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INTRODUCTION

The major objective of the IGCP 503 project ”Ordovician
Palacogeography and Palaeoclimate” is to find the
physical and/or chemical causes (e.g., related to changes
in climate, sea level, volcanism, plate movements, etc.)
of the Ordovician biodiversification, the end-Ordovician
extinction, and the subsequent Silurian radiation. The
island of Gotland (Fig. 1) represents one of the World’s
most famous outcrop areas for Silurian carbonate deposits.
The strata are exceptionally well preserved, have neither
underwent tectonic stress nor deep burial conditions, are
very rich in fossils, and exhibit a considerable variety
of carbonate depositional environments. Further, the
outcropping sedimentary succession (latest Llandovery-
Ludlow) has been at the centre for much of the recent
discoveries in Silurian cyclic changes in faunas including
extinction events, sedimentary changes, and stable isotope
developments. All these changes have been tied to a new,
high resolution conodont zonation permitting separating
also changes that usually are accepted as coeval or even
as causes and effects. Therefore, we decided to show
this ‘jewel’ to the participants of the IGCP 503 field
meeting in September 2004. For that purpose, we have
written a review (Calner et al. 2004, this volume), and a
field guide (this paper). In the review, we summarise the
current knowledge of the stratigraphic framework, event
stratigraphy, and 8'80 and 8"*C development on Gotland.
The few localities there is time to study in less than three
days field trip are described below in stratigraphical order
(Fig. 2; some localities include coeval strata and hence
their order is arbitrary). The lithological development of
each outcrop is described briefly, and the meaning for
sequence stratigraphy and isotopic development is shortly
outlined. Subsequently, the “locality data” are given,
including exact position of the outcrop, the biostratigraphic
information, and a list of papers dealing with the outcrop
(for space reasons the complete references cannot be listed
here). These locality data are chiefly updated from Laufeld
(1974b), and from the extensive catalogue for reference
localities in the Silurian of Gotland (Jeppsson et al. in
prep.; draft version available at the Allekvia Field Station,
Lund University, in Follingbo).

Please, note that fossil collecting should be restricted to
loose material. Note also that hammers and collecting is
strictly forbidden at Holmbhillar 1 (outcrop No 12).

OUTCROPS
Outcrop No 1: Ygne 4

Target: The Ireviken Event, the Llandovery-Wenlock
boundary, and the Lower and Upper Visby, and Hégklint
formations.

Description: Walking from Ygne towards the patch reef
complex of “Hogklint” in the NE (Fig. 1), the Lower and
Upper Visby formations are well exposed in cliff sections
(Plate 1/1). The strata exposed in this section were formed
during the Ireviken Event (see below). No biostratigraphic
data are available from the visited localities, but are
available from nearby Ygne 4 (see below). The Lower
Visby Formation consists of regular alternations of 2-5 cm
thick, wavy-bedded to nodular, bioturbated, argillaceous
limestones (predominantly mudstones), and about 10 cm
thick marls (Plate 1/2). Benthic fossils, e.g. brachiopods,
bryozoans, and the index fossils for the Lower Visby
Formation, Palaeocyclus porpita (small solitary rugose
coral), are scattered, and algal remains are absent. The
sediments were deposited under calm conditions below
the wave base in well-oxygenated waters. The boundary
between Lower and Upper Visby formations is a rather
sudden change in facies, associated with a palacontological
change. Apart from the disappearance of the rugose coral
P, porpita, at the formational boundary, the lowermost part
(1-2 dm) of the Upper Visby Formation is characterised by
an abundant occurrence of the large rugose coral Phaulactis
angusta, sometimes with more than 10 specimens per
square metre (Plate 1/3; Samtleben et al. 1996; Jeppsson
1997a, b). This layer is exposed several metres above
present-day sea level, and can easily be located where the
weathering angle in the cliff changes (Plate 1/2, and cf.
fig. 4 in Calner et al. 2004, this volume). The Upper Visby
Formation is more irregularly bedded than the Lower
Visby Formation. The limestone-marl ratio increases, and
detritic limestones (wacke- to grainstones) become more
abundant, especially in the upper part of the formation.
The abundance of benthic fossils (brachiopods, bryozoans,
crinoids, tabulate corals, and stromatoporoids) increases,
and the first reef mounds appear. The reef mounds consist
of tabulate corals, stromatoporoids, and, subordinate,
rugose corals. Some of the mounds show a narrow fringe of
bioclastic limestones interfingering with the surrounding
limestone-marl alternation (Plate 1/4).
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Isotope stratigraphy: On Gotland, the first increase
of stable carbon and oxygen isotopes (transition upper
Telychian H-period / lower Sheinwoodian A-period; Fig.
2) starts at the boundary between the Lower and Upper
Visby formations (base of Phaulactis layer; Datum 4 of the
Ireviken Event; cf. fig. 4 in Calner et al. 2004, this volume;
Munnecke et al. 2003). The increase of the isotope values
correlates with a facies change from distal shelf deposits,
deposited below wave base, to proximal shelf deposits
with abundant reef mounds (Samtleben et al. 1996). This
development continues, and culminates in the overlying
Hogklint Formation with the establishment of the first
carbonate platform and abundant large reefs in the Upper
K. ranuliformis Zone (Fig. 2). For further information of
this stratigraphic interval, see also Outcrop No 2 (Ireviken
1-4).

Sequence stratigraphy: The regressive facies succession
from the Phaulactis layer upwards through the Upper
Visby and Hoklint formations is typical for prograding
platforms during the highstand systems tract. By definition,
the highstand systems tract starts at the change from
retrograding or aggrading facies to regressive facies and is
bounded below by the maximum flooding surface (mfs).
In this case, the mfs is inferably very close to the Phaulactis
layer, and their mass-occurrence may therefore partly have
been promoted by sediment starvation

Locality data

YGNE 1, 6387842 1642600, ca. 3750 m WNW of Visterhejde church.
Map 66A Visby.

Cliff section NW of the end of the road towards Rovare Liljas héla (where
the northwesternmost road turns to a path on the top. map), ca. 1060 m
SW of the triangulation point at Hogklint.

Reference level: The boundary between Upper Visby and Hogklint Beds.
Upper Visby Fm and Hogklint Fm.

References: Martinsson 1962, p. 47; Laufeld 1974a, b*; Eriksson & Laufeld
1978; Fredholm 1990; Johannessen 1993; Riding & Watts 1991.

YGNE 3, 638794 164270 (CJ 3223 8720), ca. 3675 m WNW of Visterhejde
church. Top. map 66A Visby (61 Visby NO). Geol. map Aa 183 Visby &
Lummelunda.

Cliff section at Rovar Liljas hala, ca. 150 m NE of the end of the road (on
the top. map, where the northwesternmost road becomes only a path).
Reference level: The boundary between Upper Visby and Hogklint Beds.
Upper Visby Beds, uppermost part, Hogklint Fm, unit a.

Note: Rovare Liljas hala 1 is only a short distance to the NE.

References: Holm 1890, p. 14; Munthe 1921, Figs. 74, 75, p. 37, lines 14-
35; Hede 1940, p. 17, line 7 from the bottom (reference to the area in
general); Hede 1942, p. 4, locality 5; Ericsson & Laufeld 1977; Bengtson in

Plate 1

Jaanusson et al. 1979; Larsson 1979%; Bengtson 1981a.

YGNE 4, 638719 164185, ca. 4325 m WNW (W) Visterhejde church. Top.
map 66A Visby.

High section at Lillklint, immediately N the boundary to Tofta Skjutfalt,
which is very well marked on the shore.

Reference level: The top of the very large Precambrian boulder ca. 10 m N
the boundary to the military area is 0. The best developed bentonite is at
+1.79 m, and that level is easier to use in field work.

Lower Visby Fm, unit c and Lower Ps. bicornis Zone: at 3.9 m b.s.l; Upper
Ps. bicornis Zone from 3.3 m b.s.l._to 0.40 m below reference level (b.r.L.);
unit e and Lower P. procerus Zone from 0.08 m to +3.18 m (the two highest
P. porpita were found at 2.87 m and 3.18 m above reference level; a.r.l.).
There is a lithologic change at +3.54 m and the base of the Phaulactis
Layer is at 4.21 m (first noted at Buske 1 in 1984 by LJ; his second find,
here, revealed its importance). The Lower/Upper Visby boundary is
probably at or near below +4.2 m Upper Visby Beds, unit a was sampled at
4.21-4.36 m a.rl. units b and c at 6.16-6.36 m a.r.l.

