Distribution of Ordovician Sequences

SKIEN‑LANGESUND

Setting. The Cambro‑Silurian succession of Skien‑Langesund forms a NNW‑SSE belt bounded on the west by Precambrian rocks and on the east by Permian igneous rocks. The lower part of the sequence has been intruded by basaltic‑doleritic sills causing low grade contact metamorphism but unlike most other districts of the region there are few tectonic complications affecting the Lower Palaeozoic succession which is gently tilted to the east. The Tremadoc and much of the Arenig is missing in Skien‑Langesund with the Rognstranda Member of the Huk Formation resting on Upper Cambrian Alum Shale. Ramberg & Bockelie (1981 Fig. 2) and Bockelie & Nystuen (1985) interpreted this as a thrust contact but Ribland Nilssen (1985) has reinterpreted it as an erosional unconformity. On the basis of Ribland Nilssens's work, a sole thrust may be present actually within the Cambrian Alum Shale Formation.

Stratigraphy. As Størmer (1953 p.46‑48) has discussed, some of the earliest stratigraphical studies in the Oslo Region were undertaken in Skien‑Langesund by Forbes (1856) and Dahll (1857). The latter author introduced a shorthand notation for the succession which differed from that introduced at the same time by Kjerulf (1857). Similarly, the scheme used by Brøgger in his detailed study of 1884 was unique to Skien‑Langesund Subsequent stratigraphical and palaeontological studies by Kiær (1897, 1908) and Strand (1933) on the Upper Ordovician and Størmer (1953) on the Middle Ordovician have attempted to impose the Oslo‑Asker etasjer on the Skien‑Langesund succession (see Strand & Henningsmoen 1960 pl.7 for synthesis), but as much of the sequence is very dissimilar this was not a very workable scheme. In the most recent work on the district Harland (1980, 1981), has abandoned the shorthand schemes but retained several of Dahll's formation names. This conservative approach is maintained here.

The Huk Formation is represented by a single local member, the Rognstranda Member, which along with the overlying Elnes Formation is well exposed in the south of the district west of Langesund (Skaar 1972, Størmer 1953, Ribland Nilssen 1985). The nodular limestones of the Fossum Formation also crop out here as well as on the shore of the Frierfjord to the north Størmer 1953, Ribland Nilssen 1985). The late Caradoc Steinvika Formation was described by Harland (1980, 198 1 ) f rom many local ities between Porsgrunn and Langesund, and the overlying Venstøp Formation is seen at localities from north of Skien to Langesund in the south. The Herøya Formation has yet to be studied in detail but its basal stratotype is here chosen in the south at Steinvika where the underlying succession down to the upper part of the Fossum Formation is exposed along the coast. The uppermost Ordovician in Skien‑Langesund is well exposed in both inland and coastal sections and has been studied by Rønning (1979). It is tentatively ascribed to the Langøyene Formation.

EIKER‑SANDSVÆR

Setting. The Cambro‑Silurian outcrop of Eiker‑Sandsvær extends west from Drammen to Hokksund, here striking south south west to form the western margin of the Oslo Region towards Kongsberg and the mountains of Skrim. The outcrop is bordered to the west by Precambrian Telemark and Kongsberg series granitic rocks and gneisses (Starmer 1977), whilst Permian intrusives (larvikite and ekerite) make up the southern and eastern contact. Published geological maps at a scale of 1:1 million by Brøgger & Schetelig (1919, 1926) cover the area, whilst Rohr‑Torp (1973) has provided a detailed map of the extreme southwestern part of the outcrop south of Kongsberg. Recent detailed mapping on a scale of 1:5000 is to be found in unpublished theses by Cadow (1985), Ludvig (1985), and Svendsby (1987) covering the area from Eikeren to Skollenborg. Two of the present authors (DLB and AWO) are currently completing mapping of the remaining areas along with Dr D.A.T. Harper of Galway. This work, together with unpublished stratigraphical and sedimentological observations by Fjelldal (1966), Skaar (1973), Gjessing (1976) and a short note by Klemm (1982) has thrown considerable light on details of the Ordovician succession discussed by Størmer (1953).

Stratigraphy. All the Ordovician formations recognised in the Skien‑Langesund area by Rønning (1979) and Ribland Nilssen (1985), can be traced into the present area where the maximum thickness of the system is approximately 500m. In the south west the succession dips at only 10‑200 towards the south east (reflecting a similar dip of the underlying Precambrian peneplain), but dips increase southwards towards the Permian intrusions. In the neighbourhood of Hokksund, a complex fold and fault pattern is an exception. Metamorphism of the higher units is intense but fossiliferous Venstøp and Herøya formations, the latter with Palaeoporella and Holorhynchus, have been recognised at Skogsleet west of Vestfossen and at Kvisthogst north east of Skollenborg.

At the base of the succession, units thin, overstep and die out towards the southwest. Thus alum shales with Dictyonema and the overlying Bjørkåsholmen Formation have not been found south of Skollenborg and near Flata, the Huk Formation overlies Upper Cambrian beds containing Peltura scarabaeoides. Ramberg & Bockelie (1981) and Bockelie & Nystuen (1985), have invoked thrust ramping to explain this break but this is not supported by field evidence, here or in the Skien‑Langesund area (for discussion see Ribland Nilssen 1985).

