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Introduction
The marine Lower Palaeozoic succession of the Oslo Region is approximately
1,250 m thick and is overlain by a similar thickness of late Silurian red beds. This
sedimentary suite is exposed within a NNE-SS\Ø trending graben (Fig. 1) which
appears to have developed mainly in the Carboniferous and Permian'(Ramberg
& Spjeldnæs 1978, Olaussen 198ia). Regional facies mosaics and thickness
variations in the Lower Palaeozoic succession reflect the foreland character ofthe
Oslo Region between the developing Caledonide orogenic zone (Nicholson 1979)
and the cratonic development seen further east on the Baltic Shield. These features
prompted Størmer (1967) to suggest that Lower Palaeozoic sediments were
deposited in an inuacratonic syneclise which corresponded generally to the younger
Permo-Carboniferous graben stnrcture. Størmer tentatively associated this syneclise with other Lower Palaeozoic basins along the southwestern and southern
margins of the Baltic Shield (e.g. in Scania and Poland). An alternative hypothesis
by Ramberg (1976) rather suggests the development of the Oslo Region as one
of a series of offset fault-bounded basins along the margins of the shield area. Both
authors clearly supposed that the margins of the Oslo Region's Lower Palaeozoic
basin structure were generally coincident with those of the later Permian graben.
Lower Palaeozoic sequences are exposed throughout the region between Permian
intrusive and extrusive complexes- Interpretation of the original geographical
relationships of present exposures is complicated by eadier Caledonian deformation which had markedly different effects throughout the region. Exposures in
southern districts show gentle dips, but IüøSIüø-ENE striking folds increase in
intensity northwards to Mjøsa where Lower Palaeozoic rocks are exposed in highly
deformed parautochthonous sequences immediately adjacent to major southeastwards directed thrust planes (Nicholson 1979, Nystuen 1981). The appreciable
crustal shortening produced by Caledonian deformation must be borne in mind
when assessing the lateral facies variations observed in present exposures. In spite
of these complications, exposures are both widespread and often exceptionally
fossiliferous. These features make the region an excellent area for detailed
stratigraphical studies and many contributions through the last 1)0 years have
produced progressively more refined correlations of the Lower Palaeozoic succession (see review by Henningsmoen 1960).
Although the age relationships of Cambrian and Ordovician sequences are
relatively well understood, Silurian rocks have hitherto been poorly dated and their
facies mosaics have often been misinterpreted because of erroneous intraregional
correlations. This situation has developed, ironically enough, as a result of the
monumental work of Kiær (1908) which described in detail the marine Silurian
succession

of the Oslo Region. Kiær's impressive descrþtions and

advanced

interpretations of regionol facies patterns had such o greût impact that his work
was long accepted as a definitive treatise on this part of the Lower Palaeozoic
sequence. Much scientific activiry was consequently directed to Cambrian and
Ordovician units and only isolated aspects ofthe palaeontology and geology ofthe
Silurian succession have been described in the last 75 years. Key reviews of the
Silurian sequence in parts or all of the region are those of Henningsmoen (1960),
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conglomerate'. Kiær subdivided his major units using an alphabetical subnotation
(e.g.6a,6b) and further subdivisions were based on the Greek alphabet (e.g. 6b0)
with numerical subscripts (e.g. 6b0r). He often complemented this procedure with
descriptive names for each subunit in order to highlight characteristic fossils (e.g.
6b, Ringerike: 'Die Zo¡e mft Rhyncbonella \Y/eaueri'). Many such units are in
reality lithologically based, and Kiær's 6b in Ringerike is a sandstone-dominated
unit between two more shaly sequences.
Kiær also defined units on a mixed litho- and biostratigraphical basis ('Die
Zone¡ Sa-b oder der Monograptusschiefer') or only on lithological character ('8d:

DieZonen mit dem Malmøkalk').
Kiær (1920) subsequently adopted a different approach to the stratigraphical
of the Silurian succession in a paper describing algae from the
Ringerike district. He there introduced a classification based on 'groups' (e.g. the
Stricklandia and Pentamerus groups in his Lower Silurian Séries) and he also
introduced some zonal subdivisions without using numerical designations.
Flowever, thlse zones were also based on both litho- and biostratigraphical criteria
(e.g 'the zone with the finely nodular Rltyncbonella nucula limestone'). He
promised a more comprehensive presentation of these new divisions, but other
research and administrative duties prevented this work, Subsequent papers on the
Silurian sffatigraphy of the region followed Kiær's original numerically and
alphabetically based subdivisions with their descriptive names. Flowever, the
groups proposed by Kiær (1920) were redefined as 'series' (Holtedahl 1953,
Strand & Størmer 1955, Henningsmoen 1960). The resultant stradgraphical
scheme for the Silurian rocks of the Oslo Region included subdivisions grouped
into the Stricklandia (Stage 6), Pentamerus (7) and Lower (8) and Upper Spiriferid
(9) series. Although recognizing the mixture of lithological and faunal criteria used
for the definition of these units, Flenningsmoen (1955) suggested that they could
be assigned chronostratigraphical relevance, and this view has been followed by
mosr workers until recenrly. Strand & Størmer (1955) also introduced a
lithostratigraphically based terminology for the northern districts of the region,
based on information which was published subsequently by Skjeseth (196r.
Stages 6 and 7 were originally correlated by Kiær (1908) with the British Lower
and Upper Llandovery, Stage 8 with the \Øenlock and Stage 9 with the Ludlow.
Subsequent studies of vertebrate and other faunal elements (e.g. Henningsmoen
19 5 4, Heintz I 969, Bassett &. Rickards 1 97 1, Bockelie 197 3 and Turner & Turner
1974) rather suggest that the eàtire marine sequence should be assigned to the
Llandovery and \Øenlock, the transition to the ovedying red beds occurring close
to the 'ùTenlock-Ludlow boundary. Continual revisions of the biostratigraphical
'Wenlock
zonation of Llandovery and
sequences elsewhere have produced a
detailed framework which now enables relatively precise correlations to be made
throughout the Oslo Region between different sedimentary facies. Of especial note
are works on graptolites (Bjerreskov 1975, Rickards 1976), brachiopod phyletic
lineages (\Øilliams lgll,Zieglet 1966, Rubel 1977,Johnson 1979 andÀ.{.ørk
1981), conodonts (Aldridge 1971) and other microfossils (Aldridge et al. 1979).
Important biostratigraphical syntheses have also been presented by Ziegler, Cocks
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with thin shaly partings; these grade up into thinly interbedded sandstones and
shales, with limestone intercalations uppermost marking the transition into the
overlying Rytteråker Formation. Other exposures further north in Brumumddalen
(PN076586) and on Helgøya indicate an essentially similar, but thicker devel-

opment (15 to 30 m).
Deposi

tional enuironments

Basal sandstones and shales in the Ringerike and Skien districts reflect the eady
Silurian transgression of these areas. Sandstones in the middle of the formation
represent a subsequent progradational episode and deposition in coastal environ-

ments. The upper parts of the unit in both areas suggest renewed transgression,
with a gradual transition from clastic to carbonate-dominated sedimentation.
Exposures in Hadeland suggest a similar depositional history. The thin sandstones
of the Helgøya Quartzite Member in the Toten, Flamar and Ringsaker districts
reflect the transgression.of an area which had been emergent throughout the late
Ordovician. This development appears to correlate with the upper part of the
Sælabonn Formation in its type area. In all districts the transition to the overlying
Rytteråker Formation suggests a complex and irregularly diachronous cut-off of
coarse clastic supply as a result of continuous transgression. The faunas of the
formation are reminiscent of Benthic Assemblages I to 3 of Boucot (1975).
Age

Rhuddanian to Idwian age is suggested in the type area by brachiopods
(Thomsen 1981) and conodonts (RJ. Aldridge, pers. comm. 1981). The occurrence of Borealis borealis around the junction with the overlying Rytteråker
Formation indicates a middle Idwian age for the uppermost beds of the Sælabonn
Formation in its type area (Mørk 1981). However, the base of the formation has
not yet been definitively dated.

.A general

THE RYTTERÅTTN TONV¡NON

Definition
The name of this formation is derived from Rytteråker Farm (NM699594) onthe
west coast of Tyrifjorden in the Ringerike district. The formadon's character is well
demonstráted in this type area, especially in coastal exposures around Limovns-

tangen, a peninsula 1 km south of Rytteråker Farm.
The Rytteråker Formation is essentially equivalent to 7a and 7b of Kiær (1908)
throughout the Oslo Region. Our formational proposal replaces the term
'Pentamerus Limestone'
"which has been widely used subsequent to Kiær's work.
\Øhereas many workers (e.g. Henningsmoen 1960) have applied this term in a
sense which generally conforms to our Rytteråker Formation, Kiær applied it only
to those restricted parts of our Rytteråker and overlying Vik Formations which
contain abundant pentamerids. This varying usage prompts our rejection of the
name 'Pentamerus Limestone' in spite of its priority. Pending the results of our
work, Owen (1973) andHøy & Bjørlykke (1980) used the informal terms 'Engen

limestone' and 'Limovnstangen formation'

in the Hadeland and Hamat/
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formation in Ringerike, Flolmestrand and Skien contain faunas characteristic of
Benthic Assemblages 4 and 5 of Boucot (197 ,). The presence of abundant corals
and stromatoporoids (and associated benthic algae) typical of Benthic Assemblage
3 suggests the development of shallow marl banks in the Garntangen Member of
the type area. A comparable unit in Holmesrand comprises a bioclastic shoal rich
in pentamerid and coral debris. Interpretations of the local red colour of the Vik
Formation's shales will be discussed further below (p. 50).

