glaucony and
finer-grained lithology. The Norretorp Member is
overlain by the Rispebjerg Member, usually with a
sharp, well-defined boundary.

Distribution and thickness. The unit is more than 16.5
m thick in SE Scania (Shaikh & Skoglund 1974) and
exceeds 25.6 m in central western Scania (Falk 1993).
No Norretorp Member is present at the drill-sites
Albjara-1 (Lauridsen 2000) and Tangelsas-1 (Erlstrom
et al. 2001), where the Alum Shale Formation rests
directly on the Hardeberga Formation (at the latter
site this may, however, be a tectonic complication).
The Norretorp Member is often quoted as being 3-5
m thick in SE Scania, but only the topmost part is
exposed in the beach sections south of Brantevik, and
there is no constraint on the small thickness origi-
nally estimated by Hadding (1929, p. 98) and reiter-
ated e.g. by Lindstrom & Staude (1971), Mens ef al.
(1990) and Ahlberg (1998). The Norretorp Member
is 103 m in the Borggard well on southern Bornholm
(Fig. 5).

Age. In Scania rare trilobites are indicative of the
Schmidtiellus mickwitzi Zone (Moberg 1892, 1899;
Bergstrom 1973; Ahlberg 1984). The various small
shelly fossils reported from Bornholm by C. Poulsen
(1967) are not age-diagnostic. In both Scania and on
Bornholm the lower part of the member has yielded
acritarchs diagnostic of the Skiagia ornata-Fimbria-
glomerella membranacea Zone (Vidal 1981; Moczyd-
lowska & Vidal 1992). On Bornholm the upper half
of the unit represents the Heliosphaeridium dissimilare-
Skiagia ciliosa acritarch Zone (Moczydlowska & Vi-
dal 1992); the corresponding level has not been dat-
ed by acritarchs in Scania.

Remarks. The Norretorp Member was originally inclu-
ded as the upper part of the Hardeberga Sandstone
in Scania (Angelin 1877). Subsequently it has been
referred to as Olenellus-sandstone (Térnebohm &
Hennig 1904), greywacke (e.g. Moberg 1910), Norre-
torp Sandstone (Bergstrom 1970), Norretorp Glau-
conite Sandstone Formation (Lindstrom & Staude
1971) and Norretorp Siltstone (Shaikh & Skoglund
1974). On Bornholm the unit has previously been
referred to as Green Shales (introduced by Forchham-
mer 1835) or ‘Green shales’. This long-lasting but
somewhat misguiding designation was abandoned
after introduction of the informal Broens Odde mem-
ber (Surlyk 1980). However, this unit is a local coun-
terpart of the Norretorp sand/siltstone of Scania and
we propose combining these similar units into just
one member.
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Rispebjerg Member
(Gronwall 1899; Surlyk 1980)

Stratotype. The name refers to a site near Jled, Born-
holm, but the locality at Kalby, Laesa (Hansen 1936a,
loc. 86), is more instructive than the small exposures
along the Jled (Hansen 1936a, locs 190-193). The
Kalby section, where the entire member is exposed
or can easily be dug out, is here designated as the
stratotype.

Lithology. The member consists of medium- to coarse-
grained quartz sandstone (cf. Pedersen 1989, fig. 2);
the lower part is glauconitic on Bornholm. Petro-
graphic descriptions are published by Hadding (1932,
pp- 58-59), Hansen (1936a) and de Marino (1980a).
The top of the unit is impregnated with phosphorite;
this zone is locally up to 0.3-0.4 m thick on Born-
holm and 0.05-0.1 m in Scania. Lower levels are also
impregnated with phosphorite on Bornholm (Hansen
1945; de Marino 1980a).

Boundaries. The lower boundary is a sharp change
from the strongly bioturbated glauconitic siltstones
of the Norretorp Member to the quartz sandstones
of the Rispebjerg Member. There is a phosphorite
conglomerate at the base in Scania and locally also
on Bornholm (see Pedersen 1989); no such conglo-
merate is described from the stratotype section. The
Rispebjerg Member is unconformably overlain by the
Gislov Formation in Scania and by the Exsulans
Limestone Bed of the Alum Shale Formation on Born-
holm.

Distribution and thickness. The Rispebjerg Member is
present in Scania and Bornholm, where it is about 1
m and 3.5-3.7 m thick, respectively (Gronwall 1902a;
Hadding 1929; Pedersen 1989; Mens et al. 1990). The
maximum thickness of 3.7 m was recorded in the
Skelbro-1 drill-core (Pedersen 1989, fig. 2). The Rispe-
bjerg Member is also reported from the G-14 well
north of Riigen, where it is c. 1 m thick (Piske & Neu-
mann 1993).

Age. No age-diagnostic fossils have been found in
the Rispebjerg Member.

Remarks. The Rispebjerg Sandstone was ranked as a
member of the Laesa Formation by Surlyk (1980),
whereas it in Scania has been treated as a separate
formation (Lindstrom & Staude 1971 and subsequent
authors, see also Mens ef al. 1990). The unit has pre-
viously been referred to as Tiger sandstone (Deecke
1897), Fosforitsandsten (upper phosphorite impreg-



nated part on Bornholm, Gronwall 1899), Rispe-
bjeerg/Rispebjerg sandstone (many authors) and
Leopard sandstone (e.g. Hansen 1937).

Gislov Formation

(Bergstrom & Ahlberg 1981)

Stratotype. Shore exposure 1 km SW of Brantevik, SE
Scania (Bergstrom & Ahlberg 1981).

Lithology. The lower part of the Gislov Formation
comprises mudstone and strongly glauconitic silt-
stone, whereas the upper part consists of partly con-
glomeratic bioclastic limestone (de Marino 1980b,
Bergstrom & Ahlberg 1981). In the Slagelse-1 core
the unit consists of coarse siltstone with phospho-
ritic nodules and minor glaucony (C. Poulsen 1969).

Boundaries. The formation rest unconformably on the
Rispebjerg Member of the Leesa Formation, and the
lower boundary is sharp and readily identified,
although the Gislov Formation usually contains sand
in the basal c. 0.1 m. The formation is upwards un-
conformably overlain by the Alum Shale Formation.
However, where the formation is capped by the
Forsemolla Limestone Bed, the upper boundary ap-
pears just as an ordinary discontinuity surface.

Distribution and thickness. The Gislév Formation is
mainly known from Scania (Bergstrom & Ahlberg
1981), where it is 0.7-5.7 m thick. The stated maxi-
mum thickness was encountered in the Tosterup-1
core (Meyerson personal communication 2004); the
formation is 5.25 m in the Fageltofta-2 core although
the upper part here is faulted out (new data). The
formation is possibly up to 10 m in uncored wells in
eastern Scania (Mens et al. 1990), whereas it is absent
in the Albjdra core and the Tangelsds well (Laurid-
sen 2000; Erlstrom et al. 2001). The amalgamated
Forsemoélla and Exsulans limestone beds at the base
of the Alum Shale Formation on Bornholm contains
reworked fossils (C. Poulsen 1942; V. Poulsen 1965,
1966a) suggesting that layers equivalent to the Gis-
1ov Formation originally were deposited also in the
Bornholm area. It is likely that the phosphorite-bear-
ing carbonaceous mudstone 1625.8-1626.5 m in the
G-14 drilling offshore Riigen represents the Gislov
Formation. The Gislov Formation also appears
present in the Slagelse-1 well on Sjeelland, where it is
minimum 14 m and maximum 22 m thick (cf. C.
Poulsen 1969, Bergstrom & Ahlberg 1981). Vejbeaek et
al. (1994) also listed it from the offshore Terne-1 well
of Kattegat.

Age. The trilobite fauna of the Gislév Formation is
indicative of the Holmia kjerulfi and ‘Ornamentaspis’
linnarssoni zones (Bergstrom & Ahlberg 1981; Ahl-
berg & Bergstrom 1993). The few acritarchs reported
from the unit are indicative of the Heliosphaeridium
dissimilare-Skiagia ciliosa or the Volkovia dentifera-Lie-
paina plana zones (Moczydtowska 1998).

Remarks. Parts of the Gislov Formation have previ-
ously been referred to as the Paradoxides Wahlen-
bergii strata/Paradoxides Kjerulfi strata (see Linnars-
son 1883), greywacke/greywacke zone (e.g. West-
ergard 1942) and phosphorite limestone (e.g. Troeds-
son 1917).

Mjoesa District

Cambrian strata are present in the Autochthon,
Parautochthon and Lower Allochthon of the Mjosa
District (Figs 1, 7). The label Parautochthon is here
used for the allochthon east of Brumundal, previous-
ly regarded as part of the Autochthon by Skjeseth
(1963). The sedimentary facies of the Lower Cam-
brian, in particular of the Ringstrand Formation, in
our opinion indicate that the thrust-slices of this area
are less far travelled than the successions of the
Lower Allochthon further west. The positions of loca-
lities referred to in the text are shown in Figure 7.
The Cambrian of the Autochthon comprises the
Ringstrand and Alum Shale formations. The succes-
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Figure 7. Detailed map of the southern part of the Mjosa Dis-
trict (Fig. 1, insert C) showing the position of localities referred
to in the text. Regarding distinction of the Parautochthon, see
text.
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sion is probably around 50 m thick, but thickness
estimates are speculative because the Alum Shale
Formation is strongly tectonized. Thickness estimates
for the Cambrian of the Parautochthon and Lower
Allochthon are also highly tentative, partly because
the position of the Precambrian/Cambrian bound-
ary is uncertain, and partly because of the tectonic
overprinting, which in particular has distorted the
mudstones. Within the Lower Allochthon the basal
terrestrial part may total c. 100 m and the overlying
marine Cambrian may reach a thickness of c¢. 200 m.
The terrestrial Cambrian probably includes parts of
or the entire ‘Middle Vardal Sandstone’ sensu Drey-
er (1988), whereas the marine succession comprises
the upper part of the Vangsés, the Ringstrand and
the Alum Shale formations. The Alum Shale Forma-
tion is treated separately below.

Vangsas Formation:
Vardal and Ringsaker members

(Bjorlykke et al. 1967)

Remarks. The Vangsas Formation is the uppermost
unit in the >2000 m thick Hedmark Group of the
Mjesa District. No stratotype has been designated.
The formation comprises the Vardal and Ringsaker
members (the latter including the Mjosa Quartz-
sandstone Formation of Skjeseth 1963), which are
maintained for the time being, but eventually the
Vardal Member may possibly be split into three mem-
bers (lower, middle and upper Vardal Sandstone
sensu Dreyer 1988). The acritarch Fimbriaglomerella
minuta was reported from the upper marine part of
the Vardal Member by Vidal & Nystuen (1990, p. 189).
This species is characteristic of the Skiagia ornata-Fim-
briaglomerella membranacea and Heliosphaeridium dis-
similare-Skiagia ciliosa zones (Moczydtowska 1991),
i.e. not the basal Cambrian by comparison with the
East Baltic area.

Because of their superficial similarity, the Ring-
saker Member and the Hardeberga Formation have
generally been considered equivalent deposits (e.g.
Mens et al. 1990), but we assume that the former is
younger (Fig. 2). So far the Ringsaker Member has
not yielded stratigraphically diagnostic acritarchs or
macrofossils.
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Ringstrand Formation
(New)

Derivation of name. The name alludes to Ringstranda
on the eastern shore of Lake Mjosa, where the lower
part of the new formation is exposed in a couple of
thrust-slices (Vogt 1924, fig. 13; see also Skjeseth 1963,
pl. 1). The exposures at Vinjulandet, Ringstranda,
Steinsodden and Evjevika along the eastern shore of
Mjosa south of Moelv are described by Bregger
(1882a), Kieer (1917), Vogt (1924), Strand (1929) and
Skjeseth (1963).

Stratotype. The Lower Allochthon section at Steinsod-
den, Mjosa District (Skjeseth 1963, fig. 16) is desig-
nated as the basal stratotype (see Redalen Member).

Members. The Ringstrand Formation comprises the
Brennseetersag, Redalen, Temten, Evjevik and Sky-
berg members (Fig. 8).

Lithology. The formation is dominated by mudstone
but sand- and siltstones also occur, particularly in
the lower part. Two thin limestone intercalations are
present near the top of the formation. For lithologi-
cal description, see in particular Vogt (1924) and Skje-
seth (1963).

Boundaries. In the Autochthon the Ringstrand For-
mation rests unconformably on weathered crystal-
line basement and a basal conglomerate is always
developed. In the Parautochthon and Lower Alloch-
thon the formation rests unconformably on the Vang-
sas Formation. The lower boundary is also here as-
sociated with a conglomerate and is readily identi-
fied by the shift from the monotonous quartzitic Ring-
saker Member to the finer-grained and more hetero-
geneous Ringstrand Formation. The formation is
upwards bounded by the Hawke Bay unconformity
and is everywhere unconformably overlain by the
Alum Shale Formation.