At Skara the lower part of the Tøyen Formation is a 0.5‑0.8m, thick limestone (the Vestfossen Member of Fjelldal 1966 ‑ Megistaspis (Ekeraspis) armata Zone). The formation can be traced south to Skollenborg. At Flata a more or less complete Ordovician section from the base of the Huk Formation can be followed up the Ravalsjø river to Lindset. The section includes the approximately 70m thick section of the Heggen Member of the Elnes Formation at Rønningsfossen, containing Ogygiocaris dilatata, and equivalent beds in Muggerudkieiva. containing Didymograptus murchisonigeminus, and Glyptograptus teretiusculus (Berry 1964). These beds and the underlying Huk Formation can be seen in numerous sections along the road from Råen to Hassel and along the scarp front to the east. The Svartodden Member of the Huk Formation is recognised by the abundant accumulation of conchs of Cycloendoceras some exceeding 1 Ocm in diameter and over 2m in length. Bedding plane measurements of orientated specimens have been made at SAsen south of Vestfossen (Svendsby 1987), Haugnes, near Krekling (Skaar 1972, Klemm 1982) and at Hillestad south of Kongsberg, a distance along strike of 18km.

The dark silty shales with widely spaced limestone concretions forming the Elnes Formation are succeeded by tightly nodular, rubbly, platy limestones with shale partings forming the Fossum Formation with a thickness of 140‑160m. The beds are extremely fossiliferous in a continuous section south of Rønningsfossen, to Sagvollen and in the waterfall below Lindset, and in a section along the toll road east of Klunderud. Størmer (1953) attempted to recognise units of the Oslo‑Asker district in this succession based on the occurrence of the trilobites Reedolithus carinatus, Ampyx sp., certain brachiopods, the bryozoan Diplotrypa and the dasycladacean alga Coelosphaeridium. Lithologically, however, the sections are identical to the Fossum Formation in its type area (Ribland Nilssen 1985).

Dark crinoidal limestones of the Steinvika Formation occur at Lindset and in numerous outcrops around Kvisthogst. Outcrops between Råensætravei and Skallerudtjern have yielded numerous brachiopods including Dinorthis aff. flabellum, Strophomena cf. keilhaui and Sowerbyella aff. sericea (Harper pers. comm. in Cadow 1985 p.55). The estimated thickness of the Steinvika Formation is 40‑75m. The overlying Venstøp Formation (30‑35m) is difficult to recognise in the field because of the metamorphic.. grade. However, near Trengen, an abundant but restricted fauna is dominated by the enteletacean Onniella and the plectambonitacean Chonetoidea.

The succeeding Herøya Limestone is a well bedded limestone ‑ shale/siltstone succession at least 100m thick, containing colonial corals and the alga Palaeoporella with Holorhynchus giganteus in its upper part. A good section with the overlying sandstone formation forming the top of the Ordovician has been described from Mølleseter by Svendsby (1987).

MODUM

Setting. The Modum district lies to the west of Oslo‑Asker. In the north it is bounded by arms of the Tyrifjord, in the west and south by the Drammen River. The Lower Palaeozoic rocks of the district partly circumscribe two large Permian igneous intrusions (Ramberg & Larsen 1978 pl. 1) and there is a narrow west‑east trending connection with that of Oslo‑Asker. The Cambro‑Silurian succession is variably baked by the intrusions. Precambrian rocks crop out to the west but the contact with the Cambrian is not seen. The Lower and Middle Cambrian sequence is relatively undisturbed tectonically but has been intruded by maenite sills. The overlying succession, however, is tightly folded and there is also a series of strike faults which Wandås (1982 p. 133) suggested may have involved both Caledonian and Permian movement. In the eastern part of the district a gentle syncline in the Permian lavas also indicates Permian tectonic activity.

Stratigraphy. The Lower Palaeozoic rocks of Modum have received very little attention. Størmer (1953 p.82) made some general comments on the Middle Ordovician succession but the only detailed work has been that of Wandås (1981, 1982) on the Lower and Middle Ordovician rocks in the northwest of the area around Vikersund. Here he described the succession from the Tremadoc units through the Tøyen and Huk formations into the Llanvirn‑Llandeilo Elnes Formation. He has also noted the Fossum Formation ('Ampyx Limestone') at the Vikersund ski jump. Most recently he has described the trilobite fauna from the Helskjer Member at the base of the Elnes Formation (1984).

A reconnaissance study of the Sylling area in the eastern part of Modum was undertaken by the present authors and shows the Caradoc and Ashgill succession to be transitional between those of the Eiker‑Sandsvær and Ringerike districts. At Veslesæter nodular limestones and shales containing Bockia and Echinosphaerites resemble part of the Fossum Formation further south. At Nysæterbrenna 13m of limestone crop out and are thought to overlie the beds seen at Veslesæter The lowest 10.5m consists of tightly nodular limestones, a few limestone beds and relatively little shale. This is reminiscent of the Nerby Member of the Solvang Formation in Hadeland and the nodular beds below the uppermost limestone beds of that formation in Ringerike. The cystoids Echinosphaerites grandis and Haplosphaeronis sp. occur at 3.5m below the top of the nodular limestone. The upper 2.5m is made up of beds of coarse bioclastic limestone and shale. This again resembles parts of the Solvang Formation in Ringerike. These limestones, tentatively assigned to the Solvang Formation are succeeded by approximately 14m of black shales with planar limestones in the upper part. This is interpreted as the Venstøp Formation. Nodular limestones cropping out nearby may overlie the shale but this is by no means certain.