Agt

Our correlation of the unit is based both upon occurrences of the brachiopods
Pentørterus, Pentanteroides and Costi¡tricþlandia and on conodonts (R. J. Aldridge
pers. comm. 1981). The brachiopods suggest that the Garntangen Member may
be equivalent to the Ca/C5 uansition in the British t.q,.r.nt. and conodonts
indicate a slighdy older (Ca) age for the base of the Vik Formation. A markedly

diachronousíop is suggested, ranging from mid-C' equivalent in Ringerike to late
C5 in Oslo (Fig. 5).
THE EK FORMATION

Definition
The formadon's name was proposed by Skjeseth (196ï; its name is derived from
Eksberget (PN0S7355) on the island of Helgøya in the Hamar district. The Ek
Formation is approximady 95 m thick in this rype area; exposures assigned herein
ro the Ek Formation are dominated by greenish grey to dark grey (often
graptoliferous) shales.

lüØe

consider the Ek Formation to comprise all units assigned

by Kiær (i908) to stage 7c in Hadeland, Toten, Flamar and Ringsaker and we
retain Skjeseth's concept of the formation. Exposures in the Hadeland district show
a transitional development to the Vik Formation but are more like the development of the Ek Formation in its type area; we therefore incorporate the informal
'Askilsrud shale' of Owen (1978) from Hadeland within our Ek Formation.
Poor exposure and complex tectonics make a satisfactory definition of the
formation difficult. The rype section proposed by Skjeseth (1963) along the 'new
road' (Kiær 1908: Fig. 100) at Eksberget is now largely overgrown, but no better
exposures are known at present. The base of 7 c at Eksberget was described by Kiær
at the transition from red nodular limestones and shales (here assigned to the
Rytteråker Formation) to greenish grey marly shales with darker grey graptoliferous horizons. Kiær noted approximately 95 m of such shales, the lower 65 m with
numerous graptolite horizons and the upper l0 m with a sparse shelly fauna. The
nature of the top of the Ek Formation is poorly understood on Helgøya. The
boundary with the overlying Bruflat Formation is best seen in this latter unit's basal
srratotype in the Toten district.
Otlter occurrencet
Several small exposures are seen in the Ringsaker district around Torsæter Bridge

20 km north of
Eksberget. Exposures there are highly tectonised and dark grey graptoliferous

in Brumunddalen (PN077584 to PN0775S9) approximately
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I enuironnentr

The shales of the nothern districts were deposited in deep water environments distal
ro the prograding sandy deposits of the ovedying Bruflat Formation. This foredeep
passed laterally southwards into shallower shelf environments with the mixed
carbonate and mud facies of the Vik Formation. The Hadeland exposures reflect
this transition, but are on balance more akin to the Ek Formation.

Agt
Re-examination of Kiær's collections from his 'new road' on Helgøya and of new
collections from Toten suggest that the base of the Ek Formation in its type locality
should be correlated with the upper part of the rispas Biozone. Kiær (1908:416)
recorded a'Zone with Monogrøptu.r turrict¿latt¿s and Petalograptu palmeøt' ftom
a horizon 2.7 m above the base of the Ek Formation. \7e consider this zone to
contain a griestonenù¡ Biozone fauna. Graptolites indicate a probable maximus
Biozone age for the base of the Ek Formation in its hypostratotype in Hadeland.
A tørricølatu.r Biozone fauna is seen 5 m above the base of the formation. Two
poorer faunas 3 m and 3.5 m above the base suggest correlation with the maximu¡
Biozone. Alow crenulataBiozone age is suggested by graptolites from the top of
the unit in Hadeland and Toten; sparse shelly faunas support this conclusion,
indicating an equivalence to the Cr/Ce transition.
THE BRUFLAT FORMATION