Distribution and thickness. The Ringstrand Formation
is developed in the Autochthon, Parautochthon and
Lower Allochthon of the Mjgsa District. It is 2 m thick
in the Autochthon at Risbekken (Hoyberget, new
measurement, see also Strand 1929) and 14 m in the
Parautochthon at Brennseetersaga (Hoyberget, new
measurement, see also Vidal & Nystuen 1991). The
formation is presumably about 50-60 m in the Lower
Allochthon around Lake Mjesa, but due to tectonic
disturbance it is impossible to state an exact thick-
ness, and it may theoretically even be up to about
80-100 m.
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Age. Late Early Cambrian. The formation represents
the upper main part of the Heliosphaeridium dissimi-
lare-Skiagia ciliosa acritarch Zone and possibly rang-
es into the Volkovia dentifera-Liepaina plana Zone (see
treatment of the individual members for references).
It straddles the Holmia kjerulfi and ‘Ornamentaspis’
linnarssoni trilobite zones (see entries on the Tomten
and Evjevik members).

Remarks. Several thin lithostratigraphic units, referred
to as formations of the Holmia Series in older litera-
ture (Skjeseth 1963 and subsequent authors), are
present between the Vangsas and the Alum Shale
formations. They are here combined into one forma-
tion for which the name Ringstrand Formation is
proposed. This unit is more comparable in scope with
the under- and overlying formations, although still
thinner. The various units described by Skjeseth
(1963), some of which were renamed by Vidal &
Nystuen (1991), are in a modified or recombined form

ranked as members of the Ringstrand Formation (see
separate sections below). The thin Lower Cambrian
autochthonous deposits present in the Mjosa District
(Strand 1929, Skjeseth 1963, Bjerlykke 1979) are also
assigned to the Ringstrand Formation.

Redalen Member
(New)

Derivation of name. The beach section at Steinsodden
is designated as the stratotype, but the names Stein
and Steinsholmen are pre-occupied by Ordovician
lithostratigraphic units (see Rasmussen & Bruton
1994), hence the name Redalen Member is proposed
in order to avoid misunderstandings. The new name
alludes to the nearby exposure on the western shore
of Lake Mjosa just north of Redalen (see Vogt 1924).
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Figure 9. Composite
section of the Lower
Cambrian in the
Lower Allochthon,
eastern part of the
Mijesa District (new
data mainly). The
Redalen Member was
measured at Steins-
odden (stratotype for
this member and
basal stratotype for
the Ringstrand
Formation). The
Evjevik and Skyberg
members were
measured at Skyberg
(hypostratotype and
stratotype for these
members). For
legend, see Figure 5.

Stratotype. The Lower Allochthon section at Steins-
odden (Vogt 1924; Skjeseth 1963, fig. 16) is designated
as the stratotype. The strata are overturned but other-
wise little affected by tectonism and here both the
lower and upper boundaries of the new member are
exposed. The lower part of the log shown in Figure 9
is based on this exposure, which is most instructive,
when the water level is low in Lake Mjosa.

Lithology. The heterolithic unit consists of thin-bed-
ded silt- and mudstones with numerous sandstone
beds (all beds and interbeds are generally 1-2 cm
thick, but a few sandstone beds are up to 5-15 cm).
At Steinsodden the sandstone beds are somewhat
thicker in the basal ¢. 5 m forming a fining-upward
succession. In the uppermost 5-6 m of the member
there is a slightly higher frequency of sandstone beds,
2-5 c¢m thick, but this coarsening upward trend is
subtle. Trace fossils are very common. For descrip-
tion of lithology, see Vogt (1924).

Boundaries. The new member rests unconformably
on the Vangsas Formation at Steinsodden and Re-
dalen and conformably on the Brennsaetersag Mem-
ber at Strandbergsodden. The Redalen Member is in
turn conformably overlain by the Temten Member.
Although there is no sedimentary break, the upper
boundary can be identified within a metre as the
lithologic shift is quite rapid; there are no sandy inter-
beds in the Temten Member of the Lower Alloch-
thon.

Distribution and thickness. The member is restricted
to the eastern part of the Lower Allochthon around
Lake Mjogsa, where it is exposed at Ringstranda,
Strandbergsodden, Skyberg (in the yard at the farm-
house), Steinsodden and north of Redalen. The new
member is c. 36 m thick in the relatively undisturbed
exposure at Steinsodden, which is the only site where
the thickness can be measured (new measurement;
Vogt (1924) estimated a thickness of c. 40 m). The
Redalen Member is absent in the Autochthon and
Parautochthon as well as in the higher thrust slices
of the Lower Allochthon (e.g. Brastad River section).
Here the Tomten Member rests directly on a thin
Brennseetersag Member (cf. Vogt 1924), and the lower
part of the Temten Member is probably coeval with
the Redalen Member (Fig. 8).

Age. No fossils are known from the Redalen Member.

Remarks. This characteristic unit is inferred represent-
ing a lateral equivalent of the Brennseaetersag Mem-
ber of the Autochthon and the Parautochthon (Fig.
8). The occasional absence of the Brennseetersag



Member in the Lower Allochthon indicates that the
unconformity separating the Vangsas and Ringstrand
formations locally is slightly more extensive.

Brennsaetersag Member
(New)

Derivation of name. The name refers to the stratotype
locality.

Stratotype.The Parautochthon river section at Brenn-
saetersaga (Fig. 10) is designated as the stratotype.
Here the new member is 4 m thick and rests uncon-
formably on the Ringsaker Member of the Vangsas
Formation. It is overlain by the Temten Member of
the Ringstrand Formation.

Lithology. The lower part of the member is dominat-
ed by siltstone with thin interbeds of sandstone
whereas the upper part consists of medium- to
coarse-grained quartz sandstone (the ‘Brastad sand-
stone’ of previous literature).

Boundaries. In the Lower Allochthon and Parautoch-
thon the Brennseetersag Member rests unconforma-
bly on the Vangsas Formation and there is a thin ba-
sal conglomerate, locally with boulders up to 0.3 m
in diameter of Ringsaker Quartzite (Skjeseth 1963, p.
47). Small-scale channels have been observed in the
top of the Ringsaker Member at Sollerud (new data).
In the Autochthon the Brennseetersag Member rests
on weathered crystalline basement, also with a con-
glomerate at the base. The boundary towards the
overlying mud- and siltstones of the Temten and
Redalen members is sharp.

Distribution and thickness. The member is most typi-
cally developed in the Parautochthon of the Mjosa
District, where it is 1.5-4 m thick (Sollerud and
Brennseetersaga sections, respectively). It is sugge-
sted attributing the lower sandy part of the Ring-
strand Formation in the Autochthon to the Brenn-
setersag Member as well. In the Lauselva section this
unit is 1.25 m thick and includes a conglomerate in
the middle (a log is shown by Ebbestad et al. 2003,
fig. 3). A very thin Brennseetersag Member is present
in the higher trust slices of the Lower Allochthon,
e.g. in the Brastad River, where it is only 0.6 m thick
(see Vogt 1924). Skjeseth (1963) reported a slightly
greater thickness, but minor faulting has repeated
the basal part of the succession. Here it is directly
overlain by the Temten Member. At Strandbergs-
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Figure 10. The Lower and basal Middle Cambrian at Brenn-
setersaga (Parautochthon), which is stratotype for the Brenn-
setersag and Temten members. Simplified from Heyberget
(unpublished 2004). For legend, see Figure 5.

odden (also Lower Allochthon) the Brennseetersag
Member is c. 2.5 m thick and is overlain by the Re-
dalen Member (see Vogt 1924). Both of these succes-
sions display a coarsening-upward trend, but no
‘Bréstad sandstone’ unit (sensu Vidal & Nystuen 1991)
is developed. Elsewhere in the Lower Allochthon,
e.g. north of Redalen and at Steinsodden, no Brenn-
setersag Member is developed.

Age. The Brennsaetersag Member of the Parautoch-
thon contains acritarchs of the Heliosphaeridium dis-
similare-Skiagia ciliosa Zone (Vidal & Nystuen 1991).
Holmia cf. mobergi has been reported from the unit at
Brennseetersaga (Skjeseth 1963; Bergstrom 1980,
1981), but the single trilobite specimen most likely
derives from the sandstone bed in the top of the
Temten Member in this section (M. Heyberget per-
sonal communication 2004). The Brennseaetersag
Member of the Lower Allochthon is inferred to be
older than the Brennseetersag Member of the Parau-
tochthon and Autochthon (Fig. 8).

Remarks. The member has previously been referred
to as ‘Basalavdeling med Discinella holsti’ (Vogt 1924),
Brennsaeter Limestone, 1o, (Skjeseth 1963), Brenn-
seeter shale (Vidal & Nystuen 1991) and Brastad sand-
stone (1o,) (Skjeseth 1963; Vidal & Nystuen 1991).
The so-called Brennsater shale and Bréastad sand-
stone of the Parautochthon cannot be correlated to
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sections within the Autochthon and Lower Alloch-
thonina consistent way and we suggest combination
of them into just one coarsening-upward member.

Tomten Member

(New)

Derivation of name. The name refers to the classical
locality at Temten, described by Kieer (1917).

Stratotype. The protected locality at Temten is now
completely overgrown and cannot serve as strato-
type; besides, only the upper part of the unit was
originally exposed. Instead the Parautochthon Brenn-
saetersaga section is designated as the stratotype.
Here both the lower and upper boundaries of the c.
10 m thick Temten Member are exposed (Fig. 10);
logs of this section are published by Skjeseth (1963,
p- 38), Moczydiowska & Vidal (1986, fig. 2) and Vi-
dal & Nystuen (1991, fig. 2).

Lithology. The Temten Member includes the informal
Brastad shale of Vidal & Nystuen (1991), which is
dominated by arenaceous mudstone, and the green-
ish-grey mudstones, previously referred to as the
Holmia shale. For description of lithology, see Kizer
(1917), Vogt (1924), Skjeseth (1963) and Vidal & Ny-
stuen (1991).

Boundaries. In the Brennseetersaga and Sollerud sec-
tions of the Parautochthon the Temten Member over-
lies the Brennseetersag Member. The boundary is
sharp and Skjeseth (1963) described a thin phospho-
rite-conglomerate from this level. No such conglome-
rate is currently visible at Brennseetersaga. The up-
per boundary of the Tomten Member is the Hawke
Bay unconformity, whichislocated inside the so-called
Oelandicus conglomerate of Skjeseth (1963) and Vi-
dal & Nystuen (1991). The lower part of this 0.5-0.7
m thick bed is a calcareous sandstone (Hoyberget
personal communication 2005), which is truncated
by the unconformity, in turn overlain by a phospho-
rite conglomerate (Fig. 10). In the Lauselva section
(Autochthon) the Temten Member is conformably
resting on the Brennseetersag Member and the lower
boundary is indicated by the shift from sandstone to
siltstone. The Tomten Member is unconformably
overlain by Middle Cambrian also in the Autochthon
as seen in the Risbekken section (cf. Skjeseth 1963).
In the Lower Allochthon the Temten Member rests
conformably on the Brennseetersag Member (only
Brastad River section) or the Redalen Member (sec-
tions around Lake Mjosa). The boundary is indicated
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by a decrease in grain size from sand and silt to mud
without thin sandstone interbeds.

Distribution and thickness. The Temten Member is
present in the Autochthon, Parautochthon and Lower
Allochthon of the Mjosa District. It is only ¢. 9 m thick
in the Parautochthon at Brennseetersaga (Hoyberget,
personal communication 2005) and its upper more
fine-grained part (‘Holmia shale’) is not present.
Whether this is a lateral facies difference from the
Lower Allochthon or due to truncation by the Hawke
Bay unconformity is unknown. Because of tectonic
disturbance the thickness of the Temten Member in
the Lower Allochthon is uncertain, but maximum
thickness may be around 40-50 m (cf. Bjerlykke 1979,
p- 22). The preserved part of the unit is 0.8 m in the
autochthonous Lauselva section (cf. Ebbestad et al.
2003); it is at least 10 m at Dokkaelva in the Torpa
area a little further west (Bjorlykke 1979, p. 22).

Age. The Tomten Member contains acritarchs of the
Heliosphaeridium dissimilare-Skiagia ciliosa Zone (Vi-
dal & Nystuen 1991) and trilobites diagnostic of the
Holmia kjerulfi Zone (Kiser 1917; Vogt 1924; Ahlberg
1984; Ahlberg et al. 1986). Holmia inusitata occurs in
the Autochthon at Lauselva (Ebbestad et al. 2003).
We regard the H. inusitata Zone as a local biozone
within the H. kjerulfi Chronozone; inferred age rela-
tions are outlined in Figure 8.

Remarks. The member includes the informal Brastad
shale of Vidal & Nystuen (1991) (= 1af} of Skjeseth
1963) and the overlying Holmia shale (1af) (Kieer
1917; Skjeseth 1963). The latter name is deeply en-
trenched in the literature, but the ‘Brastad’ and ‘Hol-
mia’ shales have mainly been distinguished because
of a different faunal content. We therefore suggest
uniting these two units into just one fining-upward
member.

Evjevik Member
(Skjeseth 1963)

Stratotype. Evjevika was designated as stratotype for
the 1bP zone by Skjeseth (1963). However, the Evje-
vik Member is poorly exposed at this site and visible
only during extremely low water level in Lake Mjo-
sa. The easily accessible nearby exposure at Skyberg
is significantly more instructive and is designated as
a hypostratotype section. A simplified log of this sec-
tion was shown by Vidal & Nystuen (1991, fig. 5);
the upper part of the log shown in Figure 9 is based
on the Skyberg exposure.