References: Spjeldnaes unpublished; Jerre 1993, 1994a; Schmitz et al. 1994;
Jeppsson herein*.

ROVAR LILJAS HALA 1, (CJ 3221 8700), ca. 8250 m SW of Visby
Cathedral. Top. map 66A Visby.

Cliff section at the shore ca. 900 m SW of the triangulation point
at Hogklint. The locality comprises the cliff area at and outside the
“pseudorauk’, a landslide.

Reference point: The southwesternmost part of the “pseudorauk” where
the path meets the beach.

Reference level: The Upper Visby-Hogklint boundary.

Lower Visby Fm, Upper Visby Fm, and Hégklint Fm, unit a.

Note: The Lower-Upper Visby boundary is located 3-3.5 m above sea
level.

References: Munthe 1921, p. 37, figs. 74-75 (photographs of the locality);
Wienberg Rasmussen 1952; Laufeld & Martinsson 1981*, Riding & Watts
1991.

Outcrop No 2: Ireviken 1-4

Target: The Ireviken Event, the Llandovery-Wenlock
boundary, and the Lower and Upper Visby and Hogklint
formations.

Description: There are four protruding cliffs consisting of
huge bioherms SW of the bay. We will walk along the beach
towards the NW from the village of Irevik. The localities are
in the following order from the parking lot: Ireviken 4 = the
section before and including the first reef — Tretrivsklint;
Ireviken 2 = the section beyond that reef to the second reef
- Millingsklint — and that cliff; Ireviken 1 = the section
beyond that reef to the third reef - Gaituklint — and that

1) The Ygne outcrop, showing the Lower and Upper Visby formations in the foreground, and an isolated patch reef (“Hégklint”) of

the Hogklint Formation in the background.

2) Boundary between the Lower and Upper Visby formations at Ygne. Note the regular alternation of limestones and marls in the
Lower Visby Formation, and the change in weathering profile across the boundary.

3) The Phaulactis layer in the lowermost part of the Upper Visby Formation at Nygardsbdcksprofilen 1 (ca 1 km N of Ygne). Arrows
point to specimens of the large (up to several decimetres) rugose coral.

4) Reef mound with fringe (arrow) of bioclastic limestones, interfingering with limestones and marls of the Upper Visby Formation

(Ygne)
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Figure 1. A new geological map of Gotland (completed by L] & MC), and position of outcrops visited. This preliminary map is chiefly
based on Jeppsson & Calner (2003) and conodont data from Jeppsson (in manuscripts; in prep.).

reef; and Ireviken 3 = the section beyond Gaituklint to the
4t reef — Snipklint — and 150 m beyond Snipklint.

The lithological and isotopic development of the Lower
and Upper Visby formations are similar to that in the
Ygne area (see above). The overlying Hogklint Formation

is characterised by isolated large bioherms (patch reefs)
at intervals of several 100m. The reefs consist mainly of
stromatoporoids and tabulate corals, but also of bryozoans,
crinoids, and calcareous algae. Due to the steep cliff, the
reefs are difficult to access, but many large boulders on the
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Figure 2 Stratigraphic position of the outcrops (no. 1 to 12; left). Stratigraphic framework showing conodont zones and faunas and
their relationship to graptolite biostratigraphy, stratigraphic units on Gotland, and a provisional sequence stratigraphic framework for
the exposed strata. The sequence of episodes and events are from Jeppsson (1993, 1998), Aldridge et al. (1993), Jeppsson et al. (1995),
and Jeppsson & Aldridge (2000). The development of stable carbon isotopes and the sequence of H/A-periods are from Bickert et al.
(1997), Samtleben et al. (2000), and Munnecke et al. (2003). The figure is partly based on stratigraphic data from Jeppsson (1997b) and
Jeppsson (in manuscripts), Calner (1999), and Calner & Jeppsson (2003).

beach can be studied. The reefs are surrounded by a well-  interbedded marls are dark-brownish and are strongly
bedded to wavy-bedded limestone-marl alternation (plate compacted. Whereas the thickness of the limestone beds
2/1). This alternation differs strongly from the underlying remains more or less constant around 10 cm throughout
Upper Visby Formation. The about 10 cm thick bioturbated  the section, the thickness of the marl layers decreases from
limestone beds have a slightly silty appearance, show a  20-30 cm in the lower part to less than 5 cm in the upper
brownish colour, and sometimes a bituminous smell. The part of the section.
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The four localities along the shore and the Ireviken Event
were named after the Ireviken bay where the Ireviken
Event was first discovered. Since then, a better locality,
Lusklint 1, has been foundand studied in better detail,
and now functions as reference locality for the main part
of the event. The stratigraphic units are much thinner at
the Ireviken localities than at Ygne south of Visby. Hence
although the top of the Lower Visby Formation is at about
the same altitude, three older members are also exposed
here.

Several datum points have been identified, starting with
Datum 1, at Ireviken 3 ca 4.5 m below the formational
boundary. Datum points 2 had the most severe effects,
e.g. >50% of the trilobite species disappeared on Gotland
(Ramskold 1985) and at least ca 20% (probably >30%)
of the conodont species (global data). Datum 4 is at the
formational boundary. Hence, old faunal lists from Gotland
can also be used to identify extinctions in most major
clades, e.g. brachiopods (Hede 1925, 1940), chitinozoans
(Laufeld 1974a), corals, ostracodes (Martinsson 1962, 1967;
Séll, unpublished), polychaetes (Eriksson 1997). Regarding
conodonts, Datum 4 had globally the second worst effects.
Isotope stratigraphy: The Ireviken sections comprise the
transition from the upper Telychian H-period (Lower
Visby Formation; 8"°C = 1.9%o) to the lower Sheinwoodian
A-period (Upper Visby and Hogklint formations; 8°C >
5%o; Fig. 2).

Locality data

IREVIKEN 1, 6416594 1664242, ca. 6970 m W of Hangvar church. Map:
66C Tingstade. Cliff section, ca. 710 m NW of the northwesternmost
house at Irevik. The third cliff - Gaituklint - and the section towards the
southeast as far as to the second bioherm (Millingsklint).

Reference level: The bentonite bed about 1.5 m above base of the section
at the southeasternmost part of the bioherm (Gaituklint). The reference
level is concealed under a thin layer of scree. It is located at the upper edge
of the moist zone and is easily uncovered.

Lower Visby Fm, Upper Visby Fm and Hogklint Fm, unit a.

Note: The boundary between the Upper Visby Fm and the Hogklint Fm is
located 13.5 m a.s.l. (Laufeld 1974b). If the reference level is the Ireviken
Bentonite, then the Phaulactis Layer should be searched for at ca. 3 m
above the reference level, and the Upper Visby may be about 9 m.
References: Hede 1933, Figs. 5-6 (photographs of the locality), p. 12, lines
4-28 (contains a list of fossils from the Lower Visby Fm at 1-2 m a.s.l.),
p- 15, lines 2-30 from below (contains a list of fossils from the Upper
Visby Fm at 11.5-13.5 m a.s.l.), p. 25, lines 1-14 from below (contains
a list of fossils from the brownish argillaceous, “lagoonal” limestone
of Hogklint age, unit a, in the uppermost part of the section WNW of
Millingsklint); Hede 1942, Loc. 1, 1960, Loc. 13, pp. 61-62; Martinsson
1962, p. 47 (Martinsson’s locality Irevik); Mori 1968, p. 22, Loc. 3 a, p.

Plate 2

25, Loc. 19; Laufeld 1974a, b*; Laufeld & Martinsson 1981; Nield 1982;
Ramskold 1983, 1984, 1985a, 1986; Le Hérissé 1988, 1989; Bassett et al.
1989; Bergman 1989, 1995; Fredholm 1990; Neuman & Kershaw 1991;
Riding & Watts 1991; Samtleben et al. 1996; Munnecke et al. 2000, 2001,
2003; Watts & Riding 2000.

IREVIKEN 2, 6416480 1664451, ca. 6770 m W of Hangvar church. Map:
66C Tingstide. Cliff section, ca. 500 m NW of the northwesternmost
house at Irevik. The second of these cliffs — Millingsklint — and the section
towards southeast as far as to the first bioherm (Tretrivsklint).

Reference level: The thick bentonite bed about 12 m a.s.l. in the section
about 35 m SE of Millingsklint. The reference level is located slightly
below the uppermost parts of the talus material.