Definition
\Øe here adopt, define in detail and extend the use of the formational unit proposed
by Strand & Størmer ( 195 5) and Skjeseth (196Ð for Toten, Hamar and Ringsaker,

with its name derived from Bruflat (NN877256) in Toten. Kiær (1922)
introduced the term 'Mariendal Series' for rocks which we assign to this unit in
the Ringsaker district; Kiær's term has never been widely used, whereas the Bruflat
Formation is now generally accepted. The informal term 'Mariendal Beds' was
used by Ramberg & Spjeldnæs (1978) for units which we assign to the Bruflat
Formation. IüØe here geographically extend Skjeseth's (1963) formational concept
to include units assigned to 8a and 8b by Kiær (1908) in Ringerike and Hadeland.
Because of incomplete exposure and complex tectonics, a single type section
cannot be designated. The type area around Bruflat shows a tightly foldeci and
faulted series of anticlines and synclines exposing various parts of the unit. Best
exposures are seen in several road and railway cuttings between Eina (NN875229)
and Reinsvoll (NN884281). The base of the formation is defined in the southern
end of a railway cutting (NN875238), 800 m nonh of Eina Railway Station. A
composite section has not yet been satisfactorily established in the rype area, but
a thickness of 400-550 m is suggested (Fig. 14). The formation is characterised
by varying proportions of sandstones, siltstones and silry shales. The lower part
of the formation in the type area consists of medium to thickly bedded very fine
calcareous sandstones and silry shales, the base ofthe formation being deñned by
the first occurrence ofsandstones. Many ofthe sandstones have erosive bases, and
show planar lamination passing up into rippled tops. The upper 200 m of the
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Agt
The faunal evidence suggests a marked regional diachroneity of the Skinnerbukta
Formation's lower and upper boundaries, which became older from Malmøya to
Skien. Graptolite faunas in the type section suggest that the base of the formation
there is approximately correlative with the Llandovery/\ùØenlock boundary,
although the basal 10 m (8a of Kiær 1908) may possibly be assigned to the latest
Llandovery crenalata Biozone. Revision of the correlation of Bassett & Rickards
(I97 I) suggests that elements typical of the Venlock centrifugus, marcltisoni and
riccørtonen¡i¡ graptolite Biozones are found upwards through the formation on
Malmøya and its upper parts extend into the rigidu Biozone. Both the base and
top of the Skinnerbukta Formation become progressively older southwards, and
benthic faunas near the top of the formation in the Skien district contain elements
which, as noted under our discussion of the Bruflat Formation, are rypical of the
uppermost Llandovery @.g. Cotistricþløndiø lirøtø lirøta, Paløeocyclu porpita
and l¡orthis ncþenzii).
Comparison with Ringerike suggests that the Skinnerbukta Formation in its
type area is laterally equivalent to the (combined) uppermost parts of the Bruflat
Formation, the entire Braksøya Formation and the lowermost parts of the
Steinsf]orden Formation of the latter district. This complex facies mosaic will be
further discussed below.

THE HOLE GROUP
The group's name is based on the municipaliry of Hole in the Ringerike district;
the group comprises the carbonate-dominated sequences which constirute the
upper parrs of the marine Silurian succession in the central, western and southern
districts of the Oslo Region. These sequences are assigned to our new Braksøya,

Malmøya and Steinsfiorden Formations. Representatives of the group are not
preserved in the northern districts of the region.
The base of the group is generally coincident with the base of 8c of Kiær ( 1908).
In Ringerike, Modum and Skien this corresponds to the base of our Braksøya
Formation and the boundary stratotype for the base of the Hole Group is that
defined herein for the Braksøya Formation in Ringerike. The junction with
underlying Bærum Group is sharply defined there. In other districts (Oslo, Asker
and Holmestrand) the group's base corresponds to the base of our Malmøya
Formation, with a gradational lower junction. The composite thickness of the
group is 27 5 m in Ringerike atd 240 m in Asker, thinning southwards to 120 m
in Holmestrand and 170 m in Skien. The group's top is not preserved in the Oslo

district, but its upper boundary to the Ringerike Group in other districts
corresponds to the gradational junction between stages 9 and 10 of Kiær (1908).

The Hole Group is correlated with most of the Sheinwoodian and Homerian.
base is diachronous, younging from Skien and Ringerike to the Oslo district
and its top is placed somewhat below the Homerian/Gorstian boundary in the
Ringerike district. Several workers have suggested large-scale regional diachroneiry
of the junction between the Hole Group and the overlying Ringerike Group (e.g.

Its
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consists of a 3 .5 m thick, black, bituminous shale with in ¡itø tabularc corals and
stromatoporoids; individual colonies over 1 m3 in size are present.
The upper, well-bedded member is 10 m thick in the formation's type section

and consists of thickly bedded limestones with marly partings and occasional
desiccation cracks. Thinly (algal?) laminated limestones (with fenestral fabrics and
pseudomorphs after evaporite nodules), coral biostromes and oncolitic biosparites
also occur. The top of the Braksøya Formation is taken below the first appearance
of thinly interbedded limestones and shales here assigned to the overlying
Steinsfiorden Formation.
Otlter occurrence¡