Lithology. The member consists of two bioclastic lime-
stone beds (each typically 0.20-0.25 m thick), usual-
ly separated by 0.5-1 m of mudstone.

Boundaries. The lower and upper boundaries of the
Evjevik Member are well-defined and readily iden-
tified, being located at the base and the top of the
limestone beds encasing this unit. The surrounding
units consist of mudstones.

Distribution and thickness. The member is known on-
ly from the Lower Allochthon of the Mjgsa District,
where it usually is around 1-1.5 m, rarely up to 2 m
thick (Skjeseth 1963; Hoyberget, personal communi-
cation 2005). The equivalent level is not preserved in
the Parautochthon or the Autochthon (Hawke Bay
unconformity).

Age. The limestone beds of the Evjevik Member con-
tain trilobites characteristic of the ‘Ornamentaspis’ lin-
narssoni Zone (Kieer 1917; Nikolaisen 1986; Ahlberg
1984). No age-diagnostic acritarchs have been repor-
ted from the unit so far.

Remarks. The member has previously been referred
to as Strenuella limestone (Kizer 1917) and Evjevik
limestone/1bf (Skjeseth 1963). It is a border line case
whether this unit should be ranked as a member or
astwo individual marker limestone beds, but for his-
torical reasons a distinction as member is suggested.

Skyberg Member
(New)

Derivation of name. The new name refers to the stra-
totype locality.

Stratotype. The road cut near the farm Skyberg, Mjo-
sa District (Lower Allochthon) is designated as the
stratotype section. Here both the lower and upper
boundaries of the new member are exposed or can
easily be excavated. A simplified log is shown by
Vidal & Nystuen (1991, fig. 5); a re-measured section
is included in the composite log shown in Figure 9.

Lithology. The member consists of greenish-grey
rather homogenous mudstone with sporadic small
phosphorite nodules. There is a discontinuous sand-
stone bed, up to 0.25 m thick, c. 1.4-1.6 m below top
of the unit.

Boundaries. The Skyberg Member rests on the Evje-
vik Member with a sharp boundary. Upwards, it is

unconformably overlain by the Alum Shale Forma-
tion.

Distribution and thickness. The new member is so far
known only from the stratotype locality within the
Lower Allochthon, where it is c. 7 m thick. The equi-
valent level is not preserved in the Parautochthon
and Autochthon (Hawke Bay unconformity).

Age. The Skyberg Member contains sparse trilobites,
which seemingly are indicative of the ‘Ornamentaspis’
linnarssoni Zone, but as yet no systematic study has
been made of the fauna. Acritarchs, most of which
are biostratigraphically undiagnostic, have been
reported from the lower part of the unit (Vidal &
Nystuen 1991). The presence of Baltisphaeridium [=
Lophosphaeridium] dubium indicates that the level is
older than the Eliasum-Cristallinium acritarch assem-
blage zone (cf. Hagenfeldt 1989a; Eklund 1990).

Oland-Gotland, south central
Sweden and the southern
Bothnian Sea

The Cambrian of these districts is divided into the
File Haidar, Borgholm and Alum Shale formations.
The Cambrian is 40-50 m thick in the Bothnian Sea,
50-60 m in south central Sweden and up to 235 m
onshore and 267 m offshore in the Oland-Gotland
area. The Alum Shale Formation is treated separate-
ly below. The positions of localities and wells referred
to in the text are shown in Figure 1.

File Haidar Formation

(Bergstrom & Gee 1985, emended)

Stratotype. The File Haidar core, southern Gotland,
section between 500-412 m (see remarks), described
by Thorslund & Westergard (1938) and designated
by Bergstrom & Gee (1985).

Members. The File Haidar Formation comprises the
Viklau, Nar Shale and Né&r Sandstone members in
the Oland-Gotland area; the Nar Shale Member is
also present in the southern Bothnian Sea. In south
central Sweden the formation consists of the Lingulid
Sandstone and Mickwitzia Sandstone members.

Nielsen et al.: Cambrian to basal Ordovician lithostratigraphy in southern Scandinavia - 69



Lithology. The formation is dominated by fine- to
medium-grained quartz-sandstone with subordinate
silt- and mudstones, which, however, locally may
reach considerable thickness. For description of litho-
logy, see Thorslund & Westergard (1938), Hessland
(1955), Hagenfeldt (1989a, 1994), Eklund (1990) and
Jensen (1997).

Boundaries. The formation rests unconformably on
crystalline basement or Proterozoic sediments. It is
in most areas overlain by the Borgholm Formation
and locally by the Alum Shale Formation. In the
Gotland area and below northern Oland the forma-
tion is conformably overlain by the Grétlingbo Mem-
ber of the Borgholm Formation, and the boundary is
transitional (see entry on the Grotlingbo Member
below). In the southern Bothnian Sea a thin File Haid-
ar Formation is unconformably overlain by an atyp-
ical sandy Grétlingbo Member. In south central Swe-
den and most parts of Oland the File Haidar Forma-
tion is bounded upwards by the Hawke Bay uncon-
formity. In Ostergotland-Narke and the Falbygden-
Billingen-Kinnekulle districts of Vastergotland this
unconformity is overlain by the Kvarntorp Member
(Borgholm Formation), which contains a basal phos-
phorite conglomerate or Fe-ooid bed. At Hunneberg
in Véstergotland the unconformity is overlain by a
sandy conglomerate forming the basal part of the
Alum Shale Formation. Below southern and central
Oland the unconformity is overlain by the Mossberga
Member of the Borgholm Formation.

Distribution and thickness. The File Haidar Formation
is present in the Oland-Gotland area, the southern
Bothnian Sea and Vistergdtland, Ostergdtland and
Nérke. As redefined here the formation is 88 m thick
in the File Haidar stratotype core, and reaches 100-
107 m in various other wells on Gotland (see Hagen-
feldt 1994, p. 107). On Oland the formation is mostly
72-112 m (Hagenfeldt 1994); it is anomalously thin
in the Mossberga core (Westergard 1936) and absent
in the offshore B-10 well (OPAB unpublished com-
pletion report). Maximum thickness recorded is 127
m in the offshore B-3 well located 45 km south of
Gotland (OPAB unpublished completion report). The
formation is between 21-37 m in the different dis-
tricts of central Sweden (Martinsson 1974; Hagen-
feldt 1994; new data), even locally down to 14-17 m
in NW Narke (Karis & Magnusson 1973; Hagenfeldt
1994). The File Haidar Formation is 2.5-3.5 m in the
southern Bothnian Sea and maybe more than 11.6 m
in a drilling at Holmudden NE of Géavle (see re-
marks).

Age. Late Early Cambrian. Trilobites are very rare in
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the File Haidar Formation (Ahlberg 1984; Ahlberg et
al. 1986) and have little biostratigraphic significance.
Acritarch data are available from the Grétlingbo-1,
Hamnudden and Finngrundet cores of Gotland, Got-
ska Sandon and the southern Bothnian Sea (Hagen-
feldt 1989a,b). Acritarchs have been also been stud-
ied in detail in the Barstad-2 core of Ostergotland
(Eklund 1990). The File Haidar Formation spans the
Heliosphaeridium dissimilare-Skiagia ciliosa, Volkovia
dentifera-Liepaina plana and, locally, the lower part of
the Eliasum-Cristallinium assemblage zone. The
boundary between the File Haidar and Borgholm
formations is diachronous, becoming younger in a
western direction (Fig. 2).

Remarks. It is unclear how much of the stratotype core
section that was originally intended to define the File
Haidar Formation since the stated thickness (157 m;
Bergstrom & Gee 1985, p. 252) includes a 32 m thick
Middle Cambrian succession. Thorslund & Wester-
gard (1938) originally identified the Mid Cambrian
age of this section — assuming the Lower/Middle
Cambrian boundary to be located at 374.1 m or 373.6
m in the core — and since no mentioning of including
the Middle Cambrian in the File Haidar Formation
was made by Bergstrom & Gee (1985), the stated
thickness was in all probability a typographic error,
but which has been reiterated by several subsequent
authors (e.g. Mens et al. 1990; Moczydiowska 1991;
Hagenfeldt 1994).

Based on the Groétlingbo-1 core Hagenfeldt & Bjer-
kéus (1991) proposed an informal four-fold subdivi-
sion of the File Haidar Formation, comprising the
Viklau sandstone, Nar shale, Nar sandstone and
Grotlingbo siltstone. The Viklau sandstone and the
Grotlingbo siltstone were subsequently ranked as for-
mal members and described in greater detail by
Hagenfeldt (1994), whereas the Nar shale and Nar
sandstone were classified as subunits of a Nar Mem-
ber. It is here suggested to revert to the initial classi-
fication and distinguish four members in the Oland-
Gotland area (the Viklau, Néar Shale, Nar Sandstone
and Grotlingbo members, Fig. 2), as this is considered
amore consistent classification, but of which the Grot-
lingbo Member is allocated to the Borgholm Forma-
tion (see below). In the File Haidar stratotype core
the upper boundary of the File Haidar Formation is
therefore drawn at ¢. 412 m.

Facing page:

Figure 11. Lithostratigraphy of the Grétlingbo-1 core simpli-
fied from Szabo (1968). This core is stratotype for the Viklau,
Nar Shale, and Nar Sandstone of the File Haidar Formation
and the Grotlingbo and Faludden members of the Borgholm
Formation. For legend, see Figure 5.
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The lithostratigraphic classification of the pre-Tre-
madocian succession in the Finngrundet and Véstra
Banken cores of the southern Bothnian Sea is proble-
matic (for description, see Thorslund & Axberg 1979).
Hagenfeldt (1989a,b, 1994) assigned the strata in
question to the Soderfjarden Formation, but this unit
has never been formally introduced and the poten-
tial stratotype is a strongly disturbed succession in
animpact crater (see e.g. Lauren et al. 1978). We there-
fore suggest avoiding the designation Soderfjarden
formation. The succession overlying the crystalline
basement in the Finngrundet core and up to level
98.34 m is suggested representing the Néar Shale
Member whereas the section 98.34-72.50 m is inferred
to represent a comparatively coarse-grained Grot-
lingbo Member equivalent. The Véastra Banken suc-
cession is even more atypical, as the horizons corre-
sponding to the Nar Shale (144.38-141.9 m) and Grot-
lingbo (141.9-123.52 m) members are rather sandy.
Westergard (1939) reported 11.6 m of blue-green clay
from the bottom of a drilling made at Holmudden
and which may represent a more typical Nar Shale
Member, but alternatively the undated section repre-
sents the Borgholm Formation.

The Kalmarsund sandstone, known only from the
east coast of the Swedish mainland (for review, see
Martinsson 1974), was also ranked as a member of
the File Haidar Formation by Bergstrom & Gee (1985).
The strong cementation of parts of the Kalmarsund
sandstone and possibly also its red striation are sus-
pected, however, to reflect local diagenetic conditions
(cf. remarks on the red colouration of the Kalmar-
sund sandstone by Martinsson 1974, discussion by
Tuuling ef al. 1997, p. 52 and description of the Lan-
geskanse Member above). In our interpretation the
Kalmarsund sandstone represents the Viklau, Nar
Shale and Néar Sandstone members, and should not
be ranked as a separate member. The well-known
fossiliferous glauconitic level with Mobergella (see e.g.
Ahman & Martinsson 1965) likely represents the Nar
Shale Member (compare succession of the Boda
Hamn core, Hessland 1955).

Viklau Member

(Hagenfeldt & Bjerkéus 1991; Hagenfeldt
1994)

Stratotype. The Grotlingbo-1 core, southern Gotland,
section between 675.5-626 m (Fig. 11), described by
Hagenfeldt (1989a, pp. 162-166) and designated by
Hagenfeldt (1994). For comments on the lower
boundary, see remarks.
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Lithology. In most areas the lower and upper parts of
the member are dominated by quartz sandstone,
whereas the middle part comprises bioturbated silt-
stone (so-called ‘crow rock’) or laminated darkish
green shale. The basal part of the member is some-
what arkosic and contains conglomerates. For litho-
logical descriptions, see Hessland (1955) and Hagen-
feldt (1989a, 1994).

Boundaries. The member rests unconformably on the
crystalline basement with a conglomerate at the base.
It is in turn overlain by the Néar Shale Member. The
upper boundary is associated with a conglomerate
in wells on NW Gotland (see Hagenfeldt 1994, fig.
5), but this boundary is generally conformable and
may be transitional for a couple of metres. It is then
defined where sandstone interbeds become uncom-
mon and mudstone/siltstone dominate.

Distribution and thickness. The Viklau Member is
present in the Oland-Gotland area, including the west
coast of Sweden (basal part of the ‘Kalmarsund sand-
stone’). It is 5-57 m thick below Gotland and gene-
rally 40-74 m below Oland (Hagenfeldt 1994). It is
locally absent below Oland (the Mossberga core,
Westergard 1936) and offshore east of Oland (the
B-10 well, OPAB unpublished completion report).
The Viklau Member is 56 m in the offshore B-3 well
south of Gotland (OPAB unpublished completion
report).

Age. Late Early Cambrian. The member contains acri-
tarchs characteristic of the Heliosphaeridium dissimi-
lare-Skiagia ciliosa Zone (Hagenfeldt 1989a).