Lower Visby Fm, Upper Visby Fm and Hogklint Fm, unit a. Near the centre
of this locality, two bentonites are found at 1.81 and 4.75 m a.s.. Their
separation, 2.44 m fits well if the lower one is the Lusklint Bentonite and
the upper one the Ireviken Bentonite.

References: Hede 1933, p. 12, lines 13-18 from below, p. 17, lines 14-31
(contains list of fossils from the crinoid limestone of Hogklint age, unit
a, immediately SE of Millingsklint); Martinsson 1962, p. 48 (Martinsson’s
Irevik II); Laufeld 1974b*; Eriksson & Laufeld 1978; Larsson 1979;
Bergman 1989; Neuman & Kershaw 1991; Riding & Watts 1991;
Johannessen 1999; Watts & Riding 2000.

IREVIKEN 3, 6416719 1663901, ca. 7320 m W of Hangvar church. Map:
66C Tingstade. CIiff section, ca. 1060 m NW of the northwesternmost
house at Irevik. The fourth protruding cliff - Snipklint or Snipan - and the
section towards the southeast as far as to the next bioherm (Gaituklint)
and from Snipklint 150 m towards the W.

Reference point: The agglomeration of huge boulders on the beach just W
of Snipklint. Laufeld 1974b, Fig. 11 B.

Reference level: The Lusklint Bentonite, that is, the lowermost of the two
major bentonite beds in the section just W of Snipklint. The reference
level is located about 5 m a.s.l. but dips due to the bending down of strata
below the bioherm, where it is only 3.5 m a.s.l.

Lower Visby Fm, Upper Visby Fm and Hogklint Fm, unit a.

Note: In a major rock-fall in 1966 the most easily accessible part of the
section was buried.

References: Wedekind 1927, p. 44, line 3; Hede 1933, p. 44, line 3; Laufeld
1974b*; Kershaw & Riding 1978; Stel 1978a; Larsson 1979; Kershaw 1980,
1984; Riding 1981; Nestor, V.-K. 1982; Nield 1982, 1985; Odin et al. 1984,
1986; Sandford & Mosher 1985 (note, the Lower-Upper Visby contact is
mistakenly identified as the Upper Visby-Hogklint contact; hence their
data are not affected, only some conclusions), 1994, p. 12; Ramskold
1985a; Cavell & Baadsgaard 1986 (sample 102); 1989; Baadsgaard &
Cavell 1988 (sample 102); Le Hérissé 1988, Bergman 1989; Jeppsson 1987,
1989d, 1993, 1997a, ¢; Fredholm 1990; Sivhed 1990; Copper & Branton
1991 (p. 230, Lower Visby reefs); Neuman & Kershaw 1991; Riding &
Watts 1991; Aldridge et al. 1993; Jeppsson & Minnik 1993; Johannessen
1993 (Snipklint), 1999; Jerre 1993, 1994a; Jeppsson et al. 1994; Batchelor &

1) Inter-reef sediments between Millingsklint (background) and Gaituklint in the Ireviken area showing a classical shallowing

upward (prograding) succession.

2) Boundary (arrow) between the Hogklint and Tofta formations at Galgberget 1 (hammer for scale).

3) Slab showing bioturbation (hypichnial ridges) and tool marks on the lower bedding plane of calcareous siltstone, Gannarve

Member, Frojel Formation (Klinteenklaven 2; hammer for scale).

4) Almost symmetrical, slightly bifurcated ripple marks in a calcareous siltstone of the Gannarve Member, Frojel Formation

(Gannarveskir 1; hammer for scale).
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Jeppsson 1994; Kleffner 1995 (Ireviken); Le Hérissé & Gourvennec 1995;
Samtleben et al. 1996; Bates 1997; Eriksson 1998a; Motus & Klaaman
1999; Calner et al. 2000; Watts & Riding 2000.

IREVIKEN 4, 6416244 1664780, ca. 6435 m W of Hangvar church. Map:
66C Tingstade. Cliff section, ca. 150 m N of the northwesternmost house
at Irevik. The first bioherm - Tretrivsklint and the section towards the
southeast.

Reference level: The lowermost of the three major bentonite beds in the
section inside the bight SE of Tretrivsklint. The bentonite beds are easily
traced, because their upper surfaces are aquifers and the percolating
water is giving rise to a border of herbaceous plants. The reference level is
located about 4 m a.s.l. (Laufeld 1974b).

Lower Visby Fm, Upper Visby Fm and Hogklint Fm, unit a.

References: Laufeld 1974b*; Neuman & Kershaw 1991; Riding & Watts
1991; Watts & Riding 2000.

Outcrop No 3: Galgberget 1

Target: The Hogklint Formation-Tofta Formation
boundary strata north of Visby.

Description: The uppermost Hogklint Formation and the
basal stromatoporoid-rich Tofta Formation are exposed
in the SW wall of this abandoned quarry (Plate 2/2). The
unconformable boundary between the two formations is
potentially the upper sequence boundary of the oldest,
incomplete depositional sequence on Gotland, although
it should be noted that other erosional surfaces in the
underlying parts of the Hogklint Formation might be
potential sequence boundaries.

Jeppsson et al. (1995) interpreted the Hogklint — lower
Slite as a very long stable episode, the Vattenfallet Secundo
Episode, based on the absence of indications for a
consistent pattern within this interval. However, increased
precision and stratigraphic revisions has yielded evidence
for the kind of pattern that has been useful for revealing the
oceanic signal in other parts of the sequence (cf. Jeppsson
1998).

The contact between Hogklint unit ¢ and the very thin unit
d of Laufeld (1974a, b) has not been accessible for a long
time. The previously unpublished detailed fieldwork of
Liljevall in 1908 was the basis for the Vattenfallet volume.
In that, Jaanusson (1979, fig. 13) published Liljevall’s
original drawing of that contact and quoted and discussed
his results. Hogklint ¢ was lihtified and eroded before
the deposition of unit d, which rested against an at least
1.0 m high wall (the top was truncated by Quaternary
erosion). The dark colour of unit d, its character of a Lager-
stiatten (scorpion, eurypterids, almost complete ophiurid,

Plate 3

asteroid, and crinoid; Regnéll 1973; Franzén 1979) and
the centimetre scale changes in lithologies and faunas
indicate an environment with little or no bioturbation,
most probably caused by more or less dysaerobic bottom
conditions. The sequence of the changes is as follows (4, 5,
6, and 7 can not be seen at Galgberget 1):

1)  After the Ireviken Event, an extensive reef
generation formed and lithified; the Hogklint
Formation.

2) A rapid regression after deposition of Hogklint ¢
(truncated by Liljevall’s unconformity).

3)  Formation of a rocky shoreline.

4) A transgression.

5)  Formation of Hogklint d in depressions with more
or less stagnant water in this eroded surface. A
diverse conodont fauna.

6)  Reduction in faunal diversity, both transient
changes and extinctions.

7)  The characters of the Hogklint d/Tofta contact re-
mains to be identified.

8)  Alow diversity conodont fauna strongly dominated
by Oz. s. rhenana in the lower Tofta Formation (just
above the unconformity).

9) A protracted recovery through the lower and the

middle Tofta Formation (the latter, with a more

balanced conodont fauna, is not identified here).

A new reef generation in the lower Hangvar

Formation (or upper Tofta).

10)

Thus, this early Sheinwoodian interval, instead of forming
one of the longest Silurian secundo episodes, seems to have
included two secundo episodes, separated by a secundo-
secundo event. Pending that enough data for describing
and formally naming this event and the succeeding
secundo episode are assembled, these three intervals may
be discussed as the Vattenfallet 1 and 2 secundo episodes,
and the Vattenfallet 1/2 event, respectively.

No isotope data exist from this outcrop.

Locality data

GALGBERGET 1, 6394547 1649711, ca. 1360 m NE of Visby cathedral.
Map: 66A Visby. Abandoned quarry c. 300 m ENE of the monument
(the ‘Gallows’). Enter (between the two flagpoles) from road 149, keep to
the right until you see the ‘Motorbana, stop, and find a narrow path on
your right leading towards the E, into the quarry. This is the most widely
quoted locality with this boundary.

Reference point: The protruding part of the SW quarry wall.

Reference level: The Hogklint - Tofta boundary (marked in the wall), see

1) Bioturbation (Diplocraterion/bifungites) on the upper bedding plane of a calcareous siltstone of the Gannarve Member; Frojel

Formation (Gannarveskir 1; hammer for scale).

