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STUDIES ON THE LATEST PRECAMBRIAN
AND EOCAMBRIAN ROCKS IN NORWAY

No. 3.

LATEST PRECAMBRIAN AND EOCAMBRIAN
Biil^iittie^rnr OF NORWAY

By K. Lj^l)/^e/ J. O. Englund** and L. A. Kirkhusmo**

Introduction.

Research on latest Precambrian and Eocambrian rocks of Norway
has been ilitensilie6 in recent years, and the nee6 for a revised lithostra
tigraphical division of these sediments has grown. Up to present many
lirnoBrratiBrapnical unitB have been given oni^ inlornial names or
names conflicting with the rules of lithostratigraphical nomenclature
(Henningsmoen 1961, Størmer 1966 a, International Subcommission on
Stratigraphy and Terminology 1961, American Commission on Stra
tigraphic Nomenclature 1961, Stratigraphical Code Subcommittee of
the Geological Society ot London 1967).

The present paver presents the results of discussions among many
geologists concerned with latest Precambrian and Eocambrian strati
graphy in Norway, and members of the Norwegian Geological Society,
Section tor Stratigraphy.

The authors wish to thank all geologists who have contributed to
the renilt. Particularly 6etaile6 cornlnentB have keen received from
Rektor S. Føyn on the stratigraphy of latest Precambrian and Eocam
brian of N. Norway, and from Professor G. Henningsmoen and Pro
fessor N. Spjeldnæs on stratigraphical nomenclature.

Both in southern and northern Norway moderately deformed sedi
nientz of latest Precambrian and k^ocarndrian age are present in depres
sions in the crystalline Precambrian basement. These sediments which
in both areas contain tillites, are overlain by fossiliferous Lower Cam
brian (Holmia BerieB), apparentlv without any major kreak. In S. Nor
way the latest Precambrian and Eocambrian sediments form a well de
fined lithological unit consisting ot sandstones, shales and limestones,
* University of Oslo. ** Norwegian Geological Survey, Oslo Dept.
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tne overivinz <^amkro-3ilurian roclcB keinx more peiitic. In kinnmar^
a Ban6v an6Bnalv tacieB prevaiiz up to tne Lo^ver or6ovician (?I. V.ea6
in§ 1965). I"ne preBent paper i§ concerne6 >vitn tneBe mo6eratelv 6e
tormeci Be6imentB oniv.

SOUTH NORWAY

Latest Precambrian and Eocambrian sediments in S. Norway have
earlier keen relerre6 to as "Bparaßmiteß", a nåme introduced by Esmark
(1829) to designate coarse feldspathic sandstones and conglomerates.
Since "Sparagmite" is not an internationally recognized petrological
term, the authors maintain that this term should be avoided in formal
lithostratigraphical nomenclature. New names on formations have been
introduced to replace names which conflict with the rules of lithostrati
graphical nomenclature. According to the code of stratigraphic nomen
clature for Norway (Henningsmoen 1961, p. 231), two formations
cannot have the same nåme and it is a6viße6 tnat tne nåme adheres
to the earließt eßtablißne6 formation. The nåme Biri Limestone was in
tro6uce6 by Xierull (1857) vvnile the nåme Biri Conglomerate was
subsequently introduced by K. O. Bjørlykke, 1905. Since Biri Lime-
Btone i8 the earließt eßtablißne6 unit, the nåme Biri Conglomerate should
conßeciuentlv be avoi6e6, and the nåme Biskopås Conglomerate i8 here
Bu^eßte6 as the nåme for this formation. Similarly the Moelv Tillite
(Vogt 1924, Moelv Conglomerate) and Moelv Sparagmite (Vogt 1924)
are regarded as two formations, and the term Moelv Sparagmite is sug
gested altered to the Ring Formation. Ring is located north of Moelv
and provides good sections through this formation. The uppermost
82nclFtone formation deio^v loßßililerouß Lo^ver <2amdrian has previ
oußi)s deen relerre6 to a8 tne Quartz Ban6Btone formation. The nåme
Vem6al Formation was first used in Norway by Kulling and Strand
(in press) followed by K. Bjørlykke (1965, 1966) and Englund
(1966). It Beemß here natural to follow the rules of priority and re
tain the nåme Vangsås Formation which was introduced by Kjerulf
(1857). "sniß nåme refers to a locality in tne district around lake
Mjøsa close to type localities of otner formations of the group, while
Vemdal is referring to a locality in Sweden.

The sequence from the Elstad Sparagmite up to the top of the
Vangßaß Formation is given the nåme Hedmark Group after the county



7

(fylke) in which most of the type localities are located. The group is
ciivi6e6 inw rvo Nidzroupg, the lover one given tne nåme Lilleham
mer Subgroup. A good section through parts 01 the Lillehammer Sub
group m seen along the main road from Lillehammer to Moelv. The
base of the Lillehammer 3ubßroup is not exposed. The upper subgroup,
named the Rena Subgroup, is particularly well exposed in road sections
between Rena and Åsta (K. Bjørlykke 1966). Spjeldnæs (1959) has
claimed the existence of an unconformity between the Rena Subgroup
and the Lillehammer Subgroup based on the evidence of crystalline
limestone boulders in the Moelv Tillite which should have been meta
morphosed prior to the deposition of the Moelv Tillite. This contention
has, however, so far not been confirmed by mapping.

Aogt (1924), Holtedahl (1960) and
,kjeseth (1963).

This paper

ingsaker Quartzite } Quartz
ardal Sparagmite Sandstone

Vangsås
Formation

\ Ringsaker Quartzite
) Vardal Sandstone

Ekre Shale Ekre Shale

Moelv Conglomerate (— Moelv Tillite) Moelv Tillite

Moelv Sparagmite Ring Formation

Biri ShaleBiri Shale and Limestone

Biri Conglomerate
Biskopås
Conglomerate

and

Brøttum Shale and Limestone Limestone

Brøttum Sparagmite Brøttum Formation

Elstad Sparagmite Elstad Formation

Fig. 1 . Nomenclature on latest Precambria and Eocambrian formations in S. Norway.



8

The Hedmark Group in the type area.

Lillehammer Su bgrou p .

Elstad Formation. This formation was first described by Kjerulf
(1857) as "Elstad Quartzite." Later K. O. Bjørlykke (1905) introduced
tne nåme "^lBta6 3parazmire."

The formation occurs between Ringebu and Fåvang in Gudbrands
dalen vkere it is apparentix un^eri^in^ the Lr^ttum Formation. It is
6evelope6 as a zrex Ban6Bwne with a thin calcareous shale at the top,
named Elstad Shale by Englund (1966).

Many authors have discussed the stratigraphical position of this form
ation, and it is still uncert2ili berker it is xoun^er or older tkan the
Brøttum Formation.

Literature: K. O. Bjørlykke (1905), Werenskiold (1911), Oftedahl
(1949, 1954a, 1954 b), Skjeseth (1963), Englund (1966).

Brøttum Formation. In e2rlier papers this rock unit was referred to
as "Older dark sparagmite." The nåme "Brøttum Sparagmite" was in
troduced by Vogt (1924).

In Gudbrandsdalen it consist of an alternation between layers of
«2n6Btone and BN2ie, while 2 sandstone with some few conglomerate
layers dominates in Østerdalen.

Literature: Holtedahl (1953, 1960), okte6M (1954 a), Skjeseth
(1963), K. Bjørlykke (1966), Englund (1966).

Biskopås Conglomerate. The nåme "Biri Conglomerate" was pro
posed by K. O. Bjørlykke (1905) for the cv2rBe consiom^te over
lying the "Older dark sparagmite."

Literature: Miinster (1900), Goldschmidt (1909), Rothpletz (1910),
Oftedahl (1945, 1956), Holtedahl (1953, 1960), Skjeseth (1963), K.
Bjørlykke (1966), Englund (1966).

Biri Shale and Limestone. The nåme "Biri Limestone" was introduced
by Kjerulf (1857). Because the formation i8 developed as black shales
with limestone it was called "Biri Shale and Limestone" by Vogt
(1924) and Skjeseth (1963).

On the eastern side of lake Mjøsa the formation can often be sepa
rated in two members (Kirkhusmo, unpubl.). The lower member, be
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low the Biskopås Conglomerate, corresponds to the "Brøttum Limestone
and Shale" a nåme proposed by Vogt (1924). The upper member, the
original "Biri Shale and Limestone," has a great areal distribution.

Literature: Munster (1900), Goldschmidt (1909), Rothpletz (1910),
Holtedahl (1953, 1960), Skjeseth (1963), K. Bjørlykke (1966),
Englund (1966).

Rena Su bgro u p .

Ring Formation. The nåme "Moelv Sparagmite" was proposed by
Vogt (1924) for the "Younger red sparagmite." •

The Ring Formation can general!^ be separated in two members. The
lo^ver rneinber is fine-grained and corresponds to the "Moelv Shale"
of Skjeseth (1963). The upper member consists of a coarse-grained
sandstone often conglomeratic.

Moelv Tillite. The nåme "Moelv Conglomerate" was proposed by
Vogt (1924) for rniB formation. Holtedahl (1922) was the first to
288ume a zlacial orizin for tniB "riliite-iilie" conziornerare in the type
area south of Moelv.

Lirerature: I^olre6anl (1922), ?lolrnBen (1954), l^olinBen an6Oire
6anl (1956), BpMnXB (1964), X. Li^ri^e (1966).

Ekre Shale. At the base of the "Quartz Sandstone" formation de
scribed by Munster (1900), there occurs a green-red snåle rnar was
called Ekre Shale by Vogt (1924).

Lirerarure: VoZr (1924), I-lolrnBen an6oite6anl (1956), Tkjezern
(1963).

Vangsås Formation (Vemdal Sandstone). This unit was first de
scribed by Kjerulf (1868) as "Vangsåsen-quartzsandstone." Lur the
"Quartz Sandstone" formation as described by Munster (1900), was
divided into the following members by Vogt (1924): Ekre Shale,
Vardal Sparagmite, and Ringsaker Quartzite. Later the nåme "Quartz
Sandstone" has been used for the upper two members. Skjeseth (1963)
introduced the nåme "Mjøsa Quartz-sandstone."

I^ne iorrnarion naß a zrear areal disrriliurion along me eaßrern marg

Literature: Munster (1900), Holtedahl (1921, 1953, 1960), Gren-
der (1962), Skjeseth (1963), K. Bjørlykke (1966), Englund (1966).
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in of the Norwegian and Swedish Caledonides. The nåme Vemdal
Sandstone (Tornebohm, 1873) is proposed by Kulling and Strand
(1966, in preßß) for these deposits in Norway and Sweden. The nåme
"Vanzßaß 3an6Btone" is nere used in a more reßtricte<s Benße for the
formation in the type area in Southern Norway.

Literature: Schiøtz (1902), Vogt (1924), Holtedahl (1953, 1960),
Holmsen and Oftedahl (1956), Grender (1962), Skjeseth (1963), K.
Bjørlykke (1966), Englund (1966), Kulling and Strand (1966).

Other litko^trati^lapkieal nl^me» in Southern Norway.

Arnestad Limestone. Schiøtz (1902). Corresponds to Biri Shale and
Limestone (Tørnebohm, 1896 and K. O. Bjørlykke, 1905).

Biri Conglomerate. K. O. Bjørlykke (1905). Synonym for Biskopås
Conglomerate.

Bjørånes Shale. K. Bjørlykke (1965). Dark BnaleB deio^v the Moelv Til
lite in the Bjørånes window.
Literature: Oftedahl (1956), K. Bjørlykke (1965).

Brøttum Limestone and Shale. Vogt (1924). Corresponds to the larver
member of the Biri Shale and Limestone.

Elstad Shale. Englund (1966). Upper member of the Elstad Formation.
Elstad Sparagmite. K. O. Bjørlykke (1905). OeBcride6 as "Elstad

Quartzite" by Kjerulf (1857). Lower member of the Elstad Form
ation.

Elta Limestone. Schiøtz (1902). Corresponds to Biri Shale and Lime
stone (Tørnebohm, 1896 and K. O. Bjørlykke, 1905).

Gausdal Quartzite Formation. K. O. Bjørlykke (1893). Corresponds
to the upper part of the Hedmark Group (Rena Subgroup) and
it possibly also includes younger beds.
Literature: K. O. Bjørlykke (1905), Oftedahl (1954 a).

Glomstad Limestone. Schiøtz (1902). Corresponds to Biri Shale and
Limestone (Tørnebohm, 1896 and K. O. Bjørlykke, 1905).

Helgeberg Limestone. Vogt (1952). Corresponds to a part of the Biri
Shale and Limestone.

()uHrtx-Ban6Btone. 3^eBetn (1963). B^non^ni ior VanZBaB korin
ation.

(Donzioinerate. Vozt (1924). N<^uivalent to
Bnale. 3^jeßetn (1963). I^o^ver ineinder ol tne I^in^ formation.

Moelv Sparagmite. Vogt (1924). Synonym for Ring Formation.
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()uart2 3an6Btone. Vi6e: Vangß2B formation.
Reistad Limestone. K. O. Bjørlykke (1893). Corresponds probably to

the Biri Shale and Limestone (Skjeseth, 1963).
Literature: K. O. Bjørlykke (1905).

Ringsaker Quartzite. Vogt (1924). Upper member of the Vangsås
Formation.

3vnnt)ell 32n68tone. ?rop«Be6 dv 3tr2n6 (19)8), vno correi2teB tne
tormation vitn tne VangB2B ?orm2tion.

Vardal Sparagmite. Vogt (1924). Corresponds to the lower member
of the Vangsås Formation.

NORTH NORWAY

The latest Precambrian and Eocambrian sediments in Finnmark have
been referred to as "The Finnmark Sandstone Series" by O. Holtedahl
(1918) and it BeemB naturai to intro6uce the nåme Finnmark Group
as a formal nåme for this unit. The Finnmark Group is naturally di
vided into a lower subgroup consisting of sediments below the tillites
and an upper subgroup containing two tillite horizons. The lower sub
group has by O. Holtedahl (1918) been referred to as Porsanger Sand
stone and Porsanger Dolomite. In the Porsanger area, however, the
base of the sequence is disturbed by thrusting and the most complete
Bection is toun6 along the lanat)or<s. Therefore, the nåme Tana Sub
group would be most suitable to designate tne sequence below the lower
tillite (Smalfjord Tillite) in the Tanafjord section. The base i8 not ex
posed according to Føyn's (1937) description of the section along the
Tanafjord from Grasdalen to Stangenes. The lowermost part of the
Tana Subgroup, exposed at tne Varanger Peninsula, will have to await
more detailed mapping before it can be subdivided into formations.

The Varanger Subgroup rests with angular unconformity on the
Tana Buozroup (ksi>vn 1937). The nåme Varanger as a lithostrati
graphical unit was introduced by Dahll (1868) for brownish shales
and conglomerates from the inner part of the Varangerfjord. The
Varanger Subgroup i8 here defined to include the Smalfjord Tillite at
the base and the Stappogiedde Formation at the top (Fig. 2). The Ves
tertana Group as introduced by Reading (1965), comprises the Brei
vik Formation in addition to the formations included in The Varanger
Subgroup. Many members of tne Stratigraphic section of the Norwe
gian Geological Society (— The stratigraphic commission of Norway)
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claimed tnat the Varanger Subgroup Kaci priority to the Vestertana
Group and that the Varanger Subgroup and the Finnmark Group should
not inclu6e the Breivik Formation. Orker members held the view that
the Varanger Subgroup (or the Vestertana Group) should include the
Breivik Formation and possibly also parts of the Digermulen Group
(Cambr.—Ord.) since a shaly and a sandy facies prevails also in this
part of the sequence.

HEDMARK GROUP FINNMARK GROUP

[ Vangsås Formation
I Ekre Shale

Moelv Tillite

[^ Ring Formation

Stappogiedde Formation 1
Mortensnes Tillite
Nyborg Formation
Smalfjord Tillite

Rena Varanger
SubgroupSubgroup

[ Biri Shale and Limestone
J Biskopås Conglomerate

Grasdal Dolomite
Vagge Formation
Algasvarre Formation
Stangenes Shale

Lillehammer
Subgroup

Tana
Brøttum Formation Subgroup
Elstad Formation

Fig. 2. 8i»-a/^^/'^)/ of the Hedmark Group and Finnmark Group

Remarks on chronostratigraphical units and on the
oorrolHtitti» betles» North and South Norway.

Both the Finnmark Group of N. Norway and the Hedmark Group
of S. Norway have here been divided into two subgroups. In Finnmark
the base of the upper subgroup is placed at the base of the lower tillite
(Smalfjord Tillite) above the dolomite formation (Porsanger Dolomite
—Grasdal Dolomite). The Varanger Subgroup thus corresponds very
closely to the chronostratigraphical units: Varegium (Asklund 1956),
Varangian (Harland 1965) and Eocambrian as emended by (Holte
dahl 1961). According to Holtedahl (1961) the Eocambrian should
be regarded as lowermost Cambrian and the base of the tillites should
serve as a lo^ver rx>uri6ar^ of the Eocambrian. The "rlBrriarlii2ri" is by
Rosendahl (1945) and Spjeldnæs (1965) used as a chronostratigrapic
nåme for the youngest Precambrian below the tilliten The Esmarkian
should according to these authors include the Tana Subgroup and the
Lillehammer Subgroup but the lower boundary of the Esmarkian has
not keen sharply defined.
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In S. Norway a significant change in lithology is found at the base
of the Ring Formation which mainly consists ot coarse sandstones and
conglomerates resting on the Biri Shale and Limestone. The base of the
Ring Formation therefore forms a natural boundary between the Rena
Subgroup and the Lillehammer Subgroup. The Moelv Tillite most pro
bably corresponds to the upper tillite (Mortensnes Tillite) of N. Nor
way, and the Ring Formation may therefore be contemporaneous with
the Nyborg Formation of N. Norway. An equivalent of the Smalfjord
Tillite (lo^ver riliite) horizon appearB to be advent in S. Norway. A
close correlation of the base of the Varanger Subgroup with the base
of the Rena Subgroup is therefore not possible at this stage.

The top of the Varanger Subgroup may, however, be correlated with
that of the Rena Subgroup. To a large extent due to the work by
Føyn (1967) a lithological correlation ot the upper part ot the Stappo
giedde Formation with the Vangsås Formation now seems justified (see
also K. Bjørlykke, 1967).

List of formal litkoBtrlltiBr2pliio unit» of the Finnmark Group,
N. Norway.

Algasvarre Formation i8 here introduced as a formal nåme for the sedi
ments between the Stangenes Formation and the Vagge Formation
as described by Føyn (1937) p. 71, Fig. 5 f— from the Tananes
section.
The formation consists mainly of quartzites and with subordi
nate shales (590 m).

Borras Group (Føyn 1964) rests unconformably on the Bossekop
(3roup an 6ix overtnruBt b^ 2 rnetainorpnic nappe
I^pe loc2iit^: area.
<lorreBpon6B prodabi^ to tne upper p2rt ot tne Varanger <3roup
(k^n 1964).

Bossekop Group (Føyn 1964)—rests unconformably upon the Raipas
Suite and is overlain by the Borras Group.
The Bossekop Group corresponds to the upper part of the Tana
Subgroup (Føyn 1964).

Grasdal Dolomite is in this paper introduced as a formal nåme on the
Be6imentB overi^ing the Vagge Formation in tne Tanafjord sec
tion at Grasdalen (Føyn 1937, p. 75).
'lne torrnation conBiBtB ot 6ololnite an6BnaleB (50 m) an6i8over
lain dv tne 3rnaltjor6
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Karlbotn Quartzite (K. Bjørlykke, 1967) is a conglomeratic quartzite
overlang the Kvalnes Conglomerate at Karlbotn.

Klubbfjell "series" (Rosendahl, H. 1931, p. 491) is a part of the Tana
Subgroup exposed at Klubbfjell below the unconformity at the
base ot the Varanger Subgroup.

Kvalnes Conglomerate (K. Bjørlykke, 1967) reBtB unconformably
upon the Tana Group.
Type locality: Kvalnes on the south side of the Varangerfjord.

Mortensnes Tillite (O. Holtedahl 1918) is the upper of the two tillite
KorixonB in Finnmark and i8 often reterre6 to 28 "the upper tillite."
Type locality: Mortensnes on the north side of the Varangerfjord
(O. Holtedahl 1918, H. Reading 1965).

Nyborg Formation (O. Holtedahl 1960)—is a red and grey shale and
sandstone found between the two tillite horizons.
Type locality: Nyborg on the north side ot Varangerfjord east
of Varangerbotten.
Literature: Rosendahl 1931, 1945, O. Holtedahl 1960, H. Reading
1965, H. Reading and Walker 1966.