Remarks. By anlogy with the Néar Shale/Sandstone
members it could be considered ranking the three
subunits of the Viklau Sandstone (VSs1-s3), discer-
ned by Hagenfeldt (1994), as individual members,
but there seems to be a rather pronounced lateral
facies variation (cf. Hagenfeldt 1994, fig. 5), making
such fine-scaled lithostratigraphic subdivision ambi-
guous and difficult to employ in practise. It is sug-
gested referring to these informal subunits as VMs1
to VMs3 (= Viklau Member subunit 1 etc.).

Itis strongly suspected that a tongue of Dominopol
age sediments (i.e. the Skiagia ornata-Fimbriaglome-
rella membranacea acritarch Zone) is present in the off-
shore wells BO-12, BO-13 and BO-21 east of Gotland
and it is likely that the section 680-675.5 m of the
Grotlingbo-1 core represents a westernmost exten-
sion of this package (Figs 2, 11). We therefore pro-
pose redefining the Viklau Member to start at level
675.5 m.



Nar Shale Member

(Hagenfeldt & Bjerkéus 1991; formalized)

Stratotype. The Grotlingbo-1 core, southern Gotland,
between626.0-602.5mis here designated as the strato-
type section. For desription, see Hagenfeldt (1989a,
pp- 162-166); a simplified log is shown in Figure 11.

Lithology. In the stratotype section, which represents
a distal inner shelf depositional environment, this
unit is dominated by greenish, greenish grey to some-
what reddish siltstone/shale, partly laminated, partly
bioturbated and with rare thin sandstone beds. In
more inboard sections, for instance the File Haidar
core (see Thorslund & Westergard 1938), the sand
content is higher, but the member is still overall more
fine-grained than the units below and above. For
lithological descriptions, see Hessland (1955) and
Hagenfeldt (1989a, 1994).

Boundaries. The unit rests on the Viklau Member with
a sharp boundary or the boundary may be transi-
tional over a few metres (e.g. in the stratotype sec-
tion). In the latter case the boundary is drawn when
silt- or mudstones become predominant relative to
sandstone. The Nar Shale Member is conformably
overlain by the Nar Sandstone Member, but usually
the boundary is well-defined.

Distribution and thickness. The Nar Shale Member is
present in the Oland-Gotland area, including the west
coast of Sweden (part of the ‘Kalmarsund sandstone”)
and it forms the basal part of the Cambrian succes-
sion in the southern Bothnian Sea. The member is
13-30 m thick in the Oland-Gotland area (Hagenfeldt
1994) and c. 4 m in the Finngrundet core, southern
Bothnian Sea (section between 102.01-98.39 m ac-
cording to the depth scale of Thorslund & Axberg
1979; 100.7-104.5 m according to the scale of Hagen-
feldt 1989a). It is locally absent below Oland (the
Mossberga core, Westergard 1936) and offshore east
of Oland (the B-10 well, OPAB unpublished comple-
tion report). The Nér Shale is 36 and 39 m thick in
the offshore wells B-9 and B-3, respectively (OPAB
unpublished completion reports).

Age. Late Early Cambrian. The Nér Shale Member
contains acritarchs characteristic of the Heliosphaer-
idium dissimilare-Skiagia ciliosa and the Volkovia den-
tifera-Liepaina plana zones (Hagenfeldt 1989a).

Remarks. The Nér shale was introduced informally
by Hagenfeldt & Bjerkéus (1991) and subsequently
included as part of the Nar Member by Hagenfeldt

(1994). We suggest reverting to the original classifi-
cation.

The core section of the Vastra Banken well equiv-
alent to the Nar Shale Member of the Finngrundet
well (located some 35 km further east in the south-
ern Bothnian Sea) is comparatively sandy (cf. Thors-
lund & Axberg 1979) and we are reluctant assigning
it to the Néar Shale Member. The > 11.6 m of blue-
green clay recorded in the drilling at Holmudden NE
of Gévle may represent the Nar Shale Member (cf.
Westergard 1939, p. 45), but could also correspond
to the Barstad Member of the Borgholm Formation.

Nar Sandstone Member

(Hagenfeldt & Bjerkéus 1991; formalized)

Stratotype. The Grotlingbo-1 core, southern Gotland,
between 602.5-579.8 m is here designated as the
stratotype section. For description, see Hagenfeldt
(1989a, pp. 162-166); a simplified log is shown in
Figure 11.

Lithology. The member is dominated by fine- to me-
dium-grained sandstone with occasional interbeds
of mud- and siltstone. For lithological description,
see Thorslund & Westergard (1938), Hessland (1955)
and Hagenfeldt (1989a, 1994).

Boundaries. The member is resting conformably on
the Nar Shale Member, but the boundary is in most
cases sharp and readily identifiable (cf. Hagenfeldt
1989a, figs 9, 10, 12). It is conformably overlain by
the Grotlingbo Member and the boundary may be
transitional for a few metres.

Distribution and thickness The Nar Sandstone Mem-
ber is present only in the Oland-Gotland area, but it
roughly corresponds to the Lingulid Sandstone Mem-
ber of central Sweden. The Nar Sandstone Member
is 7-32 m thick in onshore wells on Oland and
Gotland (Hagenfeldt 1994) and up to 52 m thick in
offshore wells east and south of Gotland (B-9; OPAB
unpublished completion report). It is locally absent
in the Mossberga core (Westergard 1936) and the
B-10 well offshore east of Oland (OPAB unpublished
completion report).

Age. No age-diagnostic fossils have been reported
from the Néar Sandstone Member. It is underlain by
the Néar Shale Member, containing acritarchs of the
Volkovia dentifera-Liepaina plana Zone, and overlain
by the Grotlingbo Member (Borgholm Formation),
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containing acritarchs of the Eliasum-Cristallinium as-
semblage zone (Hagenfeldt 1989a,b).

Remarks. The Néar sandstone was introduced infor-
mally by Hagenfeldt & Bjerkéus (1991) and subse-
quently included as part of the Nar Member by
Hagenfeldt (1994). We suggest reverting to the origi-
nal classification.

Mickwitzia Sandstone Member

(Holm 1901; Bergstrom & Gee 1985)

Stratotype. The Barstad-2 core, Ostergdtland, between
74.50-63.80 m is here designated as the stratotype
section. For description, see Eklund (1990); a simpli-
fied log of this core is shown in Figure 12A. Regard-
ing choice of stratotype and upper boundary, see re-
marks on the Lingulid Sandstone Member.

Lithology. The member is dominated by thin-bedded
silt- and sandstone with thin interbeds of clay. Parts
of the unit are red and green coloured. In Ostergot-
land-Nérke the member contains c. 2 m of medium-
grained sandstone in the basal part. Overall the mem-
ber exhibits a rather uniform development through-
out the districts of central Sweden. For detailed de-
scriptions of the succession, see Eklund (1990) and
Jensen (1997).

Boundaries. The member rests unconformably on the
crystalline basement, usually with a conglomerate at
the base. It is unconformably overlain by the Lin-
gulid Sandstone Member.

Distribution and thickness. The Mickwitzia Sandstone
Member, which is 8-10 m thick, is present in Véaster-
gotland, Ostergdtland and Narke (Westergard 1940;
Karis & Magnusson 1973; Eklund 1990; Jensen 1997).

Age. Late Early Cambrian. The rich acritarch content
is indicative of the Heliosphaeridium dissimilare-Skia-
gia ciliosa Zone (Eklund 1990), see also review in
Moczydiowska (1991).

Remarks. For an exhaustive review of previous work,
see Jensen (1997). Before Holm (1901) introduced the
name Mickwitzia sandstone the strongly bioturbat-
ed unit was referred to as the Eophyton sandstone
(Wallin 1868).
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Lingulid Sandstone Member

(Holm 1901; Bergstrom & Gee 1985)

Stratotype. The Barstad-2 core, Ostergdtland, between
63.80—49.38 m is here designated as the stratotype
section. For description, see Eklund (1990); a simpli-
fied log of this core is shown in Figure 12A. Regard-
ing choice of stratotype, see remarks.

Lithology. The member displays an overall coarsen-
ing upward trend. In Viéstergétland it is dominated
by light grey, moderately to poorly cemented fine-
grained quartz sandstone (Martinsson 1974). The unit
is more heterolithic in Ostergétland and Nérke and
contains interbeds of silt- and mudstones (Karis &
Magnusson 1973; Eklund 1990). Here only the upper
part is dominated by fine-grained quartz sandstone.

Boundaries. The unit overlies the Mickwitzia Sand-
stone Member. We suggest defining the lower bound-
ary of the Lingulid Sandstone Member at an uncon-
formity, representing a regional sequence boundary
(see remarks); it is often associated with a thin con-
glomerate. In Vastergotland this unconformity di-
vides the heterolithic Mickwitzia Sandstone Mem-
ber from the generally sandy Lingulid Sandstone
Member, but in Ostergétland-N'airke the lower part
of the Lingulid Sandstone Member resembles the
underlying Mickwitzia Sandstone Member (cf. Ek-
lund 1990). Here it is necessary to identify the uncon-
formity in order to distinguish the members. The
Lingulid Sandstone is upwards unconformably over-
lain by the strongly glauconitic Kvarntorp Member
of the Borgholm Formation. The sharp boundary is
associated with a phosphoritic conglomerate or, lo-
cally, a Fe-ooid bed.

Distribution and thickness The member is developed
in Central Sweden (Viastergotland, Ostergotland and
Naérke). Itis 22.5 m thick in the Mossen core of Kinne-
kulle, Vastergotland (Hagenfeldt 1994, modified),
and 28.6 m in the DBH 15/73 core of southern Bil-
lingen (new data). It is up to 15.5 m in Ostergotland
(Nassja core, Wikman et al. 1980) and probably only
about 10-11 m in Nérke (cf. Westergard 1940; Karis
& Magnusson 1973; Martinsson 1974), maybe even
down to 8.5 m in the Lilla Fallet core (cf. Karis &
Magnusson 1973).

Age. Late Early Cambrian. A few trilobites have been
found in the unit (Ahlberg et al. 1986), but in our
opinion they are not age-diagnostic. Acritarchs from
the lower part of the member are indicative of the
Heliosphaeridium dissimilare-Skiagia ciliosa and the
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Figure 12. The Cambrian of Ostergétland. A. Simplified log of the lower part of the Barstad-2 core, based on Eklund (1990). The
core is stratotype for the Mickwitzia and Lingulid sandstone members of the File Haidar Formation. The remaining Cambrian
section of this core is shown by Wikman et al. (1980). B. Simplified log of the Tornby core above the File Haidar Formation, based
on Westergard (1940). This core is stratotype for the Barstad and Tornby members of the Borgholm Formation. There is no Skaning-
storp Sandstone Bed developed in this core. For legend, see Figure 5. Abbreviations: Bo. Fm and Borgho. Fm = Borgholm Forma-

tion; Kvarnt Mbr. = Kvarntorp Member.

Volkovia dentifera-Liepaina plana zones (Eklund 1990).
The very top of the Lingulid sandstone of Ostergot-
land represents the Eliasum-Cristallinium assemblage
zone (Eklund 1990).

Remarks. The member has previously been referred
to as the Fucoid sandstone (Wallin 1868). A precise
boundary between the Mickwitzia and Lingulid
sandstones has never been defined (e.g. Eklund 1990;
Jensen 1997); see the latter author for discussion of
previous interpretations. A regionally identifiable

unconformity, representing a gap in deposition, is
located at 63.8 m in the Barstad-2 core, where it is
overlain by a thin conglomerate (see Eklund 1990),
and at level 10.6 m in the Mossen core of Vastergot-
land (see Jensen 1997, fig. 3). This unconformity in
our opinion represents a logical and well-defined
boundary, which essentially does not alter the estab-
lished concepts of the two units and it is often asso-
ciated with a conglomerate. For historical reasons it
might have been preferable to designate a stratotype
in Véstergotland, but currently no section is investi-
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gated to the same degree of detail as the Barstad-2
core of Ostergotland.

Borgholm Formation

(Hagenfeldt 1994, emended)

Stratotype. The Borgholm core, Oland, section
between 41.4-2.5 m, described by Westergdrd (1929)
and designated by Hagenfeldt (1994) (see remarks).

Members. The Borgholm Formation comprises the
Grotlingbo, Mossberga, Barstad, Faludden and Ale-
klinta members in the Oland-Gotland area, and the
Kvarntorp, Mossberga, Barstad and Tornby members
within south central Sweden (Fig. 3). The Grotling-
bo Member can also be discerned in the Finngrundet
core, southern Bothnian Sea, whereas the subdivi-
sion of the upper part of the Borgholm Formation in
this core is uncertain.

Lithology. The formation consists predominantly of
silt- and mudstones with thin interbeds of sandstone
(see description of the individual members).

Boundaries. Below Gotland, the northern parts of
Oland and in the southern Bothnian Sea the forma-
tion rests conformably on the File Haidar Formation
and the lower boundary is transitional. It is defined
when silt/mudstone (Grétlingbo Member) becomes
predominant relative to sandstone. Below remain-
ing Oland and in central Sweden the formation rests
unconformably on the File Haidar Formation from
which it is separated by the Hawke Bay unconfor-
mity. Upwards the Borgholm Fm is capped by the
Alum Shale Formation, generally unconformably, but
interfingering is seen in Ostergdtland (see remarks
on the Alum Shale Formation).