2) Crossbedded oolites of the Bara Oolite Member (Halla Formation) at Bara 1. The hills in the background are reefs of the
“underlying” Slite Group. Here, the unconformity between Slite Group and Halla Formation exhibits a pronounced palaeorelief.

3) Flat-lying argillaceous limestones and marls of distal platform origin at Blahill 1 (Mulde Brick-clay Member, Halla Formation). A
0.3-0.5 m thick halysitid-heliolitid autobiostrome occurs high in the section throughout the length of the exposure.

4) Detail of the halysitid-heliolitid autobiostrome in Blahill 1 (cf. Plate 3/3). The dominant species are Stelliporella cf. parvistella and

Halysites laticatenatus.
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Hede 1940, Fig. 10.

Hogklint Fm and Tofta Fm.

Lower part of the Tofta Fm.- (Description based on L] in ms). The leperditio-
copid-rich basal Tofta Fm, the Stajnkrogen Mbr of Riding & Watts (1991)
contains the O. s. rhenana Zone (Jeppsson 1997¢), Subzone 1. The same
distinct lithology and Subzone occur at Stajnkrogen 2. The subzone has
also been found at Kopparsvik 2 in the Plagan Mbr and at least 0.26 m up
into the succeeding Halsjarnet Mbr of Riding & Watts. The fauna is much
less diverse than that of Subzone H, in the topmost Hogklint Fm at Vatten-
fallsprofilen 1. Further, Oz. paraconfluens, characteristic of the Hogklint
Fm, had become extinct.

References: Hede 1940, Figs. 10, 14, 15, p. 32, lines 6-7 from below; Hede
1960, Loc. 4, pp. 55-56; Martinsson 1962, p. 48; Taugourdeau & Jekhowsky
1964, LEP. No. 4954; Mori 1968, p. 26, Loc. 25, p. 27, Loc. 34; Laufeld
1974a, b*; Bassett & Cocks 1974, p. 23, p. 29 (Galberget); Claesson 1979;
Watkins 1979, 1992; Laufeld & Martinsson 1981; Jeppsson 1983; Sandford
& Mosher 1985, 1994; Bergman 1989; Sivhed 1990; Neuman & Kershaw
1991; Riding & Watts 1991; Schmitz et al. 1994; Jeppsson in manuscript

Outcrop No 4: Klinteenklaven-Gannarveskar
localities

Target: The Mulde Event and the Slite Group-Halla
Formation boundary strata in distal platform areas on
western Gotland.

Description: These low coastal exposures form the type
sections for the Gannarve Member of the Frojel Formation
(Calner 1999). The lowermost parts of the overlying Halla
Formation are exposed in the southernmost exposures at
Gannarveskir 2 and 4. The Gannarve Member consists of
light bluish-grey to brownish, silty and slightly dolomitic
limestones and calcareous siltstones that alternate with
darker, fissile mudstones and argillaceous siltstones.
The more weathering resistant siltstones display current
orientated orthocones, rare shell lags, and abundant
primary sedimentary structures, e.g. wave and current
ripples (Plate 2/4), undulating lamination, and hummocky
cross stratification. The lower bedding planes of these
beds are sharp to erosive (locally with gutter casts), and
display abundant trace fossils (hypichnial ridges) and
tool marks (Plate 2/3, 3/1), the latter indicating transport
from approximately north to south. Current ripples at the
upper bedding planes show various palaeoflow-directions,
generally from west to east. Intense horizontal bioturbation
(epichnial grooves) is common on some upper bedding
planes. The interbedded mudstones and fissile siltstones
are massive or display planar lamination. The top of the
Gannarve Member is conformable here, but is an epikarstic
unconformity in outcrops only a few kilometres further
towards the northeast and in the Hunninge-1 core. The
succession reflects deposition during alternating storm-
and fair-weather conditions during progressive shallowing
and siliciclastic input to distal platform environments.
Due to the event, the environmental conditions had
deteriorated to the point that faunas are strongly un-
balanced, e.g. a single conodont, Ozarkodina excavata,
makes up over 90% of the fauna in the Frojel Formation.
Regarding the succeeding fauna, see Outcrop No 5: Bara
1.

Isotope stratigraphy: The early part of the upper Homerian
A-period will be visited in this coastal section. The latest
part of the preceding lower Homerian H-period is exposed
in the Virsandeojk localities ca 1 km of Klinteenklaven 2,
with 8C values around 0%o. Up to now, no isotope data
exist from the succeeding Svarvare Member of the Frojel
Formation. In the overlying Gannarve Member 8°C values
increase rapidly from ca. 1.4%o at Klinteenklaven 4 to >3%o
at Klinteenklaven 2 and Gannarveskir 1 (Samtleben et al.
2000).

Locality data

KLINTEENKLAVEN 2, 636106 164253, ca. 2180 m NNW Fréjel church.
Map: 56C Klintehamn. Shore-line exposure ca. 100 m N the southern side
of the bay, just W a locked gate.

Slite Group, Frojel Fm, Gannarve Mbr. This member has yielded conodonts
of the O. b. longa Zone, Subzone 1, and graptolites of the uppermost
Cyrtograptus lundgreni Zone at nearby localities. Mulde Event.
References: Calner 1999 (includes a measured section); Samtleben et al.
2000; Calner & Jeppsson 2003; Jeppsson & Calner 2003.

GANNARVESKAR 1, 636100 164235. Map: 56C Klintehamn. Low
cliff section along the western shore of Skiret. The locality includes the
exposure from the NE tip of the peninsula to the end of the exposures,
ca. 150 m to the SSW.

Reference level: The boundary between the pure siltstone and succeeding
thin-bedded alternating lithologies, a surface with bored holes with
rounded bottoms.

Slite Group, Frdjel Fm, Gannarve Mbr. O b. longa Zone, Subzone 1. Mulde
Event.

Note: The thin-bedded alternating strata above the reference level are
usually poorly exposed.

References: Kiesow 1888, p. 15 (“Skiret” bei Gannarfve); Westerberg
1895, p. 419; Hede 1927, p. 16, lines 10-20; Bassett & Cocks 1974, p. 28
(Gannarfleskar); Ramskold in Jaanusson 1986*; Calner 1999 (includes
a measured section); Samtleben et al. 2000; Calner & Jeppsson 2003;
Jeppsson & Calner 2003.

GANNARVESKAR 2, 636080 164234. Map: 56C Klintehamn. Small
exposure of argillaceous limestone at the strand-line of the small
bight which faces southwest on the western side of Skiret, 100 m S of
Gannarveskar 1.

Halla Fm. Mulde Mbr. O b. longa Zone, Subzone 2, P. d. parvus (graptolite)
Zone. Mulde Event.

References: Kiesow 1888, p. 15 (“Skiret” bei Gannarfve); Bassett & Cocks
1974 (p. 28: Gannarfleskar), Ramskéld in Jaanusson 1986; Probably
Liljedahl 1994, p. 33 (Gandarveskir); Jeppsson et al. 1995; Calner 1999;
Calner & Jeppsson 2003; Jeppsson & Calner 2003.

GANNARVESKAR 4, 636084 164231, 2.12 km NW Fréjel church. Map:
56C Klintehamn. Section in a small hole 10 m N the northern shore of the
small bay, ca. 70 m S the concrete building.

Reference level: The ground level.

Slite Group, Frijel Fm, Gannarve Mbr. and O b. longa Zone, Subzone 1
to -0.55 m; the topmost sample with a more diverse fauna than in other
samples from that member. Halla Fm and Subzone 2. Mulde Event.
References: Calner & Jeppsson 2003; Jeppsson & Calner 2003
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Outcrop No 5:Bara 1

Target: The Mulde Event and the Slite Group-Halla
Formation boundary strata in proximal platform areas on
eastern Gotland.

Description: Abandoned quarry showing a large reef of the
topmost Slite Group (Slite “g”; a small collection indicates
the O. s. sagitta Zone), and light-coloured, cross-bedded
oolites of the basal Halla Formation (Bara Oolite Member,
O. bohemica longa Zone; Plate 3/2). The oolite is thin
bedded and well sorted. The major grain types are ooids
in the fine to coarse sand fraction, skeletal grains (mainly
brachiopods and bryozoans), peloids, and intraclasts. The
oolite crops out stratigraphically well below the top of
the older Slite reefs indicating a pronounced palaeorelief.
The contact between the Slite Group and Halla Formation
is not exposed here, but is known at a nearby locality
unconformable. No isotope data exist from this locality.
The sequence of changes is (2-5 are not seen at Bara 1):

1) The formation of an extensive reef complex (Slite “g”).
2) Datum 1 of the Mulde Event.