Porsanger "avdelingen" (division) (O. Holtedahl, 1918) consists of
massive sandstone (Porsanger Sandstone) and an upper dolomite
(Porsanger Dolomite). Corresponds to the Tana Subgroup of the
Tanafjord section.

Smalfjord Tillite—is in tniB paper intro6uce6 as a formal nåme for the
lower of the two tillite horizons in Finnmark. The type locality
2t Smalfjord i8 described by Føyn (1937).
Literature: Holtedahl (1918), Føyn (1937), H. Reading (1965),
H. Reading and Walker (1966).

Stangenes Shale (Føyn 1937, p. 70) måkes up the lower part of the
Tananes section and is underlain by conglomeratic beds and shales
which is not yet included in any formally established Formation.

Stappogiedde Formation (H. Reading 1965)—is divided into three
members: 1. Quartzitic sandstone (at tne base) 2. Blue green and
violet slate. 3. Red quartzitic sandstone with greywackes, sand
stones and mudstones.
Type locality: Stappogiedde at the Digermulen peninsula.

V2^e formation (?^n 1937, p. 73) conBiBtB ot an upper quartxite
inemder (150 m) an6a lov^er Bnale mernber (80 m).
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Varanger Subgroup (Størmer 1966 b) consists of the Smalfjord Tillite,
Nyborg Formation, Mortensnes Tillite and the Stappogiedde Form
ation.
The Varanger "System" was introduced by Dahll (1868) to de
signate brown conglomerates and shales at Mortensnes. Holtedahl
(1918) used tne nåme Varanger "Avdelingen" about parts of the
Tana Group at Kongsfjord.

Vestertana Group (Reading 1965) includes the Breivik Formation in
addition to the formations included in the Varanger Subgroup.
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STUDIES ON THE LATEST PRECAMBRIAN
AND EOCAMBRIAN ROCKS IN NORWAY

No. 4.

THE EOCAMBRIAN "REUSCH MORAINE" AT BIGGANJARGGA
AND THE GEOLOGY AROUND VARANGERFJORD ;

NORTHERN NORWAY

By Knut Bjørlykke, University of Oslo

Abstract.

The Bigganjargga Tillite (Reusch moraine) of N. Norway rests on a striated surface
of the underlying sandstone (Tana Group).

'lliiz unconformity cancan be followed on both sides of the Varangerfjord and can be
correlare^ with a sunilar sliZnt angular uncontorrnity beloxv the Lo^er IMite (Smal
fjord Tillite) at Tana (Føyn 1937). The described sections through the latest Pre
cambrian and Eocambrian of N. Norway show many lithological similarities to the
correBponc!lNF sections in S. Norway and Scotland. The palaeoclimatic implications of
the regional distribution of Eocambrian tillites are discussed, and it is concluded that
the Eocambrian glaciation probably was more extensive than any other known glaci
ation.

Introduction.

The Finnmark 82n68tcine Berieß (The Finnmark Group) rests un
conformably on the crystalline Precambrian gneisses which form the
southern border of the series. These sediments which are relatively little
<^eiormecl and of Ic>^ meramorp^ic gråde, are to the northwest over
thrust by a nappe of metamorphic rocks. The most complete sequence
rnrouFn the Ban6Btone Berieß is ioun6 in the Tana 6ißrricr where the
stratigraphy naß been worked out by Holtedahl (1918) and Føyn
(1937). The succession there can be divided into two subgroups, an
upper tiliite bearinZ group (Varanger 3ul)Aroup), which reßtß >vitn
anAuiar unconiorrnirv on a lo^er pre-riiiiric group (Tana Bul?zroup).
The upper Berieß containß r^o 6ißtinct tiliire nori^onß on eitner side of
2 82n68tone formation (Nyborg Formation), and the upper tiliire is
overlain at Digermulen by an apparently continuous succession of
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sandstone and shale grading up into fossiliferous Cambrian rocks. A
detailed description of the sequence from the Nyborg Formation up
wards into the fossiliferous Cambrian at Digermulen is given by Read
ing (1965). I^evie^B on the Finnmark 3arl6Btone Berieß have keen pu
blished by Rosendahl (1935), Holtedahl (1953, 1960, 1961) and
Spjeldnæs (1964). The most recent account of the sedimentation of
the tillites and the Nyborg Formation has been published by Reading
and Walker (1966).

The stratigraphical succession around the inner part of the Varanger
fjord is essentially rather similar to the generalized stratigraphy of the
Tana district. Formal stratigraphic names for tkiB formation have 80
far only partly been introduced and proper stratigraphic names for
these formations have been discussed among the Norwegian and for
eign geologists concerned. Certain new stratigraphic names are intro
duced. (K. Bjørlykke, Englund, Kirkhusmo, 1967.)

Fig. 1. Geological map of Finnmark after Føyn (1937).
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Stratigrapby of the Finnmark Group.
TANA AREA

5 C Breivik Formation (Reading 1965)
*k §* I Stappogiedde Formation (Reading 1965)
g 2 \ Mortensnes Tillite (Holtedahl 1918)

g•§ f Nyborg Formation (Holtedahl 1960)
[ Smalfjord Tillite * (Lower tillite)

VARANGER AREA

Mortensnes Tillite

Nyborg Formation
Karlbotn Quartzite f
Kvalnes Conglomerate *
(Bigganjargga Tillite)

2 f Grasdal Dolomite * (Porsanger Dolomite,
§« I Holtedahl 1918)

Z 2 1 Va e Formation (Føyn 1937)
*"* -p I Algasvarre Formation *

[_ Stangenes shale (Føyn 1937)

Tana Subgroup

* Bjørlykke et al. (1967).
f This paper.

The area around the inner part of Varangerfjord and the Biggan
jargga Tillite have been visited by 2 large number of geologists, and
accourits of the Be6irnenrar^ zeoioFx of the Finnmark Group in this
district are published by: T. Dahll (1868), Reusch (1891, 1892),
Tørnebohm (1893), Schiøtz (1896), Strahan (1897), Holtedahl
(1918. 1919, 1932), Rosendahl (1931, 1945), von Gaertner (1943).
Holtedahl and Føyn (1960), (^rc>^ell (1964), Harland (1964). The
present paper presents the result of the author's fieldwork in the Va
rangerfjord area during the summer of 1965.

Geological maps of this area have been prepared by Holtedahl (1918),
Holtedahl and Føyn (1960) and Rosendahl (1931) and these maps
Berved as a useful basis for my own fieldwork.

The mapped areas provide good sections through the Tana Sand
stone and the overlying tillite bearing group (Varanger Subgroup). The
uncontorrn2l)le reiation bet^veen rneBe r>vo ZroupB is spectacularly dis
played in this area, particularly at Bigganjargga where a moraine rests
on 2 striated surface of sandstone of the Tana Subgroup. To the south
the crystalline Precambrian cropB out, revealing to a large extent the
features of the primary topography ot the basement.

The Bigganjargga Tillite is now protected by law, and visiting geo
logists should not hammer at the locality to collect specimens. Loose
blocks of Bigganjargga Tillite is usually found around the locality.

angular unconformity 1 —
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Fig. 3. Profile across the Varangerfjord

The Tana Subgroup

The Tana Subgroup can be trace6 from the Tana area in the west,
where a relative^ detailed stratigraphy has been established (Holte
dahl 1918, Føyn 1937), northwards to the Varanger peninsula, where
mostly only reconnaissance work has been done (Holtedahl 1918, Ro
sendahl 1945) and further to the southwest, to the northern side of
the Varangerfjord. The most complete section in the Varangerfjord
area i8 exposed at Klubbfjell (Holtedahl 1918, Rosendahl 1931). In
the Becrion at Mortensnes a 6ark grey Ban6Btone is toun6 belo^ the
dolomite conglomerate at the sea level. To the east the conglomerate is
overlying green and red shale and sandstone. At the top of the hill,
about 100 m above sea level, the conglomerate rests on a pale yellowish
sandstone containing red spots of iron oxides. The orientation of fore
sets in croBBbe66e6 units in the sandstones of the Tana Subgroup indi
cates that transport was from west ro east. This sequence bears many
resemblances to the Stangenes Shale of the Tana succession described by
Føyn (1937), but more detailed investigations must be carried out be
fore reliable correlations with the Tana district can be established.

O. Holtedahl (1918) inrerprete6 all the Ban6Btone on the south side
of the Varanzerljor^ a8 belonZinz to the younger rilliric series (Var
anger Subgroup), but more detailed mapping supports RosendahPs
view (1931) that the sandstone underlying the Bigganjargga Tillite
and the conglomerates at Kvalnes belong to the older Tana Subgroup.
To the west ar Veineß the conglomerate rests on a crossbedded quartzite
which overlies the crystalline Precambrian basement. Passing north
east-wards to the point of Kvalnes, the Kvalnes Conglomerate is found
to rest on progressively younger beds of sandstone which gradually
become more shaly. Ripple marks and mud cracks are common in a
6ark Biltv Bnale at tne point of Xvalneß, and a smilar lirnolog/ i8 toun6
beneath the unconformity on tne island of Skjåholmen. <2roßßbecl6inß



23

l-

in the Tana Subgroup at Kvalnes and Bigganjargga indicates tnat the
direction of sediment transport was from southwest and west. This is
consistent nitn data recorded from Mortensnes.

intratorrnational conzloinerate is toun6, botn at kvalnes an6at

Liz^aniarzZa, nitn peddles up to a len cm in diameter. 3orne ot tne

peddles are zreenisli ana rna^ pernaps represent concretions. sirnilar
conzlornerate nas deen 6escribe6 dv (1918) irorn ker-I^rsa
vik on tne nortn si6e oi tne Varangertior^. "lnis conziornerate na6

oeen 6escride6 dv keiinau (1850) as a concretionarv rock, out on tne

dasis ol po!isne6 sections an6tnin sections r^olte6anl (1918, p. 151)
nas adle to 6ernonstrate its conzioineratic nature.

The described lithology of the sandstone around the Varangerfjord
corresponds well to that of the loner part of the Tana Group of the
Tanafjord «ection as described by Føyn (1937). The thick quartzites
(Vagge Formation) of the upper part of the Tana Subgroup have
probably deen ero6e6 in the Varanger 6istrict.

i—
The unconformity between the Varanger Subgroup £
and the Tana Subgroup. pz

?Bvn (1937) norke6 out a 6etaile6 stratizrapn/ ot tne 'låna 3ud

zroup alonz tne ana nas able to 6ernonstrate tnat tne loner
tiliite nas restinz upon prozressiveiv vounzer be6s ot san6stone ot tne

Zudzroup along tne eastern si6e ot 'lanatiora'. Mis anZuiar un
contorrnitv nas snonn to de råtner constant at one to tno
tnickness ot 600 in ot sanastone present at Qras6alen rnust nave deen

ero6e6 or not 6eposite6 at tne nea6 ot 'lanatjora' 3 5 km turtner soutn.

In tne Varanzer area tne san6stone un^erivinZ tne tiliites most pro
dadiv corresponas to tne loner part ot tne 'låna zudzroup ot tne 'låna

tjora! section (Z.oBen6anl 1931) Zuzzestinz tnat at least 500 m ot tne
'låna sudFroup nere ero6e6 or not 6eposite6 detore tne 6eposition ot
tne tillites. 0n tne soutnern si6e ot tne Varansert)or6 at I^valnes tne
autlior rneasure6 a 2-3 anzular uncontorrnitv at tne dåse ot

tne tillite, as tne tillite to tne nortn is toun6 to rest on progressivelv

vounzer de6s ot tne 'låna zudgroup. QOO6 exposures snoninz tne same
uncontorrnitv are touna at tne islana ot Zkjanolrnen (kig. 4). 'lne

I^valnes donzlomerate can otten de tollonea' restinz on a tnick a^uartx
ite de6in tne 'låna ZudZroup tor sorne rnetrez an6tnen cuttinz tnrouxn

tne a^uartxite an6un6erlvinz snåle 6onn onto a loner cornpetsnt de6.
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Fig. 4. I/»5o»/t>i-i»l/), be/^ee» the Varanger zU^i-ott/, sXvsin« <7o«Fi.) and the Tana
Subgroup at Skjåholmen.

On the north side of the Varangerfjord at Mortensnes this uncon
formity is very clearly shown, and as described by Holtedahl (1918)
and Rosendahl (1931) the conglomerate (Kvalnes Conglomerate) can
be followed up the hill resting upon progressively younger members
of the slightly northwards dipping sandstones of the Tana Subgroup.

The lower tillite (Bigganjargga Tillite) .

As a reßulr of itß beui^ one of the te^ exampleß of a prooabi/ ter
reßtrial moraine of Xocambrian age resting on a striated surface, the
Bigganjargga Tillite has been visited by many geologists since it was
first described by Reusch in 1891 and is a popular excursion locality.
li.eußcn concw6e6 tkat tkiß tillire is a moraine from an ice age older
than the Pleistocene. As mentioned by Reading and Walker (1966)
Reusch (1891) used the term boulder-clay in his English summary,
whilst Strahan (1897) who confirmed Reusch's conclusions used the
term till. In the Norwegian text, however, the conglomerate is referred
to as "morene konglomerat" which could be more appropriately trans
lated to moraine or till. However, except for the work on the till-fabric
by von Gaertner (1943), little detailed work has been done on this lo
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caiirv. The tillite rezrz on a flat surface of quartzite, with striations
clearly running in beneath the riliire (fig. 5 and 6) and is overiain by a
3 m thick sandstone and silty beds in which loadcasts and slump struc
tureß are common. This is iollo^ve6 by rne I^valneß O>nFiornerate >virn
6c>loiiiite pebl)leß and rnsn. the Xarll)orn. Quartzite continuinA up to the
top of the peninsula (120 metres above sea level).

The distribution of pebble long axes, based on the author's measure
inentB, Bno^vB rougniv the same parrern as that obtained by von Gaert
ner (1943) (Fig. 8). The orientation of most striations is 3^^s>l^
(160 g) (Fig. 7) and a probably younger set of striations shows ESE—
WNW (120 g) orienrarionB. The ooul6erB and pei)vleB in the riliite
are mainly crystalline Precambrian rocks and Ban^Brone from the sand
stone below. The Precambrian blocks are relatively more common than
sandstones in the coarBer fractions (Fig. 10). The relevant characte
riBricB of the riliire couic! be BuinrnariBecl 28 follows:

1. I^e riliire reBlB 6iBconiorrn2olv upon 2 c^uarr^ire naB a Btri
are6 upper Buriace.

2. H^ne riliire i8noinoAeneouB anv oec!6in^ or
3. riliire Bno^vB poor «orrinz.
4. 'lne peo!)1e8 are ireBn anci Bnov^ no BiZn oi >vearnering.
5. 3rriare6 an6iacere6 peol)1e8 are ioun6.
6. lonZ axiB clizrriiiurion oi peooleB Bno^vB a preierre<^ orientarion

approxirnareiv perpen6icular ro me 6irecrion oi me BrriarionB oi
me Buriace oi me c^uarr^ire oeio^.

7. I^e riliire Bno^vB a BN2rp conracr me overivin^ 82n68tone an6
con^lornerare.

8. 'lne unconiorrnirv oer^veen me riliire anci me un6erlvinK zan6Brone
i 8ro oe correiared a ina^or an^uiar unconiorrnirv rraceaoie
over 2 larger part oi kinnrnark.

9. ?eol)1e8 derived irorn me underivinz Ban6Brone are corninon.

These features show good accordance with the characteristics of Plei
stocene moraines. The long axis distribution of the pebbles in Pleisto
cene moraines are usually parallel to the direction of iceflow, as indi
cated by the striations, out preferred orientations perpendicular to the
direction of ice flow are not uncommon (Holmes 1941). The grain-
Bixe cliBrriourion curveB show rnar the LiZA2N)arZZ2 riliire has a very
sandy matrix. Tills of this lithology frequently give a poor or less re-
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Fig 6a. Glacial striation at the base of the Bigganjargga Tillite.

Kable till fabric than those of a finer grained matrix (B. Andersen per
sonal communication). The apparent lack of correi2tion detv^een orien
t2tion of the pendle lorig axez and the ztriariong on the i>aBernent led
von Gaertner (1943) to suggest that the whole outcrop, 70 m lang
and 3 m high, was one single block of moraine dropped from icebergs
onto the already striated surface. In the author's opinion this theory
is unlikely and is not necessary to account for the long axi§ 6iB^ri!?u
tion.

It was pointed out by Spjeldnæs (1964, p. 33) that large blocks of
troten moraines transported by floating ice are more likely to be found
in a tnick Be6iinentarv Bec^uence tnan on a clean surface of striated
quartzites. Spjeldnæs also mentions the possibility that the moraine
was deposited when the ice sheet was too thin to produce good stria
tion and reflects a late and local direction of ice movement different
from the iN2in one. As rnentione6 akove 2 probably younger, fainter
set of Btriation has deen torrne6 (Fig. 6 b) but this is also oblique to
the preferred orientation of pebble long axes.

to tne interpretation ot 0. I-lolte6anl (1918 an61960)
tne un6er!vinz Ban6Btone deion^ to tne upper Ban6Btone Berieß (Var
anzer 3udgroup), an 6ließ above tne rnain unconlorrnitv. I^olte6anl
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Fig. 6b. Two sets of striations, the fainter probably being the younger of the two.
A probable c-reie»/l<7 gourge i-e/aieci to the younger set of si«<,/lo» srs/zbei- /<,/»/)

(1918, p. 161) suggested that the sand might have been frozen at the
time of 6epc>Bition of the moraine and tiiereiore al)1e to take the stria
tions. A later 6eiorniation of the un^eri^inZ zan6Btorle Biioulc! tiien be
expected but the border to the underlying sandstone is sharp and un
6eiorme6. The preßence of Ban6Btcine pel)l>1e8 in the tiliite was con
sidered by H. Rosendahl (1931, 1945) to indicate that the underlying
sandstone was at least parti/ Consolidated at the time of the deposition
of the moraine. Such an explanation is favoured by the present correla
tions showing the quartzite to belong to the larver sandstone series (see

110' 120° 130° 140' 150' 160' 170' ISO'

Fig. 7. Oflen/atttiltt of 5/«<,/w«5 at the base of the Bigganjargga Tillite.
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Fig. 8. Vertical and horisontal long axis distribution of the Bigganjargga Tillite based
on 200 measurements of pebbles where the apparant long axis is more than 50 % hr-

100
0,02 0.06 0.1 0.2 0.6 1 2 6 10 20 60 100mn-

fig. 9. Gram size distribution in the Bigganjargga Tillite and the underlying sand
stone. Each curve is based on 300—600 measurements in thin sections, by use of ace

tate replicas (K. Bjørlykke, 1966a) and for the larger clasts macroscopic
measurements.
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CRYSTALLINE
PRECAMBRIAN

NUMBEROF 1-scm 5-20cm >20cm
OBSERVATIONS 22 5 119 25

cO.I^OTMOU OF P^LLl_^s AND Lo^l.ll^^s IN THE
THE BIGGANJARGGA TILLITE

Fig. 10.

also Rosendahl 1931). Consequently the Porsanger Dolomite and pro
bably some hundred metres of sandstone of the Tana Subgroup must
have keen eroded before the deposition of the Bigganjargga Tillite.
(^ro^eii (1964) has interpretated the moraine as a mudflow-deposit
and the un6erlvili^ Brriatic>nß as Bcourß due to the eroßion cauze6 by the

Fig. 11. Striations at the base of Kvalnes Conglomerate at Ve/»« bay.
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mudflow. The stratigraphic correlation with the marine tillites in the
Tana district (the glacial origin of which also seems to be accepted by
Crowell), the lack of weathering of the pebbles and the occurrence of
Brriare6 peodleß, accor6in^ to rne aurnor'B opinion, tavour a ziacial
origin for rne moraine. It i8 considered that neither the coarßer Pre
cambrian gneisses nor the sandstone pebbles were avle to take striations
and that Precambrian quartzites are rather rare thus explaining the
scarcity of striated pebbles. The matrix of the conglomerate is sandy,
and the gram size corresponds very closely to the mean diameter of
the sand grains in the underlying sandstones (Fig. 9). This suggests
rnar the sandstone was not well Consolidated at the time of deposition
of the rnoraine, 80 that erosion disintegrated the sandstone into whole
grains. The author interprets the Bigganjargga Tillite as an erosional
remnant of a more extensive moraine, which has been partly re^orl^e6
and 6epoßire6 as ziaciotiuvial and tiuvial conzlornerareß. This i8 sup
ported by a new find of striations below the Kvalnes Conglomerate at
Veines further east (Fig. 11). The Bigganjargga Tillite may therefore
be regarded as a part of the Kvalnes Conglomerate.