Distribution and thickness. The formation is developed
in the Oland-Gotland area, the southern Bothnian Sea
and Ostergotland-Narke and a thin tongue also ex-
tends into Véstergotland. The major part and possi-
bly all of the succession preserved in the impact cra-
ter at Soderfjarden on the west coast of Finland repre-
sents the Borgholm Formation.

The largest known thicknesses of the Borgholm
Formation have been encountered in offshore explo-
ration wells south and east of Gotland (147-152.2 m
in the B-13, B-11, B-9 and B-7 wells; OPAB unpub-
lished completion reports). Onshore, the formation
is up to 127 m below southern Gotland (Hamra-1)
and thins northwards to 70 m at File Haidar (cf.
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Hagenfeldt 1994). On Oland the largest thickness has
been encountered in the Kvinnsgrota well (114 m)
and from there the formation thins to only 49 m in
the Boda Hamn core of northern Oland (Hessland
1955; Hagenfeldt 1994) and to 48 m in the offshore
Yoldia-1 well, located c. 70 km south of Oland (OP-
AB unpublished completion report). Elsewhere the
formation is c. 37 m in the Finngrundet core (cf.
Thorslund & Axberg 1979; the lower boundary of
the Grotlingbo Member is located at 98.34 m) and c.
18 m in the Tornby core of Ostergdtland (Westergard
1940), where it is subdivided into a lower and upper
part by c. 4 m of Alum Shale representing the lower
P. gibbus Zone (Fig. 12B). The equivalent succession
is 27 m in the Néssja core (also Ostergétland); here
the intercalation of Alum Shale is 7 m thick (cf. Wik-
man et al. 1980). In Néarke the Borgholm Formation
is up to 13.5 m thick (Menigasker and Asker cores;
Karis & Magnusson 1973).

Age. Trilobites are common in the upper main part
of the Borgholm Formation. It ranges in age from the
latest Early Cambrian (trilobite zone not defined)
through the Mid Cambrian Acadoparadoxides oelandi-
cus Superzone and into the middle part of the Para-
doxides paradoxissimus Superzone. In terms of acri-
tarch zonation it spans the Eliasum-Cristallinium as-
semblage zone plus an as yet unnamed zone con-
taining Timofeevia lancare. For details, see treatment
of the individual members below.

Remarks. The uppermost Lower Cambrian to Mid-
dle Cambrian succession of Scandinavia is divided
into the Borgholm and Alum Shale formations
(Hagenfeldt 1994; Gee 1972). The former includes the
units previously referred to as the Oelandicus beds,
Tessini sandstone and Paradoxides siltstone (many
authors) and the upper main part of the Soderfjarden
Formation sensu Hagenfeldt (1989a,b, 1994) as well
as Hagenfeldt’s Eccaparadoxides oelandicus and Para-
doxides paradoxissimus shale members. Regarding dis-
tinction between the Borgholm and Alum Shale for-
mations, seeremarks on the Alum Shale Formationbe-
low.

Hagenfeldt (1994) recognized three members in the
Borgholm Formation of the Baltic area, viz. the Ecca-
paradoxides oelandicus Shale, the Faludden Sandstone
and the Paradoxides paradoxissimus Siltstone, and two
members in south central Sweden, the Eccaparadox-
ides oelandicus Shale and the Paradoxides paradoxis-
simus Shale. It is suggested maintaining the Falud-
den Member whereas new names are introduced for
the other units (see below). It is furthermore sugge-
sted ranking the Grotlingbo Member as a basal mem-
ber of the Borgholm Formation.

According to Hagenfeldt (1994, p. 83) the Borg-



holm Formation was “named after the town of
Borgholm, with reference to the Borgholm drill-core”.
Here the Mossberga Member rests directly on the
Lower Cambrian Nar Sandstone Member (File
Haidar Formation).

Grotlingbo Member

(Hagenfeldt & Bjerkéus 1991; Hagenfeldt
1994; reallocated)

Stratotype. The Grotlingbo-1 core, southern Gotland,
section between 579.8-562.4 m, described by Hagen-
feldt (1989a, pp. 162-166) and designated by Hagen-
feldt (1994). A simplified log of this core is shown in
Fig. 11.

Lithology. The member consists of alternating layers
of siltstone and mudstone with occasional interbeds
of sand. For description of lithology, see Hagenfeldt
(1989a, 1994).

Boundaries. The member rests conformably on the Nar
Sandstone Member. The boundary is fairly sharp, but
may be gradual within a few metres. The member is
upwards truncated by the Hawke Bay unconformity
and overlain by the Mossberga Member. For remarks
on the upper boundary, see treatment of the Moss-
berga Member below. In the southern Bothnian Sea
the Grotlingbo Member rests unconformably on the
Nér Shale Member.

Distribution and thickness. The member is developed
in the Oland-Gotland area and the southern Both-
nian Sea, but here the unit is comparatively sandy.
The Grotlingbo Member is the uppermost Cambrian
unit preserved in the Hamnudden core of Gotska
Sandon.

In non-cored exploration wells it is difficult to
distinguish the Grétlingbo Member from the over-
lying Middle Cambrian siltstones making it difficult
to obtain precise thickness data. This may be part of
the explanation for the extraordinary spread in thick-
nesses (3—45 m) indicated by Hagenfeldt (1994) in
the Gotland area. Broadly speaking the greatest thick-
nesses are encountered below central and northern
Gotland with a maximum thickness (45 m) reported
from the Nystuga well of NE Gotland. In our inter-
pretation the Grotlingbo Member is 24 m in the Ham-
nudden core (Gotska Sand6n) and 7 m thick in the
Boda Hamn core (northern Oland). The Grétlingbo
and Mossberga members cannot be differentiated in

the non-cored Kvinnsgréta well on southern Oland
or the offshore Yoldia well south of Oland and we
are uncertain whether the Grotlingbo Member is
present in the south Oland area.

Age. The uppermost part of the Cambrian preserved
in the Hamnudden well of Gotska Sandon (core sec-
tion 183-159 m) is here assigned the Grétlingbo Mem-
ber; this level represents the Eliasum-Cristallinium
acritarch assemblage zone (Hagenfeldt 1989a,b). It
should be noted that Hagenfeldt (1989a, fig. 3) re-
ported an olenellid? from this siltstone. The Grotling-
bo Member of the Finngrundet core represents the
same acritarch zone (cf. Hagenfeldt 1989b). Only a
few acritarch samples from the Grétlingbo Member
of the stratotype section (Grotlingbo-1 core) was in-
vestigated by Hagenfeldt (1989a,b), and his correla-
tion with acritarch assemblage 1-2? (= Heliosphaerid-
ium dissimilare-Skiagia ciliosa or the Volkovia dentifera-
Liepaina plana zone) is questioned.

Remarks. The Grotlingbo siltstone was introduced
informally by Hagenfeldt & Bjerkéus (1991) and sub-
sequently ranked as a member of the File Haidar
Formation by Hagenfeldt (1994). It is here transferred
to the Borgholm Formation because the lithology is
similar to the overlying Middle Cambrian siltstones
(see also remarks by Hagenfeldt 1994, p. 80 regar-
ding oil industry reports). The Groétlingbo Member
includes much of the Soderfjairden Formation sensu
Hagenfeldt (1989a,b, 1994).

The Hawke Bay unconformity (located at 390.15
m in the File Haidar core and at 562.9 m in the Grot-
lingbo-1 core) was defined as the divider between
the File Haidar and Borgholm formations by Hagen-
feldt (1994) in the File Haidar core. In non-cored wells
this boundary cannot be identified, however, and an
assignment of the Grotlingbo Member to the Borg-
holm Formation is thus more practicable. Hence the
File Haidar and Borgholm formations become large-
ly dominated by sandstones and siltstones, respec-
tively. It may be noted that the Grotlingbo Member
of the File Haidar core (succession c. 412-395 m, for
description see Thorslund & Westergard 1938) is
more coarse-grained than typical for the unit and may
be considered as a transitional facies between the
nearshore sand-belt (i.e., ‘File Haidar Formation li-
thology’) and the more offshore silt- and mudstones
(i.e., ‘Borgholm Formation lithology’).
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Mossberga Member
(New)

Derivation of name. The new name refers to the stra-
totype core.

Stratotype. The Mossberga core, Oland, between 46.0—
10.8 m is designated as the stratotype section. The
core is described by Westergard (1936).

Lithology. The predominant lithology of the member
is siltstone with intercalations of thin sandstone beds
(see Westergard 1929, 1936, Hagenfeldt 1994). The
lower main part of the unit is rather dark coloured
in all drill-cores from Oland due to a moderately high
content of organic material (see Westergard 1936;
Hessland 1955). Below Gotland the unit exhibits a
coarsening upwards trend and the upper part con-
tains common sandstone interbeds (Hagenfeldt
1989a, 1994).

Boundaries. On Oland and Gotland the Hawke Bay
unconformity constitutes the lower boundary of the
member. In the stratotype section the underlying
Lower Cambrian succession is unusually thin and
conglomeratic. The Mossberga Member is conform-
ably overlain by the Barstad Member in the Oland
area. The latter unit is distinguished by being more
fine-grained, and usually the boundary is readily
identified (see description of the Barstad Member for
details). Below most of Gotland the Mossberga Mem-
ber is conformably overlain by the Faludden Mem-
ber and although there are common sandstone inter-
calations in the upper part of the Mossberga Mem-
ber, the boundary is mostly well-defined.

Distribution and thickness. The new member is devel-
oped in the Oland-Gotland area and maybe also in
the southern Bothnian Sea (Finngrundet and Véstra
Banken cores), but here identification of members
within the Borgholm Formation is uncertain.

The member is up to 76 m thick below Gotland
(Hamra-1) and up to 26 m on southern Oland
(Kvinnsgrota-1) according to Hagenfeldt (1994, partly
measured from his fig. 8). However, we are uncer-
tain whether these figures include parts of the Grot-
lingbo Member. The member is 75 m in the Grotling-
bo-1 core (southern Gotland), 43 m in the File Haidar
core (northern Gotland) and 24 m in the B6da Hamn
core (northern Oland). The unit is not differentiated
in the non-cored explorations wells on- and offshore
Gotland.

Age. The lower part of the Mossberga Member is non-
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trilobitic, whereas the upper part contains a diverse
fauna indicative of the Eccaparadoxides insularis Zone
of the A. oelandicus Superzone (Westergard 1929, 1936;
Weern 1952). The acritarch data provided by Hagen-
feldt (1989a,b) and Eklund (1990) are suggestive of
the Eliasum-Cristallinium assemblage zone. The up-
per half of the Mossberga Member of Gotland corre-
sponds in age to the Barstad Member of Oland (Fig.
2; see remarks on the Barstad Member).

Remarks. In older literature the Mossberga Member
is referred to as the Oelandicus beds/shales and in
the Oland area the member corresponds to the lower,
relatively coarse-grained part of the Eccaparadoxides
oelandicus Shale sensu Hagenfeldt (1994).

It is possible that the uppermost Lower Cambrian
overlying the Hawke Bay unconformity in the
Gotland area (= 561.9-555.8 m in Groétlingbo-1 core
and 390.15-377.5 m in File Haidar core; see Hagen-
feldt 1989a; Thorslund & Westergard 1938) should
be recognized as an individual member as this suc-
cession seems to be more fine-grained than the typi-
cal Mossberga Member. Alternatively it could be con-
templated including this horizon in the Grétlingbo
Member and this solution would be most straight-
forward to use in non-cored well-sections. The
Hawke Bay unconformity signals, however, a fairly
major hiatus, as indicated by the presence of an extra-
formational conglomerate (cf. Hagenfeldt 1989a), and
for this reason we are reluctant letting the Grotling-
bo Member straddle this unconformity. For further
remarks on the Mossberga Member, see treatment of
the Barstad Member below.

Kvarntorp Member
(New)

Derivation of name. The new name alludes to the
stratotype locality.

Stratotype. The abandoned Kvarntorp Quarry in
Narke is designated as the stratotype section. A brief
description with log is provided by Hagenfeldt
(1989a, pp. 173-175).

Lithology. The member predominantly consists of
strongly glauconitic sandstone. It contains three con-
glomerate levels in the Barstad-2 core (Eklund 1990).
For description of lithology, see Westergard (1940,
1941) and Eklund (1990). According to Wikman et al.
(1982) the Kvarntorp Member is locally somewhat
argillaceous.



Boundaries. The new member unconformably over-
lies the Lingulid Sandstone Member of the File
Haidar Formation. The lower boundary (the Hawke
Bay unconformity) is associated with a conglome-
rate and, locally, iron ooids (Westergard 1940; Ek-
lund 1990). Within Ostergdtland-Nérke the Kvarn-
torp Member is conformably overlain by the Barstad
Member, but the shift to glauconitic shales is usually
quite sharp. In Vastergotland the Kvarntorp Mem-
ber is conformably overlain by the Alum Shale For-
mation, and also this boundary is in most cases sharp.

Distribution and thickness. The Kvarntorp Member is
developed in Ostergotland, Narke and Véastergotland.
It is 1.4-5.5 m thick in Ostergotland (cf. Wikman et
al. 1982; Eklund 1990) and 0.5-3.7 m in Nérke, locally
thinner (Karis & Magnusson 1973). In Viastergotland
the unit is up to 2 m thick (DBH 15/73 core, south-
ern Billingen; unpublished), but is generally 1 m or
thinner (cf. Westergédrd 1943). It is absent at Hun-
neberg.