3) Formation of the Svarvare Member mudstones in distal
platform areas; Datum 1.5.

4) Formation of the Gannarve Member siltstones during
a substantial regression (see above, outcrop No 4). This
member were deposited across Gotland but was eroded in
the Bara area during the subsequent lowstand.

5) Maximum lowstand and Datum 2.

6) Rapid transgression and formation of the Bara Oolite
(includes grains of the Gannarve Member in its basal
part). The conodont fauna is strongly dominated by
coniforms, mostly Panderodus equicostatus. This disaster
fauna was formed during the worst part of the Mulde
Event and is found as far offshore as the corresponding
interval in the Nér-1 core on southern Gotland. Hence, the
faunal composition was not an effect of the ooid-forming
environment.

Locality data

BARA 1, 6387900 1667569, ca. 3300 m SW of Vallstena church. Map: 66B
Gothem. Abandoned quarry, ca. 575 m W of the Bara church ruin.

Halla Fm, Bara Oolite Mbr, type locality, and up in the hill, Slite Group. O.
b. longa Zone, Subzone 2; the hill is older, the O. s. sagitta Zone, although
the zonal indicator has not been found here.

Note: In old collections and literature the name is often Bara Backe.
References: Hede 1928, p. 45, line 18 - p. 46, line 12 (contains list of
fossils); Hede 1960, Loc. 19, pp. 66-67; Martinsson 1962, p. 52; Laufeld
1974a, b*; Larsson 1979; Jeppsson 1982, 1983; Ramskold 1983; Sanford
& Mosher 1985; Jaanusson 1986 (Bara backe); Frykman 1989; Bergman
1989; Fredholm 1990; Sivhed 1990; Neuman & Kershaw 1991; Calner &
Séll 1999; Calner & Jeppsson 2003; Jeppsson & Calner 2003; Calner et al.
2004.

Outcrop No 6: Blahall 1
Target: Mulde Event, the Late Wenlock distal platform

marls, and a thin halysitid-heliolitid autobiostrome.
Description: This is a ca 450 m long coastal exposure

showing flat-lying, argillaceous limestone (mudstone and
wackestone) and marls of distal platform origin (Plate 3/3;
Calner et al. 2000). The benthic fauna is exceptionally rich
and includes frequent brachiopods and trilobites. Two
large cephalopods with a diameter of ca 10 cm have been
found at the locality. A 0.3-0.5 m thick halysitid-heliolitid
autobiostrome (bafflestone) is traceable throughout the
outcrop. This biostrome (Plate 3/4) is exceptional because it
is both geographically and stratigraphically isolated on the
seaward slope of the platform. Itis dominated by the tabulate
corals Stelliporella cf. parvistella and Halysites laticatenatus,
and the rugose coral Dokophyllum elegantulum. The matrix
of the biostrome is in places exceptionally rich in palecopid
and metacopid ostracodes.

The strata at Bldhéll 1 were formed during the recovery stage
of the Mulde Event. The faunal recovery had progressed
so far that the conodont fauna was balanced. Further, two
conodonts returned and has been found in the topmost
stratum. Two species of graptolites, Gothograptus nassa
and Pristiograptus dubius, were widespread in the oceans
at this time. Both species have been found here.

Isotope stratigraphy: This outcrop belongs to the upper
Homerian A-period (Fig. 2), and 31 brachiopods have been
measured for carbon and oxygen isotopes so far. Whereas
the 8"°C values remain more or less constant throughout
the section (8C = 1.5%0) the 0O wvalues increase
slightly but continuously from ca. -3.7%o (1.4m below
the biostrome) to -4.2%o (0.4m below the biostrome). No
brachiopods have been found within the biostrome, and 0
- 40 cm below.

Locality data

BLAHALL 1, 6356759 1641910, ca. 2940 m SW of Frojel church. Map:
56C Klintehamn. Cliff section, immediately SW of the parish boundary
at Blahill. For a detailed description, see Hede 1927b.

Reference level (Bergman 1989): The lower surface of a protruding bed,
about 2 m above water level. It can be followed for at least 50-100 m.
Halla Fm, Mulde Mbr, upper part. O b. longa Zone, Subzone 4 and K.
o. absidata Zone, lowermost part (topmost in the section), G. nassa
(graptolite) Zone in the restricted sense of Jaeger (1991).

Note: As regarding many other place names on Gotland, there are several
Blahill. For example, the locality ”Blahill fiskeliger” of Johannessen 1993
is another locality (S of Stavsklint 1).

References: Hennig 1905, p. 16, line 15 from below; Hede 1927b, p. 19, lines
29-32; Hede 1942, Loc. 2 b; Martinsson 1962, p. 53; Laufeld 1974a, b*;
Bassett & Cocks 1974 (St. Blahill); Claesson 1979; Larsson 1979; Poulsen
et al. 1982; Klaaman & Einasto 1982; Jeppsson 1983; Spjeldnaes 1984;
Ramskold 1984, 1985a, b, 1986; Sanford & Mosher 1985; Le Hérissé 1988,
1989; Frykman 1989; Bergman 1989; Scrutton 1989 (Blahall); Fredholm
1990; Young & Scrutton 1991; Neuman & Kershaw 1991; Samtleben et
al. 1996, 2000; Motus & Klaaman 1999; Calner et al. 2000 (includes a
measured section); Adrian et al. 2000; Munnecke et al. 2001; Jeppsson &
Calner 2003; Calner & Jeppsson 2003.

Outcrop No 7: Gothemshammar 3
Target: Late Wenlock marginal marine strata of the Halla

and Klinteberg formations on eastern Gotland.
Description: The coastal exposures show marginal marine
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oncolitic wacke- and packstones of the upper Halla and the
basal Klinteberg formations. The strata are thin-bedded,
oftenintensely bioturbated and arranged asan aggradational
to slightly progradational limestone-marl alternation.
Oncoids are very abundant, several centimetres across, and
often highly irregular due to periods of stationary growth.
Brachiopods and bryozoans are sometimes exceedingly
common (Plate 4/1), especially in Gothemshammar 6 (not
visited). A polished and mineral-stained discontinuity
surface (abraded hardground) with clear-cut oncoids
forms the boundary between the two formations (sensu
Hede 1928), however, distinct faunal and lithological
changes are found a few metres below this discontinuity
surface. These changes are closer in time with the same
formational boundary on western Gotland, indicating
slight diachrony along the base of the Klinteberg Formation.
The strata immediately overlying the discontinuity surface
at Gothemshammar is developed as a thin marl with well
preserved brachiopods and trilobites (Plate 4/2).

The first post-Mulde Event conodont fauna has been found
both below and above the discontinuity surface.

Isotope stratigraphy: This outcrop belongs to the upper
Homerian A-period. The §"*C values decrease from 2.3%o in
the middle part of the Halla Formation (Gothemshammar
6) to 1.5%0 in the lowermost part of the Klinteberg
Formation (Gothemshammar 3; Samtleben et al. 2000).

Locality data

GOTHEMSHAMMAR 3, 6390750 1679250, ca. 5350 m NE of Gothem
church. Map: 66B Gothem. Low section on the beach, where the road
along the shore is split in two.

Reference level: The Halla-Klinteberg boundary.

Halla Fm, ‘gothemshammar member, and Klinteberg Fm, unit a. The
Ctenognathodus murchisoni Zone.

References: Laufeld 1974a, b*; Hurst 1975b; Claesson 1979; Poulsen et
al. 1982; Jeppsson 1983; Frykman 1989; Bergman 1989; Fredholm 1990;
Sivhed 1990, p. 244, 250; Neuman & Kershaw 1991, Samtleben et al. 2000;
Jeppsson & Calner 2003; Calner & Jeppsson 2003.

Outcrop No 8: Kuppen 1-4

Target: Early Ludlow stromatoporoid biostromes, rocky
shorelines, and fossil sea stack of the Hemse Group, unit
d.