The Kvalnes Conglomerate.

The Kvalnes Conglomerate is in part well sorted with well rounded
pebbles, and is also partly unsorted with scattered angular pebbles in
a sandy matrix. The conglomerate reBrB unconformably upon the Tana
Subgroup and represents a lateral continuation of the conglomerate ar
Bigganjargga. At Mortensnes the Kvalnes Conglomerate is clearly a
fluvial conglomerate with large scale crossbedding and well rounded
dolomite pebbles. At Kvalnes, however, the conglomerate is often un
sorted ar the base and better sorted with crossbedding in the upper part.
This is illustrated by Holtedahl (1918, p. 165) and ir seems probable
that the lower part locally includes undisturbed till while reworked
glaciofluvial material prevails in the upper part. Along the shore from
LiZzaniarZ^a to Angsnes rne KvalneB (^onziornerare is partis unsorted
rili, parri/ Borre6 Biaciotluvi2i material. Thus 200ve the Bigganjargga
Tillite (Fig. 5) a bed of unsorted till with small dolomite pebbles oc
curs. This latter may be a marine ril! transgressing over the underlying
sandstones and Kvalnes Conglomerates.

On me Bournern Bi6e ot me VaranZertjor^ me conziornerare conrains
ciorninanriv pei)dleß ot me crvßralline ?recarndrian an6ot me un6er
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lying Tana Sandstone. Dolomite pebbles are relatively scarce at the
Kvalnes peninsula and in the Bigganjargga Tillite, but become gradu
ally more common to the N at Angsnes. At the small island of Skjå
holmen dolomite måkes up about 50 % of the pendles. The number of
crystalline Precambrian pebbles decréases very rapidly to the north and
at Mortensnes on the north side of the fiord, dolomite pebbles make up
more than 90 % of the assemblage. The same yellow conglomerate crops
out at Nesseby (Holtedahl 1918, p. 166) and is sometimes referred
to as Nesseby Sandstone. Crossbedding in this conglomerate shows a
regular direction of transport from the SE or E. The fact that the
direction of transport was nearly parallel to the Precambrian coastline
to the S. probably explains why only small amounts of Precambrian
pebbles are found farther out from the presumed co2Bt. It is necessary
to assume that the Porsanger Dolomite extended to the east of the Var
angerfjord before the subsequent erosion. "While the Bigganjargga Til
lite corit2iriß oril^ 2 very small percentage of dolomite pebbles, the over
lying unsorted tillite (Fig. 5) contains mostly dolomite pebbles and
Bome 82n68torie peooies of the Tana 3urizrouri. li triiß is a marine tillite
dropped from floating icebergs it seems natural that it should contain
pebbles of 2 composition different from more loc2ilv 6erive6 Ai2cial
and Ziacioiluvi2i coriZlomer2teß.

The Nyborg Formation and Karlbotn Quartzite.

The X.V2ineß d!orißiomer2te north of the V2r2rigeri)'or6 is overgin by
thin-bedded red and grey sandstone and shale, approximately 100 m
thick, the Nyborg Formation, in the middle part of which dolomite
beds 2re found. Holtedahl (1918, p. 169) 6eßcrikeß 2 dolomite breccia
outcropping in the hills north of the easterly houses at Mortensnes.
North of Hammernes 2 white to grev dolomite occurs, probably at the
same horizon. Flute east struetures are found along the shore at Ham
mernes in the upper part of tne Nyborg Formation (Fig. 12). These
flute east struetures are mentioned by (^ro^eii (1964, p. 96) who con
cludeß tn2t turoi6itv currentß probabiv piaveci 2 role in the local depo
sition of the Nyborg Formation around Hammernes. Reading and Wal
ker (1966) classify parts of the Nyborg Formation in the Tana District
as belonging to turbidite facies. In the Varangerfjord district graded
bedding i8 not tvpical in the Nyborg Formation and tnin-r>eclciecl un
graded sandstone prevails. It is felt that the evidence of the sole mark
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Fig. 12. Flutecasts in the Nyborg Formation at Hammernes.

ings at Hammernes is not sufficient to characterise these sediments as
rurl)i6ite«. South of the VaranxelHorti the Xvaln« (lon^iolneraw is suc
cee6ed by a white to gre^ c^uart^ite interla^ere6 with numerous con
glomerate horizons which wedge out very rapidly. <^roßßi)e66ilig is very

Fig. 13. Precambrian "Monadnocs" rising through the Karlbotn Quartzite. Patches of
a i/bi» cover of Xs^lboi» I»s^i«ie is /o«»<i on the gneiss.



34

common in tne quartzites. As pointed out by Holtedahl (1918) the
similarity to Quarternary glaciofluvial deposits is striking. Due to
lack of exposures it is difficult to work out to what extent the Karl
botn Quartzite is contemporaneous with the Nyborg Formation or it
it 5n0u16 be re^ar6e6 as an upper part of the Kvalnes Conglomerate
which is thinning out northwards.

Around Karlbotn and northwards to Vesterelven a number "monad
nocs" of crystalline Precambrian gneisses are exposed rising up through
Karlbotn Quartzite (Fig. 13). On these gneisses a thin I—2 cm thick
layer of quartzite is frequently found. Examination of thin sections
across the gneiss-quartzite contact revealed no evidence of weathering
of the gneiss. Holtedahl (1918, p. 168) concluded that these monad
nocs represent the primary relief during the deposition of the Karl
botn Quartzite.

The Upper Tillite (Mortensnes Tillite).

I^le I7pper norixon reßtß contorrnadi^ upon tne
torrnation no Bi^nß ot eroßional contact at tne oaße. I^lß tillite
containß Bcattereci pel)o1e8 an6ooul6erß up to 1.5 in in 6iarneter (liz.
14). "I"ni8 correßpon6B to tne tacieß ot tne lepper tillite in tne

Fig. 14. The upper marine tillite (Mortensnes Tillite) at Mortensnes.
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District and is interpreted as an ice-rafted marine tillite (Føyn 1937,
Reading and Walker 1966). The Upper Tillite is the stratigraphically
highest unit exposed in the area north of Varangerfjord, and the sec
tions up on the hills north of the fjord show alternations of the Ny
borg Formation and the Upper Tillite repeated by thrusting or oblique
folds of the type described by Føyn (1937, p. 146).

Palaeocurrent and glacial transport.

In the Tana Subgroup at Kvalnes crossbedded sandstones and the
shales with mudcracks indicate deltaic shallow water conditions. This
agrees with the records from the Tana Sandstone in Tana District which
also include mudcracks and ripple marks (Føyn 1937, p. 71). Palaeo
current measurements from the Tana Sandstone on both sides of the
Varangertjor^ in6icare a 6irecrion of transport from the SW or W
(See map Fig. 2).

The frequent occurrence of dolomite pebbles in the Kvalnes Conglo
merate indicates that the Porsanger Dolomite was also deposited east
of the Varangerfjord area, before the elevation and subsequent de
nudation of the dolomite and the larger part of the sandstone series.
This denudation seems to have been accompanied by a period of glacia
tion. The preserved glacial striations at Bigganjargga and Veines show
a transport from SE-NW (160 and 140 g) and ar Bigganjargga a
younger set of striations is also preserved showing a more easterly di
rection (120 g). A channel structure ar Skjåholmen indicates transport
in a SE—NW direction, and the numerous crossbeddings in the Kvalnes
Conglomerate and the Karlbotn Quartzite generally show a transport
from the SE. The same direction is indicated by flute east struetures at
Hammernes. A crescentic gourge below the Bigganjargga Tillite sug-
Zeßrß 2 positive direction of iceflow from SE to NW and this is also
Bupporre6 by rne larzer percenraZe of crvßralline Precambrian doul6erß
from the south. There i8 little sign of tectonic deformation in the area
south of the Varangerfjord and there is no indication rnar the mountains
of Precambrian gneisses rising above 200 m hight just south of the
sandstones are upfaulted relatively to the sediments on the southern
side of Varangerfjord. The filling up of the relief in the crystalline
basement by the sandstones suggests that this relief is mostly primary.
3ucn 2 contention is supported by the crystalline monadnocs standing
up in the sandstone further north. Faulting along the Varangerfjord
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before the deposition of the younger tillite bearing series (Varanger
Subgroup) was suggested bv O. Holtedahl (1918, p. 265). This theory
was based on the assumption that the Tana Subgroup was not present
on the southern side of tne fjord and on an apparent escarpement in
the crystalline Precambrian relief along the fjord. This first argument
seems to be no longer valid since the sandstones of the Tana Subgroup
are also most probably present on the southern side of the fjord. The
possibility that faulting along the Varangerfjord took place prior to
the deposition of the Tana Subgroup should also be considered. Another
possibility is that faulting occurred south of the Varangerfjord.

The cross Bection across the fjord (Fig. 3) indicates the presence of
a trough parallel to the fjord. This trough is parallel to the direction
of glacial and fluvial transport suggesting the existence of a glacially
eroded trough parallel -to the coast which was formed by the crystalline
basement. Holtedahl (1918) and Føyn (1937) explained the angular
unconiorrnitx as beinA due to tectonic tilting and subsequent erosion
(mainly glacial). Reading and Walker (1966), nowever, Bu^eBt tnat
the unconiorrnit^ is rnaini^ due to ziacial Bcouring at the base of the
advancing ice-sheet. The same authors, however, offer no explanation
of the northward dipping Porsanger Dolomite in their model (Reading
and Walker, 1966, p. 206). The present author considers that ii the
first glacial period consisted of several glaciations and interstadials the
glacial eroBion would zra^uaii/ unloa6 tne cruzt in the south and the
isostatic rebound would gradually tik the sediments to the north. The
erosion would be accentuated by the delay between the glaciations and
the isostatic depressions. It is also conceivable tnat the glacier would
erode at a 6eeper levei cloBe to the coaBt tnan iurtner out, tnuB forming
a depression along the coast which after the melting of the ice could
be more or less compensated by the isostatic rebound. As pointed out
by Holtedahl trou^nB are no^v present along the coast of continents
>vnicn were coveret by Pleistocene BiacierB. According to O. Holte
dahl (1960, p. 352) such troughs have a tectonic origin and vere
vi6ene6 by ziacial eroBion. The trouzn along the Varangerfjord formed
prior to the deposition of the tillite may vell be an Eocambrian equi
valent of tne Pleistocene tronens, a8 for exarnpie the trouzn along the
Norwegian coast.
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Correlations.

Accepting a glacial origin for the tilliteB of Finnmark, N. Norway,
it Beems naturai to correiate tneze tilliteB with prodadi/ ziacial conzio
merateB loun6 eiBe^vnere in continuouB BucceBBionB, Bome nun6re6 and
up to a few thousand metreB below fossiliferous Cambrian, and to
assume that they were deposited during the same climatic period. Thus
the Eocambrian tillites become important tools in establishing long
6iBtant litnoiozical correlationB. The autnor has keen working on the
Bp2l23initeB of Boutnern Norway (K. Bjørlykke 1966b) and has al») had
the opportunity to see parts of the Dalradian of Scotland. A tentative
correlation with those two areas is presented in fig. 15. A recent find
of the Lower Cambrian fossil Platysolenites in the Breivik Formation
(Føyn, 1967) suggests that this formation corresponds to the Holmia
3erie« in S. Norway and that the quartzite in the upper part of
the Stappogiedde Formation is equivalent to the Vangsås Formation
(Vein6al Formation) of S. Norway and Sweden. This formation which
in Sweden is also known as Stroms Quartzite, is very extensive and
clearly transgressive (Skjeseth 1963). In S.Norway tnere is only one
tMite horizon (Moelv Tillite) and a comparison of the stratigraphic
sections indicates that it most probably corresponds to the upper tillite
in Finnmark.

The correlation of the British and Scandinavian late Precambrian and
carl? Palaeozoic is dealt with by Frodin (1922), O. Holtedahl (1939)
and Bailey and O. Holtedahl (1937) and more recently by Harland et
al (1966).

As pointed out by Holtedahl (1939), tne Port Askaig (Donziornerate
of the klay BucceBBion and tne 3cnicnallion Oonzioinerate of the Perth-
Bnire BucceBBion ina^ be correlate6 with tne Eocambrian tiUiteB of 8.
and N. Norway. While the Port Askaig boulder bed seems to be a til!
parti/ deposited on land or in shallow water, parti/ marine (Kilburn,
Pitcher and Shackleton (1965) and A. M. Spencer (personal communi
cation) the Norwegian tillites are mostly marine, dropped from floating
icebergs. In N. Norway terrestrial tills are also found (Bigganjargga
Tillite), yet no good example of a terrestrial till is described from the
Bparazmite BucceBBion of S. Norway. A succession very similar to tnat
of Islay has recently been described by Howarth et al. (1966) from
Glencolumbkille, County Donegal, Ireland. The Islay Limestone under
lying the Port Askaig Conglomerate, contains thick limestones with
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oolites and stromatolites as well as some dolomites and is strikingly
similar to the Porsanger Dolomite of N. Norway, where stromatolites
and oolireß are aißo common. In S. Norway oolites are found in the Biri
Limestone (Skjeseth 1963, p. 29). In both Scotland and Norway the
dolomites rest on a series of sandstones, mostly deltaic shallow water
deposits.

Above the Port Askaig Conglomerate occurß the Islay Quartzite
which is thicker, dur otherwise very similar to the Vangsåsen Forma
tion of S. Norway and Sweden and similar to the upper part of the
Stappogiedde Formation (Reading 1965) in Finnmark. Lorn in 3. Nor
way and in Scotland rniß sandstone i8 overlain by a series of black car
bonaceouß Bnaleß, which in the Oslo Region yield a rich Cambrian fauna.
At a late stage in the preparation of the present paper an unpublished
draft by the late J. krinzie vaß Bno^n to the aurnor by O. Holtedahl.
This draft included many of the same correlations as made by the pre
sent aurnor and i8 more 6eraile6 as far as the Cambrian stratigraphy is
concerned.

The Late Precambrian and Eocambrian successions in Spitsbergen
(Rulling (1934), Winsnes (1966), Harland et al. (1966)) and in E.
Greenland (A. Berthelsen and A. Noe-Nygaard 1965) also have many
similarities to the British-Scandinavian succession, though is representa
tive of a more eugeosynclinal facies. In Spitsbergen and E. Greenland
there also occur tillite horizons, overlying a dolomite formation. When
examining the association of Eocambrian tillites or tilloids one finds
that dolomites with stromatolites are very commonly found below and,
in many cases, also above the assumed glacial beds. As wc have seen,
this is the case in N. Europe, dur the same relation pertains in the ex
censively developed late Precambrian and Eocambrian limestones and
tillites in Africa from Algeria in the north to Rhodesia in south (Furon
1960). Also in rne Congo, two tillite or tilloid horizons are found
reßrinz on ooiiric 6olomireß 28 6eßcride<i by 3ranron and 3cnermernorn
(1963), although the glacial origin of rneße tilloids was <iueßrione6 by
rneße aurnorß. In 3. Australia in the Adelaide system the same relation
is found (Kl2^Bon 1949, Howchin 1908), where two tillite horizons
occur Bep2r2re6 by Be6imenrß >vnicn were prod2dlv 6epoßire6 in a pro
longed interglacial period. Late Precambrian or Eocambrian tillites are
aiß« loun6 in China, U.S.S.R. and U.S.A. kevie^B of the 6izrriburion
of Eocambrian tillites have been published by Rulling (1934) and
Harland (1964). It rneße rillireß are conremporaneoUß ir would indi
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cate a widespread glacial period in many partß of the world in Eocam
brian times, accompanie6 by cardonate Be6imentation belore and partis
also after the glaciations. These periods of carbonate precipitation are
most eaßi!x explaine6 by 288uming a general increase in temperatures
of the oceang, dut tlie^ coul6 alm have keen caused by other processes.
World maps showing the distribution of alleged late Precambrian/
Eocambrian tillites show that these are present on all continents and in
a wide range of latitudes. Harland (1963) points out that the glacial
origin of many of these conglomerates should be questioned, but many
appear to be vell established and it is thus difficult to work out a pat
tern showing the distribution of glaciated and non-glaciated areaß.
When reorientating the pole positions according to the palaeomagnetic
data, it is Been that some tillite deposits occupy an equatorial position
and the Bigganjargga Tillite was according to Harland and Bidgood
(19 9) deposited, close to the equator. The associated limestones seem
alzo to nave been 6epozite6 in the polar region a8 well as in ec^uatorialareaß.

The occurrence of presumably contemporaneous glacial deposits over
a wide range of palaeolatitudes down to equatorial positions suggests
that the Eocambrian glaciation was very extensive, with low tempera
tureB over a larger part of the world. The extenBive occurrence of asso
ciated oolitic limestones at very high latitudes suggests relatively high
temperatures over a large part of the world, although oolitic limestones
are admitably less reliable temperature indicators tnan glacial deposits.

Il the palaeomagnetic data from Eocambrian time are correct, the
available evidence suggests that the Eocambrian glaciation was more
extenBive tnan any other known glaciation and tnat a period with re
latively warm weather most probably occurred before this glaciation.
Even it the palaeomagnetic data 5n0u16 prove unreli2ble, it is difficult
to lin6 2 pole position, for which most of the well established tillites
are placed at relatively high palaeolatitudes.
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Sammendrag.

Forfatteren foretok sommeren 1965 geologiske undersøkelser i om
rådet rundt den indre del av Varangerfjord. Særlig vekt ble lagt på stu
diet av den klassiske Bigganjargga-tillitten som nå er fredet ved lov. Til
litten hviler på en isskurt flate av sandsten. Det var mulig å følge denne
erosjonsdiskordansen både på syd- og nordsiden av Varangerfjorden, og
det er sannsynlig at den underliggende sandsten svarer til Tana-grup
pen i Tana-området. Den egentlige Bigganjargga-tilliten nar en svært
begrenset utstrekning, et tverrsnitt på 70 x 3 m og er trolig en ero
sjonsrest av et større morenedekke. Bigganjargga-tillitten kan oppfat
tes som en del av en sammenhengende konglomerat-horisont som del
vis er usortert konglomerat (tillitt), delvis mer sortert, glasiofluvialt
konglomerat med krysskiktning. En ny lokalitet med isskuring ble
funnet under Kvalnes-konglomeratet ved Veinesbukten. Over Kvalnes
konglomeratet følger på nordsiden av Varangerfjorden en rødlig sand
sten og skifer (Nyborg-formasjonen). På sydsiden av fjorden over
Kvalnes-konglomeratet, finner vi Karlbotn-kvartsitt med konglome
rater som også trolig er glasiofluviale.

I Bv6 never 6et KrvBtalline underlag Bcg 200 m over karlbotn-kvart
zitten uten at ciet er noen direkte tegn til torkaBtninger. Mellom Xarl
ootn og VeBterelven kinner man oppragende koller (monadnok^) Bom
Btikker opp gjennom kvartetten, og okte kan man pa diBBe kinne et
tvnt dekke av BandBten pa triBk ukorvitret gneiB. vette viser at man
under avBetningen av I^.arlootn-kvartBitten rna na natt et kupert land-
Bkap «om i mange trekk liknet pa det man kinner na. Vette BkvldeB at
den nuværende ero8)0n i Btor utBtrekning kviger grensen mellom de un
derliggende KrvBtalline bergarter og den overliggende kvartett, ven
triBke kontakten mellom gneiBB og overliggende kvartett viBer deBButen
at man ikke nådde noen dvpkorvitring under avsetningen av karlbotn
kvartsitten, noe Bom p2BBer meget dra med antagelsen om glaBiale kor
nold.

ven geologiBke nistorie i dette området i Ben prekamorium-eokam
drium kan enkleBt kortolkes slik:
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1 . Avsetning av en tiere nun6re meter t^kk BanciBtenB-lagrekke, (^ana
gruppen) trolig 8«m en 6el av er Btort 6elta me6tilt^rBel tra 3V.

2. av KlaBtizk materiale lra 6eltaet tok Blutt, og vi tikk
KalkBe6imentaB)on ((FraB6alen-?orBanger6oiomitt) i et gruntnavB
omra6e.

3. Hevning av landet iSV og erosjon av deler av Tana-gruppens dolo
mitter og sandstener. Erosjonen var trolig for en vesentlig del gla
sial, og i den siste fase beveget breen seg fra SØ mot NV. Av pro
filet tvers over fjorden kan man slutte at erosjonen dannet en trau
formet renne omtrent parallelt med den nåværende Varangerfjor
den dvs. parallelt med kysten i eokambrisk tid. Dette erosjonstrauet
har mange likhetspunkter med Den norske renne fra kvartærtiden,
selv om det er en del mindre.