Age. Westergard (1940, p. 7) reported various bra-
chiopods (e.g. Acrothele granulata) suggestive of a Mid
Cambrian age of at least the middle and upper part
of the Kvarntorp Member in Ostergétland. The acri-
tarchs reported by Eklund (1990) are indicative of
the Eliasum-Cristallinium assemblage zone. We sus-
pect that the member is younger in Viastergotland
than in Narke-Ostergotland (Fig. 3).

Remarks. The unit has previously been referred to as
Glauconite sandstone (Westergard 1940; Karis &Mag-
nusson 1973; Eklund 1990). Eklund (1990) assigned
the Glauconitic sandstone to the File Haidar Forma-
tion, but being separated from the Lingulid Sand-
stone Member by the Hawke Bay unconformity we
find it more natural to group it with the Borgholm
Formation.

Barstad Member
(New)

Derivation of name. The member is named after the
Barstad-2 core, Ostergétland, where the succession
29.5-32.9 m (above sea level) described by Persson
et al. (1985) represents the new unit.

Stratotype. The Barstad Member is incompletely
developed in the Barstad-2 core (cf. Persson ef al.
1985), and instead the Tornby core between 35.92-
30.45 m is designated as the stratotype section. This

core, which contains the thickest development of the
Barstad Member known from Ostergotland, is de-
scribed by Westergard (1940); a simplified log is
shown in Figure 12B.

Lithology. The lower part of the Barstad Member is
typically developed as highly glauconitic mudstone
in the Ostergotland area, whereas the upper part is a
dark grey mudstone with a greenish tint; for descrip-
tions of lithology, see Westergard (1940) and Persson
et al. (1985). The member is dominated by greenish-
grey mudstone/fine siltstone in the Oland area (cf.
Westergard 1929; Hessland 1955).

Boundaries. In Ostergotland-Narke the Barstad Mem-
ber overlies the Kvarntorp Member, generally with
a sharp boundary. Locally, as in the Nassja core, the
lower boundary is more gradual, but it is here placed
where the sand content decreases markedly (in the
Nassja core at level -21.5 m, see Wikman ef al. 1982,
fig. 33). In the discussed districts the new member is
bounded upwards by the Forsemolla Limestone Bed
of the Alum Shale Formation.

In the Oland area the Barstad Member rests on
the Mossberga Member and here the lower bound-
ary is less conspicuous than in central Sweden. By
comparison with the Mossberga Member, the Bar-
stad Member is finer-grained and was described as
greenish grey shale by Westergard (1936). The top-
most part of the underlying Mossberga Member
usually contains a thin sandstone, which for instance
is c. 0.2 m thick in the Mossberga core of Oland
(Westergard 1936). This sandstone bed eases identi-
fication of the member boundary immediately above.
Besides, the upper third of the Mossberga Member
below this more coarse-grained top part is typically
the most fine-grained part of the Mossberga Mem-
ber in the Oland area, and this log motif may also
guide the identification of the member boundary
above.

Distribution and thickness. The Barstad Member is
developed in Ostergotland-Narke, Oland and possi-
bly also in the southern Bothnian Sea, but identifica-
tion of members in the Bornholm Formation is un-
certain within this area. Regarding southern Gotland,
see remarks. The new member is up to 17.5 m on
Oland (Kvinnsgrota-1) (inferred from Hagenfeldt
1994, fig. 8), 5.5 m in the Tornby core of Ostergot-
land and 9 m in the Bredsétter core of Narke (cf.
Westergard 1940). The member seems to be about 10
m or more in the Finngrundet core (the upper bound-
ary is uncertain; it may be up to 11 m thick) and is
represented by the succession from 72.5 to about
61.27 m (see Thorslund & Axberg 1979).
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Age. Trilobites are locally common in the Béarstad
Member. It appears that the Eccaparadoxides insularis
Zone ranges into the very basal part of the Barstad
Member in the B6da Hamn core (see Weern 1952;
Hessland 1955), but otherwise this member largely
represents the Ptychagnostus praecurrens-Acadopara-
doxides pinus Zone (Westergard 1936, 1940; Hessland
1955). The lowermost part is still within the Eliasum-
Cristallinium acritarch assemblage zone (Eklund 1990)
whereas the upper main part represents an as yet
unnamed acritarchs zone containing Timofeevia lan-
care (cf. Hagenfeldt 1989b).

Remarks. The new member corresponds to the fine-
grained upper part of the Eccaparadoxides oelandicus
Shale sensu Hagenfeldt (1994). It is referred to as
Oelandicus shale in older literature.

The fine-grained middle part of the Mossberga
Member below southern Gotland may be regarded
as a tongue of the Barstad Member (e.g. 536.65—c.
502 m in the Grétlingbo core, Fig. 11), but it is con-
sidered most practicable to assign the entire succes-
sion between the Grotlingbo and Faludden members
of Gotland to the Mossberga Member.

Faludden Member

(Hagenfeldt & Bjerkéus 1991; Hagenfeldt
1994)

Stratotype. The Grotlingbo-1 core, southern Gotland,
between 486-478 m, designated by Hagenfeldt (1994).
A simplified log of this core is shown in Figure 11.

Lithology. Predominantly calcareous sandstone with
minor intercalations of mudstone (Hagenfeldt 1994);
published descriptions are available only from the
File Haidar core (Thorslund & Westergard 1938).

Boundaries. The member conformably, but generally
with a sharp boundary, overlies the Mossberga Mem-
ber. It is in turn unconformably overlain by Furon-
gian/Tremadocian strata (Hagenfeldt 1994).

Distribution and thickness. The member is known on-
ly from the Gotland area (Hagenfeldt 1994) includ-
ing offshore wells east and south of this island (OP-
AB unpublished completion reports). It attains a max-
imum thickness of 48 m in the offshore B-9 well c. 80
km duesouth of Gotland and from there thins towards
the northwest to 5 m in the File Haidar core (Thors-
lund & Westergard 1938); it is absent below north-
ernmost Gotland (Hagenfeldt 1994).
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Age. Thorslund & Westergard (1938, p. 19) reported
fragments of Ellipsocephalus, believed to represent E.
polytomus, from 2 m below top of the sandstone in
the File Haidar core and inferred a correlation with
the Acadoparadoxides oelandicus Superzone. E. poly-
tomus and A. oelandicus occur in the very top of the
Mossberga Member in the Visby and Nar cores (Hed-
strom 1923, Ahlberg 1989), supporting a likely posi-
tion of the overlying Faludden Member within the
Ptychagnostus praecurrens-Acadoparadoxides pinus
Zone. The Faludden Member contains an impoveri-
shed acritarch assemblage (Hagenfeldt & Bjerkéus
1991), but the presence of Tasmanites convolutus is
suggestive of the unnamed zone containing Timofeevia
lancare.

Remarks. The Faludden sandstone was introduced
informally by Hagenfeldt & Bjerkéus (1991) and sub-
sequently ranked as a member of the Borgholm For-
mation by Hagenfeldt (1994).

Aleklinta Member
(New)

Derivation of name. The new name refers to the Ale-
klinta cliff section on northern Oland, which is the
most extensive exposure of the member (see Mar-
tinsson 1965).

Stratotype. As for the Granulata Conglomerate Bed
(see below). The cliff section at Aleklinta, where the
upper boundary of the member is exposed (see Mar-
tinsson 1965), is designated as a hypostratotype.

Lithology. The member is dominated by siltstone, but
with numerous thin sandstone beds at some levels.
Mudstone also occurs, but details of the heterogene-
ous member are poorly known; for a brief account
see Martinsson (1965).

Boundaries. The Aleklinta Member unconformably
overlies the Barstad Member and it is in turn uncon-
formably overlain by the Alum Shale Formation. By
comparison with the coeval Tornby Member of cen-
tral Sweden the Aleklinta Member contains more silt-
and sandstone beds.

Distribution and thickness. The member is present with
certainty only in the Oland area, but possibly the
upper part of the Cambrian interval in the Finngrun-
det core of the southern Bothnian Sea should also be
assigned to the Aleklinta Member.



The unit is up to 70 m thick on southern Oland
(Kvinnsgrota-1, inferred from Hagenfeldt 1994, fig.
8) and possibly 75 m in the offshore Yoldia-1 well
south of Oland (OPAB unpublished completion re-
port, reinterpreted). Further north the Aleklinta
Member thins to c. 60 m at Segerstad (Martinsson,
1974), 18-26 m in the vicinity of Borgholm (Martins-
son 1965) and it is only about 1 m thick in the Béda
Hamn core (cf. Hessland 1955).

Age. In southern Oland the Granulata Conglomerate
Bed at the base of the Aleklinta Member contains tri-
lobites also known from the Exsulans Limestone of
Scania-Bornholm (Wiman 1906), but the bed is never-
theless suggested to represent the basal part of the P.
gibbus Zone. The Aleklinta Member itself contains a
low-diverse trilobite fauna (summarized by Martins-
son 1965) characteristic of the Paradoxides paradoxis-
simus Superzone. A thin conglomerate in the top of
the unit on southern Oland has yielded a few spe-
cies characteristic of the Hypagnostus parvifrons Zone
(Westergard 1946) and the Aleklinta Member has
therefore been suggested to straddle the Ptychagnos-
tus gibbus to H. parvifrons zones, but no detailed zona-
tion is possible (Westergard 1946; Martinsson 1965,
1974). However, the unit is suspected to represent
mainly the lower part of the P. gibbus Zone.

Remarks. The Aleklinta Member is a replacement
name for the Paradoxissimus Siltstone of the Oland
area, introduced by Martinsson (1965). This unit was
subsequently called the Paradoxides paradoxissimus
Siltstone by Hagenfeldt (1994); in older literature it
is referred to as the Tessini Sandstone (for review, see
Martinsson 1965, 1974).

Granulata Conglomerate Bed
(Andersson 1896, emended)

Stratotype. The shore section southwest of Risinge (c.
2 km south of Risingehamn), about 7 km south of
Moérbylanga, southern Oland, is designated as the
stratotype. This section, which has previously been
referred to e.g. by Wiman (1902, 1906), is also con-
sidered the basal stratotype for the Aleklinta Mem-
ber, although very little of this unit is exposed.

Lithology. The matrix of the conglomerate is a ‘frag-
ment limestone’ rich in sand. The glaucony-impreg-
nated pebbles consists of green-grey impure lime-
stone and shale similar to the subjacent rocks (for

description, see Andersson 1896, pp. 165-167; Had-
ding 1927, pp. 72-77; Westergard 1936).

Boundaries. The distinctive bed rests unconformably
on the Mossberga Member of the Borgholm Forma-
tion. It forms the basal part of the Aleklinta Member,
but is readily distinguished from the upper main part
of this unit.

Distribution and thickness. The thin conglomerate,
which rarely is more than 0.1-0.15 m thick, is known
only from Oland (Hadding 1927; Westergard 1936;
Martinsson 1965), but represents a conglomeratic
Forsemolla Limestone. Including an upper limy part
(see remarks) the thickness may reach 0.2-0.25 m.

Age. The conglomerate rests on the trilobitic Moss-
berga Member, representing the Ptychagnostus prae-
currens-Acadoparadoxides pinus Zone of the A. oelan-
dicus Superzone and it is overlain by the trilobitic
Aleklinta Member, which represents the Ptychagnos-
tus gibbus Zone of the Paradoxides paradoxissimus Super-
zone. In southern Oland several trilobites have been
reported from the upper limestone part of the Gra-
nulata Conglomerate (see remarks) showing that this
horizon must also belong to the P. gibbus Zone (cf.
Wiman 1906). The Granulata Conglomerate Bed is
inferred representing the basalmost part of the P. gib-
bus Zone.

Remarks. The Granulata Conglomerate formsa charac-
teristic bed at the base of the Aleklinta Member. It
has previously been referred to as the Olandicus-
Tessini conglomerate (Andersson 1892), Acrothele
granulata-Conglomerate (Andersson 1896), Acrothele
Granulata Conglomerate (Hadding 1927) and lately
as the Acrothele Conglomerate (Martinsson 1974 and
most subsequent authors). However, we suggest
adopting the designation Granulata Conglomerate,
used by Martinsson (1965) and occasionally by Had-
ding (1927, e.g. p. 75). This streamlines the naming
style with other units like the Exsulans Limestone
and the Exporrecta Conglomerate, and increases
nomenclatoric stability since the species name is less
likely to change than the generic name. The latter
concern reflects the circumstance that A. granulata is
the type species of the subgenus Redlichella Walcott,
which was given generic status by Rowell (1965), and
the name Redlichella granulata Conglomerate has ac-
tually been used by Rudolph (1994). Regarding the
current status of Redlichella, see Bruton & Harper
(2000).

In the stratotype section the Granulata Conglome-
rate s.str. is overlain by a 0.11 m thick limestone lay-
er, which has been confused with the Exsulans Lime-
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stone Bed of Scania-Bornholm (Wiman 1902, 1906;
Westergard 1946; Martinsson 1974), but must be an
equivalent of the Forsemolla Limestone Bed. For sim-
plicity the limestone is classified as the upper part of
the Granulata Conglomerate Bed.