The complex and varied developmenr of the Braksøya Formation is well
demonstrated in several exposures elsewhere in the Ringerike district (Geitøya
NM6956, Storøya NM7057 and Sønsterud NM7251). \Øherever it is exposed,
the contact with the underlying Bruflat Formation is erosive. As might be expected,
the patch reefs and marls in the lower member of the formation show variable local
developments, and in some exposures this member consists of only one of these

lithofacies.
Exposures in Modum and Skien are provisionally included in the Braksøya
Formation. ,4. lower biohermal member is well developed in both districts
(especially at Kapitelberget,NL3í7628 in Skien). Flowever, the upper part of the
formation in both districts contains interbedded limestones and shales similar to
those assigned to the Malmøya Formation in the Holmestrand and central districts
and unlike those of the upper member at Ringerike.

Depotitional enaironmen t¡

A.ll exposures assigned to the Braksøya Formation indicate the establishment of
marginal marine carbonate depositional environmenrs following a short (and
biostratigraphically indefinable) period of erosion (and ?emergence) near the
Llandovery/NØenlock boundary. The fauna and flora of the patch reefs indicate
shallow, clear water, marine environments; however, both the restricted character
of the flora and fauna and the occurrence of evaporites in marl sequences at
Ringerike suggest periodic hypersaline conditions. Desiccation cracks and evaporitic pseudomorphs seen in the upper parts of the formation in the rype area also
indicate intra/supratidal depositional environments. Such features have not been
observed in the Modum and Skien districts and this suggesrs deposition in more
distal marine environments. Faunas are comparable to those assigned to Benthic
Assemblages 2 and 3 by Boucot (1975).
Agt
Brachiopods, corals and ostracodes seen in the rype section of the Braksøya
Formation contain no diagnostic Llandovery elements, and the base of the
overlying Steinsfiorden Formation contains brachiopods (including Eocoelia
angelini) with a Sheinwoodian (riccartonen¡i¡ Biozone) age. Faunal elements
therefore suggest a low Sheinwoodian (pre-riccartonen¡i¡ Biozone) age similar to
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that of the Upper Visby Beds of Gotland (Bassett & Cocks

197 4) . The occurrence
of Eocoeliø angelini in the upper part of the Braksøya Formation in the Skien district
suggests a somewhat later transition there to beds assigned to the Steinsfiorden
Formation. Thus, the Braksøya Formation in its type area is considered to be a time
equivalent of the Skinnerbukta Formation in the Holmestrand and central
districts. The development in Skien overlies beds assigned to the Skinnerbukta
Formation; the top of the Braksøya Formation in this district is approximately
correlative with the junction between the Skinnerbukta and Malmøya Formations
of Holmestrand and the central districts (Fig. 5).

THE MALMØYA FORMATION

Definition
Kjerulf (1857) introduced the term 'Malnøya Litne¡tone and Shøle' for exposures
of his stage 8 on Malmøya in the Oslo district. Kiær (1908) assigned the lower
(more shaly) part of Kjerulfs's unit to 8c and the upper massive limestones to 8d;
he applied the term 'Malmøyalimestone' both to the latter limestones and to units
he assigned to 8d in Asker, Holmestrand and Skien. Kiær's practice was also
followed by Strand & Størmer (1955) in their definition of the 'Malmøya
Limestone'. Our redefinition and use of the Malmøya Formation is based on
Kjerulfs original designation; both Kiær's and subsequent applications of this
term only to the upper part of Kjerulls unit are rejected. Our use of the Malmøya
Formation therefore generally corresponds to Stages 8c and 8d of Kiær ( 1908) in
Oslo, ,A,sker, Eiker and Holmestrand. Only the lower and middle parts of the
Malmøya Formation are exposed on Malmøya and. these represenr the youngest
Silurian strata preserved in the Oslo district. The basal srrarorype defined on
Malmøya (NM985382) is therefore supplemented with a parastratotype frorrr
Gjettum in the Asker district (NM875449). The formation is approximately 35 m
thick at Gjettum (Fig. 17), and both its base (Malmøya) and top (Gjettum) are
gradational. The base is defined on Malmøya at the first development of
continuous limestone beds above the graptoliferous shales with marly horizons of
the undedying Skinnerbukta Formation. The lower part of the formation (8c of
Kiær) shows varying proportions of continuous, nodular and lenticular limestone
beds, all with interbedded shales. These grade up into thickly to massively bedded
biosparitic limestones and faunal diversity increases correspondingly. The lower
and middle parts of the formation at Gjettum show a similar development to beds
preserved on Malmøya; the massive limestones seen in both areas grade upwards
in the Gjettum section into coral and stromatoporoid biostromes and biosparrudites high in the formation. These show a gradational conraff with the thinly
interbedded micritic limestones and shales (with a more restricred fauna) which
wc assign to thc ovcrlying Steins$ordcn Formation.
Otlter occurrences

The Malmøya Formation is also exposed on Kommersøya (NL7499) and at Sando
(NM738015) in the Holmestrand district; its base there is obscure and the junction
with the underlying Skinnerbukta Formation may be faulted. As in the type area,
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Group, younging from Ringerike towards Asker and the south. Studies of
thelodonts found in the A.sker district (S. Turner pers. comm. 1982) may resolve
this question.