At Toverud, tens of metres of steeply dipping limestones and shales crop out. Some of the limestones contain abundant corals and the overall lithology resembles that of the Bønsnes Formation in Ringerike.

OSLO‑ASKER

Setting. The Oslo‑Asker district lies in the central part of the Oslo Region with the city of Oslo itself situated in the eastern part of the area at the head of the Bunnefjord. To the immediate west is Bærum and Asker which lie along the northern end of the Oslofjord. The Lower Palaeozoic rocks of the district are faulted against Precambrian gneiss in the east but a stratigraphical contact between Middle Cambrian sediments and metamorphic basement is seen in the south at Slemmestad (Spjeldnæs 1955, Størmer in Holtedahl and Dons 1966). Permian igneous rocks crop out in the north and west but there is a narrow connection with the Lower Palaeozoic rocks of the Modum district to the west. A 1:50,000 geological map of the Oslo‑Asker. district was produced by Holtedahl & Dons in 1952 and a guide book in Norwegian (1955, Dons 1977) and English (1957, 1966) published to accompany it. The whole of the Ordovician outcrop in Asker and parts of Bærum have been mapped on a 1:5,000 scale by J.F. and T. Bockelie and a 1:50,000 sheet (Asker) is to be published (Naterstad et al. in press).

The Lower Palaeozoic rocks of the district are tightly folded, locally overturned and have an overall SW‑NE strike. There is also considerable faulting associated with a major décollement within the Cambrian Alum Shale; many of the faults being listric splays from the sole thrust (Ramberg & Bockelie 1981, Bockelie 1982, Bockelie & Nystuen 1985 and Morley 1986).

The Ordovician succession is up to 475m thick and is well exposed on the coasts and islands of the Osloand Bunnefjord as well as in road cuttings and temporary sections within the built‑up inland area.

Stratigraphy. The Oslo‑Asker district was the type area for the Etasje system established by Kjerulf (1857) and the well exposed, easily accessible, Ordovician succession has been subject to a considerable amount of stratigraphical, sedimentological and palaeontological investigation. The stratigraphical scheme established by Kjerulf was modified by Brøgger for the Lower (1882), Middle and Upper (1887) Ordovician. Brøgger's terminology has remained largely unaltered until recent years and his map of the Ordovician rocks on the islands of the Bunnefjord (1887) is still the most detailed one available. A generalized summary of the sedimentology of the Ordovician succession was published by Seilacher & Meischner (1964) and an essentially geochemical analysis was produced by Bjørlykke (1974). Möller & Kvingan (1988) have discussed the origin of the nodular limestones but otherwise the only detailed major sedimentological work to be published has been on the uppermost Ordovician (see below).

Tremadoc rocks are well exposed in the south west of Oslo‑Asker and Bruton et al. (1982, 1988) described the section at Nærsnes as a possible stratotype for the Cambrian‑Ordovician boundary. Tremadoc faunas have been described by, inter alia, Brøgger (1882, 1896) Henningsmoen (1957, 1959), Spjeldnæs (1963), Erdtmann (1982) and Gjessing (1976). An unpublished thesis by Fjelldal (1966) included sedimentological information on the Bjørkåsholmen Formation in Asker and more limited sedimentological studies have been carried out on the underlying shales Størmer 1938, Bjørlykke 1974, Bjørlykke & Griffin 1973).

The Arenig Tøyen Formation is known from several coastal and inland exposures in the west of the area Spjeldnæs 1953) but is restricted to inland outcrops in Oslo. Some of the best of these have been temporary exposures, one of which, at Tøyen formed the basis for Erdtmann's work on the lithology and graptolite faunas of this shale unit (1965).

As with the Bjørkåsholmen Formation, the Huk Formation has been the subject of an unpublished sedimentological study (Skaar 1972) and crops out over the whole district although coastal exposures are largely restricted to the west. The tripartite development of the formation is similar to that in several other districts of the Oslo Region. Palaeontological studies include works by Öpik (1939), Regnéll (1948), Bockelie (1981), Tjernvik (1956) and Kohut (1972).

The succession between the Huk and Venstøp formations constitutes the Middle Ordovician of Størmer (1953) and is well exposed over the entire district. It comprises a sequence of alternating shale and limestone units. Bentonites are present in the lower Caradoc Arnestad Formation (Hageman & (Spjeldnæs 1955). The research on successions investigated by Størmer has largely been published in the 'Middle Ordovician of the Oslo Region' series in Norsk Geologisk Tidsskrift (see Bruton & Williams 1982 pp. 215216 for a list of the first 30 contributions) and much of it relates primarily to Oslo‑Asker. Størmer's description of the lithological succession (1953 pp.54‑69) provided an excellent stratigraphical base for these works.