Tornby Member
(New)

Derivation of name. The new name alludes to the
stratotype core section.

Stratotype. The Tornby core, Ostergdtland, between
26.1-18.65 m is designated as the stratotype section.
This core is described by Westergard (1940); a sim-
plified log is shown in Figure 12B.

Lithology. The Tornby Member is a dark grey to green-
ish mudstone unit with a low organic carbon con-
tent. For description of lithology, see Westergérd
(1940, 1944b).

Boundaries. In Ostergotland the member conforma-
bly overlies the Exsulans Limestone Bed with a sharp
boundary. In Néarke, where the member is older, it
overlies the Barstad Member. No distinct boundary
was described by Westergard (e.g. 1940) or Karis &
Magnusson (1973), but a cryptic unconformity is
inferred. The Tornby Member is in both districts un-
conformably overlain the Alum Shale Formation,
often with a basal Exporrecta Conglomerate Bed.

Distribution and thickness. The Tornby Member is
developed only in Ostergétland and Narke of south
central Sweden. The member is 7.2-13 m thick in the
former district (Wikman ef al. 1980) and mostly thin
(0.9-2.5 m) or absent in the latter (Westergéard 1940,
1941, 1944b), but may theoretically be up to 6 m in
the Kopsta core (cf. Karis & Magnusson 1973).

Age. The new member contains a low-diverse trilo-
bite fauna. In Ostergotland it straddles the upper
Ptychagnostus gibbus, T. fissus-P. atavus and Hypagnos-
tus parvifrons zones (Westergard 1940). The thin ho-
rizon preserved locally in Néarke represents the lower
part of the P. gibbus Zone (compare Westergard 1940,
1941).

Remarks. The Tornby Member is a replacement name
for the Paradoxides paradoxissimus Shale of Hagenfeldt
(1994). He did not specify a type section.
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Alum Shale Formation
(Gee 1972; Bergstrom & Gee 1985)

Stratotype. The intensively investigated Gislovsham-
mar-2 core from SE Scania was designated as strato-
type section for the Alum Shale Formation by Bu-
chardt et al. (1997). The Alum Shale Formation is rep-
resented by the core section 23-102 m.

Lithology. The formation consists of kerogeneous (up
to 25% TOC), black, more or less fissile shales with
beds and lenses of limestone/stinkstones. The con-
tent of limestone is relatively high in central Swe-
den, where the formation is thin, and relatively low
in the thicker sections of Scania-Oslo and the Cale-
donian Mountain Chain further north. For more de-
tailed descriptions, see Martinsson (1974), Thickpen-
ny (1984), Andersson et al. (1985) and Buchardt ef al.
(1997).

Boundaries. The lower boundary is in most districts a
well-defined unconformity (Lower Allochthon and
Autochthon of the Norwegian-Swedish mountain
chain, Narke, southern Bothnian Sea, Scania-Born-
holm and Oland-Gotland; for summary, see Martin-
sson 1974). In detail, the unconformity is locally in-
conspicuous in Scania, when positioned at the base
of the Forsemolla Limestone Bed. Upwards, the Alum
Shale Formation is capped by the Bjorkdsholmen
Formation (= Ceratopyge limestone of older litera-
ture) or a corresponding unconformity, or, locally, by
the Djupvik Formation (Stouge 2004). In Vastergot-
land the Alum Shale is locally overlying the Kvarn-
torp Member with a gradual transition, but the
boundary is sharp in most places. For comments on
the transitional boundary conditions in Ostergotland,
see remarks.

Distribution and thickness. The Alum Shale Formation
is a widespread, characteristic unit, present in essen-
tially all districts of Scandinavia, where Lower
Palaeozoic rocks are preserved. The Siljan District is
a notable exception, but the local absence of Alum
Shale in this area is ascribed to erosion during the
Late Tremadocian Ceratopyge Regressive Event (see
Nielsen 2004). A Lower Ordovician tongue of Alum
Shale extends into Estonia-western Russia.

The formation is about 160 m thick in the Danish
offshore Terne-1 well (inferred from the gamma log)
and 98 m in the Albjara-1 core of NW Scania (Lau-
ridsen 2000). Across south central Sweden the for-
mation is much thinner, typically about 20 m (Wester-
gard 1922), and broadly speaking it thins eastwards
(the lateral distribution is shown by Buchardt et al.



1997, fig. 7). Due to tectonic disturbance it is gene-
rally not possible to obtain reliable thickness esti-
mates from the Autochthon along the Caledonian
mountain belt, but it has been estimated at 80-90 m
in the Oslo District (Andersson et al. 1985), whereas
it seems to be rather thin in Jamtland, varying
between 6 to maximum 50 m (Karis & Stromberg
1998).

Age. Mid Cambrian-Early Ordovician (Tremadocian).
The base of the Alum Shale Formation is diachronous,
becoming younger in an eastwards direction (Fig. 3).
The Alum Shale Formation is often richly trilobitic
and a sophisticated zonation has been outlined for
the Middle Cambrian and Furongian by Westergard
(1922, 1946) and Henningsmoen (1957). The strati-
graphy of individual areas are dealt with by Wester-
gard (1922, 1940, 1941, 1942, 1943, 1944a,b, 1947a,b,
1953), Brogger (1882a,b), Skjeseth (1963), Gronwall
(1902b), C. Poulsen (1923), V. Poulsen (1966b), Berg-
Madsen (1985a,b) and Axheimer & Ahlberg (2003);
this list is not exhaustive. The Ordovician part is treat-
ed e.g. by Westergard (1909, 1940, 1944a,b), C.
Poulsen (1922), von Jansson (1979), Hede (1951), Bul-
man (1954), Tjernvik (1958) and Spjeldnaes (1986).

Remarks. For reviews of the Alum Shale, see Mar-
tinsson (1974), Andersson et al. (1985) and Buchardt
et al. (1997). Parts of fhe Alum Shale Formation have
previously been referred to as the Paradoxides shale
(many authors), Olenid shale (many authors), Dic-
tyograptus shale (e.g. Westergédrd 1909), Dictyone-
ma shale (many authors), and Ceratopyge shale (Nor-
way only, see Owen et al. 1990, p. 7). The Kldppe Shale
and Fjallbranna Formation of the Lower Allochthon
of Jamtland (Gee et al. 1974; Karis & Stromberg 1998)
are local names for the Alum Shale Formation, which
we propose abandoning. The Djupvik Formation of
northern Oland (van Wamel 1974) in its original sense
is also a synonym of the Alum Shale Formation, but
Stouge (2004) redefined it to include only the strong-
ly glauconitic ‘Ceratopyge shale’ of Oland. The Al-
um Shale Formation is called Tiirisalu Formation in
Estonia (for review, see Mens & Pirrus 1997), Kapo-
rye Formation in the St. Petersburg region (see Pop-
ov et al. 1989) and Stowinski Formation as well as
Piasnica Formation in NE Poland (for review, see
Mens et al. 1990). The distinction of these units re-
flects political rather than geological boundaries.
Typical Alum Shale is dark brown to black due to
a high organic carbon content and we suggest restrict-
ing the term Alum Shale Formation to fine-grained,
blackish mudstones/mudshales (with subordinate
limestones) and refer the light-coloured and often
more coarse-grained Middle Cambrian lithologies to

the Borgholm Formation. Adopting such a simple
nomenclature is not a panacea to all classification
problems, however, and a rigid classification of the
successions in Ostergétland is difficult since the two
formations interdigitate. Here the shift to deposition
of Alum Shale took place during the latest Acadopar-
adoxides oelandicus Superzone to basal Paradoxides
paradoxissimus Superzone and due to continuous sedi-
mentation the distinction between the Alum Shale
and Borgholm formations is problematic. The classi-
fication problem may be exemplified by the Tornby
core described by Westergard (1940), where the sec-
tion 35.92-30.45 m represents the new Barstad Mem-
ber (Fig. 12B). However, it includes in its uppermost
part Alum Shale-like lithologies although they are
rather lean in organic matter. The overlying horizon
30.35-26.92 m is dominated by dark mudstone (here
classified as a tongue of the Alum Shale Formation)
but with intercalations of grey mudstone with a
greenish tint and the section obviously represents a
transitional facies between the Alum Shale and the
Borgholm formations. The upper part of the Barstad
Member is even more Alum Shale-like in the Nassja
core (cf. Wikman et al. 1982). For data on the lateral
variations of the Middle Cambrian Borgholm and
Alum Shale formations of Ostergétland, see Wester-
gard (1940, 1943) and Wikman et al. (1980, 1982).

Another problem is the lithostratigraphic classi-
fication of the dark-coloured lower part of the A. oe-
landicus Superzone on Oland (see Westergard 1936
and Hessland 1955 for description). Since this hori-
zon is relatively coarse-grained we suggest its inclu-
sion in the Borgholm Formation despite the dark
colour. The colouring is a local feature in the Moss-
berga Member restricted to the Oland area.

The A. oelandicus Superzone of the Mjesa District
and the Lower Allochthon of Jamtland is generally
referred to the Alum Shale Formation, but the or-
ganic content is rather low and parts of the succes-
sion consist of grey to dark grey rather than typical-
ly blackish Alum Shale. However, for simplicity it is
suggested to continue including these deposits in the
Alum Shale Formation. For a review of lateral facies
variation across Scandinavia, see Thickpenny (1984).

In Scania the dark shale locally underlying the
Forsemolla Limestone Bed has been referred to as
‘ritskiffer’ (‘“drawing shale’, e.g. Bergstrom & Ahl-
berg 1981). We include this thin horizon within the
Alum Shale Formation. It is inferred representing the
A. oelandicus Superzone, because of its stratigraphi-
cal position below the Forsemolla Limestone Bed, but
currently there are no biostratigraphic constrains on
this correlation.

The Alum Shale Formation is not subdivided into
members but it contains several characteristic mark-
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er beds (mostly 0.1-1 m thick), some of which are
local whereas others are more widespread. Most of
them are important in sequence stratigraphical con-
text. They include the Exsulans and Andrarum lime-
stones, the ‘fragment limestone” at or near the base
Alum Shale Formation, the Hyolithes Limestone, the
Exporrecta Conglomerate, the ‘Great Orsten Bank’,
a previously unnamed sandstone intercalation at the
base of the Ordovician in Ostergétland and the Tre-
madocian Platypeltoides incipiens Limestone of the
Oslo-Asker District. The Exsulans and Andrarum
limestones have previously been ranked as members
of the Alum Shale Formation, e.g. by Buchardt et al.
(1997), or even as separate formations (Berg-Mad-
sen 1985¢; Pedersen & Surlyk 1999, p. 73). However,
a formal classification as beds within the Alum Shale
Formation is considered more appropriate.

There is a regionally widespread limestone layer
in the top of the Hypagnostus parvifrons Zone in south
central Sweden (e.g. Hagenfeldt 1994, p. 90), and
limestone is apparently present at the same strati-
graphic level in the Lower Allochthon of the Mjosa
District. For the moment a formal name is not intro-
duced but this fairly widespread horizon (‘Hypag-
nostus limestone bank” of Weidner ef al. 2004) may
eventually deserve a name of its own.

The Exsulans (= Coronatus limestone/Coronatus
exsulans limestone of older literature; Borregard
Member of Berg-Madsen 1981) and Andrarum Lime-
stone beds of Scania-Bornholm are well-known units
that will not be discussed any further; the names were
introduced, respectively, by Tullberg (1880) and Nath-
orst (1869). Kiviks Esperdd (Regnéll 1960, p. 12) and
Andrarum of eastern Scania (Mens et al. 1990, pp.
18-19) have been listed as type sections, but stato-
types have never been formally proposed. The so-
called ‘Kalby Clay’ of Bornholm (V. Poulsen 1963) (=
Kalby Member of Berg-Madsen 1981) is a weathered
equivalent of the Exsulans Limestone. The Exsulans
Limestone reported from southern Oland (e.g.
Wiman 1906) must be a time-equivalent of the For-
semolla Limestone (see Nielsen & Schovsbo in prep.)
and it is here included as part of the Granulata Con-
glomerate Bed.
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Forsemolla Limestone Bed
(New)

Derivation of name. The new name alludes to the
stratotype locality.

Stratotype. The river section at Forsemdélla near
Andrarum in SE Scania is designated as the strato-
type. A log of the succession is shown by Bergstrom
& Ahlberg (1981, fig. 9); the Forsemolla Limestone
Bed corresponds to their unit E.

Lithology. The Forsemolla Limestone Bed consists of
a bioclastic ‘fragment’ limestone; for description of
lithology, see Hadding (1958) and de Marino (1980b).
There are gravel-size sand and phosphorite nodules
in the basal part of the Forsemolla Limestone Bed in
SE Scania (de Marino 1980b, Bergstrom & Ahlberg
1981, unit G of their fig. 5). The bed is somewhat
sandy in Ostergotland-Narke (cf. Westergéard 1940).