THE RINGERIKE GROUP

Red beds assigned to the Ringerike Group have a conformable and gradational
contact with the Steinsfiorden Formation in the Ringerike, Asker, Flolmestrand,
Eiker and Skien districts. The Ringerike Group is in turn uncomformably ovedain
by sediments (the Asker Group of Dons & Györy 1967, Henningsmoen 1978)
and/or lavas. The A.sker Group was previously thought to be Permian in age, but
fusulines found recently have a mid/late Carboniferous aspect (Olaussen 1981a).
Kiær (1908) assigned the red beds of Ringerike to stage 10 and suggested a
Devonian age. Subsequent work concentrated on the remarkable fauna of
agnathans, crustaceans and eurypterids in the lower parts ofthis red bed sequence

(Kiær 1!11, Kiær 1924, Størmer 1934a, Størmer 1935, Heintz 1939 @nd
Hanken & Størmer I97r). Agnathans were also described from similar red beds
onJeløya on the eastern side of outer Oslofiorden in the Holmestrand district (Kiær
l93l,Heintz 1974). The entire red bed development was for many years assigned

to stage 10 in most works (e.g. review of Henningsmoen 1960), but later workers
called the sequence either the Ringerike Formation (Spjeldnæs 1966), the
Ringerike Sandstone Series (lVhitaker 1966) or the Ringerike Sandstone (Heintz
1969). Knowledge of the lithostratigraphy and sedimentology of this red bed
development has been greatly increased by the work of 'Whitaker (1964, 1965,
1966, 1980), Turner (1974a, b, c) and Turner &'\)ü'hitaker (1976). These studies
were chiefly directed towards the Ringerike district, although Turner (1974a) and.
Turner &'Whitaker (197 6) also presented information on Asker and Holmestrand.
Turner (I974a) proposed the Ringerike Group to embrace all red bed units
earlier assigned to stage 10. The group comprises an approximately 1,250 m thick
sequence of red siltstones and sandstones in its rype area in the Ringerike district.
Turner also defined the Sundvollen (lower 500 m) and Stubdal, (upper 750 m)
Formations within the Ringerike Group in its rype area. The rype section of the
Sundvollen Formation on the western slopes of Kroksund (NM7259) consists
mostly of red siltstones and sandstones arranged in fluvial upwards fining
sequences. Interbedded marine mudstones and limestones of tidal inlet origin
suggest coastal plain to estuarine environments. The Stubdal Formation's type
section in Stuvdal (NM7766) is dominated by sandstones (with intraformational
conglomerates), reflecting deposition by braided stream systems prograding over

the more fine-grained deposits of the underlying formation.

Palaeocurrent

indicators and the petrology of sandstones in þoth formations suggest drainage
systems with sources in the developing Caledonides to the north and nonhwest
of the present Ringerike district (Turner & lù(/hitaker 1976). The maximum
preserved thickness of the Stubdal Formation is seen at Stuvdal; when traced
southwards the preserved thickness of the formation decreases rapidly because of
pre-Carboniferous tilting and erosion.
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Units assigned by Turner (1974a) to the Ringerike Group in the Asker district
at Kolsås show a broadly similar stratigraphy to that of the type area, although
the total thickness of the group there is only 500 m. The Sundvollen Formation

is 100 m thick and consists of siltstones and mudstones with minor sandsrones;
there is no clear organisation of these components. An estuarine environment was
suggested by Spjeldnæs (1966) and Turner (1974a) also noted that the transition

from marine to red beds was more gradual at Kolsås than in Rinþerike. The
Stubdal Formation consists of finer grained sandstones than those seen in the type
area, although the mineralogical content is similar in both Ringerike and rtsker.
Thus the entire Ringerike Group in Ringerike and A.sker is regarded as a south
to southeastwards prograding unit.
The Holmestrand Formation of Turner (I974a) is exposed on both the easr
Çeløya) and west coast of outer Oslofjorden in the Holmestrand district. Turner
defined the type section of the formation between Engenes and Smørstein
(NL723999) in the Holmestrand area. An approximately 600 m thick sequence
is dominated by medium-grained sandstones with extraformational conglomerate
clasts, a development which Turner & \Øhitaker (1976) contrasted with the red
beds seen in the Ringerike district. They suggested deposition of the Holmestrand