Partly as a result of the emphasis on the 'Middle Ordovician', the Ashgill succession has received little attention until recent years; the most comprehensive overall description of the stratigraphy being that of Brøgger (1887). As with the underlying succession, most of the Ashgill sequence comprises alternating limestone and shale units but the faunas are generally sparser and siliciclastic horizons become increasingly more common. Both the Middle and Upper Ordovician of the district show a westward shallowing with most units also thickening and limestone becoming more common in that direction. The uppermost part of the sequence shows a much more complex facies distribution than in the rest of the Ordovician and has been the subject of several sedimentological studies (e.g. Kiær 1902; Spjeldnæs 1957a; Lervik 1969; Brenchley & Newall 1975,1977,1980; Brenchley et al. 1979). The latest Ordovician marks a major shallowing interpreted by Brenchley and his co‑workers as glacio‑eustatic in origin and Stanistreet (1983) has presented evidence for synsedimentary faulting associated with basement blocks during the deposition of these rocks. Systematic studies of the Ashgill faunas include works by Bruton & Owen (1988) Owen (1980, 1980a, 1981, 1982). Owens (1983), (Spjeldnæs (1964), Henningsmoen (1954), Holtedahl (1916), Kiær (1902), Cocks (1982), Bockelie (1984), Toni (1975), Neuman (1975) and Williams & Bruton (1983). Trace fossil associations in the uppermost Ordovician have been discussed by Stanistreet (1989).

RINGERIKE

Setting. The Cambro‑Silurian succession of Ringerike overlies Precambrian crystalline basement in the west and abuts Permian igneous rocks in the east. Glacial and post‑glacial sediments cover large tracts of the district (Østmo et al. 1978) and thus outcrops of Lower Palaeozoic rocks are restricted to islands, shore sections of the inland fjords and a few large inliers (e.g. Harper & Owen 1983, Fig. l.)

A geological map of the island of Frognøya was published by Owen (1979, Fig. 2) and the Ordovician rocks of the whole district have recently been mapped by A.W. Owen & D.A.T. Harper on a 1:5,000 scale. Preliminary results (Harper & Owen 1983) show that whilst the Middle and Upper Ordovician rocks in the south of the area are only gently folded, the Lower Ordovician of the north dip steeply and are repeated many times by high‑angle strike faults. This is interpreted as reflecting a major thrust system which ramps upwards along a SW‑NE trending fault (the Klekken Fault) and thus the deformed Lower Ordovician rocks of the north were emplaced over younger lesser deformed rocks to the south.

Stratigraphy. The Ordovician succession of Ringerike is being revised in the light of the stratigraphical scheme presented here (Owen & Harper in prep.). This follows recent work on the Upper Ordovician by Owen (1979) and Hanken (1974, 1979) and earlier studies by Kiær (1897,1908,1921,1922) Størmer (1953) and Hamar (1964, 1966). Thus whilst the Caradoc and Ashgill succession has been documented in some detail the rest of the Ordovician has been rather neglected. The structural complexity of the northern part of the district makes the assessment of the thickness of individual units there very difficult. Nonetheless, it is clear that the pre‑Ashgill succession is very similar to that of Oslo‑Asker.

The Tremadoc shales are poorly exposed but the albeit thin Bjørkåsholmen Formation is a good stratigraphical marker in northern Ringerike enabling the fault bounded repetitions of the sequence to be recognised. The overlying Tøyen Formation is well exposed around Klekken and contains an abundant graptolite fauna in its Galgeberg Member.

The Huk Formation is also a good marker for recognising the imbricate structure and has tripartite development typical of the central Oslo Region. Størmer (1953, p.83) described the upper part of this unit along the Nordfjord at Gomnes where Hamar (1964 pp. 250‑251) also noted that the upper 20m is transitional to the nodular limestones and shales of the Vollen Formation. The base of the latter unit is marked by a 10‑20cm thick conglomerate at Kullerud and Gomnes Størmer 1953, Hamar 1964 pp.251‑252, Fig. 3) but this bed is absent elsewhere (e.g. Gullerud, see Størmer 1953 pp.83‑84). Hamar also (1966 p.31) described a section from the upper Elnes Formation to near the top of the Vollen Formation at Tandberg Farm. The rhythmical alternation of limestone and shale in the Vollen Formation in Ringerike is broadly similar to the development in Oslo‑Asker as are the shales of the overlying Arnestad Formation which was described at Bratterud by Størmer (1953 pp.84‑85).

The Frognerkilen and younger formations are only known from south of the Klekken Fault and road cuttings south‑east of Norderhov Church show good exposures of all the units from the Frognerkilen Formation to the middle part of the Sørbakken Formation. The base of the Frognerkilen Formation is faulted out here but is exposed at Bratterud. The formation is about 25m thick Størmer 1953 p.86) and is overlain by the Nakkholmen Formation, the shelly fauna of which was described by Owen & Harper (1982). The overlying Solvang Formation crops out in the road cutting at Norderhov (Owen 1979). A log of the trilobites in this section was also presented by Bruton & Owen (1979 Fig. 4) who later described the trilobites from here and the island of Frognøya (Owen & Bruton 1980). The upper part of the formation on Frognøya was described by Owen (1979) following earlier work by Kiær (1921) and Størmer (1953). Owen termed the uppermost 2.88m the Høgberg Member (a name abandoned herein) and argued that the fauna of these limestones indicates an early Ashgill age whereas the rest of the formation elsewhere in the central Oslo Region is late Caradoc in age (see also Bruton & Owen 1979). The Solvang Formation also crops out at several inland localities of the Bønsnes Peninsula.