Description: In the Kuppen area some of the world’s
most famous Palaeozoic stromatoporoid deposits are
exposed (for overview see Sandstrom & Kershaw 2002).
The Kuppen localities include several hundred of metres
of well-exposed coastal sections in the easternmost parts

Plate 4

of the Ostergarn peninsula on east-central Gotland. The
peninsula is characterized by several hills composed of
stacked stromatoporoid biostromes and interbedded
skeletal grainstones. The outliers have conspicuously planar
tops. These surfaces are likely inherited from prominent
transgressive surfaces separating underlying reef tracts
from overlying, now eroded, argillaceous limestone and
marl. Spectacular stromatoporoid biostromes consisting of
large (up to few dm), non-framebuilding stromatoporoids
form the coastal cliffs also at Kuppen (Plate 4/3, 4/4). The
biostromes grew on a broad, shallow-water carbonate
platform. A high-energy environment (atleast temporarily)
is indicated by abundant bioclastic grainstones, truncation
surfaces, abraded boulders (plate 4/4), and by a nicely
preserved fossil sea stack (Fig. 3). According to Sandstrém
& Kershaw (2002) hurricanes and storms often disrupted
the internal structure of the biostromes.

Unconformable relationships at this locality were identified
as a Silurian rocky shoreline by Keeling & Kershaw (1994).
Conodonts show that the youngest strata here were formed
early during the Havdhem Primo Episode. Hence, although
only few conodonts have been found in the subjacent
biostromes, these probably represents the preceding
Ethelhem Secundo Episode. A change from a secundo to
a primo state ocean had been predicted to result in a drop
in sea level (Jeppsson 1990, p. 667). The unconformity here
may be the first described example of such a drop.

Isotope stratigraphy: 5 brachiopods have been measured
from the stromatoporoid biostrome at the Kuppen 3
locality. The 8"C values of around 0.9%o indicate an
affiliation to the upper Gorstian A-period (Fig. 2). Similar
d"C values from biostromes are observed in Grogarns 4
(1.1%0), and in Ljugarn 1 (1.3%o), the latter value is close
to the maximum value of this isotope excursion. With an
amplitude of slightly more than 1%o in 8"*C values, this
A-period represents the weakest of the four positive §'*C
excursions on Gotland (Fig. 2). It is remarkable, however,
that it is also accompanied by a pronounced facies shift
towards pure carbonates and reefal build-ups (Samtleben
et al. 2000; the Etelhem Secundo Episode of Jeppsson 1998;
Jeppsson & Aldridge 2000). In the Linde area on western
Gotland, pre-excursion limestone-marl alternations of an
open marine shelf facies (8"°C values around 0%o) grade
into isolated biohermal reefs (and surrounding sediments;
8"*Cvalues up to 1%o). In the shallow facies areas on eastern
Gotland (e.g. in the Kuppen area), pre-excursion marginal
marine deposits are overlain by extended stromatoporoid
biostromes. In contrast to the other, stronger, A-periods no
oncolites have been reported from the upper Gorstian A-

1) Bedding plane association of an argillaceous limestone from the Halla Formation at Gothemhammar. The low-diversity
assemblage of abundant rhynchonellid brachiopods and branching bryozoans indicates extreme ecological conditions in a

marginal-marine environment. Width of the figure is ca 8 cm

2) Bedding plane association of an argillaceous limestone from the lowermost Klinteberg Formation at Gothemhammar showing
abundant brachiopods and trilobite fragments. Width of the figure is ca 8 cm

3) Biostrome consisting predominantly of large stromatoporoids at Kuppen 3.

4) Abraded stromatopore boulder embedded in coarse bioclastic grainstone indicating deposition in a high-energy environment

(Kuppen 3).
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recent sea stack

ca.1m

biostrome coarse bioclastic I:I bioclastic
grainstone grainstone

Figure 3 Sketch of a fossil sea stack (Kuppen 1). A very nice

photograph of this sea stack taken by Bjérn Sundquist is published
on the GFF cover, volume 116/2.

period so far.

Locality data

KUPPEN 1, 6370598 1687580, ca. 4170 m E of Ostergarn church. Map:
56D Ljugarn. Cliff section at the southernmost end of the cliff at the in-
nermost part of the bight, ca. 30 m NW of the easternmost tip of Snabben.
For a detailed description, see Hede 1929 and 1960.

Reference point: The central part of Fig. 28, Munthe 1910 (= Fig. 12, Hede
1929).

Reference level: The base of the bedded limestone unit.

Hemse Group, unit d. P. siluricus Zone in the bedded limestone unit.
References: Munthe 1910, Fig. 28; Hede 1929, Fig. 12, p. 40, lines 11-31;
Hede 1960, Loc. 39 pars, p. 78, line 15 from below - p. 79, line 8; Laufeld
1974a, b*; Laufeld et al. 1978; Larsson 1979; Riding 1981; Jeppsson 1982,
1983; Kershaw 1987a, 1990; Fredholm 1988a, b; Bergman 1989; Sivhed
1990; Neuman & Kershaw 1991; Keeling & Kershaw 1994.

KUPPEN 2, 6370704 1687532, ca. 4140 m E of Ostergarn church. Map
56D Ljugarn. Cliff section, ca. 110 m NW of the easternmost tip of
Snabben, ca. 80 m WNW of Kuppen 1. For a detailed description, see
Hede 1929 and 1960.

Reference point: The left part of Hede's Fig. 13.

Reference level: The boundary between the lowermost, thick unit and the
0.3 m thick unit. The reference level is marked in the section.

Hemse Group, unit d.

References: Hede 1929, Fig. 13, p. 40, lines 1-13 from below; Hede 1960,
Loc. 39 pars, p. 79, lines 9-30; Laufeld 1974a, b*; Kershaw & Riding 1978;
Riding 1981; Laufeld & Martinsson 1981; Kershaw 1981, 1987a, b, 1990;
Jeppsson 1982, 1983; Fredholm 1988a, b; Le Hérissé¢ 1988, 1989; Bergman
1989; Kano 1990, 1994; Neuman & Kershaw 1991; Keeling & Kershaw
1994.

KUPPEN 3, ca. 4120 m E of Ostergarn church. Map 56D Ljugarn. Cliff
section ca. 170 m NW of easternmost tip of Snabben, ca. 70 m NW of
Kuppen 2.

Reference point: Marked on the cliff in red paint.

Reference level: The erosion surface at the top of the lowest biostrome.
Hemse Group, unit d and P. siluricus Zone at least 1 m above the third

biostrome.

References: Kershaw 1987a, b, 1990, herein*; Neuman & Kershaw 1991;
Samtleben et al. 2000.

KUPPEN 4, (CJ 7548 6668), ca. 4050 m E of Ostergarn church. Map 56D
Ljugarn. Cliff section ca. 280 m NW of easternmost tip of Snabben, ca.
170 m NW of Kuppen 2.

Reference point: Marked on the cliff in red paint.

Reference level: The base of the lowest biostrome.

Hemse Group, unit d.

References: Kershaw 1987a, 1990, herein*; Neuman & Kershaw 1991.

Outcrop No 9: Botvide 1

Target: The beginning of the Lau Event and the Late Ludlow
Hemse Group-Eke Formation boundary strata.
Description: Road-section along the Lau outlier. The
section exposes the uppermost Hemse Group (Botvide
Member, Nir Formation) and the lower Eke Formation.
The Hemse Group consists of thin-bedded, argillaceous
dolomite-rich (8-17%) limestones and marls (Munthe
1902, 1910; Munnecke 1997), partly rich in Dayia
navicula (brachiopod). The upper boundary is marked by
a discontinuity surface, overlain by coarse, conglomeratic
bioclastic grainstones of the Eke Formation. In the upper
part of this outcrop, massive reefal limestones with
abundant favositid corals, rugose corals, and bryozoans
are cropping out.

The discontinuity surface at the top of the Hemse Group
and the basal Eke Formation conglomerate occur across
most of Gotland but the conodont faunas indicate that
only a few decimetres of sediments are missing. At nearby
localities, the top Hemse decimetre(s) has a distinct fauna
with the brachiopod Shaleria aff. ornatella (described by
Munthe 1902) covering most bedding planes. Further,
in about the same interval, conodonts are rarer, small
specimens dominant, and Oz. excavata more frequent than
Oz. c. confluens. Neither of these faunal characters has been
found at thislocality, indicating that erosion has cut slightly
deeper here, at the northernmost exposure of the Hemse/
Eke boundary. About 20 conodont taxa existed on Gotland
when the main part of the Nar Formation was formed (its
topmost part was exposed locally in the road ditch when
the section was new). 15 of these taxa, including all with
platform elements, had become extinct or disappeared on
Gotland before the Eke begun to form (two taxa have been
found in the basal Eke but contamination from a reworked
Hemse conglomerate pebble can not be excluded). The
extinctions were probably stepwise like during the Ireviken
and Mulde events, but most of the expiring taxa were so
rare that it is difficult to identify the exact positions of the
datum planes. The youngest collected halysitid specimens
on Gotland were recently found here (by O. Sandstrém
and by LJ; further finds would be scientifically important).
As far as we know, these may well have been the last
representatives of this order. Similarly, major extinctions
affected most major clades during the Lau Event.