4. Bvrn Ligzan)argga-tillitten er en reBt av, ble 6e!viB
erodert og overleiret av glaBioiluvi2ie Be6irnenter.

5. ?a ny tikk vi cieltaliknende tornold lne6 avsetning av Ban6Bten og
Bkiter Be6irnenter. (løvborg korinaB)'onen.)

6. lender 6en BiBte av 6e to iBti6ene var ornraciet un6er 82 6vpt vann
at vi tikk avsatt glaBialt materiale lra klvten6e istjell, men ingen
egentlig morene, ven ovre tillitt (^lortenBneB-tillitten) er 6en
vngBte tormaB^onen i omraciet.

l^n 82mmenlikning me 6tilBvaren6e avsetninger i 3vcl-^orge og
3kottlan6 viBer Btor liknet i lagtqjlgen, og ogBa 6er tinner man glaBial-
Bec!imenter. l^n overBikt over utbredelsen av eokambriBke glaBialBe6i
menter i ?>l. (3rMl2n6 og BpitBdergen
tvcler p2at 6en eokambriBke iBticlen nar natt en Btor utbre6elBe, trolig
BtOrre enn den kvartZere.
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STUDIES ON THE LATEST PRECAMBRIAN
AND EOCAMBBIAN ROCKS IN NORWAY

Xo. 5.

MICROFOSSILS FROM LATE PRECAMBRIAN SEDIMENTS
AROUND LAKE MJØSA, SOUTHERN NORWAY

By Svein Manum, University of Oslo

Abstract.

Microfossils extracted with ordinary palynological methods from the Biskopås
conslomerare (Liri-conzlomerate) and the Liri-siiaie of the late rrecalnbrian age in
Southern Norway are described. Two principle categories of spherical bodies occur:
1) spherical masses entirely composed of minute "cell«" and 2) spherical shells of
simple or composire inemliraiies. Iliey are lurtker 6ivi6e6 into six provisionai tonn»
(designated A F) by their micro-structures. (I^ertain torinz occur united inro clu«
ters suggestive of a repro6ucr.on by bu66ing. The narurai attinities of the tozziis
remHin probieinaric.

However, there is some evidence lroin thin-sections of the source material to sug
gest that bodies of category 1 may be "spores" pro6uce6 by unicelluiar or3»nizms
roughly half a millimetre in diameter.

Material and tioatinont.

The investigated material came from two different stratigraphical
units in the Hedmark Group of Southern Norway: 1) Phosphoritic
pebbles from the "Biri-conglomerate," collected by Dr. N. Spjeldnæs
at Moelv (identical with the material from which Papillomembrana
Spjeldnæs 1963 has been described) and by Mr. D. Huseby at Roterud
(Biri); 2) calcareous shale ("Biri-shale") collected by Mr. D. Huseby
at Vismundelva (Biri). The stratigraphy of the Hedmark Group (Spa
ragmite Group) is described by K. Bjørlykke et al. 1967.

The samples vere treated according to usual palynological methods,
i. e. hydrofluoric acid lnaceration tolloves by oxidization with Schul
ze's mixture for about 24 hours. However, the oxidization had only
very Uttie it ari^ ettect on the reBult. Letore maceration, the samples
vers thoroughly cleaned and then heated for a short time over a Lun
sen burner. The residues vere mounted in glycerin-jelly.



46

Results.

The rnaceration residues largely consist of black to brownish (vel-
Iowi8n) grev rnicroBcopic particle3 and iraZrnentB apparent!v of orga
nic origin and ranging in size from less than one micron to a few tenB
of microns. In addition, organized bodies form a striking, although
quantitatively small component. They are more or less irregularly cir
cular in outline with diameters ranging from less than 10 (J- to nearly
40 p.. The greater part of them is approximately spherical, others are
flattened but appear to have had a roughly spherical shape ori^inaiiv.

These bodies, a8 well as most of the odd objects, disappear after heat
ing the residue for a few minutes to c. 800° Centigrade, or treating it
with chromic-sulphuric acid. This is tåken to show tnat the objects are
of organic origin.

kor a 6eBcription in tniB report, I nave Belecte6 tne iorrnB tnat loo^
rnoBt convincin^lv or^anixe6. I nave not attacne6 iorrnai narneB to

tnern, ior I ieel tnat a vetter un6erBtan6inz oi tneBe an6Biinilar objectB
an6tneir Bizniiicance i 8 deiore tnev can be treate6 taxonorni

caiiv in a proper Z.eierenceB to previouBiv pul)liBne6 narneB are
alrnoBt ineanin^leBB Bince tnev are in general too brieiiv cnaracterixe6.

I^e rnoBt UBeiul cnaracter ior BeparatinZ tne iorrnB appear to be tne
rnicro-BtructureB oi tne do6ieB or tneir xvaliB, altnou^n I make no ciaiin
to iuiiv un6erBtan6 tnem. "lxvo principie cate^oriez inav tnuB be 6iBtin-
ZuiBne6: 1) Bpnerical bo6ieB apparentiv cornpoBe6 oi a large
nurnber oi zrnaii "celiB," tne bo6v or a 6iBtinct en

veioping inernbrane; 2) Bpnerical BneliB, interior ernptv, or
enveiopinA rriernbrane.

tne iirBt categorv belong ?orinB an6(^ 6eBcribe6 nerein.
Bpnerical rnaBBeB are more or leBB opac^ue 80 tnat tneir interior i8not
eaBilv ob«erve6, but irorn tne more tranBiucent exarnp!eB a 8 28 a
ie^v more or leBB B<^uaBnecl oneB (cp. ?1. I iiz. 1 an6?1. II iiZ. 5) I inier
tnat tnev are entireiv built up oi Bmall, approximateiv Bpnerical "celiB."
'lne Becon6 categorv cornpriBeB tne reBt oi tne iorrnB 6e3cribe6 an6
Bno^vB a rnucn v^icier range oi variation. korrn L iaintlv reBembleB tne
iirBt categorv in itB Bnell cornpoBition (one laver oi "ce1i8"). iineiv
granuiar (not "celiuiar") BtructureB are Been in ?orrnB T an6?.
?orrn I) naB an irreguiariv porouB xvaii Btructure.

One highly interesting feature is a tendency within certain forms to
be united in clusters highly suggestive of a reproduction by budding.
This is seen in Forms B and C, distinguishable also by their micro-struc
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variation in meir 6imenßionß an6me micro-Brrucrureß in me smalar
memderß are 6ißrincrlv tiner man in me larzezr oneß, BuzßeßrinF rnar
me larmer are juveniie. "lunere Beern ro de r^vo 6ilterenr mo6eß ot
arracnmenr repreßenre6: In korm L a clear ren6encv ro tonn irre^uiar
cnainß i8Been, in ?orm <^ a cenrrituzai arranzemenr aroun6 a
moriier-ceil Beeniß ro prevaii.

The natural affinities of these microfossils remain problematic. Per
haps the biologically most interesting feature is the "budding" seen in
certain forms, which in itself is suggestive of vegetative phases of or
ganisms not much beyond the unicellular level of organization. The
"cellular" composition of some forms and the resistance of the mem
draneB on rne orner hand Buz3eBr a Kin6 of "spore" luncrion. Lur rnere
is norninz to BUBB^l rnar rne^ are 6erive6 from nizner pianrz.

an6niarkinFB ot variouB Icin6B vnicn nave keen reporre6
dv Borne aurnorB on rnicrotoBBiiB ot correspon^inz aze nave nor deen
ovBerve6 in me preBenr rnateriai.

In rniB connecrion I li^e ro 6ra^v arrenrion ro me BporornorpnB

Type I and Type VII described by Spjeldnæs (1967) from the same
source material. They show within a well defined membrane several
Bpnerical do6ieB reBeinolinZ to varvinz 6ezreeB my Form A. The in
complete specimen designated by Spjeldnæs as Type VI exnidirB a tairlv
similar morphology. In the Types VI and VII of 3pjel6nXB the con
tained bodies appear to be wholly composed of granules or "cells" (as
in my Form A), dur in Type I there appears to be only a superficial
laver of "celiB." Ir BeemB poBBidle to viBualixe the entire do6ieB as roughly
spherical, unicellular organisms, perhaps with outgrowths or append
ages in some cases (cp. Spjeldnæs' figs. 1 and 2, Pl. 4), and in the size
range of a few tenths to half a millimetre. The presence of granular or
"celiuiar" do6ieB inside rnem i8 in the line >virn a "spore" tuncrion as
suggested for these bodies above.

In niB rnin-BecrionB 3piel6na:B (1. c.) naB aiBv nore6a tonn (^vpe V)
correBpon6B tairlv mv korm L, dur ir rnro^vB no a66i

rional lizlir on meir morpnolozv.
Mcrotoßßilß trom ?recamdrian 2n6 e2rlv <22mdri2n Be6imentß N2ve

2rrr2cre6 2n incre2Binz amounr ot inrereßr in me laßr 6ec26e, parricu
larlv in me 1133K, rliev are deinz ÜBe6 tor correlarion ot me
orner^ise nonkoßßiliteroUß «e6imenrß (cp. l. i. me paperß dv (^nepikova
1966 an6?vcnova 1966). I*o 6ra^v anv Brrarizrapnical conclußionß trom
me preßenr, verv limire6 inve^iZarion, No>vever, i8nar6lv permißßid!e.
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A comparison with previously, usually very briefly, described forms
can only be too superficial to be of any use. Still, I would like to draw
attention to one cateZor/ in tne present material, reprezente6 by the
"cellular" kormß A and C, which seem to have equivalents in material
described by Timofeev (1959, p. 26, "Symplassosphaeridium") from
the Upper Cambrian Dictyonema-shale from Vologda, and by Roblot
(1963, figs. 27, 28) from the Middle Brioverian in France. The "bud
ding" seen in tne present Form C, novever, Beemß to be «ometning
yuite 6ißtinct.

(1963) nag previou^v reporte6 Borne microioBBiiB irom tne

Tocamkrian in kinnmarlc, Norvav, dut none oi tne preBent
iormB appear to be gimiiar to tnem.

None of the microfossils obtained can be Been to have any relation
ship to Papillomembrana compta Spjeldnæs (1963) which was de
scribed from thin BectionB of pebbles from the Biskopås conglomerate
( "Biri-conglomerate" ) .

I am not prepare6 to 6iBtinzuiBn bet^een tne microkoBBil asBemblaBez
ok tne pebbleB ok tne "Liri-conziomerate" an 6tne BtratiZrapnicallv
Bome^vnat vounzer "Liri-Bnale" 28 knoxvn at preBent. Bome^vnat gre2
ter varietv ot kormB nave been Been in tne kormer, nave vie!6e6
tne more rare tormB 6eBcribe6 nerein, but tne moBt krec^uent tormB
(^ an<i L) occur in eitner Be6iment.

Descriptions

FORM A
Pl. I, figs. 1-5.

(31obu1ar bo6ieB, 15 to 24^ in diameter, apparentiv compoBe<i ok
6enBelv packe6 "celiB" ranzin^ in diameter krom 1.5 to 2.5 dut in anv

individual Bpecimen beinz råtner unikorm in Bixe. Beparate envelop
inZ membrane viBible. component celiB are 6iBtinct on tne Burkace,
tneir preBence inxvar6B to^var6B tne centre i8not alvavB eaBilv aBcert

aine6. t^o^vever, it 18 c^uite clear tnat more tnan a Bingle Buperkicial
laver ok celiB exiBt, an6in a te^ kavourable BpecimenB 2 continuouBlv
cnanzin^ pattern ok cellB can be Been 28 one i8locuBBinA tnrouzn tnem.

BpecimenB are too opa^ue or otnerw^e toa obBcure in tne mi<i6le
to permit a Btatement rezarcknH tlie interior Btructure. Ivlore or leBB
opac^ue BpecimenB okten appear kacette6 on tne Burtace.
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Occurg in dotn tne conzlornerate an6tne Bnale.

Globular bodies of varying dimensions united in an irregularly chain
like manner. The individual bodies are composed of an approximately
spherical capsule enveloped in a thin membrane. The internal capsule
appears to be a hollow shell whose wall consists of one layer of densely
packed "cells" or granules (opaque "cells") with diameters up to
1.5 I^o^ever, in the Brnaller ineindelB of a duster tneBe "lvaii eieinents
are noticeably finer and often indistinct. Quite often the capsule is too
opaque for its structural details to be shown; however, itB hollow nature
has been ascertained in a fair number of specimens.

The enclosing membrane i8 less tnan 0.5 /*¦ thick and fairly distinct,
particularly in the smaller members of a duster. In the larver members
it is very corrugate^, dut tar less 80 to nearly smooth in the smaller to
smallest members. In some specimens the origin of these corrugations
is indicated by their replacement in part by small, somewhat less than
hemispherical bulges, whose size and form make it probable that they
were east by the underlying component elements of the capsule wall.

Separate bodies comparable to individual members of this form occur
lre^uenti^; Bucn BpecirnenB reBeinklinz tne Brnaller duster members are
quite abundant, while larver ones are fairly rare.

One specimen reminiscent of an enveloping inemdrane devoid of itB
capsule i8 shown in Pl. I figs. 15 and 16; itB pattern of nerniBpnerical
bulges is somewhat coarBer tnan UBual for Form B.

The objects thus referred to in Form B compose an assemblage of
råtner neteroZeneor^ aBpect. A lurtner 6itterentiation atternpte6 at an
earlier stage, particularly for the separate bodies, could not be main
tained because the cnaracterB >^ere loun6 to inter^rade too rnucn. A
zooci reaBon tor lurnpinz i8provi6e6 d^ tne tairi^ ranze ot va
riation otten Been in tne niernderB ot one Binzle cluBter.

OccurB in tne congiornerate anci tne Bnale.

FORM C
Pl. 11, figs. 1-5.

Globular body, diameter c. 30 /*, with smaller bodies, usually s—lo M
in diameter, attached to it. The individual bodies, whether large or
4

FORM B
Pl. I, figs. 6-22.
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small, are composed of more or less spherical "cells" whose diameter is
2.4—3.0 /i in tne larver ones and down to less tnan 0.5 /* in tne smaller
ones. An enveloping meindrane i8 lairlv 6ißtinct in the Brnaller mein
bers, less distinct or possibly missing in the larger ones.

Found in the conglomerate.

FORM D
Pl. 11, figs. 6-9.

Spherical shells, the two specimens seen have diameters 2 5 and 30/^
respectively. The wall appears porous in optical section, with cavities
of circular to rather elongate oval outlines and greatly varying dimen
sions; in surface view they appear a8 a net-work with greatly varying
mesh form and size (from leBB than 0.5 /*¦ to c. 10 /*). Wall thickness
varies between approximately 2 p and 4 /*.

koun6 in tne con^ioinerate.

FORM E
Pl. 11, fig. 10.

Almost flattened objects of irregularly rounded outline (original
shape probably ovoid to spherical), diameter about 20—30 /*. The wall
itself is probably very thin, tne most conspicuous character being ir
regularly distributed opaque granules from less than 0.5 to somewhat
over 1.0 /^ in diameter, 80inetiine8 fused, and giving the surface an un
evenly spotted appearance.

kounci in tne conziornerate.

klattenes ob)ectB ol «übcircuiar outline (original Bnape prodadlv
approxirnatelv Bpnerical), 6iarneter ot tne t^vo BpecirnenB ol)Berve6
33 x36 /" an627 x3O <" reBpectivelv. leBB tnan 0.5 tnicll,
ot a lineiv zranuiar coinpoBition Bno^inx in Buriace viev^ a8tine (Ie«8
tnan 0.5 /"), eveniv 6iBtridute6 6otB.

?oun6 in tne conglomerate.
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Explanation of plates.

All figures are from untouched negatives, photographed through an oil immersion
lens with n.2. 1.14. Magnification is x 1000 throughout. The slides are preserve^ in
the Palaeontological Museum of the University ot Oslo under the common designa
tion PAP 6. The exact position of the fossils in each slide is indicated by coordinates
on tne labels. Slides No. 13 and 14 are from the shale, the rest from the conglomerate.

Plate 1

Figs. I—s.1 —5. Form A. - Fig. 1: sl. 3, the specimen is slightly squashed and some
"cells" coming loose are seen in the lower right hand corner of the figure; fig. 2: sl.
1; fig. 3: sl. 5; fig. 4: sl. 14; fig. 5: sl. 6.

Figs. 6—22. Form B. - Fig. 6: 81. 14; figs. 7, 8, 9: sl. 13; fig. 10: sl. 11. the spe
cimen has small "buds" resembling those in fig. 17 kut not clearly showing in this
focus; fig. 11: sl. 11; fig. 12: sl. 13; fig. 13: sl. 14; fig. 14: sl. 10, a specimen com
posed of four bodies of almost equal size; figs. 15, 16: sl. 9, two foci of a membrane
resembling that in Form B, but lacking the internal capsule; fig. 17: sl. 11; figs. 18,
19: sl. 9; fig. 20: 81. 13; fig. 21: sl. 12; fig. 22: sl. 9.
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Plate U

kizs. I—s.1 —5. Form —ki^z. I—3:1 —3: sl. 5, three successive foci of one specimen; fig.
4: sl. 2; fig. 5: sl. 12, specimen composed of two bodies, one of which is squashed
and the "cells" dispersed.

Figs. 6—6— Form D. Fig. 6, 7: sl. 6, two foci of one specimen; figs. 8, 9: sl. 4,
two foci of one specimen.

Fig. 10. Form E, 81. 7.
Fig. 11. Form F, sl. 8.
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STUDIES ON THE LATEST PRECAMBRIAN
AND EOCAMBRIAN ROCKS IN NORWAY

Xo. 6.

FOSSILS FROM PEBBLES IN THE «I8X0?^8NX FORMATION
IN SOUTHERN NORWAY

By Nils Spjeldnæs, Geologisk Institut, Aarhus Universitet, Denmark.

Abstract.

Fossils are reported from pebbles in the lowest part of the Biskopåsen Conglomerate
in the Late Precambrian Lillehammer Subgroup at the northern end of lake Mjøsa in
Southern Norway. The most common and widespread fossils are Papillomembrana
compta Spjeldnæs (1963), calcareous structures (pisolites and others), and cross sec
tions of "Sporomorphs." The present material is not sufficient for biostratigraphical
correlations. The geological development of the basin at this time is supposed to be
due to epirozenic movements råtner than to tectonics. The lithology of the pebbles
in the conglomerate is highly variable, and some ot tnem have passel through compli
cated and severe diagenetic changes.

Introduction.

In 1959 the author found some structures in limestone pebbles in
the LiBkop2Ben l^onziomerate (^markian), which were interpreteci as
organic. Further work revealed a number of organic structures in dif
ferent types of rock. The most striking one, Papillomembrana compta
has been described separately (Spjeldnæs 1963).

All the material described here come from the lover part of the
Biskopåsen Conglomerate at the base of Biskopåsen (about 125 kms. N.
of Oslo). The localities are cuts in the main road, and the railway along
the Eastern snare of Mjøsa, at the border between the Biskopåsen don
glomerate and the Brøttum Formation. The general geology of tne area
has been described by Holtedahl (1953, 1960) and by Skjeseth (1963).
A detailed study of the region is now made by cand. mag. L. Kirk
husmo. The stratigraphic terminology used in this paper i8 tåken from
Henningsmoen 1957.
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The present find appear to be the first undoubted records of fossils
from the lower part of the Lillehammer Subgroup. Worm burrows of
tne 55i)/l/t)5., Monocraterion- and Diplocraterion-types have keen re
cor6e6 from tne upper part of tne Eocambrian Vangsås Formation in
Furnes by Skjeseth (1963), and similar structures have also veen re
corded from Ringsaker by Spjeldnæs (written communication, Fossil
nytt 1962-3). Rothpletz (1910) recorded a number of supposed mi
crofossils from the Biri Limestone, which he regarded to be of Ordovi
cian age. 'Nrnoleei (1963) has aiBo recor6e6 Borne carbonaceouB niicro
losBiiB from the variouB norixonB of the 3parazrnite Group.

None of the fossils were seen in the field, they were all found in tnin
sections of pebbles from the conglomerate.

The author i8 in6ebte6 to professor O. Holtedahl for inspiring dis
cussions and encouragement in the earlier stages of tniB study. The
author has also benefited from discussions on the sedimentology and
Btrati3rapnv of tne LiBkopaBen Conglomerate with cand. real. K. O.
Bjørlykke and cand. mag. L. Kirkhusmo, who has also supplied im
portant informations. Dr. S. Manum has kindly undertaken to study
the material, and other samples palynologically, and his results are re
ported in another paper in this volume. NAVF (The Norwegian Re
search Council for Science and Humanities) has supported the studies
with a grant, for which the author would like to express his gratitude.