Formation's sandstones by braided streams draining wesrwards, citing clast
composition and sandstone mineralogy as suggesting the erosion of Precambrian
basement complexes to the east of the Oslo graben. This interprerarion conmasrs
with the results of other workers (F. Andreasen pers. comm. 1978) which suggest
deposition of the Holmestrand Formation on coastal floodplains with palaeoccurrents from the northwest. Ân explanation of these conflicting views is suggested

by recent studies of the junction between the Ringerike and ,tsker Groups
(Olaussen 1981a); these indicate that some of the red beds assigned by Turner &
'ùØhitaker to the Holmestrand Formation may in fact be Carboniferous in age.
More detailed work is cleady necessary; and studies of the metamorphosed
300 m-thick sequence generally assigned to the Ringerike Group in Eiker and
Skien are also needed before reliable palaeogeographical interpretations can be
presented.

Early descriptions ofthe agnathan and arthropod faunas in beds assigned to the
basal parts of the Ringerike Group in its rype area followed Kiær's (1911)
assumption of a Downtonian age. Later works (Heintz 1969:25 , Turner E¿ Turner
1974:l9O) suggested an eady Ludlow age for the same units. However, as the
youngest marine faunas found in the Steinsfiorden Formation are now thought to
indicate a nøsrt Biozone age, the lowermost red beds could be also of rü(/enlock
age. Turner (1974a) considered the Holmestrand Formation to be age equivalent
to the Stubdal Formation of Ringerike, but we have no data on the age of the
marine to red bed transition in Holmestrand. ,{ fossiliferous horizon found in the
lower parts of the Holmestrand Formation at Smørstein by Prof. G. Henningsmoen contains a plectambonitacean brachiopod and a single poody preserved
chitinozoan with 'a general Ludlow aspect' (S. Laufeld pers. comm. 1980).
,tgnathans found onJeløya(NL953923) suggest an early Downtonian age (Heintz
I974); although these finds are from the lower parts of the 230 m-thick exposed
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Brenchley & Newall i980). The local development of channel structures (with
conglomerate and breccia infills) cutting into these shoals was interpreted as
indicating contemporary folding in the Oslo and Asker districts by Kiær (1902)
and Spjeldnæs (1957). Later workers (e.9. Lervik 1970, Brenchley & Newall
197 5) have found litde evidence for folding, and the channel development may
reflect both eustatic fall in sea-level and local adjustments along block margins
in the undedying basement. The conglomeratic infills of many channels were
probably formed by the erosion of intermittently (?tidally) exposed beach-rock on
shoal crests. However, large blocks of sandy limestone seen locally (e.g. in channels
on Hovedøya in the Oslo districts), may rather reflect minor local tectonic uplift
and somewhat more prolonged subaerial erosion of these shoals. Local thickness
variations and synsedimentary deformation structures in this sequence may also
indicate small scale movements in the Ashgill.
Earlier workers have often advocated the presence of a 'Telemark Land' as a more
or less permanent feaure along the western margins of the Oslo Region throughout
the LowerTPalaeozoic. Bjødykke (I974a) envisaged this area as consisting of a
positive arch with sand shoals separating the Oslo Region's syneclise from the
geosynclinal development to the west. Brenchley and Newall (1977) further
suggested that these shoals prograded eastwards in the course of the Âshgill
regression. However, facies patterns in the Ashgill and Rhuddanian successions
of the easternmost Oslo district may also reflect the presence of similar shoals over
positive areas to the ea¡t of the margins of the syneclise, with the Ashgill regression
producing progradation over both western and eastern margins of the depositional
basin.
Tbe early Silarian tranryression of the Oslo Region
Shales and minor thin siltstones of the Solvik Formation directly ovedie the
contrasting sandstones and oolites of the Ashgill Langøyene Formation in the Oslo
and Asker districts (Brenchley & Newall 197 5). No basal conglomerates have been

found

-

indeed, the shales of the Solvik Formation locally drape over the margins

infill the central parts of channels developed (but not completely filled) during
the deposition of the underlying unit. The rapid and large-scale nature of the
transgression producing these basal shales is suggested by the graptolites and
relatively distal quiet-water benthic faunas found immediately over rhe formational base. This transgression may be related to the melting of the Gondwanaland ice-cap at this dme (Brenchley & Newall 1980). Graptolites suggesr rhat
the transgression occurred at some time within the early Rhuddanian (either
and

peaculptas or acuminatur Biozones),
Earlier accounts have suggested a gradual continuous transgression ofthe Oslo
Region throughout the early Silurian (e.g. Spjeldnæs 1957, Bjørlykke 1974a) so
that the basal deposits of our Sælabonn Formation in Ringerike would correlate
with the upper parts of the Solvik Formation of Oslo and Asker. Present evidence