Isotope stratigraphy: Three isotope samples (each
consisting of shell material from several D. navicula)
located 5mm below the discontinuity surface have been
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measured for stable isotopes. The 8"C values of 1.5%o
indicate a position during the early part of the upper
Ludfordian A-period. No brachiopods were found in the
Eke Formation from Botvide 1. In Nyan 2, which is located
ca. 4 km to the SE, 6"*C values of 4.6%o have been recorded
in the lowermost Eke Formation (Samtleben et al. 2000).

Locality data

BOTVIDE 1, 6355803 1671542, ca. 2350 m NE of Lau church. Map: 56D
Ljugarn. A ca. 3 m high road cutting W of the road, SSW of the S house
at Botvide. Hede 1925, 1960 gave a detailed description. The section was
improved in May 1993 but has then slowly deteriorated.

Reference level: The Hemse-Eke boundary, marked by a basal Eke
conglomerate (see below). The position of this boundary undulates
strongly, from 2.25 m above the bottom of the ditch at the highest point to
only 0.5 m, 7 m further northwards.

Lithologies: Exposed Hemse consists of interbedded limestone and marls.
The contact between the main part of the Nar Fm and the Botvide Mbr is
indistinct (it is close to the bottom of the ditch). The distinct upper ca 0.5
m of the member was once referred to as the Dayia Flags (Munthe 1902)
because of coquinas of the brachiopods Dayia navicula in some beds and
a higher weathering resistance (it is dolomitic) than subjacent strata. This
“Dayia lithology” is found across Gotland and at most other localities is
overlain by ca 0.1 m of Shaleria aff. ornatella coquinas (Munthe 1910).
Eke Fm starts with a thin basal conglomerate of Hemse Marl pebbles. This
conglomerate is found at least as far SW as Malms 1. However, erosion
was slight, at the most c. 0.1 m of Hemse is missing here (see above).
It is overlain by more or less oncoidal crinoid limestone. The bedding
of the latter is disturbed and boulders and smaller grains of different
lithology are mixed. Cherns (1982, 1983) interpreted this as the result of
karst weathering. Due to the more weathering-resistant character of the
boundary strata, the Hemse/Eke boundary is exposed in several sections.
Age: Polygnathoides siluricus, indicator of the P. siluricus Zone, occurs up to
—1.40 m here, but to within 0.1 m below the base of the Eke at Malms 1 (its
frequency is below 1/10 000 specimens in the Botvide Mbr). Neobeyrichia
lauensis and N. scissa correlate the exposed strata with the ‘middle’
Ludfordian (or more precise, the Late Leintwardinian, Martinsson 1967,
and/or the earliest Early Whitcliffian).

Oceanic conditions: Strata below c. -2.15 m probably represent the
Havdhem Primo Episode; succeeding Botvide Mbr the early Lau Event;
the Eke the middle Lau Event. The event started at c. -2.15 m with Datum
1. As during other primo-secundo events, initially the conodont faunas
remained essentially the same as during the preceding Havdhem Primo
Episode, although large collections reveal some differences. P. siluricus
became exceedingly rare. About 50 % of the conodont taxa disappeared
during the time represented by the strata exposed. Most of these taxa
had a frequency of ca 1 % to <1%o, hence the position of the succeeding
datum points is not yet precisely known. The fate of other major clades is
less precisely known but literature data indicate substantial macrofaunal
differences between the main part of the Nar Fm and the Eke Fm.
References: Munthe 1902:41, lines 20-22, line 26 - p. 42, line 11 (incl. lists
of fossils); van Hoepen 1910:50; Hede 1925:45, lines 17-32 (incl. lists of
fossils); Hede 1960:80-81, Loc. 42; Martinsson 1962:57, 1967:370, line 21;
Fahraeus 1969:12, 14; Laufeld 1974a, b*; Jeppsson 1975:10, 1982, 1983;
Hurst 1975b; Larsson 1979; Laufeld & Martinsson 1981; Cherns 1982,
1983; Klaaman & Einasto 1982; Ramskéld 1986; Fredholm 1988a, b; Le
Heérissé 1988, 1989; Bergman 1989, 1995; Sivhed 1990; Young & Scrutton
1991; Sanford & Mosher 1994; Jeppsson & Aldridge 2000; Samtleben et
al. 2000.

Outcrop No 10: Bodudd 1 and 2

Target: The Lau Event and the Late Ludlow Hemse
Group-Eke Formation boundary strata in distal platform
environments.

Description: The three members exposed here are
lithologically and faunally easily recognised. The Botvide
Member (Nir Formation, Hemse Group) consists of
well-bedded more or less shaly, calcareous, dolomitic
mudstones, and a few very argillaceous limestones. The
member also includes a distinctly pale, 26 mm thick,
hard (resounding when a handheld slab is struck by the
hammer) dolomite layer. Further, the member includes at
least one typical Dayia navicula coquina bed (5-15 mm).
It crops out c. 15-20 m from the dolomite, in the direction
of the dip. Another 8 m away there is a thin limestone bed.
Near the top of the member, some beds are rich in small
cephalopods, and one interval is enriched in hyolithids (O.
Sandstrém, pers. comm.).

The lower Eke member consists of c. 2.55 m (O. Sandstrom
pers. comm.) of + unbedded dolomitic mudstones without
oncoids. The dolomite content in the lower Eke Fprmation
is among the highest observed on Gotland so far, and
varies between 15 and 22% (Munnecke 1997). The Hemse/
Eke contact is conformable in contrast to in more proximal
localities (compare Outcrop No 9: Botvide 1). Most of the
strata are markedly jointed, probably because they are at
or close to a disturbance (fault?). As a result, they weather
into angular pieces. Conodonts up to 0.15 m below the
assumed top of this member identify these strata as lower
Eke. Hede (1919) similarly identified a 1.57 m thick lower-
most Eke interval without oncoids in the Burgsvik core.
The middle Eke member consists of oncolitic mudstones.
It is exposed below the vegetation in the southern part of
the bay. Conodonts from 0.15 m above the first oncolites
identify these strata as middle Eke.

At Bodudd 2, south of the road and somewhat eastwards,
conodonts identify the strata as upper Eke member.
The thin-bedded argillaceous limestones and marls are
extremely rich in oncolites (see Plate 2/3 in Samtleben et
al. 2000), and contain a diverse, fully marine brachiopod
fauna (often preserved as nuclei of the oncoids). With
respect to conodonts, this member represents the worst
part of the Lau Event. The conodont fauna is closely similar
to those during the worst parts of the Ireviken and Mulde
events. All three faunas are strongly dominated by taxa with
coniform elements, chiefly a single taxon of the Panderodus
equicostatus group with very slender elements.

Isotope stratigraphy: Up to now, the strongest positive §°C
excursion (upper Ludfordian A-period) of the Phanerozoic
isreported on a global scale in thelate Silurian (summarised
in Munnecke et al. 2003). At Bodudd 1 6"*C values increase
continuously from 2.3%o (Botvide Member; lower part of
Bodudd 1) to 7.8%o in Bodudd 2 (upper Eke Formation)
(Samtleben et al. 1996, 2000).
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Locality data

BODUDD 1, 6329554 1644709, ca. 6220 m SW of Nés church. Map: 56B
Hemse. Shore exposure north of the point.

Reference point for the lower part of the section: The southernmost of the
six large Precambrian boulders found within ca. 10 m from the shore, ca.
80-90 m N of the fishing huts at the end of the road. The second boulder
is ca. 10 m further northwards.

Reference level: The Hemse-Eke boundary (Laufeld 1974b). There has
been some confusion regarding the identification of this level. Hence, a
physical distinct layer is selected here as: Auxiliary reference level for the
lower part of the section: The upper surface of the dolomite bed.
Reference point for the upper part of the section: The largest Precambrian
boulder with lichens, ca. 130 m S 56° W of the fishing huts. (There are
several nearly as big boulders further away.)