The Venstøp Formation was describe on Frognøya and at Norderhov by Owen (1979) who termed it the Frognøya Shale although this name is now considered unnecessary. The formation crops out as far north as the Klekken Fault at Borgerhagen and its trilobite and graptolite faunas were described by Owen (1 980a, 1981) and Williams and Bruton (1983) respectively. The overlying thick limestone unit, the Sørbakken Formation, has a similar outcrop distribution pattern and was also defined originally on Frognøya (Owen 1979).

The uppermost part of the Ordovician succession in Ringerike, the Bønsnes Formation and overlying unit (tentatively ascribed to the Langøyene Formation) were summarized by Hanken & Owen (1982 pp.126‑131). As a result of Kiær's studies (1887, 1903, 1922) there has been considerable interest in the fauna and flora of these units and recent work by Hanken (1974), Hanken & Owen (1982) and Owen (1979) has clarified some of their sedimentological and stratigraphical complexities. The uppermost Ordovician units crop out in a northeastward trending belt from the islands of the Tyrifjord, Frognøya and Svartøyene across the Bønsnes peninsula to Sponbråtan just south of the Klekken Fault. The overlying lower Silurian succession has been described by Thomsen (1982).

HADELAND

Setting. The Lower Palaeozoic succession of Hadeland is bounded to the south and east by Permian igneous rocks and to the west by the Randsfjord fault which marks the local western edge of the Oslo Graben. In the north, Cambrian rocks overlie Precambrian crystalline basement. A 1: 100,000 geological map of most of the district was published by Holtedahl & Schetelig (1923) and a 1:15,000 map of the Middle Ordovician to Silurian succession in the central part of Hadeland was produced by Owen (1978). A 1:50,000 map by Owen showing almost the entire outcrop of this part of the sequence was included in an unpublished thesis by Høstmark (1979 Appendix 1) on the hydrogeology of the area and Morley (1987 Fig. 9) included a simplified version of this in a summary map of the district. A slightly revised version is being incorporated in the 1:50,000 sheet Gran to be published by Norges Geologiske Undersøkelse (Olerud & Owen in prep.).

The Cambrian to lower? Caradoc succession of Hadeland is highly imbricated with numerous, hinterland dipping faults rising from a low angle plane of décollement low in the Cambrian Alum Shales (Morley 1987). In contrast, the Upper Caradoc to Wenlock sequence shows westward plunging, open folds and a set of widely spaced strike faults (some of which are high angle reverse faults) and a series of wrench faults (Owen 1978 and in Høstmark 1979). Morley (1987 p.48) postulated a detachment within the Middle Ordovician shale sequence to account for these differences in structural style.

Stratigraphy. Aspects of the Ordovician stratigraphy of Hadeland have been considered by Kiær (1908, 1926), Holtedahl & Schetelig (1923), Størmer (1943, 1945, 1953), Major (1946), Skaar (1972), Lauritzen (1973), Owen (1978, 1982a), Harper & Owen (1984) and Heath (1989).

The Lower Ordovician rocks of the district have yet to be investigated in detail although Holtedahl & Schetelig (1923) outlined the succession. Størmer (1921) and Henningsmoen (1957) described trilobites and graptolites from the Tremadoc formations and Erdtmann (1965 Fig. 8) described a section through the upper 15m of the Tøyen Formation near Tuv. He indicated that the lower 3m of this is grey/green in colour and thus belongs to the Hagastrand Member. Recent mapping by Owen has demonstrated the occurrence of the Galgeberg Member at Helgåker, Granvollen and Hvattum. At Helgåker, some 15m of black shales of this member crop out but the section shows evidence of crumpling suggesting that the measured thickness is at best only approximate.

The tripartite Huk Formation is the most well exposed unit in northern Hadeland but is commonly disturbed and repeated by thrusts (Morley 1987 Fig. 1). It is well exposed around Granvollen and Hvattum and a measured section at Hovodden was given by Skaar (1972: Fig. All) who interpreted part of the profile as a basal transition equivalent to the Herram Member in the Mjøsa area. Reinvestigation of this locality, however, indicates that the lowest 50cm of these beds belongs to the Hukodden Member and the remainder to the Lysaker Member. The Helskjer Member of the Elnes Formation is also well exposed above the Huk Formation at Hovodden Wandås 1984, Fig. 2). Whilst Størmer (1953 pp.88‑89) assigned some 14m to this member (as the 'basal transition beds') only the lowest 4m is here placed in the Helskjer member; the top being taken at the base of the first thick (25cm) shale bed.