The material containing organic remains, or structures supposed to
be- of organic origin, is deposited in Paleontologisk Museum, Oslo.

Geological Setting.

The Biskopåsen Conglomerate, in which the fossils are found, is part
of the Sparagmite Group. In Southern Norway, the older (Esmarkian)
part of the Sparagmite Group, (the Lillehammer Subgroup) is found
in the central part of the Sparagmite basin, whereas the younger, Eo
cambrian part, the Rena Subgroup has a wider geographical distribu
tion (cf. Spjeldnæs 1964, pp. 27-31, textfig. 2).

The LiBliop2Ben Conglomerate is interprete6 as a fluviatile-deltaic
formation, because of itB BtructureB, Bucn 28 imbrication of pebbles,
and lag-bedding. This is supported by the shape of the pebbles (high
sphaericity, but not always well rounded), and geologic distribution.

It has been demonstrated by Skjeseth (1963, p. 28—29) and Bjør
lykke (1966, pp. 11 — 12) that the Biskopåsen Conglomerate forms a
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Textfig. 1. The t^pical Liskopazen Conglomerate, from just S. of the fossil-locality.
The pebble frame-work is clearly visible, filled with finer, graywacke or arkose ma
terial.

series of fan-like deltas along the southern margin of the basin with
transport directions from the South and South-East. In the West and
North, the conditions are somewhat more complicated (Englund 1966),
dur nere ako the Biri donziomerare is inrerprete6 as a shallow water
deposit.

Traditionally (cf. Skjeseth 1963, p. 29) the formation of the Biskop
åsen Conglomerate was explained by a sharpening of the relief and re-
Bulrinß eroßion, due to nnkinz of the bazin along faultlines. Since a
Binkinz of a marine oaßin (the Lr^rrurn Formation is supposed to be
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marine) would lead to a transgression, and tne Biskopåsen Conglome
rate mußt be reZar6e6 as regressive, tne author has suggested that the
Biskopåsen Conglomerate was formed when previously deposited sedi
ments were exposed to erosion during an epirogenic lowering of tne
sea-level. This is illustrated diagrammatically in textfig. 2.

This hypothesis also explains the presence of large quantities of
pebbles of different sediments and other supracrustal rocks in the basal
parts of the Biskopåsen Conglomerate. This is best seen in the fossil
locality, where the basal beds almost resemble a sedimentary breccia,
with angular fragments of easily rounded rocks, mostly limestones
(Textfig. 3). The largest fragments may be up to 2 metres in diameter
(Textfig. 4), and the sediment i8 not well sorted, except for the lack
of the finest fractions. The breccia-like conglomerate consists of a pe
culiar rnixture of toleradi^ well roun6e6 and otten nizni^ Bpnaerical
pebbles of hard rocks, such as quartzite, pegmatite quarts and granites,
and angular pebbles ot highly variable size, mostly consisting of rather
soft sediments, most of them calcareous, or with carbonate cement.

This indicates two different sources of the pebbles, one distant, giv
ing hard, preßurnadlv older, crvßtalline rocks, and a very c!o8e one,
giving Be6irnentß which preßurnadlv are not very rnucn older tnan tne
formation of the conglomerate itself, even it no exact information of
their relative age can be found. The source of the "soft" pebbles must
have been a verv close one. Considering the rapid rounding of limestone
pebbles in a fluviatile environment (cf. Pettijohn 1957, pp. 526—27
pls. 37—38) the transport distance can hardly nave been more than a
few hundreds of metres. This, and the thorough mixing of the diffe-

Textfig. 2. Diagram, showing the author's hypothesis of the formation of the Biskop-
asen Conglomerate (Biri Conglomerate on fig. III). i. indicates the time of formation
of the Brøttum Formation, with flysch-like sedimentation in the basin, and shallow-
water sediments on the submerged platform. 11. Indicate the beginning of the regres-
sion, resulting in erosion ot the shallow-water sediments at the platform, and forma-
tion ot short transported sedimentary breccias at the base ot the Biskopåsen Conglome-
rate. 111. Further erosion leads to formation of more long-transport fluviatile-deltaic
conglomerates in the upper part of the Biskopåsen formation. IV. A new transgression
results in the deposition ot the Biri Formation, with limestones on the platform and
marginal parts of the basin, and shales in the central part of it.

Some of the Biri Formation sediments so also occur below the Biskopåsen Conglome-
rate in some localities, indicating that such sediments were deposited in the initial
stages of the regression, and nave in some cases been preserved below the conglomerate
in the marginal part of the basin.
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Textfig. 3. Sedimentary breccia at the base of the Biskopåsen Conglomerate in the
fossil-locality. Note the difference between the angular limestone pebbles (i. a. just
above the hammer head) and the more rounded, white quartz pebbles. The small black
pebbles are either dark limestone or phosphorite, some of which are fossiliferous.

rent types of pebbles suggest an accumulation shortly below a coastal
or river cliil. In the upper parts of the conglomerate, the pebble con
tent is more uniform (Textfig. 1), as the "hard" types dominate, and
the few "soft" sediments are found as well rounded pebbles. This indi
cate that the original cliff receded rapidly, probably in a southerly di
rection.

The sediments found as pebbles may be the lateral equivalent of the
Brøttum Formation on the shelf outside the basin (Textfig. 2). Below



59

tne Liß^opaßen (^ongiornerate, an6tne Lr^tturn 3paraZrnite rikere are
Bonietinieß toun6 lirneßtoneß anci Bnalez, v^nicn nave deen naine6 tne

LiMturn 3nale an6Lirneßtone (cl. 3kjeßetn 1963, p. 28). ro
oral intorrnation trorn cand. real. 1.. I^ir^nußino, tniß unit 18 )ÜBt a lo^ver

p2rt ot tne Liri 3n2ie arici Liineßtone, 2n6 tne Lißliop2Ben d!onzlomer2te
rnußt tneretore de regar6e6 a8a tounZe in tne Viri korrn2tion.

The latter may indicate that the sediments and therefore also the
fossils are derived from the lower part of the Biri Shale and limestone.
This will explain the fact that the supposed erosional cliff must have
been coriBi6eral)lv North of the preBurne6 Boutnern border of the basin,
especially if the later tectonic movements are tåken into consideration.

The variety of rocks iouri6 as pebbles is, however, much wider than
that found in the Biri Shale and limestone, and it can not be excluded
that other sources are involved also. One of the common rock types
arnong the "soft" oneB in the to^ii-iocaiitv, is a fairly fresh, medium
grained diabase, often developed as a vesicular rocks (cf. Bjørlykke
1905, p. 29). Most of the pebbles, which are up to fø metre in dia
meter are ireBn, out Borne of tnerri show a concentric xveatnerinA cruBt,
inclicatinZ 80ine 6iBtance and time of transport. I'niB liin6 of diabase
is not known from tne Precambrian area South of tne 3parazrnite LaBin
—but deinz an orciinarv 6iaoaBe type, it inav have veen contuBe6 with
the Permian diabase dykes occurring in the Precambrian East of the
Oslo Graben (cf. Hjelle 1959). Palaeomagnetic dating of the dykes
inav show it any of tneBe are ot Late Precambrian age. It is difficult
to decide it the diabase pebbles come from dykes, sills or thick lava
flows, but the absence of very fine-grained types with lava structures
points to dykes or sills. The vesicular rocks may indicate lavas, out such
rocks are not uncommon in diabase dykes. Anyhow, the presence of
a large nurnoer of 6ial?2Be peooleB of uniform petroiozv rnav in6icate
a pene-conternporaneoUB volc2niBin.

In tne toBBil-localitv itBelt, conBiBtB ot tnree paraliei BectionB in

tne inain roaci, tne raii^vav an6tne Bnore ot lal^e Ivl)^8a, tnere i8oniv a
Bnort 6iBtance between tne daBe ot tne Li^opazen OonZiornerate, 6e

veiopeci a82 Be6iinentarv dreccia, an6tne LrOtturn korrn2tion. Klo in
tervening limeBtone or BN2ie i8expoBe6 nere. In tne upper (Boutnern)
part ot tne Bection, a conBi6er2ole P2rt ok tne LiB^op2Ben (^ongioinerate,
i8weli l^no^vn, an6eBpeciallv itB tectonicB N2B deen 6eBcrioe6 dv a nuni
der ot autnorB (i.a. I^unBter 1900, pp. 9-12, Ljorivkke 1905, pp. 28
-30, Nolte6anl 1944, p. 29).
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Textfig. 4. A large boulder of limestone in the sedimentary breccia at the fossil
locality.

The exact position of the breccia-like conglomerate with fossilifer-
OUB pei)l)1e8 is quite clear, being the lowermost conglomeratic bed above
the typical Brøttum Sparagmite. There are, however, arkose/grayvacke
beds between the conglomerate horizons higher up, and they are almost
indistinguishable from the typical Brøttum Formation lithology. This
is also the case iiiZlier up in the LiB^opaBeri l^onzioinerate, but liere the
ar^oBe/zra^vaclce is restricted to thin beds between the conglomerate
horizons, and as fill in the pebble-framework in the well sorted, coarse
conglomerates.

Bjørlykke (1966, p. 10—12) reports that the border between the
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Textfig. 5. Thin section of the sedimentary breccia, showing a phosphatic pebble con
sisting of an assemblage of different, phosphatecemented rocks, and also a quartz
pebbie (upper lelr). Lorli pebbiez are stronZiy «urure6. From the lossii-iocaii^. 5 x

Brøttum Formation and the Biskopåsen Conglomerate is difficult to
define, because conglomerate horizons appear with increasing fre
quency in the upper part of the former formation, and Holtedahl
(1944, p. 29) specifically refers to some beds about 20 m. above the
toBBiliierouB ones at Biskopåsen as "conglomerate beds in the Brøttum
Sparagmite."

Following these authors, the beds discussed here should therefore
probably deioriz in the upper part of the Brøttum Formation. Since the
border between these formations is hard to define sharply, and the bed
in question-in the opinion of the present autor-belongs to the Biskop
åsen Conglomerate both lithologically and by geological genesis, it is
reterre6 to the latter formation, at least until a more refined strati
graphical terminology of the border beds has been made.

Structures in carbonate pebbles.

Most of the "soft" pebbles are carbonate rocks, or carbonate ce
mente6 oneß. The most common type is medium gray, with a yellowish
to brown neatneririz coiour. It repreßentß one general type, because all
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Textfig. 6. Thin section of limestone pebble showing oolites or pisolites completely re
crystallized to monocrystalls unless where dark substances still show "ghosts" of the
original stmcture. Note quartz and microcline crystalls of variable size as the core in
some of them. From the fossil-locality. 5 x

gradations between the end members are found. It ranges from rather
pure carbonate rocks, often oolitic, to carbonate cemented arkoses. The
content of terrigenous clastics is highly variable in amount and grain-
Bi?e, dut coliBtarit in mineralogy, consisting of quartz and feldspar (nor
mally microcline). The grains—even the larger ones—are often con
spicuously angular, and the feldspar content varies from 20 to over
50 A. Clay minerals are generally absent, or difficult to observe. Some
of these rocks look like the or6iriarv Lr^rrurn Bparazrnire, where the
fine-grained argillaceous matrix has been replaced by carbonate.

The carbonate pebbles have been exposed to severe diagenetic changes,
falling into three categories, bulk solution, internal solution, and dolo
rriitixariori.

The bulk Bolutiori BNO^VB up as iri6erire6 pebble Buriaceß, and as stylo
lites. The former are certainly due to pressure after deposition of the
conglomerate, and these structures are found not only in the carbonate
pebbles, bur also in the phosphorites and even in the quartz pebbles
(textfig. 5). When the pebbles from the Biskopåsen Conglomerate
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Textfig. 7. Thin section of limestone pebble showing oolites or pisolites most of which
do not have a mineral Frain as the core. 3ome appear tolerablv well prezerve6, bur
others have almost disappeared. From the fossil-locality. 5 x

v^earner out tree, rlie/ airen show distinct solution marks where the
adjoining pebbles have been pressed into oneanother. This is especially
the case >vit>l the cardonate peddleB, even it tlie^ do not appear to have
been drastically deformed in shape during this process.

The stylolithes are quite common, as black lines in the limestones.
Some of them might be predepositional (in relation ro the conglome
rate), as rnev do not show any orientation, neither to bedding nor to
directions of tectonic pressure. In some of the pebbles, the stylolithes
are exceptionally irregular, and gråde into thin shale flakes.

The inrernai Bolurion is Been as corrosion of quartz grains, and to a
lesser degree in feldspars (cf. textfig. 3, 6, 10). In a number of rocks
the quartz grains are reduced to mere skeletons, and it is possible that
some of the pure carbonate rocks have been formed by carbonatization
of an original greyvacke. In some cases a decrease in volume has ac
conipanie6 this metasomatism, as a reconstruction of the original shape
of the c;rlartx ZrainB in6icate tnat tnev would till more tn2n the present
volurne of the rock.

Buen 2 cardon2ti^arion ot an arl<oße or zrav^vacke rnareri2l can de
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Textfig. 8. Thin section through a dolomitized pebble, with more quartz in the matrix
than most of the others, and completely recrystallized oolites or pisolites. In the centre
of some of them new calcedon-like quartz has formed (i.a. lower right). From the
tossil>loc2iicx. 5 x

expected in a well aerated, warm shallow water sea, and may have
occurred just after deposition, or considerably later. Judging from the
frequent observations of highly corroded quartz in many of the carbo
nate cemented rocks of the Sparagmite Group, the author is inclined to
regard many of them as the result of carbonatization of normal arkoses
and greywackes. The observations made on the present material indi
cate tnat this process may lead to almost pure carbonate rocks. As usual
in this type of metasomatism, the clay minerals, and other fine grained
material disappear first, then the quartz, and last tne large feldspars.

A number of the pebbles are more or less dolomitized. This was
suspected because of their brownish weathering colour, and it was con
firmed by X-ray diffraction studies. (The method used for a semi
c^uantitative study is the same as tnat used by Jørgensen & Spjeldnæs
1964.) They range from almost pure limestones with only traces of
dolomite to almost pure dolomites. Of the 9 samples studied, 5 are in
the interval between 40 and 60 % dolomite. The carbonatization is very
strong also in the dolomite rocks, but not significantly stronger than
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Textfig. 9. Thin zecrions of two tolerably well preserved structures, which are inter
preted as algal pisolites. From the fossil-locality. 40 x

in the more calcittic ones. This may indicate tnat even it botn dolo
mitization and carbonatization were dependant on the same environ
mental factors (temperature, pH and Eh), they were not directly
interconnected.

Some of the purer carbonate rocks are oolitic or pisolitic. In most
cases the oolites are rather irregular in shape, and in many cases they
coliBiBr oriix of a rliiri crusr over a claBtic mineral zrairi, vriicli may be
nizniv 6ecorripoBe6. Miz zrain may eitker be c^uartx, lel6Bpar or a car
bonate. The layers in the oolites are in some cases accentuated by phos
phate, iron-oxides or organic matter. Such oolites remain intact, at
least superficially, when a slight recrystallization destroys the normal
ones (cf. textfigs. 6—7). By further recrystallization, the whole oolite
is transformed into a sphaerical carbonate monocrystal, often with the
original clastic mineral as a core (textfig. 6).

In me present material it i 86itiicult to 6ißtinßuißn betveen real
ooiites an 6aizai pißvliteß, decause tne tiner Btructure nave zeneraiiv
deen lost dv recrvßtallixation. Bpecimenß vitn tne tvpical radial
orientation ot ooliteß are toun6, dut it i8aßßume6 tnat some ot tne al

5



66

rnoßt spnaerical bo6ieß reguiar an6continuouß concentric lineß are
genuine ooliteß. tvpical algal Pißoliteß are mer in Borne caßeß (text
tigß. 9—10) kut inoßtlv tne^ are too rnucn recrvßtallixe6 to be proper!v
i6entitie6. T^liß 18 eßpecia!lv true tne oneß naving a large core
(textlig. 6).

nurnber ot BtageB in 6iagenetic cnangeB can de Been. tirBt, tne
central part ot tne ooiite or pigoiite recr^ztaiii^e, an6tne original con
centric Btructure 6iBappearB >vnere it i8not accentuate6 b^ 6arli Bud-
BtanceB.

'lnen tne >vnole bo6^ i8cnange6 into one Bingle cr/Btal oi carbonate
(rnoBtl^ caicite). LecauBe ot tne cleavage BuriaceB oi tne caicite, tne
ooiite roc^B at tniB Btage nave a Btriking rezeinbiance to a crinoi6al
lirneBtoneB. In otner caBeB tne Bpnaere i8tranBtorrne6 into a 6iiiuBe
rnaBB ot iine-graine6 6oloinite (textlig. 8). a laBt pnaBe in tniB line
ot 6iagenetic cnange, tine-graine6 yuart? appear in tniB central part
ot tne BpnaereB.

friere can narcilv oe anv 6oubt tnat tne more tvpical piBoliteB are
lorrne6 by organiBinB (poBBiblv klue-green algae), but it i8irnponioie
to 6etine tneBe orzaniBinB cloBer, an 6aiBo to tell tne otner

Bpnaerical l?o6ie8 are ciue to organic activitv or are purelv inorganicallv
torrne6 ooliteB. piBoliteB are ot tne general type rnet in Ke6B ot
all ageB, ranging trorn tne ?recarnbrian to tne kecent, an6tnev laclc
leatureB >vnicn can be utili^e6 Btratigrapnicallv.

Otner BtructureB ot 6oubttul origin are trec^uentiv koun6 in tne car
bonate pebbleB, an6Borne ot tnern mav recaii croBB-BectionB ot toBBiiB.

kaving in rninci all tne peculiar PBeu6o-toBBilB inav ariBe 6uring
6iagenetic cnangeB ot carbonate rocliB, tne autnor i8incline6 to regarck
all tneBe BtructureB a8inorganic, or at leaBt too 6oubtlul to a
6eBcription.

In a66ition to tne or6inarv carbonate pebbleB reterre6 to above,
tnere are Borne otner oneB. IvloBt ot tnern are tranBitional to tne pnoB
pnorite pebbleB 6eBcribe6 beio^v. friere are aiBo Borne 6ark, recrvBtallixe6
lirneBtoneB v^itn no toBBiiB or tvpical BtructureB.

In one ok tne largeBt carbonate bou!6erB, tnere i 8a cornplex cavitv,
lille6 xvitn Btalagrnitic calcite (recrvBtalli?e6), pnoBpnorite an6caice
6onv, in tnat or6er (textlig. 10). 'lne preBerve6 part ot tne cavitv i8
ot 6ecirnetre Bixe, an6tne BtructureB in tne lirneBtone i8otner^viBe verv
>vell preBerve6, a8illuBtrate6 by tne piBo!iteB in textlig. 9.

unexpecte6 type i8an antraconittic lirneBtone ot exactlv tne
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Textfig. 10. Thin section of a lime-cemented sandstone with strongly corroded grains
of quartz and feldspars, and numerous pisolites. A cavity was formed in the rock, and
was later (before erosion of the rock) filled with stalactitic calcite, phosphorite and
calcedony. The part of the cavity preserved in the boulder is about 3 5 cm. long and
1 5 cm. high. From one of the larzezt boul6erz in the tozsii-localit^. 5 x

same type as found in the Middle and Upper Cambrian of the Oslo
Region. Only one boulder, about 30 cm in diameter was found, con
sisting of several cm. long, columnar crystals of almost black calcite,
which smell strongly when hit with a hammer. Even the smell is similar
to that of the Cambrian rocks. The antraconites are supposed to have
originated in a rather specialized environment (cf. Henningsmoen
1957, p. 61—62), and the presence of this rock-type in the Biskopås
Conglomerate indicates that the source area was one with a variety of
different sediments.

Strueture in phosphorite pebbles.

The phosphorite pebbles are much fewer and smaller than the car
bonate ones. The largest is about 10 cm. in diam., and most of them
are IV2 —^ cm. n contrast to the carbonate pebbles many of them are
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alßo roun6e6, an6it iz p088il)Ie tnat tnev kave paßße6 tnrouzn more
tnan one Beclimentarv cvcle.

In composition tnev range from limestones or sandstones with minor
c^uantitieB of pnoBpnate cement to alm«Bt pure pnoBpnoriteB, illere
fossils are more common than identifiable quartz grains, and where
X-ray diffraction analysis show only apatite (probably F-apatite) be
sides very minute traces of quartz and clay-minerak In many cases the
intermediate types show a polymictic assemblage of different rocks,
mostly phosphorite cemented, and of different shape and Bixe (text
fig. 5). Even the pure phosphorites often show micro-brecciation and
a complex history of recementation (pl. 3 figs. 2-3). Some of the
phosphorite pebbles must, judging from their black powder and coal
like appearance have a considerable carbon content.