(Fig. 5) rather

suggests

that marine depositional environments were rapidly

established in the eady Rhuddanian in all but the northernmost districts of the
region, with coastal deposits of the Sælabonn Formation in western and southern
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slope environment with deposition of distal turbidites' and later (Bjørlykke
op.cit.:31) he envisaged the unit as representing'a true deltaic facies'reflecting
' . . the initiation of a period of delta sedimentation, which gradually filled up
the shallow sea with clastic sediments'. Although the lower parts of the formation
in the type area in Toten do show features which may be compatible with
Bjørlykke's model, its upper parts rather suggest that an initial rapid progradation with high sedimentation rates was followed by stabilization and the
establishment of a wave-dominated clastic shelf environment characterised by
extensive reworking of sediments and faunas in the uppermost Telychian. Initial
progradation rapidly filled the foredeep established during the Fronian in the
norrhern districts but this was followed by a change in depositional regime; neither
delta top nor coastal environments are suggested by the uppermost development
of the formation in the northern districts.
The Bruflat Formation in the Ringerike district shows a somewhat similar
(although thinner) coarsening and shallowing-upwards sequence to that seen in
the type area. Siltstones and shales deposited below storm-range wave base grade
up into wave-reworked sandstones and siltstones with minor shales. The faunas
also suggest a shallowing-upwards trend, but the most proximal faunal associations seen are only typical of Benthic Assemblage 4 of Boucot 1975. Neither
sediments nor faunas suggest any appreciably more distal development in
Ringerike than that of the northern districts. Thus the Bruflat sandstone reflects
a major easterly to southeasterly directed progradation of a coastline lying west of
both Ringerike and the northern districts. This progradation infilled the northedy
basinal areas but depositional equilibrium was rapidly established, with the
development of a wave-reworked platform in both areas. The subsequent
development of the northern districts is conjectural in the absence of proven
younger Silurian deposits. The break in deposition marking the top of the Bruflat
Formation in Ringerike suggests a short period of emergence around the
Llandovery /'ùØenlock boundary prior to the establishment of marginal marine
carbonate environments in the Lower tùØenlock.
The development of the Vik Formation in Holmestrand and Skien is essentially

similar to that of Ringerike. The transition to the ovedying Skinnerbukta
Formation (penecontemporaneous with the Vik/Bruflat formational boundary in
Ringerike) is also marked by a deepening trend in these other districts. However,
although faunas in Skien suggest a subsequent shallowing in the uppermost
Telychian, coarse clastic supply was negligable, and the sequence there consists of
shales with minor calcareous siltstones and mads. A similar break in deposition
ro that seen in Ringerike occurs near to the Llandovery/'\)Tenlock boundary in
Skien. This part of the succession is both contact-metamorphosed and poody
exposed in Holmestrand. In the Oslo and Asker districts deposition of nodular
limestones and mads assigned to the Vik Formation continued through most of
the Telychian, with no signs of shallowing or break in deposition in the uppermost
Llandovery. In contrast, the late Llandovery there was marked by continued
deepening leading to deposition of the graptoliferous shales of the Skinnerbukta
Formation.
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wave desrruction of incipient reef developments and fully developed reef structures
only occur in 9d following a marked transgressive episode in the mid-Homerian.

Contrary to previous suggestions the Wenlock is not marked by any ongoing
regressive trend; following regression in the mid-Sheinwoodian the area remained
stable until the mid-Homerian when the short-lived lrøntgrestlzø development
noted above produced the marine biostromes of the Favosites Limestone which
occur interbedded with lagoonal deposits in Ringerike. The available evidence
suggests that this sharp transgressive pulse was followed in the late Homerian by
large-scale coastal progradation and the deposition of terrestrial red beds in
Ringerike. This uansition was probably diachronous, with red bed deposition
commencing somewhat later in the Asker district. \Øe have as yet no evidence of
the age of the transition to red bed deposition further south in the region.
The SØenlock development of the Oslo Region was therefore not marked by
continuous regression and coastal progradation. Depositional environments were
characterised by low clastic supply and the establishment of stable carbonate
platform environments subject to minor transgressive and regressive pulses. This
pattern terminated in the late Homerian as a result of renewed large-scale
regression and progradation. McKerrow (1979) has suggested a eustatic fall in sea
level in several areas east ofthe Iapetus Ocean in the late'ùØenlock. A subsequent
transgressive episode in the early Ludlow is not seen in the Oslo region as local
r,rplift in this segment of the Caledonides transformed the entire depositional basin

into a site of terrestrial sedimentation.
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