The Llanvirn to Caradoc succession between the Helskjer Member and the late Caradoc Solvang Formation is poorly exposed and tectonically disturbed. As a result, Owen (1978 pp.6‑8) assigned it to an informal unit, the Kirkerud Group. Following more recent mapping, this group was formalised by Harper & Owen (1984) with its base being defined at the base of the Helskjer Member. These authors assigned the upper part of the group to the Furuberget Formation, a unit with its type development further north in the Mjøsa area. Harper & Owen defined the base of the Furuberget Formation in Hadeland at the development of thick sandstone beds near Raknerudtjern and they described the brachiopods and trilobites from the uppermost part of the formation. The strata between the Helskjer Member and the Furuberget Formation are here ascribed to undifferentiated Elnes Formation. It is not possible even to estimate the thickness of the Elnes and Furuberget formations as even small exposures show evidence of folding and faulting.

The late Caradoc and Ashgill succession is well exposed in central and southern Hadeland and a modern lithostratigraphical terminology for these units was introduced by Owen (1978). In addition to the map of the central part of Hadeland, Owen (1978 Figs. 5‑9) also produced measured sections and maps of key areas, namely around Lunner, Grinda (= Grina) and Gagnum. The important section around Tønnerud was outlined by Owen in 1982 (pp. 146‑147).

The Solvang Formation is developed as a nodular limestone (the Nerby Member) over most of central Hadeland but a more bedded limestone‑shale member (the Lieker Member) constitutes the upper part of the formation in the south east around Lunner. The overlying Lunner Formation is a dominantly shale unit with a slightly diachronous base which becomes younger southwards. With the exception of its lower part, the Lunner Formation passes northwards into the Gamme Formation (formerly termed the Gagnum Limestone) which locally divides it into two tongue‑like members. The uppermost part of the Lunner Formation also passes southwards into the limestones, siltstones and shales of the Kjørrven Formation. The limestones of the Kalvsjøen Formation mark a return to a more uniform depositional environment over the whole district although locally the formation contains large unbedded carbonate block deposits currently being studied by Dr R.A. Heath and interpreted as channel fill sediments (Heath 1989).

The very top of the Ordovician in Hadeland is marked by a dominantly arenaceous unit which extends up into the Llandovery. This unit was termed the Skøyen Sandstone Formation by Owen (1978 pp.20‑21) but following Worsley et al. (1983 p. 18), it is here regarded as an informal supraformational unit pending the results of a detailed study by Dr R.A. Heath (see Heath 1989).

Whilst the naming of these Ashgill units refers only to Hadeland, the base of the Lunner Formation broadly represents the same onset of mud‑dominated deposition as the Venstøp Formation, the Gamme Formation is similar to the Sørbakken and Herøya limestones and the Kalvsjøen Formation could be regarded as a lateral continuation of the Bønsnes Formation. As in most districts, the uppermost Ordovician in Hadeland marks a major episode of regression.

FEIRING

Setting. The Feiring district lies at the southern end of Lake Mjøsa with the Lower Palaeozoic rocks situated on the western side of the lake at the local eastern margin of the Oslo Graben (Ramberg & Larsen 1978 P1.1). Precambrian gneiss crops out to the north, south and east but in the west the Lower Palaeozoic succession abuts, and is thermally metamorphosed by Permian intrusions.

Stratigraphy. Little is known of the heavily baked, poorly exposed, Ordovician succession in Feiring. Vogt (1884) recorded the Bjørkåsholmen Formation, Tøyen Formation, Huk Formation and overlying Middle Ordovician shales Størmer 1953, Fjelldal 1966) but nothing is known of their detailed stratigraphy. Major (1946) described a late Ordovician/early Silurian sandstone unit from Feiring but its precise stratigraphical position is unclear.

MJØSA

Setting. The Mjøsa area comprises the northernmost districts of the Oslo Region: Toten, Nes‑Hamar and Ringsaker. These are situated along Lake Mjøsa and can be conveniently grouped together in terms of their Ordovician successions.

In Toten the outcrop extends south‑westwards from Lake Mjøsa to Eina. The sequence overlies Precambrian basement in the south and is faulted against these gneisses in the west. The Lower Palaeozoic outcrop extends north‑eastwards into Nes‑Hamar where it is seen on the Nes peninsula, the island of Helgøya and the eastern mainland of Lake Mjøsa Here too Precambrian gneisses crop out in the south east and are faulted against the Lower Palaeozoic rocks on Nes but on the mainland the latter abut late Precambrian sediments of the Hedmark Group along the Caledonian front. The Lower Palaeozoic rocks of the Ringsaker district lie to the north of this thrust front and thus are allochthonous, forming part of the Osen‑Røa Nappe Complex (Nystuen 1981, 1982, 1987; Bockelie & Nystuen 1985). Despite the fact that the Ordovician succession of Ringsaker may have been thrust southwards in excess of 150km (Nystuen 1981) it is very similar to that of Toten and Nes‑Hamar.

The Ordovician succession in all the Mjøsa districts is tightly folded and affected by strike faulting with the competence and thickness of individual rock units strongly influencing their degree and style of deformation (Skjeseth 1963, pp.93‑1 11). There is also a series of block faults extending down below the Lower Palaeozoic sequence (Skjeseth 1963 pp.1 11‑118).

Stratigraphy. Various aspects of the Ordovician sequence in the Mjøsa districts have been studied and a review of works up to the early 1960's was given by Skjeseth (1963) in his description of the late Precambrian and Palaeozoic succession. Skjeseth's paper also included a geological map of the area. More recent published works include regional mapping by the Geological Survey and sedimentological studies of the late Caradoc ‑ early Ashgill Mjøsa [Limestone] Formation (Harland 1981, Opalinski & Harland 1981). An excursion guide to this unit and the underlying Furuberget Formation was produced by (Spjeldnæs (1982) and elements of the Middle Ordovician faunas are included in papers in the 'Middle Ordovician of the Oslo Region' series.