Organic remains are found only in the rather pure phosphorites, and
oniv in a small lracrion of tneBe. dirker the pebble is devoid of fossils,
or they occur in profusion. The fact that many of the fossils are not
well preserved, and that all transitions are found between tolerably well
preserved fossils, and those which are almost completely destroyed, may
indicate that the fossils were originally much more wide-spread, kut
were destroyed by diagenetic changes in the sediment.

The organic remains fall into two groups, Papillomembrana compta,
and "BporornorpnB." The latter noncornrnittal term is used in accord
ance with Roblot (1963, p. 15 59, 1964, pp. 107-108) for small (5
60 /z) single or complex, sphaerical structures with carbonaceous walls.

It 18 UBe6 nere in a Biigntlx exten6e6 BenBe, inclu6ing alBo larver Btruc
tureB incorporatinz Binal! oneB, even il tnev nave a niineralixe6 Bnell.

term mi^nt aiBo nave oeen UBe6, i 8acritarcnB, in me
BenBe ot Oo^lvnie, s^ sarjeant (1963), but a8tne Btu6iez ol tne pre-
Bent material naB not pro^reBBe6 iar enou^n to aiio^v commitmentB 28
to bioiozical aiiinitieB, tnev are relerre6 to 28 BporomorpnB an6relate6
BtructureB—in Bnort BporomorpnB. I^niB 6oeB not in6icate tnat tne autnor
be!ieveB tnat all oi tnem neceBBarilv are ol vegetadle orizin, even il
moBt ot tnem mav l?e 80.

Papillomembrana was described by the author (Spjeldnæs 1963), and
there is nothing to add to the description of the well preserved speci
men, although the figures of the type specimens are given (pl. 1, figs.
I—3, pl. 2, fig. 1) here because of tne bad repro6uction in the original
paper. I^eitner i8 tnere any new information on the poßßible diolo^ic
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relationßnip oi tne orZanißin nor anv recor6B oi it, or Bilnilar oneß, irorn
otner localitieß.

The holotype is still the only tolerably uncompressed specimen known,
all the otlierB are more or less ilattene6. It is difficult to give an exact
number of the specimens found, because there are many badly preserved
specimens, and a complete series exist from compressed, but readily
identifiable specimens, to "ruins" which can only be suspected to belong
to Papillomembråna because of tkeir reBelndlance to the detter preserved
specimens in size, colour and gross shape. In one thin-section more than
30 such "mins" are found, but only 3—4 specimens can definitively be
relerre6 to Papillomembrana.

Several different types of sporomorphs occur, most of them in the
same pebbles as Papillomembrana.

Type I. 600—700 /* in longest diameter, slightly compressed from one
side. The walls are thin, black and irregular, presumably consisting of
an organic membrane (pl. 3, figs. 1-2). The irregularities of the walls
may be partly original, but has evidently been much modified by dia
genetic processes. In some cases the wall has disappeared completely, and
in others it is only preserved in small fragments. The interior is filled
with clear, isotropic phosphorite, without the structures found in the
darker phosphorite outside the sphaere. In most cases there are also
small, black granules distributed in the interior, and in one or two
cases (pl. 3, figs. I—2) they are partly aggregated into a large number
of small sphaeres, 8— 15 /* in diameter, consisting of one layer of granu
les, which are up to 2—2 tø /* in diameter. The larver granules are
"cellular," but the smaller and more common ones appear just as black
dots.

'lne nurnder oi BpecirnenB deionzin^ to tniB t^pe i86iiiicult to eBtad
liBn, 28 tnere are all trariBitionB irorn tne v^eii 6eiine6 oneB to lurnpB oi
lignt pnoBpnorite tne Baine general Bi^e an 6Bnape, dut entirei)^

a vall. 6—B vell 6eiine6 oneB, an6approxirnatel^ 20
6iiiuBe oneB nave deen odBerve6.

/I. 3pnaerical, uncornpreßße6, 2 50—450 /^ in 6iameter vitli a vall
reßerndlinF tnat oi type I in Btructure, dut vitn a inucn more irrezul2r
outline, rnoßtlv 28 dulzeß oi tne an6tnrea6- or iilarnent-1il:e pro
tuderanceß oi conßi6eradle 6irnenßions. "sneße Btructureß rnav nave deen

mo6iiie6 tnrouzn 6iaFeneßiß, dut are too conunon an6rezuiar to de all
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accidental (pl. 3, fig. 3, pl. 4, fig. 1, pl. 5, fig. 1, 5). lunere might also
be apertureß in tne >valiß, dut it is difficult to discriminate between
original apertures and dissolved parts of the walls in tniß type of mate
rial. Like the first type, they are filled with clear phosphorite, otten with
some granules, but without the filamentous structure common to most
of the phosphorite outside the sporomorphs. In one of the specimens of
this type, (pl. 5, figs. 1,6) tnere is a råtner dense mass of rod-like
bodies about 5—7 p- in length and 1 — \y2 p in width. The interpretation
of these structures must be lett open at present, even il they resemble
ieatureß 6eßcrioe6 28 fossil bacteria and fungi, as their organic nature
is not entirely beyond doubt.

10 preBerve6 BpecirnenB, an6more tlian 40 6iituBe oneB
nave oeen ol)Berve6.

Type 111. Almost perfect sphaeres (in a few cases aggregates of sphae
res), without visible ornamentation or outgrowths of the wall (pl. 2,
figs. 2—3). Most of them are 70—90 p- in diameter. Smaller cross-sec
tions show thick and diffuse walls, indicating that they are peripheral
rather than equatorial BectionB. There are also a large nuinber of Brnaller,
more or less circular sections, but they are hard to study, because tneir
diameter i8 too cloBe to the tnickneBB of the tnin-BectionB used (approxi
mately 20 /^). It is therefore impossible to give exact information on the
real size-distribution of tniB type, the figures above refers to the larger,
and well preserved specimens, and do only give a definite upper limit
for tneir size.

Lille tne t^o otner tvpeB, tne interior i 8lille6 lignt, iBotropic
pnoBpnorite, an6tnere are no BtructureB odBerve6 inBi6e tniB type. "lne

appear to de tnicker, dut tnat mignt de 6ue to tne tact tnat more
BpecirnenB are preBerve6, an6tne 6itticultv in rneaBuring tne >vall
tniclineBB in tne otner tvpeB. In a te-^v BpecirnenB tne clear pnoBpnorite
i8alBo tounci in a tnin dan6outBicle tne rnav inclicate eitner

tnat tne clear pno3pnorite v^aB torrne6 dv late ciiagenetic proceBBeB, or
tnat tneBe BpecirnenB nad an outer naB deen 6iBBolveci. It 15

6ikticult to give an exact nurnder tor tne BpecirnenB ot tniB type, dut it
is tne rnoBt cornrnon one in tne pregent material. tnan 80 un
6oudte6 BpecirnenB nave deen odBerve6, an6a large nurnder ot 6itluBe
or Blnall oneB 6o alBo occur.
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Type IV is toun6 oniv in a few specimen, and all characteristic features
are found only in one of them (pl. 3, fig. 2, pl. 5, fig. 4). It is about
125 m in longest diameter, slightly assymetrically dorsoventrally com
preBBe6 (duniike). The wall appearB to be zranuloBe, and lateraiiv tnic-
Kene6. The irrezularitie« in tne wall rnav be due to ckiazene^, a8 the
material i8 not large enough to prove its constancy. In the central part
there is a sphaerical body, granular and quite similar in appearance to
the phosphorite outside the sporomorphs, but without the characteristic
filamentous structure. Between the sphaerical body and the wall, tnere
is a thin laver of clear phosphorite, which also continues outside the
wall, with a diffuse outer border.

Type V. Only tnree specimens have been found, and the description
is based on tne best preserved one (pl. 3, fig. 3, pl. 5, fig. 3). It con-
BiBtB of a duster, 160—190 /* long of irregular sphaeres with granular
walls. The sphaeres are from 30 to 80 ju. in diameter. The wall Bud
stance is light brown, and entirely different from tnoBe in the otner
tvpeB. The tnickneBB of the walls are aiBo nigniv variable, and tnere
BeernB to be openin^B det^iveen tne BpnaereB.

In a66ition to tneBe råtner coininon, or 6etine6 tvpeB, tnere are
Boine otnerB >vnicn are eitner leBB 6etine6, or occur oniv in one

Bpecirnen.

V/. Oniv one trazrnentarv Bpeciinen naB deen odBerve6 (pl. 5,
tiZ. 6). It conBiBtB ot a Bpnaerical Bnell, conBiBtinA ot c^uartx, adout
500/^ in outer 6iarneter, an 660—65/^ in tnicknesB. trazrnent,

conBiBtB ot adout 170° ot tne Bnell, conBiBtB ot tnree Binzle crvBtaiB

ot c^uartx, dut tnis inav de 6ue to later recrvBtalllBation. 'lnere i8no
Bculpture to de odBerve6 neitner on tne outsi^e nor on tne inBi«se ot tne
Bnell. 'Nie interior iz tille6 >vitn an irrezuiariv zioduiar rn2BB ot granu-
1»8e rnateriai. rnav de interpretea a86iltuBe BpnaereB, approx. 30
in 6iarneter, dut tnev nave Buttere6 too inucn
lrorn 6iazenetic cnanzeB to de properiv 6eBcride6.

7^/>e V//. Oniv one Bpeciinen naB deen odBerve6 (pl. 4, tigB. 2—3),
conBiBtinB ot an nigniv irrezuiar rnerndrane or Burroun6inz a
rougniv Bpnaerical inaBB conBiBtinF ot Bniall, granuiar BpnaereB. I^ne
Bnape ot tne outer >vall rnav eaBilv de 6ue to externai an66iagenetic
cnanzeB. 'lne zranuiar BpnaereB varv in diameter trorn 5 to 20 /^, an6
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are ok bro^niBn colour, 6ikterent ironi tne or6inarv I^ere are

aiBo zeverai otner irrexular membraneB reBemb!inZ tne preBent one in
zixe an6Btructure, bur tne granuiar BpnaereB inBi6e.

Type VIII. Three BpecimenB are koun6, and tne 6eBcription is based on
the best preserved one (pl. 5, fig. 2). It is an irregular, angular body,
possibly a fragment of a larger one, 350 in length, and darker in co
lour than the surrounding phosphorite. It shows a system of thin, di
stinct lines or tubes parallel to the margins, and branching at the widest
end.

In addition to these, well defined types there are in the phosphorites
a number of stylolite-like membranes, often of considerable size. Some
of them are similar enough to stylolites in other rocks to be interpreted
as inorganic BtructureB, out otner are very irreguiar, curve6, and appear
to carr^ lon^ protuderanceB. 3orne of tneBe ineinbraneB ma^ tnerekore
be of organic nature, even if it is impossible to 6ekine tnern proper!^ on
the present material. Some of them are shown in figures illustrating
other structures, particularly pl. 1, fig. 1, and pl. 3, figs. 2—3.

There are also some rnicro-BtructureB in Borne of the BpecirnenB (pl.
5, fig. 5) as referred to above. The whole phosphorite also shows a
characteristic, filamentous Btructure, which under high mazniticatioNB
appear 28 tuttB of very tine tilarnentB. 3ucn BtructureB are knov^n aiBo
from otner, xoun^er pnoBpnoriteB, and rna^ be biological in origin. 'Niex
recall fungal threads, but since the tnin BectionB used for tniB study
are too thick to observe the details of the filamentous structures, they
are oni^ rnentione6 nere. The appearance of the structure in the thin
sections without immersion optics is seen in pl. 5, fig. 5 and pl. 2, fig.
3, and some of the details observed in higher magnification, and with
tne use of immersion optics can be seen in pl. 1, fig. 2 (inside the nolo
type of I^aM/oTwenl^ana c-07w/>/a).

Goncluding Remarks.

'lne k»88il8 koun6 in tne pebbleB in tne LiB^opaBen (^onAlornerate are
remarkable in Beveral

'lne^ are more numerouß, an 6varie6 tnan moßt ?recambrian aB-

Bemblazeß 6eßcribe6 up to no^. I'niß ma^ partis be explaine6 b^ tne
comparativei^ aze Buppoße6 kor tneße be^B, but it i8perkecti^
un6erßtan6able tnat Borne autnorß (i.a. I^otnpietx 1910) nave Bu^eßte<j
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an Orciovician age for the Biri Formation, with similar lithology as the
pekkleß 6eßcrike6 tiere, The observation of some types of fossils where
small bodies occur within larver ones in the Biskopåsen pebbles recall
similar observations from Ordovician beds (Kozlowski 1963, Henry
1964). The Btructure and dimensions are, however, different, and the
loßßiiß 6eßcride6 kere are at present not of 2nv Brrarigrapkic value, as
Biinilar material from orker, contemporaneous beds have not been stu
died with the same methods.

As rnenrione6 adove, no fossil reBernbling Papillomembrana has ver
deen 6eBcribe6 from orker localirieB, and the orker BrrucrureB are eirker
roo generalised, or also unknown in other localities. A structure (Fos
sil I) described by Ewers (1933, figs. 2-3) from rke ViBinB^ Forma
tion in Sweden resembles type VI described here in håving a quartz
shell, kur 6ilterB in 6eraiiB of Brrucrure, and in Bi^e. The orker struetures
6eBcrike6 by the same aurkor do not recaii any of the forms from the
LiBkopaBen pekkleB, even it the material is the same (phosphorite pebb
les), and the supposed age (young Precambrian) is roughly the same.

When the present fossils are compared with the assemblage described
from essentially the same material by Manum (1967) the differences
are immediately apparent. In Manum's material, the organized strue
tures are very few, whereas organic debris is verv common. The sizes
are also different, as the most important struetures described here are
much larger than those in the palynological material. This is partly due
to the fact that the smaller specimens are difficult to observe in the
rkin BecrionB, an6are eaBi!v overloolie6. I^ke lacl^ ot larZe BpecirnenB in
rke 6iBBolve6 rnarerial i8explaine6 kv rke tacr rkar rke valiB ot rnoBr
BpecilnenB, 28 vizikle in rkin BecrionB, are incomplere, an6otren alrnoBr
complerelv 6eBrrove6. are onlv Borne verv tev BpeciinenB, vkick
Burvive kork rke 6iazeneric ckanzeB an6rke exrracrion proceBB. On rke
orker Kan6, rkeBe are inuck kerrer preBerve6 rkan rke averaze oneB od-
Berve6 in rke rkin BecrionB.

It is evident rkar alßo the larver Bpecimenß (inclu6ing Papillomem
brana) occurred in the material which Kaß been studied palynologically,
since most of the pebble which yielded the type specimen of Papillo
membrana compta was used for these studies, and the two thin sections
made from the same pebble both showed numerous large specimens.

It is alßo intereßrin^ to note rkar (excepr for Papillomembrana) none
of the Bpecirnenß Beein to have keen coinpreßße6. I^liß, and the tilling of
most of the specimens with light coloured phosphorite, contrasting
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srrongiv aZainßr me 6ar^er Zroun6rn2Bß, in6ic2te rn2t me pnoßpnorire
lorrned ar an e2rlv Bra^e ol dia^eneßiß.

The smaller bodies found inside rvpe I can with great certainty (be
cause of their size, and wall structure) be referred to Manum's type A,
and it is likely that a number of the smaller specimens of type 111 can
be referred to his t^peB E and F. A conclusion about the preservation
and distribution of the fossils in the pebbles is that the palynological
technique gives a well preserved, dur highly selective assemblage where
as the thin section studies gives a much richer, dur less well preserved
one.

reZar6B me aze ol me peddleB, rnere i8lorB oi conerent AeoioZical
an6lirnoBrrariZrapnical evi6ence pointing ro ?recamdrian aze,
poBBidl^ rarner clvBe ro me daindrian/?recalndrian dorger, dut rnere
are Borne uncerraintieB ro rniB, aBi6e irorn me /ounZ aBpecr ol me 28-
BerndlaBe, an 6me odviouB lacr rnar me peddleB are o!6er man me
con^lornerare in rne^ are ioun6.

Absolute age determinations of beds in Northern Kola (Polevaya &
Kazakov, 1961, p. 110), which have deen correlated with the Sparag
mite Group in Finnmark gives ages both on clay mineral and glauco
nite which are just above 1000 m. y. The Porsanger and Lillehammer
subgroups are correlated because of their striking lithological similarity,
eBpeciallv in rne upper part, dur ir should be noted that the crystalline
basement below them are of different age, being much older in Finn
mark than in southern Norway. In fact, il the Lillehammer subgroup
could be proved ro be about 1000 m. v. old, it would de older man the
supposed age of the crystalline basement (B—9oo m. y.)! The geochro
nologv of rne dasernenr is aiBo Bonie^nar in 6oudr, as ir is possible that
the basement of the Lillehammer Group belongs to the older Precam
brian, on the Eastern side of the "mylonite" zone, which divides the
Precambrian both of Sweden and Norway (cf. Hjelle 1963, fig. 1).

il me evi6ence lor a vounz ?recarndri2n (Ven6i2n or
III) 2^e ol me I.illen2rnrner Budzroup «cern goocl, me uncerrainrieB
inenrione6 nere make more Bru6ieB neceB«arv. Lotn me iBorope ageB ol
me iinrnediare daBernenr, ana! dioBrrari^r2pnic BruciieB, eBpeci2ilv corre
larionB me KuBBian piarlorrn de vaiuadie.
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Explanation to plates.

All figures on the plates are from thin BectionB of pnoBpnorire pel)l)1e8
from the basal part of the LiB^opaBen l^onziomerare, at the fossil lo
cality.

The thin sections belong to Paleontologisk Museum, Oslo.
The photographs shown in pl. 1, figs. 2 and 3, and pl. 2, fig. 1 were

tåken by Dr. S. Manum, the rest by the author.
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PLATE 1

Papillomembrana compta Spj.

fig. 1. Holotype (PMO 73173) and the surrounding rock, including a stylolite-like
black meml>r2ne. 60 x.

fig. 2. Detail of holotype, showing structure of protuberances and enigmatic internal
features. On the internal walls, there are tufts of very thin threads (fungal or
alzal?). 740 x.

fig. 3. A compressed specimen, showing the hollow protuberances.
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PLATE 2

fig. 1. I^liloTweTnb^na c-OTN^ia 3pj. The nolotype. 13 5 x.

fig. 2. Sporomorph, type 111. The structures seen in the walls may be due to partial
6eBtrnctioli of the vaiis, or be original. 675 x.

fig. 3. Sporomorph, possibly belonging to type 111, consisting of an aggregate of three
zpnaeres. I^niz is the only zpecimenz of tiiis iiin6 observe^. 675 x.
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PLATE 3

fig. 1. Sporomorph of type I, with small sphaeres inside, resembling Manum's type A.
i;ox.

fig. 2. 3poromorp^ of type I, the same speciinen as above, but also showing one of
rype IV (et. pl. 5, kiF. 4) 60 x.

iig. 3. Bporc>lnc>rplis c>i rype II (ci. pl. 4, lig. 1) anci rype V (pl. 5, liz. 3) 60 x.
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PLATE 4

fig. 1. Sporomorph of type 11, showing protuberances of the wall, and badly defined
inrernHl structules. 1 5 0 x.

fig. 2. Sporomorph of type VII, showing thin, irregular outer membrane, and duster
of zpiiaerical l>o6ies inside. 1 5 ox.

fig. 3. The same specimen as in fig. 2, but enlarged to show the sphaerical bodies, and
structure in the pnoxpl^orite. 67 x.
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PLATE 5

fig. 1. Sporomorph of type 11, virn rcxl-liice oockiez inside, cf. 2150 fig. 5. 150 x.

fig. 2. Problematic fossil, type VIII, snovinF internai structure. 150 x

fig. 3. Sporomorph of type V, showing thick, somewhat diffuse walls, and possible
connecrionz betveen the aKFlomerate^ lxxiiex. 150 x.

fig. 4. Sporomorph of type IV, showing thickened, granulose walls, and clear phos
pliare al«o outsi6e the structure ineii. 150 x.

fig. 5. Detail of wall of the sporomorph shown in fig. 1. The wall structure is almost
completely lost, and the different filamentous structures inside and outside the
vall is eaBlly seen. 675 x.

fig. 6. Sporomorph of type VI, showing quartz shell, and globular bodies inside it. Ir
should be noted that the quartz in the shell is the bulk of the quartz found in
the vnole tnin «ecrion. 150 x.
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STUDIES ON THE LATEST PRECAMBRIAN
AND EOCAMBRIAN ROCKS IN NORWAY

No. 1

EOCAMBRIAN ROCKS ON THE NORTH-WEST BORDER
OF THE TRONDHEIM BASIN

By J. Springer Peacey
(Turmstrasse 1 84, Aachen 5 1 , Germany)

Abstract.