Auxiliary reference level for the upper part of the section, the strata nearer
to the contact between strata without and those rich in oncolites: The upper
surface of the most distinct, laterally continuous layer 0.52 m below the
first scattered small oncolites. Below the water it has a slippery dark brown
coating of recent alga with grassing traces. Two similar, but less distinct,
beds are found at +0.20 and +0.35 m, respectively. The frequency of on-
colites increases rapidly upwards.

Hemse Group, Néir Fm, Botvide Mbr. The upper part of the P. siluricus
Zone. Eke Fm, the boundary between the lower part and the middle part
is below the FAD of Pa. equicostatus at +0.67/0.70 m, that is, at or very
close to where the first oncoids appeared; it is also the boundary between
the lower and the middle subzones of the Icriodontod Zone.

Oceanic conditions: See the description of Botvide 1.

References: Munthe 1921, p. 25, lines 19-20, p. 26, lines 8-10 and 20-23;
Laufeld 1974a, b*, ¢, 1993; Larsson 1979; Jeppsson 1982, 1983; Cherns
1983; Ramskold 1986; Fredholm 1988a, b; Bergman 1989; Samtleben et
al. 2000.

BODDUD 2, 6329417 1644750, ca. 6300 m SW of Nis church. Map 56B
Hemse.

Shore exposure SW of the field road, ca. 750 m WNW of the triangulation
point at Skals. Bodudd 2 is located to the W of the tail of erratic boulders
in the sea.

Eke Fm, upper member.

References: Munthe 1921, p. 26, lines 2-3 from below; Laufeld 1974a, b*;
Larsson 1979; Cherns 1983; Bergman 1989; Sivhed 1990; Samtleben et al.
1996; 2000.

Outcrop No 11: Husryggen 4

Target: The Burgsvik Sandstone and oolite.

Description: Abandoned quarry exposing thick bedded,
massive to hummocky cross stratified sandstones overlain
by cross bedded, bivalve-rich oolites and oncolites (Plate
5/1). The boundary between the sandstones and the
overlying carbonates represents a major transgressive
surface and sequence boundary. The Burgsvik Sandstone

Plate 5

has been used at least since medieval time for sculptures
e.g. in churches. It has been famous as a grinding stone,
and large quantities have been quarried and exported. The
fossil content is variable but generally scarce (especially for
shelly fossils). Vertical burrows, various kinds of traces,
grazing tracks, and imprints of resting animals (plate
5/2) are observed, and document the activities of a vagile
benthic fauna in this environment. In the abandoned
quarry Uddvide 3 beautiful load casting structures can be
observed (plate 5/3). At nearby Kettelviken 1, the oolite
contains conodonts from the O. snajdri Zone, including
O. excavata, which had returned when these strata were
formed. It had been absent since the worst part of the Lau
Event and a period afterwards.

Isotope stratigraphy: No isotope data exist from this
outcrop. In the Burgsvik Sandstone, measurements of stable
C and O isotopes from brachiopods have been carried out
on samples from Kulhaken 2, Uddvide 3, Ronehamn 4, and
from Nars Hamn 3 and 4. The values vary from 7.0 to 8.7%o
for 8"°C, and from -4.7 to -2.6%o for 8**O, and are close to
the maximum values observed in the upper Ludfordian
A-period on Gotland. It might be interesting to note
that despite the fact that these brachiopods are sampled
from a sandstone with a high permeability (aquifer), no
indications for a fresh-water alteration of the isotope signal
are observed.

Locality data

Husryggen 4, 631571 164281, ca. 2110 m WNW of Sundre church. Map
56A Hoburgen.

Abandoned quarry about 10 m W of the road, SW and NE of a small road
leading down towards the beach, ca. 850 m S of the house at Klasens.
Reference level: The highest massively bedded sandstone bed below the
first accumulation of Pteronitella retroflexa.

Burgsvik Fm, uppermost part.

Reference: Stel & de Coo 1977%.

Outcrop No 12: Holmhallar 1

Target: Faro reef in the latest Ludlow (Sundre Formation)
just before the Klev Event.

Description: In the area around Holmbhillar a very special
reef type is exposed (cp. Fig. 2 in Samtleben et al. 2000).
The characteristic form is that of an atoll-like semicircle
(open to the NW) with a diameter of 0.5-1km, and with
distally dipping biostromal surfaces. In analogy to similar
structures observed in the Maldives this reef type is called
“faro” (Samtleben et al. 2000). On Gotland, this reef type
is only known from the uppermost Sundre Formation
(Samtleben et al. 2000). The reefs are composed of dense
stromatoporoid framestones and/or bindstones, and

1) The boundary (transgressive surface) between the Burgsvik Sandstone and the Burgsvik Oolite (both of Burgsvik Formation) at
Kittelviken. Note rugged and slightly irregular top of the sandstones.

2) Lower bedding plane of Burgsvik Sandstone with imprint of starfish (Palaeasterina). (Kettelvik Stenmuseum)

3) Load casting in the Burgsvik Sandstone (cut perpendicular to bedding; from the abandoned quarry Uddvide 3).

4) Vertical fissure in reef limestone (view from above), repeatedly opened and filled with sedimentary material during reef growth.
This is a typical phenomenon in the faro-like reefs of the Sundre Formation in southern Gotland (Holmhallar 1)
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crinoidal baftlestones, normally with a fine-grained matrix.
Occasionally, solenoporaceen algae are observed. The reef
rocks alternate with micritic or sparitic crinoidal limestones,
and coarse, partly conglomeratic grainstones. The interior
areas of the faros formed lagoons which were presumably
filled with soft sediments (not exposed). At least 5 of these
faros are known on Gotland, including Hammarshagehéllar
(ca. 1.5km toward the NE), Salmundsudd (ca. 3km toward
the NE), and the small island Heligholmen (the islet ca.
lkm SW of here). Conspicuous vertical fissures, up to
0.5m wide, cut radially and concentrically through these
reef rings. These neptunian dykes have been opened and
refilled with sediment material repeatedly (plate 5/4).
The faros were situated on the southeastern margin of an
extended stromatoporoid biostrome. During rising sea
level, they grew predominantly in SE direction, and due
to their increasing size/weight fissures opened, and were
repeatedly filled with sedimentary material (Samtleben et
al. 2000).

At least some of the strata here were deposited only slightly
before the Klev Event, the first secundo-primo event
detected (Jeppsson & Aldridge 2000). A better knowledge
about the faunal sequence during the Klev Seundo-
Primo Event is needed before it is possible to tell if the
discontinuity surface described by Kano (1989) and the
youngest sediments here were formed during that event.
Isotope stratigraphy: No isotope data exist from this
locality, or from one of the other faros. Isotope data from
the underlying biostrome at Hammarshagehillar 3 (8"°C =
2.13%o) indicate a position in the uppermost part of the
upper Ludfordian A-period.

Please note that hammers are strictly forbidden.

Locality data

HOLMHALLAR 1, 6314268 1651201, ca. 5670 m SE of Vamlingbo church.
Map: 56A Hoburgen. The sea stack area mapped in detail by Manten 1971,
his Enclosure 2.

Reference point: The coordinates given above refer to Manten’s observation
point No. 228 at the very characteristic sea stack SSE of the letter W in
his map. It is recommended that Manten’s numbered observation points
in his detailed map are used as reference points in all serious studies at
Holmbhiillar 1 (e.g. Holmhallar 1:228). Reference point 228 is located at the
characteristic sea stack resembling an anvil with a hole through its central
part. It is easily seen from the field road and is figured in a coloured post-
card to be obtained at the boarding-house at Holmhallar.

Sundre Fm. O. crispa Zone.

References: Lindstrom 1890, p. 30, last line, p. 33, line 8, p. 38; Hennig 1906,
p. 44, line 11 from below; Munthe 1921, Figs. 73-75, p. 67, line 5 from
below; Jux 1957, PL. 3; Rutten 1958, Figs. 16-18; Mori 1970. p. 30, Loc.
154; Manten 1971, pp. 181-189, 191-205, Figs. 79-83, 86, 88, 90-91, Encl.
2; Laufeld 1974a, b*; Franzén 1974, 1983a; Laufeld et al. 1978; Larsson
1979; Laufeld & Bassett 1981, Fig. 8; Laufeld & Martinsson 1981; Riding
1981; Jeppsson 1982; Ramskold 1983; Le Hérissé 1988, 1989; Bergman
1989; Kano 1989 (detailed map), 1990, 1994; Fredholm 1989; Neuman
& Kershaw 1991; Kershaw & Keeling 1994; Kershaw 1998; Jeppsson &
Aldridge 2000; Samtleben et al. 2000.
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