Boundaries. The Forsemolla Limestone Bed has every-
where a sharp and well-defined upper boundary,
being overlain by Alum Shale. Where the bed is also
underlain by Alum Shale (at Forsemolla and in the
Almbacken core of Scania (Bergstrom & Ahlberg
1981; Meyerson 1997)) the lower boundary is like-
wise well-defined. The same is the case in Ostergot-
land-Nérke, where the bed is underlain by the Bars-
tad Member of the Borgholm Formation. Elsewhere
in Scania (e.g. at Brantevik) the Forsemolla Limestone
Bed rests unconformably on limestone beds of the
Gislov Formation, and although the lower bound-
ary is sharp, it just appears as an ordinary bedding
surface. However, it represents the Hawke Bay un-
conformity (cf. Bergstrom & Ahlberg 1981).

Distribution and thickness. The bed, which is 0.1-0.6
m thick (Westergdrd 1940; Bergstrom & Ahlberg
1981), is developed in Scania, Ostergdtland and pro-
bably also Narke, Bornholm and the Oslo-Asker Dis-
trict (see remarks). The Granulata Conglomerate of
Oland is a local development of the Forsemélla Lime-
stone.

Age. Basal Ptychagnostus gibbus Zone. The bed con-
sists of fossil fragments, but most are not identifia-
ble. However, in both Scania and Ostergétland the
Forsemolla Limestone Bed contains Paradoxides par-
adoxissimus (Westergard 1940; Bergstrom & Ahlberg
1981). It is overlain by shales representing the P. gib-
bus Zone. At Slemmestad, Oslo-Asker District, the
limestone bed contains P. gibbus, Solenopleura parva
and S. munsteri (Spjeldnaes 1955).



Remarks. In Scania the lowermost part of the Alum
Shale Formation contains a characteristic, wide-
spread limestone bed (0.1-0.2 m thick), commonly
referred to as ‘fragment limestone’ (e.g. Bergstrom
& Ahlberg 1981). However, ‘fragment limestone’ is a
lithology also seen at other stratigraphical levels (e.g.
Hadding 1958; de Marino 1980b) and by analogy with
the Exsulans and Andrarum Limestone beds it is
suggested formally naming this unit the Forsemolla
Limestone Bed. It is also recognisable in Ostergot-
land as a 0.1-0.6 m thick bed separating the Acadopar-
adoxides oelandicus and Paradoxides paradoxissimus
superzones (e.g. Wikman ef al. 1980), but it is here
more sandy than in Scania (see Westergard 1940). The
limestone bed overlying the A. oelandicus Superzone
in Nérke (see Westergérd 1941) probably also repre-
sents the Forsemolla Limestone Bed. The so-called
Exsulans Limestone of southern Oland (e.g. Wiman
1906, Westergard 1946), which also is rather sandy
(Westergard 1946, p. 14), is positioned at the base of
the Ptychagnostus gibbus Zone. It is here considered
as part of the Granulata Conglomerate Bed but the
conditions in southern Oland obviously represents a
transition from the Granulata Conglomerate to the
Forsemoélla Limestone. On Bornholm the lowermost
darker, conglomeratic part of the Exsulans Limestone
sensu Hansen (1945) and Berg-Madsen (1981) is
strongly suspected to represent the Forsemolla Lime-
stone Bed. The c. 0.5 m thick limestone locally repre-
senting the P. gibbus Zone in the Oslo-Asker area
(Spjeldnaees 1955) is likely representing the Forsemolla
Limestone Bed as well.

Hyolithes Limestone Bed

(Linnarsson 1883)

Stratotype. Andrarum (SE Scania) was listed as the
type locality by Mens et al. (1990, pp. 18-19).

Lithology. The bed is conglomeratic and dominated
by coarse-grained orsten with numerous larger and
smaller fragments of trilobites, brachiopods and hyo-
liths. On Bornholm it contains phosphorite nodules
(Gronwall 1902b). For description of lithology, see
Hansen (1945, pp. 14-15), Hadding (1958, pp. 77-78)
and Berg-Madsen (1985a).

Boundaries. The bed rests on Alum Shale and the
lower boundary is sharp, except where ‘half’ stink-
stone concretions grow downwards from the bed,
which is often seen on Bornholm. Upwards the Hyo-
lithes Limestone is usually separated from the Andra-

rum Limestone Bed by a veneer of Alum Shale, only
a few centimetres thick on Bornholm (see e.g. Berg-
Madsen 1985a, figs 6-7) and about 0.3 m in SE Scania
(Regnéll 1960, p. 12).

Distribution and thickness. The Hyolithes Limestone
Bed is present in Scania-Bornholm and parts of
Vistergotland (e.g. Regnéll 1960, Berg-Madsen 1985a,
Weidner et al. 2004). It is also suspected present in
the Lower Allochthon of the Mjgsa District, but this
needs verification. The bed is 0.2 m thick on Born-
holm (Gronwall 1902b; Hansen 1945) and 0.15 m in
Scania and Vastergotland (Regnéll 1960, Weidner et
al. 2004). It is absent at Baskemolla, eastern Scania
(Gronwall 1902a).

Age. The precise age of the Hyolithes Limestone Bed
is uncertain; it represents either zone C1 or C2 of the
P. forchhammeri Superzone or both and may even
overlap with the B4 zone of the Paradoxides paradox-
issimus Superzone (see Westergard 1946; Berg-Mad-
sen 1985a,b; Weidner et al. 2004). The confused age
may theoretically reflect reworking of fossils.

Remarks. The Hyolithes Limestone Bed has often been
treated as the lower part of the Andrarum Limestone
(e.g. Westergard 1946). For review of earlier work,
see Berg-Madsen (1985a). A distinction of the Hyo-
lithes Limestone Bed is useful for sequence strati-
graphical purposes and we suggest ranking it as a
formal bed within the Alum Shale Formation (see also
Berg-Madsen 1985a,b,c; Mens et al. 1990, pp. 18-19).

Kakeled Limestone Bed
(New)

Derivation of name. The new name alludes to the
stratotype locality.

Stratotype. The small quarry at Kakeled, Kinnekulle,
Vastergotland, is designated as the stratotype sec-
tion. For description of this site, see Terfelt (2003);
the Kakeled Bed corresponds to the limestone 0.4—
1.6 m in his fig. 3.

Lithology. The bed consists of amalgamated layers and
lenses of dark grey to black limestone (orsten) con-
glomeratic at some levels, interspersed by thin lens-
es of Alum Shale. For a general description of litho-
logy, see Westergérd (1922) and Dworatzek (1987).

Boundaries. Both the lower and upper boundaries of
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this unit are sharp as it is intercalated in ordinary
Alum Shale, but locally concretionary growth ob-
scures the lower boundary. We suggest limiting the
designation Kakeled Limestone Bed to the coherent
limestone bed itself.

Distribution and thickness. The bed, which is typically
around 1 m thick, rarely up to 2 m (Westergérd 1922),
is developed in Vistergotland, Ostergotland and
Nérke. A Kakeled Limestone-like bed is also devel-
oped elsewhere in Sweden, for instance on central
Oland (Westergéard 1922), but there is a general ten-
dency that it splits up into two or three separate lime-
stone beds.

Age. The Kakeled Limestone Bed generally spans the
Olenus, Parabolina, Leptoplastus and the Protopeltura
praecursor zones, but locally the base includes the top
part of the Agnostus pisiformis Zone (Westergard
1922).

Remarks. The Kakeled Limestone Bed is a widespread,
easily identified amalgamated limestone bed, pre-
viously referred to as the ‘Great Orsten Bank’ (e.g.
Westergard 1922).

Exporrecta Conglomerate Bed

(Wiman 1893)

Stratotype. The waterfall near St. Stolan, Billingen,
Vastergotland, is designated as the stratotype sec-
tion. At this locality the Exporrecta Conglomerate is
resting onalimestone bed forming the top of the Hypag-
nostus parvifrons Zone (see Westergédrd 1922, pp. 61—
62).

Lithology. The matrix of the conglomerate is limy (of-
ten a stinkstone), occasionally with some sand and
glaucony. The well-rounded clasts consist of phos-
phorite and reworked local substrate. For descrip-
tion, see e.g. Hadding (1927, pp. 78-79).

Boundaries. The conglomerate is in most cases rest-
ing unconformably on limestone (orsten) represent-
ing the H. parvifrons Zone. It is conformably overlain
by ordinary Alum Shale.

Distribution and thickness. The bed is typically only a
few centimetres thick but may locally be up to 0.10-
0.15 m. It is developed in Vastergotland, Ostergot-
land, Narke, southern Oland, Jamtland and proba-
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bly also Vésterbotten (Westergard 1922, 1946, Mar-
tinsson 1974). It is locally absent in Nérke (Westergard
1946).

Age. The thin bed is generally regarded coeval with
the Andrarum Limestone Bed (e.g. Westergard 1946);
it is named after the common brachiopod Oligomys/
Billingsella exporrecta. Weidner et al. (2004) reported
e.g. Solenopleura brachymetopa from the conglomerate
in Vistergotland. Locally (southern Oland, Jamtland)
the conglomerate contains Agnostus pisiformis, sug-
gestive of later reworking (Westergard 1946).

Skaningstorp Sandstone Bed

(New)

Derivation of name. The new name alludes to the
stratotype core section.

Stratotype. The Skaningstorp core between 20.8-19.5
m is designated as the stratotype section; for descrip-
tion, see Westergard (1940).

Lithology. The bed consists of dark grey, bituminous
sandstone, mostly fine-grained with sporadic coarse
grains and small phosphorite nodules near the base.
Itislocally intercalated with thin beds of Alum Shale.
For description of lithology, see Westergard (1909,
1940).

Boundaries. The sandstone rests unconformably and
with a sharp boundary on Furongian Alum Shale.
Upwards, it is conformably overlain by Alum Shale.
Where the sandstone interdigitate with Alum Shale
it is suggested to define the upper boundary on top
of the uppermost sandbed.

Distribution and thickness. The bed is known only from
Ostergotland. Maximum thickness is 2 m (Véstana),
but it is usually 1.2-1.3 m or even thinner; locally it
is absent (Westergard 1940; Wikman et al. 1980).

Age. Early Tremadocian. ‘Dictyograptus’ [= Rhabdinop-
ora] has been reported from the sandstone e.g. by
Westergard (1909).

Remarks. The thin sandstone at the base of the Ordo-
vician Alum Shale of Ostergotland has previously
been referred to as ‘Obolus’ sandstone (e.g. West-
ergard 1909; Puura & Holmer 1993).

The relations between the 0.45 m thick sandstone



in the basal Ordovician section in the Finngrundet
core (Alum Shale with thin sandstone beds, for
description, see Thorslund & Axberg 1979) and the
Skaningstorp Sandstone Bed are uncertain. This un-
certainty regarding lithostratigraphic classification
also concerns the cross-bedded Tremadocian sand-
stone mentioned by Andersson et al. (1985) from be-
low Gotland. Broadly speaking, the Tremadocian
sandstones of the Alum Shale of Sweden may be re-
garded as thin extensions of the Kallavere Forma-
tion of Estonia (for review, see Mens & Pirrus 1997).

The 10 m thick quartzite reported from the Furon-
gian Alum Shale of the Lower Allochthon of Jamt-
land (Asklund & Thorslund 1935, p. 17) may even-
tually be ranked as a separate member.

Incipiens Limestone Bed

(Brogger 1882b; Henningsmoen 1973;
emended)

Stratotype. The Rortunet road-section, Slemmestad,
Oslo-Asker District, is designated as the stratotype.
Here the top of the Incipiens Limestone Bed is posi-
tioned c. 6 m below the base of the Bjeorkasholmen
Formation.

Lithology. The unit consists of two more or less pla-
nar beds of blackish to dark grey limestone inter-
spersed by Alum Shale.

Boundaries. The bi-partite unit has sharp lower and
upper boundaries and is readily identified in the
Alum Shale succession. There is a thin pyrite bed on
top of the upper limestone bed.

Distribution and thickness. This marker bed is devel-
oped in the Oslo-Asker District and at Vikersund in
the Modum District, Oslo Region (Henningsmoen
1973; Owen et al. 1990). The lower and upper lime-
stone beds are 0.15-0.40 m and 0.12-0.20 m thick,
respectively, and they are separated by 0.06-0.20 m
of Alum Shale.

Age. The lower limestone bed is sparsely trilobitic
(see review by Owen et al. 1990, p. 7); the fauna indi-
cates a late Tremadocian age.

Remarks. As stated by Owen et al. (1990, p. 7) the In-
cipiens Limestone is a useful unit and we suggest
ranking it as a formal bed for easy reference. It has
previously been referred to as limestone with Sym-

physurus incipiens (30.) (Bregger 1882b), the incipiens
beds (Henningsmoen 1973), Platypeltoides incipiens
Limestone and Platypeltoides Limestone (Owen et
al. 1990). In order to stabilize nomenclature we sug-
gest using the name Incipiens Limestone rather than
Platypeltoides Limestone, as the species name is less
likely to change due to taxonomic revision (. incipi-
ens has previously been attributed to Symphysurus).
The fossils occur only in the lower bed, but the char-
acteristic double-bed constitutes an easily identified
marker level and we suggest including also the upper
planar limestone in the formally defined Incipiens
Limestone Bed.

The so-called Brachiopod bed(s) of Scania (Hede
1951; Tjernvik 1958) are probably roughly coeval with
the Incipiens Limestone Bed. However, despite being
called a bed this is a palaeontologically based desig-
nation and the abundant brachiopods are not rock-
forming. Hence this horizon should not be formally
separated as a lithostratigraphic unit.
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