Three occurrences of Eocambrian rocks on the north and west borders of the
Trondheim basin are compare6, namei^ in the Gangåsvann, Opdal and Tømmerås
areas. It is shown that the sequence in the Gangåsvann area conBiztB of tvo partz: a
lower, highlyfolded succession which, in geological setting, resembles the Opdal area
and an upper, lower-grade unit which closely compares with the succession in the
I^lnrneras anticiine. The tvo are separated by a major tectonic break which marks
the border of the "Trondheim region" proper.

The apparent absence of Eocambrian rocks on the north-west margin
of the Trondheim basin is only one of the intriguing anomalies shown
by the current 1 : 1 million geological map of Norway. Lut since the
publication of the revised edition in 1960 new work south-west of
Trondheim, in the Gangåsvann area (Peacey, 1963), and around the
Tømmerås window (Springer-Peacey, 1964) suggests that the search
for these earliest Caledonian sediments is a rewarding study because
they can provi6e a marker horizon by means of which the complex
geological history on the edge of the "Gneiss region" may be elucidated.

Descriptions of the two areas mentioned were published in the chro
nological order tnat tne^ were mapped but, by chance, the results of
the second piece of work throw light on the first. Thus it is now pos
sible to understand the tectonic portion and setting of Eocambrian
rocks in the Gangåsvann area better than previously and, in turn, this
knowledge illuminates tne problem of how the rocks of tne Trondheim
basin relate to the high-grade "Gneiss region" lying to the west.
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(a) The Tømmerås area.

(-eolo^ical relationBnipB in the Tømmerås anticline hold half the
solution to the puzzling association ot Eocambrian rocks seen farther
Boutn. Here, in an area with simple structure and low metamorphic
gråde, a number of features appear which seem to characterize the Lo
cambrian in a particular geological setting, and which can again be
recognized in the upper part of the rocks of rniz age in the Gangåsvann
area.

tne nortnern extrernit^ ot tne "sron6neiln baBin tne ?recarnbrian

oaBernent i86orne6 up to tonn a lonz ri6ze tren6ing nortn-eazt. I^pon
tniB lic ZreenBcniBtB an6rnica-BcniBtB oeionZ to tne (2aindro-3ilu
rian an6beneatn tnern a tnick Bec^uence ot zanclBtoneB an 6BiltBtoneB,
preBuinablx Locaindrian in aze. tne Boutn-^eBtern tiank ot tne
ri6ze tne cover rocliB tnin to^ar6B tne BudBtraturn an6tinaiiv tne Lo

caindrian an 6tne lo^erlnoBt ?alaeo^oic unitB out azainBt it
(?ig. 1). tne rocl(8 are oniv inetarnorpnoBe6, Be6irnentarv
teatureB, Buen a8croBB-be66in^ an 6Zra6inz, are vv^eli preBerve6, par
ticuiariv in tne Locainorian. In tne ?a!aeoxoic roc^B tnin norixonB can
de trace6 lor lonz 6iBtanceB a8tnev taper a^ainBt tne baBeinent an6tnere
BeernB no 3006 reaBon to 6oubt tnat tne junction oet^een daBeinent an6
cover repreBentB 2 prirnarv 6iBcontinuitv overBtep ot tne vounzer
norixonB over tne ol6er. (3prinAer-?eace^, 1964.)

'lne Locarnbrian roc^B, narne6 in tniß area tne I.e^B6aißvann Qroup,
compriße txvo cnaracterißtic unitß: a lo^ver one ot 6ark, Ban6v Biltßtoneß
7/itn pale calcareouß lenßeß, an6an upper unit ot pale, rnicrocline-dear
inz, an 6taiße-0e66e6 Bancißtoneß. 6iaznoßtic teature
ot tniß i8tne Bcarcitv ot v2Bic igneouß material, eitner volcanic
or intrußive. Oniv rarelv 60 tnin ainpnibolite Bneetß occur in it ancl tniß
provi6eß Btrikinz contraßt to tne rockß aoove an 6oelow. In tne ?re

(^arnlirian baßernent tne l)2Bic rocliß are principallv intrußive i^neouß
do6ieß. 'lnev repreßent a B^varrn ot 6olerite an 6 Bneetß in wnicn
tne original opnitic textureß, tne lenßoi6 Bnape an6prirnarv croßß-cut
tinZ relationßnipß can Bornetiineß be ol)Berve6. I^ne palaeo^oic rocliß Beern,
trorn tneir cornpoßition, to oe liberallv rnixe6 volcanic 6ebriß; tne
tnicll arnpniboliteß preBent ni2v be llo^B or vater-l2ici ellußive rn2te
ri2l. Lut trulv igneouß textureß nave never keen ol)Berve6 even in tne
rnoßt in2Bßive arnpnioolite norixonß. I^iuß, betore tne clepoßition ot tne
Locarnbrian in tniß area, tne banrnent rocl^B alrea6v tracture6
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Fig. 1. Geologisk kart over Tømmerås-området.

and intruded by ophitic dolerites; the subsequent igneous activity, vir
tually absent in Eocambrian times and which became more pronounced
later, was mainly volcanic in character.

Another aspect of the geological history which perhaps typifies the
Eocambrian in rniB parricuiar setting is the low metamorphic gråde
and the simplicity of the tectonic history. For although there are minor
structures of various ages and metamorphism sufficient to induce the
zro^tli of garnet locaii^, tneBe do not ck^uin the Be6iinentar^ nature
of the rocks or tneir original 6izpoBition.
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(b) The Opdal area.

The Eocambrian is seen in anotner setting in the Opdal area and this
provides the second half of the solution to relationships at Gangåsvann.
Although an upper series of Eocambrian rocks i8 missing here man)"
other features of the two areas are remarkably similar.

The stratigraphy is otten blurred by the effects of high-grade meta
morphism and extreme migmatization but, despite this, in many places
distinct lithological units can be recognized. The Eocambrian is repre
sented by feldspathic flagstones with small amounts of mica-schist and
above them lie mica-schists and amphibolites which are thought to be
of Cambro-Silurian age.

The intense multiple folding which these rocks have suffered is ob
vious even from the 1 : 1 million map and it is scarcely to be expected
that primary features remain. It is often difficult to tell which of the
rocks represent the "basement" and the only trace of original uncon
formity i8 suggested by tne fact that the flagstones rest upon 6iikering
rock types at different localities (Holmsen 1960). Lotn Eocambrian
and Palaeozoic are cut by lenses and sills of hornblende schist which
have been folded together with the rocks surrounding them. These
basic BneetB are interprete6 as intrusions and lavas of Lower Ordovician
age.

nignlv-io!6e6 an6lnetainorpnoBe6 cornplex oi rocliB, in
baBeinent, cover an6tne later intruBionB nave been 6eiorine6 togetner,
i8Beparate6 irom tne rocllB oi tne Bvnclinoriurn by a tnruBt

plane, 6ipping eaBt^var6B, carrieB lo^v-gra6e ralaeoxoic 6epoBitB
upon it. I>lot onlv i3tnere a rnarke6 6iiierence oi gra6e acroBB tniB
doun6arv kut it alBo appearB tnat tne tectonic niBtorv oi tne upper
roclcB naB been rnucn ampler (l^olrnBen 1955).

(c) The Gangåsvann area.

in Opcial tne vnole iabric an6rnineralogv ot tne rocliB naz
irec^uentlv keen rebuilt dv tne eiiectB oi tne l^ale^onian orogenv, eraBing
anv traceB oi iorrner relationBnipB, tne proceBB in tne <3angaBvann area
naB not been 80 penetrative. in placeB rnet2BornatiBin naB
B^arnpe6 tlie rocliB, converting all except tne inoBt c^uartx-ricn to un
remarkable granite-gnein, elBe^vnere it i 8Btill poBBible to 6etect Bome
tning oi tne tarmer Btratigrapnv, tectonic pattern an 6even meta
morpnic gra6e.
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An important feature of tne area is the Knipfjell slide, a plane of
discontinuity dipping south-east, which runs north-eastwards and di
vides the outcrop of the supposed Eocambrian rocks into two. (Fig. 2.)
At its northern extremity the foliation in the rocks above and below
is virtuaii^ parallel, makin^ tne junction 6ilticult to locate, and at itB
southern end the contact is maBice6 by later metazornatic eiiects. Lut
on knipkjeii, xvnere late-Btaze rnoveinentB have rejuvenate6 tne slide,
an angular disjunction can be observed. On a larver scale the presence
of the slide can be detected by the difference of tectonic pattern on the
two sides and, less obviously, by the difference of metamorphic gråde.

Above tne slide the rocks are remarkable Birnilar to tnoBe of tne Tøm
merås area. The inetainorpnic gråde is slightly higher and tnere has
been more 6eiorination but it is still to recognize the various groups.
The dambro-Bilurian, calle6 nere the Gangåsvann Group, is represented
by garnet-hornblende-mica schists and amphibolites, with or without
garnet, whilst in the Eocambrian two units can be distinguished. The
one above comprises microcline-bearing quartzites, whose correct stra
tigraphic position is confirmed by grading and cross-bedding, and be
neath them lies a thickness of fine, dark semi-pelitic rocks containing
characteristic small lenses of paler, calcareous, sandy material. The
Knipfjell dislocation follows very closely beneath tniB unit with cal
careous lenses and it now seems logical to extrapolate it north-westwards
to the shore of Orkdalsfjord (Fig. 2).

tne Bli6e tne lnetamorpnic Fra6e i8lo^er an6tne 6e^ree ot
6elorlnation leBB intenBe tnan in tne rockB beio^. In tne abBence ot ana-

IvBeB an6mineral pnaBe Btu6ieB it i86itlicult to make preciBe compari
80N8 ok tne zra6e but in general termB it can be Bai<j tnat >vniiBt tne
rockB belo^ mav clevelop coarse garnet-kvanite aBBembla§eB, tnoBe above
never become more tnan me6ium-Araine6 biotite-garnet BcniBtB. Beve
ral AenerationB ot minor Btructurez exiBt in tne upper roc^B but tnev
are oniv 6evelope6 an66o not zreativ 6iBrupt tne nrati^rapnv.

in tne I^Ommera^ area baBic i^neouB material i8verv Bcarce in tne
upper BerieB ot rocllB, an6>vnikt in tne
tnere are abun6ant tnickneBBLB ot nornblen6e BcniBt, no evi6ence ot
intruBive igneouB textureB naB been obBerve<i.

Leneatn tne Bii6e tne i8repreßente6 by alternatinz quart-
anci mica-Bcnißtß, cut by numerouß Bneetß an6lenßeß ot nornblen6e

Bcnißt occaßionallv BNo^v tranßcurrent relationßnipß an6tne rem
nantß ot opnitic texture. no primarv Be6imentarv teatureß
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have been seen in the host rocks it is presumed tnat they represent a
sedimentary sequence and that the hornblende schists are the alteret
remains ot a dolerite dyke swarm.

At least one reason for the absence of primary features in the quart
zites and mica-schists is the intense deformation they have undertone.
Two periods of major folding have produced remarkable lunate out
ci-opz where the axes of Lariv ENE-trending folds are cut by later Main
NE-trending fold axial planes. This cornplex pattern is Bnarplv trun
cated by the Knipfjell dislocation, except at its northern end where the
Btructural lines are roughly parallel (fig. 2). It now seems likely that,
råtner tnan 6vinZ out, the slide continuez nortn-eaBt to OrliciaiBi)'or6,
and that the rocks above it form a separate tectonic unit. The anti
formal Btructure (see Peacey, 1963) v^nicn lieB (iirectiv above the slide
is probably a shear fold formed in response to the slip north-westwards
on the dislocation and it is notable that the fold is most strongly deve
loped where rejuvenation of the slide is most marked, i.e. on Knipfjell.

The Cambro-Silurian rocks beneath the slide, which occupy the core
of a narrow, overturned syncline running into Or^6aiBi)orcl, are again
Aarnet-rnica BcniBtB and arnpnidoliteB. Gartner west there is also evidence
of an older basal substratum which lies structurally beneath the Eo
cambrian. This i8 a variable complex, called in the area the Våvann
Group, which comprises grey, plagioclase-rich gneisses with thin bands
of quartzite, mica-schist and amphibolite. The evidence of several ge
nerations ok pegmatites, highly-transformed basic BneetB and metastable
remnants of pyroxene suggest that these are an older suite of high
grade rocks, the basement upon which the Eocambrian was deposited.
One episode, however, which was common to the basement and its To
cambrian cover, but not to the Palaeozoic rocks was the intrusion of
the ophitic dolerite sheets. These predate the Early folding and also
apparently, the deposition ot the Cambro-Silurian.

tne Zeoiozical nißtorieß ot tne tnree areaß are tadulate6 (^able
1 ) Borne intereßting coinparißoNß can oe rna6e. It inlorrnation trorn tne
op6al area i8correct, tnen tne rnet2Boinatißrn tnere pre6ateß tne ein
piacernent ot tne lo^v-Zra6e I^rondneirn Bcnißtß, >vniißt 2t <^anzaßvann
tne I^nipl)ell «li6e an6tns rocll.B irnrne6iatelv adove it are, in placeß, en
zulte6 ov Arani^ißation. LeBB Bi^niticant, i8tne appear2nce ot tne opnitic
6olerite Bneetß 2re reßtricte6 to tne l)2Bernent rock^ ot tne
rneraß rnaßßit. l^anzaßvann iZneouß activitv tooli piace oet^een tne
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2ncl tne c>eginning ok tne kaiaeo^oic, in Opdal ir
apparentiv c!i<H not occur tiekore tne Loxver Or^ovician.

The history of the rocks above the Knipfjell slide is, in many respects,
similar to that of the Caledonian sediments in tne Tømmerås area;
certainly the facies, both sedimentary and metamorphic, is comparable
and the Eocambrian is not cut by a dyke swarm. It is still not possible
to 82/ what the Knipfjell slide originally represented. Certainly in it«
later history it has acted simply a8 a plane of tectonic disjunction upon
which the upper rocks have Biippecl nortn-^eBt>varciB. Lut by anaio^v
with the stratigraphy and tectonic setting of the Tømmerås area it i8
ternptinz to irnazine it as an original Be6irnentarv unconkorrnitv which
naB subsequently become a plane of structural dislocation. Thus one
can visualize the cover ok Eocambrian and Palaeozoic rocks being
looBenecl from itB oaBernent and kinaiiv tnruBt into an allocntnonoUB
poBition.

Lelov^ tne Bii6e tne geological niBtorv ok tne roc^B Bno>vB piainiv tn2t
tnev belonA to tne "<3neiBB region" proper 2n6 tnuB nere, 28 in Op6al,
tne margin ok tne v2Bin i 8a rna)or tectonic t>re2^.

exciting t2Bic no^ rern2inB to rn2p tniB <siBioc2tion zoutn 28 it
oen<^B into tne 3urna6al ernoavinent anci aiBo to c!iBcover no^ kar

nortn to^v2rciB tne (3rong culrnin2tion it c2n oe tr2ced.
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Sammendrag.

Det blir gjort en sammenligning av eokambriske avleiringer i to om
råder som tidligere er blitt beskrevet av forfatterinnen (Gangåsvann
området og Tømmerås-området) og Oppdals-området. I Gangåsvann
området er det en øvre avdeling av lavmetamorfe bergarter, tilsva
rende bergartene i Tømmerås-området, som er skjøvet over en under
liggende avdeling i vest av mer høymetamorfe bergarter. I den hen
seende er forholdene ner tilsvarende forholdet i Oppdals-området, hvor
Trondheimsfeltets lavmetamprfe bergarter ligger skjøvet over de sterkt
metamorfe og foldete bergarter vestenfor i selve Oppdals-området.
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STUDIES ON THE LATEST PRECAMBRIAN
AND EOCAMBRIAN ROCKS IN NORWAY

Xtt. 8.

STRATIGRAPHY AND BI«I76IVNV OF EOCAMBRIAN AND
YOUNGER DEPOSITS IN A PART OF THE GUDBRANDSDAL

V^LLN^ VI8I«ic!L, SOUTH NORWAY

By Trygve Strand, University of Oslo

Abstract.

A sequence ot five separable formations of assumed Eocambrian to Cambrian and
cariiexr Ordovician age are separated by a thrust-plane from the overlying Otta nappe.
A lowermost formation of alternating sciiistz and 82n65t0ne5 (otten caicareous or 6olo
miric) and 6olomires containz l?oul<ier-l?e2rinZ scni«tB, corre!ate6 vitn the Locarnorian
Ziacial horizon of south Norway (Moelv tillire). It is «uccee6e6 by a light tel6spatnic
82ncizrone ("light zp^razmite") a formation of alternatinF scniztz and Ban6stones (otten
calc2reouB or 6olornitic), a tniclc peiitic sequence (pnMites) and an uppermoBt sand
stone. In the eastern part of the area described the rocks of tniB sequence are folded
on NW SE axes, two phases of folding have been ascertained, in the western part the
Btructure is largely monoclinal with dips to NW or NNW.

The present paper gives the results of field work in 1961 on Eocam
brian and later (Cambro-Ordovician?) deposits of eastern (miogeo
synclinal) facies in an area in the Gudbrandsdalen valley district, shown
on Fig.s 1 and 2. In this area the crystalline massif and the overlying
eugeosynclinal deposits of the Otta nappe make out an upper tectonic
unit, not dealt with in the present paper. The area is a part of the Sel
map area described by the writer (Strand, 1951), dut very lirrie is con
tained in that paper on the rocks here in question. Other publications
dealing with the same area and rocks are those of Bjørlykke (1905),
Holtedahl (1922), Werenskiold (1932) and Dietrichson (1950).

The mapping was done on the available maps in scale 1:50 000,
enlarze6 ro 1 : 25 000. The work has not been detailed enough ro de
termine an order of 6epoBirion within an^ of rne torlnarioNB Bepararecl,
in parts of the area with good expoBureB rniB mignr be ponioie by more
painstaking work on large scale maps. A report with maps submitted
to rne Geological Survey after the close of the investigations in 1961
contains data of local importance, not included in the present paper.
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Stratigraphy and lithology.

A light-coloured feldspathic sandstone, the "light-sparagmite" of
Norwegian ZeoioZiZ^, is a conspicuous rock unit in tne area. It cor
reBpon6B to the "upper light Bparazrnite" rnappe6 and 6eBcribe6 by
Werenskiold (1911) in tne Søndre Fron map area east of the present
area. According to the interpretation of tne stratigraphy and the tec
tonics of tne present area shown in Fig.s 1 and 2, tnere i8 a Beyuence of
live formations, one below and three above the "light sparagmite." No
names will at present be introduced for these formations. Two other
geologists, A. Prost and J. O. Englund, are engaged in mapping the
areas to the east and south-east of the present area and it is thought
vetter to 6ela^ tne narnin^ until larver areaB have veen inveBti^ate6.

Bec^uence iB, irorn top to oottorn:

formation 5. I.iznt or Forne^vnere 6arl^ Ban6Btone.
formation 4. "?nvllite iorrnation" ol zrev or zorne^vnere ciar^ car

vonaceouB pnvlliteB.
korrnation 3. pnvliitez, BiltBtoneB an 6Ban6BtoneB, tne

latter olten calcareouB or cioiornitic.

?orrnation 2. 'lne "lignt BparaBinite."
formation 1 naB tne Baine alternation oi litnolozieB a8lor

rnation 3, out naB in a66ition 6olorniteB an6conglolnerateB oi a Bpe
cial type.

I^e roc^B are rnetarnorpnoze^ at a low (AreenBcniBt lacieB).
I*ne peiitic roc^B are cornpieteiv recrvBtallixe6 to line-zraine6 cniorite-
Bericite pnvlliteB, tne Ban6BtoneB nave partiv retaine6 tne claBtic
Btructure.

I^ne lo^ver unit, iorrnation 1, conBiBtB oi peiitic an6«iltv Zrev BcniBtB
interve66e6 Ban6BtoneB an6cioiornitez. BanciBtoneB, ol li§nt to

zreviBn coiour, lorrn vencneB ol tnic^neBB up to Beveral rnetreB, an6are
verv oiten carbonatic, eitner calcareouB or 6olornitic. (^ardonatic Ban6-
BtoneB ol tne lorrnation are >vell expoBe6 alonZ tne roa6nortn ol tne
lorl: in tne roa6at 3)'oa raiivav Btation. 6oloiniteB occur in reia
tiveiv tnick laverB, aoout 10 rnetreB at a rnaxirnurn. I^ere are

crvBtalline råtner pure 6olorniteB an6clark an6iine-Zraine6, pre-
Burnablv leBB pure 6olorniteB >vitn Bnale larneiiae. "N,e 6oloiniteB, accorn
paniec! ov liznt c^uart^itic BandBtoneB Beern to occur in tne upper part
ok tne korrnation. (1922, p. 20) zave Bnov^in^ Borne
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Fig. 2. Geologic map of an area at the lower part of the volley of Kiver Sjoa, legeni
as in the tectonogram, Fig. 1. Ua/> in corner i^m^i ioc-stw» of the areal covered by

the tectonogram, Fig. 1, and the present map.