The Lower Ordovician of the Mjøsa district shows many similarities to the sequences elsewhere in the Oslo Region. The Tremadoc units were recorded from Nes‑Hamar and Ringsaker by Skjeseth (1963 p.60,70) and the Bjørkåsholmen Formation at Steinsodden and Tornten Farm in Ringsaker was described by Fjelldal (1966) in an unpublished thesis. The Tøyen Formation is present but poorly exposed in Toten and Nes‑Hamar and the section at Herram, Ringsaker, was described by Skjeseth (1952, see also Erdtmann 1965 pp.523‑4). The possible lower part of the formation at Herram is a grey shale with limestone lenses termed the Steinsodden Shale and Limestone by Skjeseth (1963 p.70). Further investigation is required to determine whether these beds should be ascribed to the Tøyen Formation or the underlying Bjørkåsholmen Formation.

The Huk Formation of the Mjøsa districts shows several differences from the tripartite development elsewhere in the Oslo Region. As Skjeseth (1963 pp.71‑2) noted, most of the formation in Ringsaker comprises the alternating bedded limestones and thin sandy shales or mudstones constituting the Stein Member. Skjeseth's basal transition beds, the 'Heramb Shale and Limestone' are here given formal member status as the Herram Member. These latter beds are exposed at Herram along with the lower part of the Stein Member. The best exposures of the Stein Member are around Stein. A similar development of the Huk Formation to that of Ringsaker was also described from west Toten by Skaar (1972). The massive limestones of the Hukodden Member at the base of the Huk Formation appear to be absent in Nes‑Hamar (cf. Skjeseth 1963, Skaar 1972) and the limestones and shales between the black shales of the Tøyen Formation and the thick limestones of the Svartodden Member are here assigned to the Herram Member of the Huk Formation. Skjeseth (1963, p.63, Fig. 20) noted a distinct 'corrosion' surface at the boundary between the Herram and Svartodden members.

The Middle Ordovician of the Mjøsa districts has been summarized by Størmer (1953 pp.95‑1 11) and Skjeseth (1963 pp.63‑70, 72‑74). The type development of the Helskjer Member of the Elnes Formation, now recognised over almost the entire Oslo Region, is at Helskjer on Helgøya (Nes‑Hamar) and the member is also well documented from near Furnes Church (e.g. Nikolaisen 1963, Fig. 3, Wandås 1984, Fig. 2). It is not known from the Ringsaker district (Skjeseth 1963) where shales with limestone lenses of the Elnes Formation overlie the Stein member of the Huk Formation. The Elnes Formation is succeeded over the entire Mjøsa area by the Hovinsholm Shale Formation; the type development of which is on Helgøya (Nes‑Hamar) but the unit has also been described from Herram and Holmen in Ringsaker (Skjeseth 1963). The overlying Furuberget Formation also crops out both in the northern and southern parts of the Mjøsa area and is well exposed at Furuberget and Hole in Nes‑Hamar and at Fangberget, Ringsaker (Skjeseth 1963, (Spjeldnæs 1982).

The Mjøsa Formation has been the most studied and most controversial formation in the Mjøsa area. This thick limestone comprises a variety of facies and is probably the best exposed unit in the area. Descriptions of its development in Toten and Nes‑Hamar have been given recently by Opalinski & Harland (1981) and (Spjeldnæs (1982). Harland (1981) also described the structure of 'reefs' within the formation in these districts. The Mjøsa Formation in Ringsaker has a more shaly development than further south Størmer 1953 p. 111; Skjeseth 1963 p.75) and has yet to be described in detail. The karst top of the formation is filled by sandstones of the overlying Llandovery Helgøya Member of the Sælabonn Formation (Skjeseth 1963; Worsley et al. 1983). Most, if not all, of the Ashgill is thought to be absent in the Mjøsa area.
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Appendix
Veslesætra
NM 640 365


Toverud
NM 751 432


Øvre Øren
NM 556 444

Grid references of localities mentioned in the text
Hovland
NM 560 445


Vikersund ski jump
NM 563 453

References from Topografisk Kart 1:50 000 M71 1 seri​

es. Sheets listed by district (see Fig. 1), localities in

each district listed in order of appearance in text. Note

that most entries refer to the location of particular

outcrops at, in, or near the place names mentioned.

SKIEN‑LANGESUND

PORSGRUNN Sheet 171311(1970)

Rognstranda (= Fiskeplassen)

Blekkebakken

Tangvalkleiva

Bunes (=Bunaes)

Brevik

Åsstranda

Skavråker

Venstøp

Versvik‑Rød (= Rønning's Herøya

section)

Gimsøy

Herøya (= Herøyvegen, Gunnekleiv)

Porsgrunn

LANGESUND Sheet 1712 1(1971)

Steinvika

Langesundstangen

EIKER‑SANDSVÆR

KONGSBERG Sheet 171411(1974)

Krekling

Hals

Skara

Klunderud

Råen

Stavlum (= Stablum)

Rønningsfossen,

Lindset

Skogsleet

Kvisthogst

Flata

Råen‑Hassel

SAsen

Haugnes

Hillestad

Klunderud

Trengen

Mølleseter

NI‑‑‑ 409 411

NL 385 466‑388466

NI‑‑‑ 397 429

NI‑‑‑ 406 449

NI‑‑‑ 399 461

NL 372 510

N L 388 489

NI‑ 332 665

NI‑‑‑ 378 518378514

NI‑‑‑ 350 625

N L 375 532

NI‑‑‑ 372 556

NI‑‑‑ 429 397

NI‑‑‑ 432 392

NM 434 149

NM 486 230

NM 472 223

NM 452 169

NM 459 176

NM 443 160

NM 358 035

NM 355 021

NM 528 213

NM 429 106

NM 354 041

NM 454 170430132

NM 492 205 NM 458 175 NM 373 060 NM 455 171465155 380045 524200

MODUM

LIER Sheet 1814 IV (1974)

Nysæterbrenna
NM 636 371

OSLO‑ASKER

ASKER Sheet 1814 1(1976)

Rortunet N

Breidablikk

Vekkerø

Sjøstrand (= Hagastrand)

Bjørkåsholmen

Engervik

Killingen (Huk Formation)

Killingen (Elnes‑Vollen formations)

Nærsnes

Slemmestad

Huk (Huk Formation)

Huk (Elnes‑Vollen formations)

Vekkerø Sjøstrand Member)

Vollen (Vollen‑Arnestad Formation)

Rabben (= Arnestad)

Rodeløkken

Persteilene

Fornebu

Semsvatnet

Nakkholmen (Frognerkilen Formation)

Nakkholmen (Nakkholmen​

Solvang formations, top & base)

Grimsøya Formation

Raudskjer (0)

Grimsøya

Kalvøya

Skogerholmen

Spannslokket

NW Husbergøya

Langåra

Sandvika

OSLO Sheet 1914 IV (1976)

SE Langøyene

SW Hovedøya

Søndre Skjerholmen

Tøyen (T‑banen)

Tøyen (Finnmarksgt.)

Ainabru PM 027 548

NM 835 280 NM 844 261 NM 925 432 NM 842 297 NM 844 294 NM 843 302845306

NM 928 431 NM 929 426 NM 844 258 NM 836 282836286

NM 938 410 NM 938 410932412

NM 924 430 NM 839 310 NM 840 308 NM 947 432947430 903321 915415915416

NM 803 370

NM 949 403

NM 949 404

NM 949 405

NM 864 347

NM 889 384

NM 864 401

NM 862 353

NM 855 358

NM 962 377

NM 856 356

NM 852 402

NM 968 385

NM 968 409

NM 968 365

N M 994 434

NM 994 436

RINGERIKE

HØNEFOSS Sheet 1815111(1969)

Haug skole

NM 734 717

Løkenåsen

NM 732 720

Smeden

NM 756 721

Klekken

NM 741 713

Kullerud

NM 724 694

Gomnes

NM 652 617

Bratterud
NM 650 610
Korsrudtjern (north of)
NM 836 884

Norderhov
NM 710 666‑
Gagnum
NM 858 893​


709667


856894

Vestbråten,
NM 656 596
Kalvsjø railway section
NM 876 853​

N W Frognøya
M 652 581 ‑


881 852


652582
Kalvsjø quarry
NM 874 852

W Frognøya
NM 653 577
Bjertnestangen
NM 761 872 

Stamnestangen



NM 681 597
762874

Store Svartøya
NM 680 584


& 678 586

Ullerntangen
NM 685 610
THE MJØSA DISTRICTS

Gullerud
NM 723 686
EINA Sheet 1816 11(1968)

Tandberg
NM 707 678
Eina
NN 876 238

Norderhov Church
NM 706 669

Bøgerhagen
NM 741 703
Holtjern
NN 907 262

Sponbråten
NM 735 691

HADELAND

HAMAR Sheet 1916 IV (1975)



Nydal (= Furness kirke)
PN 099 472

GRAN Sheet 1915 1(1972)

Furuberget
PN 092 443

Tuv
N M 841 947
Snippsand
PN 074 430

Helgåker,
NM 847 945
Herram (= Heramb)
PN 989 485

Hovodden
NM 785 952
Brumunddal ‑ Holmen

Granvollen
NM 845 934
(section of Skjeseth 1963 p.74)
PN 068 610

Hvattum
NM 851 940
Fangberget
PN 021 527

Tønnerud
NM 780 922

Nerby
NM 859 887
W0VIK Sheet 1816 1(1972)

Lunner railway section
NM 877 862
Stein
NN 919 539

Raknerudtjern (600m east of)
NM 860 905
North of Redalen
NN 904 532

Lunner road section
NM 875 863

Lunner road to south
NM 869 859​


874859
ØSTRE TOTEN Sheet 1916 Ill (1968)

Gammehaugen
NM 840 916

Skøyen Sandstone)
NM 841 912
Helskjer (= Helskjaer)
NN 088 329

Grinda
NM 845 874‑
Hovinsholm 
NN 098 327

845872
Bergevika S
PN 101 364