Fig. 2. Geologisk kart over området ved den nedre del av 3j028 dalføre, tegnforklaring
se fig. 1 .

of the occurrences and published an analysis (showing 21.7 per cent of
undissolved matter, the rest being carbonate very near to dolomite).

The formation contains conglomerates of an unusual type with bould
ers (rnaxirnulii size observed is 47 cm.) and «malier fragments, occur
ring sparsely to wide apart in a matrix of pelitic or silty schist. At one
locality, above (north of) the main road 2 km. south-east of the fork
in the road at Sjoa railway station (40. 3,9),* the boul6erß occur in 2

Minutes of latitude + 61 °N and minutes of longitude + I°W Oslo are used
as cool6in2teB.



97

F/g. 3. Fietø sketch of a vertical section of "conglomerate schist" with fragmenU.
Locality: north of the main road 2 km. south-east of the fork in the road at Sjoa rail-

¦way station (40.3, 9).

Fig. 3. Skisse av en vertikal skjæring i «konglomeratskifer» med boller. Nord for riks
veien 2 km sydøst for veiskillet ved Sjoa stasjon (40.3, 9).

frequency Zrear enouz^l to cal! the rock a real conglomerate, at the
other localities marked on Fig.s 1 and 2 the doul6erz occur more spar
sely. The conglomerate was first observed by Bjørlykke (1905, p. 218)
and later by Dietrichson (1950, p. 77).

The boulders and fragments vary in form from rounded to angular
and raduiar, the latter form BeernB to be cliaracreriBric for fragments
of sedimentary rocks (Fig. 3 ) Of sedimentary rocks among the frag
rneritB is a micaceous quartzite and fine-grained dolomites. Very com
mon are greyish granitic rocks which under the microscope prove to be
sodic quartz diorites with albite as the only or dominating feldspar, to
gether with microcline. The albites in these rocks show a characteristic
twinning pattern with truncate and tapering twin lamellae (Fig. 5).
One of the rocks is a quartz porphyry. There are further strongly
sheared gneissic rocks, a sampled specimen provet to be oligoclase gneiss.

The thickness of formation 1 is at least 200 m. in the mountain be
tween Rivers Lågen and Sjoa where it is exposed between altitudes 300
m. (in rne valley floor) and 500 m.

korrnarion 2, tne "li^nr Bparaßinite" 18 ot a nionoronor^ lirnoiozx»
conßißring ot lignr tel6Bparnic Ban6Btoneß a paraiie! larninarion.
7a
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Fig. 4. Boulder of quartzite in schist. Locality: -west of Koloseter (41.6, 7.5).

Fig. 4. Kvartsittbolle i skifer. Vest for Koloseter (41.6, 7.5).

Fig. 5. Microphoto showing albites in granitic rocks occurring as boulders in
"conglomerate schist." x 33. Locality as in Fig. 3 .

Fig. 5. Mikrofoto av albitter i granitt som finnes som boller i «konglomeratskiferen».
Lokalitet som fig. 3.
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very often thin layers especially rich in mica form greenish streaks in
the light or faintly yellowish rock. The parts of the sandstone especially
rich in mica have greenish colour, while rocks with little or no mica
have the appearance of c^uart^iteß. Darli or gre/ißn Ban<^Btoneß occur as
a subordinate part of the formation. The sandstone are parted in ven
ches about 2 dm. thick, the thickness decreasing or increasing with
the grain-size of the sandstone. Alternation of siltstones and sandstones,
partly calcareous, is an especially fine-grained facies found in parts of
the area. Cross-bedding is rare and mostly indistinct. Good cross-bed
ding >^28 ooßerve<H 2t one localit/, at the bridge acroßß tne Sjoa at Åmot
(40.8, 12), indicating that the sandstone is right side up. The forma
tion has a rnaxirnurn thickness within the are2 of 500 to 600 m., l)ut
thins to some 150 m. in the north-west part of the area.

Formation 3 N2B lithologies similar to those of formation 1, especially
the light calcareous sandstones of the two formations can not be dis
tinguished. Characteristic of the formation is alternations of green
ish chlorite-rich schists with thin bands of light sandstone with brown
iBn weathering (probably due to contents of iron-bearing carbonate).
Loui^er-bearinZ BcniBtB have not keen found within the formation,
which also lacks the dolomites of formation 1, only locally there are
tnin layers of limestone. Lut the sediments very often contain carbo
nates (calcite or dolomite). As will appear from Fig.s 1 and 2 the
formation naB a large extension and thickness in the eastern part of the
area, but is much re6uce6 in thickness towards the north and west.

VietricnBon (1950, kig. 4, p. 79) pudliBne6 a NX-3^ Bection
tnrougn tne preBent area Bno^vinZ zreat inverBionB an6overtol6inZB to
v^ar6B 3^ on tne aBBurnption tnat iorinatioNB 1 an 63, nere 6iBtin-
ZuiBne6, tne Barne Btratigrapnic nori^on. I^niB interpretation can
nor be re)ecte6 a8an iinpoBBil)le one, kut it rnuBt irnpiv tnat tne "lignt
Bparaginite" i8in tne core oi a ver)? larze recurnbent io!6 tnrouznout
tne oi tne present area.

korrnation 4 conßißtß exclußivel)? Ol 6ark pnvlliteß. Liaclc carl?onaceouß
pnvlliteß apparentiv iorrn an upper norixon in tne iorrnation near ke
lo^v tne Ban6Btoneß ok iorrnation 5. Lilie tne un6erl)?ing iorrnation 3
an6tne overlang iorination 5 tne pnvlliteß iorin a ver/ tnick pile in
tne Boutn-eaßt part oi tne area, dut tnin to verv Binall tnickneßß or 6iß
appearance in tne nortn an 6 a tninning tnat can prokabiv ke
azcrikeci to tectonic procezzeg. In tne part oi tne area (rnap.
kiz. 2) tne klacll Bcnißtß comrnonlv occur at tne tnrußt-plane ok tne
7b
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overivinz Otta nappe. Barnple krom tniß part ok tne area xvaß Bnovn
ov radiation lne2Burernent to contain Borne 40 p.p. rri. ok uraniuin (^vitn
an eßtirnated aiio^ance kor tne radiation caußed ov tne potaßn contentß
ok tne rocic).

Formation 5 at the top of tne sequence is a light sandstone, but the
colour changes to dark grey in the northern and western parts of the
area. Commonly the sandstones form thin benches separated by thin
seams or layers of light or greenish schist with a rusty weathering. The
more fine-grained types thus get a flaggy parting in layers of thick
rieBB down to one centimetre.

Some 26 thin-sections of sandstones have been examined and the
mineral composition determined by point-counting, a8 shown in Fig.
6. As previously mentioned the sandstones have partly retained tneir
clastic structure, especially tne larger grains of feldspar have kept their
characters of perthite structure and twinning pattern, while the quartz
is more or less recrystallised. The phyllosilicates (commonly light mica,
more seldom biotite and/or chlorite) occur in relatively large grains
of nearly equal size, certainly formed by recrystallisation. The grain
size commonly varies between 0.1 and 0.3 mm, larger grains are found
in a few of the rocks.—More than half of tne rocks fall by tneir mineral
composition in the field between 10 and 2 5 per cent of feldspar and 0
and 20 per cent of phyllosilicates and are to be classed as feldspathic
quartzites. As indicated in tne diagram, Fig. 6, a majority of the rocks
have a feldspar composition dominated either by potash feldspar (80
per cent or commonly more of tne total feldspar) or by albite to an
equal or a still higher degree. Among the different types of potash
feldspar are string perthites (lenticular sections of the pertnite inclu
sions). Feldspars of tniB type, characteristic of charnockitic rocks, were
recorded from sandstones of tne same sequence by Dietrichson (1950,
p. 76). A number of the albite grains show the same twinning patterns
as do the albites of the granitic rocks occurring as fragments in the
conglomerate schists in formation 1. The difference between the two
types of sandstone is certainly a significant one, showing that sediment
must have been derived from two different source areas. Even if there
are some exception to the rule, tne sandstone rich in potash feldspar
are dominating in formations 2 and 5, while tne albite-rich sandstones
are characteristic of formations 1 and 3 (most of these sandstones are
calcareous or dolomitic). In a group ok their own are two arkoses with
about 50 per cent of feldspar krorn formation 2 in the northern part
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Fig. 6. Diagram showing mineral composition of 26 sandstones.

Fig. 6. Diagram som viser mineralsammensetning av 26 sandstener.

of the area with potash feldspar and plagioclase in roughly equal
amounts. They also contain epidote.

Pelitic or silty schists with boulders, the "Conglomerate schists," of
exactly the same type as in the present area are known from the Øster
dalen district in the east part of the south Norwegian Sparagmite region
(Bjørlykke, 1905, p. 61 f.; Holtedahl, 1921, p. 38 f.; Holmsen 1954;
Holmsen & Oftedahl, 1956, p. 88 f.). The "conglomerate schist" ho
rizon has been correlated with the Moelv tillite in the south Norwegian
Sparagmite basin and considered as a glacial marine sediment deposited
at some distance from the glaciated areas in the east. 1

1 It may be thought improbable that tabulate fragments like those shown in Fig. 3
coulck have been rranzporte6 and varn by a glacier. Lur rafting by ice formed in fjords
and bays is a possible way of transporting material. According to Johansen (195
large quantities of flint have been brought into the Oslofjord area by ice drifting in

Formations: Vl, 02,^3, ©5,
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The "light sparagmite" of formation 2 can be correlated with the
Vein6al Ban6Btone, vnicn is separated from the Moelv tillite by the in
terveninZ Ekre Bnale formation. The Vein6al is a widely transgressive
formation of lateBt l^ocarnbrian age. The overlying deposits of forma
tions 3 to 5 should thus be Cambrian or younger. The black carbonace
ous schist in the upper part of formation 4 can tentatively be correlated
with the widely distributed alum shales mainly of Upper Cambrian
and earlieBt Ordovician age, in accordance with Dietrichson (1950).
In support of this correlation is the concentration of uranium found
in the rock. This should give an early Ordovician age to the sandstone
of formation 5.

'lne "congiomerate BcniBtB" oi previouBi^ relerre6 to,
beiong to a Beyuence containinz Ban6BtoneB ot "liznt BparaZrnite" t^peB
and 6oloiniteB, ver^ ziiniiar to tne Bec^uence in tne preBent area.

rocllB in <^ueBtion belon^ to tne kvitvoia nappe, overtnrnBt
above Locarnbrian anci (^anibro-Or^ovician Be6irnentB. I^ne Be6iinentB

ot tne Xvitvoia nappe cliBpla/ a cnaracteriBtic tacieB ot 6epoBitB ot about
age, 6iBtinct lrorn tne parautocntnonouB Be<^uence ot tne

Baine aze in tne 3parazrnite baBinB in central Bvutn I^or^va/. DepvBitB
ot tne latter lacieB occur in tne kavang area, 40 km. Boutn-eaBt ot tne
preBent area (Lngiunci, 1966). to perBona! corninrlnicationB
trorn ?roBt an 6 O. k!nzlrln6 tnere BeeniB to be a tectonic boun6ar^
bet>veen tne Bec^uence ot "3paragrnite baBin tacieB" an6an overi^inz
sec^uence ot "X.vitvola tacieB," exten6inz into tne preBent area.
roc^B Bnoul6 tnuB be a e^uivaient ot tne X.vitvola nappe, Btra
tizrapnicaii^ a 8vell 28 tectonicallx, 28 in6ic2te6 b^ olte62nl
(1954).

Structures.

In tne 2re2 at tne nortn Bi<le ot tne rnain valle^ ot Ou6bran6B6alen,
Bno^vn in tne tectonozrarn, ?iz. 1, tne Btructural pattern i8vnoll^ zo
verne6 b^ lol6inA on axeß, b^ vnicn tne Otta nappe nortn ot
tne area xvaß tolclecl 6ovn in 2 broad 8/ntorrnai Btructure. rneza

during late-Glacial and post-Glacial times. Boulders of flint measuring 3 dm.3 in vo-
lume have t>een ioun^. Also at present material is beinz transporteci in the Oslofjord
by drifting ice in cold vinters. According to a personal communication from Mr. Jo-
hansen rock fragments much larger than the above-mentioned flint boulders can be
moved in this way.
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Fig. 7. Parasitte folds or "drag-folds" in a thin quartzite layer in dolomitic schist,
formation 1. Locality: At brook north-east of Bjørkerusten farm (40.3, 7.5).

The se<7ttc>» to the le/i shou>s the «iuaiw» of the loc-aiii)/. The sense of movement of
the " drag-folds" indicate an anticline to the right and up and a syncline to the left

and down, in accordance with the writer's interpretation.

Fig. 7. Parasittiske folder eller «drag-folds» i et tynt kvartsittlag i dolomittførende
skifer, formasjon 1. Ved bekk nordøst for Bjørkerusten (40.3, 7.5). Foldene tyder på

en antiklinal opp til høyre og en synklinal ned til venstre (se profilet til venstre).

scopic structures will appear from the tectonogram. Strong folding on
a mezazcopic zcaie is found in the south-west part where the sandstone
of formation 2 forms an overfolded syncline followed to the north-east
by an anticline with rocks of formation 1 in the core, inverted above
the sandstones of formation 2. Towards north-west the folding struc
tures seem to smoothen out, towards south-east they disappear beneath
the cover in the valley floor. As shown in the south-westernmost part
of the tectonogram, the rocks of formation 1 are underlain by sand
stones not to be distinguished from the sandstones of formation 2,
possibly forming a Becon6 overtol6e<i Bvncline, most of vnicn is con
cealed in the valley floor. Large folds overfolded to the south-west are
known south-east of rne present area, in Teigkampen and ar the north
side of the Vinstra valley (Bjørlykke, 1905, p. 197; Dietrichson, 1950,
p. 77 f.).

In the area at the west side of the Gudbrandsdalen valley, shown on
the map, Fig 2, the megascopic strueture is simply a monocline dipping
SE or ESE. The trend of the large synformal strueture with the Otta
nappe has nere rurne6 from a Vl^^ to a NNE 6irecrion.

"sne to!6e6 cornplex i8rranßßecre6 d»x a nuinber ot major joinrs 6i
recre6 I^sl^sL. I^e^ can cleariv de Been on air-pnoroß an6Borne ot rnern
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can de lo11c)we6 in tne tiel6 as clelts an6 6epreßßionß. number ai
Bmaller riverß an6 brookß lollo^ving tne Baine 6irection nave er<xle6 6eep
ravineß. 'lne jointß earlier mentionea' bv L)>rlvkke (1905, p. 205),
anci (1932).

In parts of the area faulting naB tåken place along the i'ointB, a8
shown on the tectonogram, Fig. 1. Apparently the faulting 6oeB not
affect the whole complex of rocks transsected, it has not been possible
to detect any offsets in the syncline of sandstone of formation 2 in the
south-west part of the area. This can be understood on the assumption
that the movements along the joints took place during the folding, the
different parts of the complex separated by the joints could thus be
folded independently of the others, resulting in a nurnber of tranBcur
rent faults by which the rocks east of the jointB were rnove6 more
strongly to south-west than were those at the west side.

BtructureB are 10168 ol 6irnenBionB oet^een Bonie 10 me

treB an6 a tex^ centimetreB, rninute crenulationB in tne incornpetent
BcniBtB an6 a lineation Btructure bv paraiiei arrangement ol in
tne Ban6BtoneB. I^le latter Btructure muBt nave nacl itB oriZin 6uring
tne recrvBtalliBation ol tne rockB. It mav nere be remarke6 tnat no
obBervationB in6icate tne prennce ol BtructureB ol an or6er ol Bixe
intermeciiate bet>veen tne meZaBcopic BtructureB Bno^n in kiz. 1 an6
tne meBoBcopic BtructureB mentione6 in tne prececling.

I^e meBoBcopic lo!68 are ol 6illerent BtvleB. ko!68 ot concentric tvpe,
Bome metreB are expoBe6 along tne roa6 alonF tne Veikia river
nortn ot Kvam raii^av Btation (40.5, 2) in Ban6BtoneB ot lormation 2.

otner localitieB tne rocliB ot tne Bame tormation «no^ BmaN tol6B ol
a «imilar tvpe >vitn Kreativ tnickene6 ningeB. number ol 008ervation8
Bno^ BtructureB in t^o 6illerent 6irectionB, in6icatinz t^vo (or more)
pN2BeB ok 6elormation. I^e cleareBt evi6ence xvaB given bv an expoBure
at tne roa6 1 km. nortn-^veBt ot Kvam rail^av Btation (40.1, 2)
a micaceouB c^uartx-BcniBt (tormation 2) Bno^vB tolking tne axiB
paraiiei to a lineation pitcning taintiv 320 g, tne lineation i8 tol6ecl bv
a xounger 1016 axial 6irection 360 g. observation ma6e in a
pnvllite in I'j^rnBetertiell eaBt ot t^au^eter (61°44.5'>1, 0° 58"^
0810, nortn-eaBt ot tne area nere 6eBcribe6) Bno^vB Bmall Bcale 10168
pitcning adout 40 g in 6irection 280 g, an6 overturne6 to tne nortn.
I"neBe 10168 are bent an6 t^viBte6, apparentlv b/ a 6elormation tnat
ma6e minute crenulationB 6irecte6 370 g. tne eaBt-xvezt 1016
ing nere obBervecl repreBentB tne Bame pnaBe 28 tne lo!6ing an6 lineation
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Fig. 8. L lir«c-i«i-eH mainly from the area of the tectonogram, Fig. 1. Equal area pro
jection, lower hemisphere.

Right diagram: Fold axes of mesoscopic folds. Left diagram: Directions of parallel
arrangement of mineral grains.

Fig. 8. Linjestrukturer vesentlig fra området for tektonogrammet fig. 1. Flatetro pro

Til høyre: foldningsakser til mesoskopiske folder. Til venstre: retninger for parallel
ordning av mineralkorn.

directed 320 g can not be decided. The diagrams, Fig. 8, show observed
directions of fold axes and of lineations by parallel arrangement of mi
neral ZrainB. It is seen that a number of observations of fold axes are
in the interval of directions 3 50— 370 g, not occupied by lineations. This
seems a confirmation of the direct observation recorded in the preced
ing, indicating the presence ot a folding and lineation with direction
about 330 g, followed by a younger folding at an angle of trend some
30 g clockwise to the direction of the former one.

In Prestberget, some 40 km. north-west of tne present area, Strand
(1964) described the structures in the Otta nappe and underlying se
diments, corresponding to those in the present area. l^ere 2 lo!6inZ on
west-north-west axes (F2) with a strong lineation structure has affected
the Otta nappe and the underlying sediments subsequently to the em
piacement of the nappe, and was tollo^e6 by a kainter kol6inß (F3)
with axial direction nearer to the north. The two pnaßeß of folding in
evidence in the present area can thus be correlated with the two later

jeksjon, under halvkule.
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phases in Prestberget. Structures corresponding to the pnaße Fi in Prest
berget, prodablv connecte6 with tne ernplacernent of the nappe, have
not been ascertained in the present area.

Sammendrag.

En lagrekke av antatt eokambrisk til kambrisk og eldste ordovicisk
alder ligger under Otta-dekket i området omkring Kvam og Sjoa jern
banestasjoner. Den underste formasjon i lagrekken består av vekslende
skifrer og sandstener (ofte kalkholdige eller dolomitiske) og dolomit
ter. Den inneholder «lionAioineratBllilrer» med opptil naivrnetergtore
spredte boller, som blir oppfattet som et ishavssediment samtidig med
Moelv-tilliten. Den overleireB av IvB ieltBpati^ren6e Ban6Bten («lys
sparagmitt» ) , en formasjon av vekslende skifrer og sandstener (ofte
kalkholdige eller dolomitiske), en formasjon av fylliter og øverst av en
sandsten. I den østlige del av området (Fig. 1) er lagene sterkt foldet
med akseretning nordvest—sydøst, i den vestlige del (Fig. 2) ligger
hele lagpakken stort sett med ensartet nordvestlig til nord-nordvestlige
fall.
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