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Preface

This excursion guide starts with a brief description of
the bedrock geology of the Varanger Peninsula in the
county of Finnmark, northern Norway. The develop-
ment of geological research in this area and current
understanding and interpretation of the geological his-
tory are presented. The main part of the guide consists
of descriptions of 42 excursion localities with empha-
sis placed on stratigraphy and aspects of sedimento-
logy; and in many cases with supplementary in-
formation on structural geclogy, metamorphic fea-
tures and mafic dykes. The localities, with few ex-
ceptions, are situated along or close to the main roads
and all have references to east and north coordinates
and to the numbers and names of the 1:50 000 topo-
graphic maps produced by the former Norges geogra-
fiske oppmaling, now Statens Kartverk. Although a
simplified map of the bedrock geology is included in

the guide, it is recommended to have a copy of the

1:250,000 bedrock geological map-sheet Vadso
(Siedlecki 1980) on hand, as a supplement to the

descriptions.

An early version of the excursion guide was written in
connection with the collaboration programme bet-
ween the former Soviet, now Russian Academy of
Sciences, Kola Branch, and the Geological Survey of

Morway, for the project 'Correlation of the Middle-Up-
per Proterozoic sedimentary successions of the north-
ern coastal areas of the USSR and Norway’, Much of

the actual data, including cited map-sheet compila-
tions, are a result of several years' field and laboratory

work that formed part of the Geoiogical Survey of
Norway's 'Finnmark Programme’, which terminated in
December 1991, The guide, purposely written in Eng-
lish and here revised, updated and partly eniarged
frorm an earlier Xerox version (Siedlecka 1990), is thus
designed for professional geologists with main inter-
ests in stratigraphy, sedimentology, basin develop-
ment and subsequent tectonic deformation and meta-
morphism. However, the guide may also prove to be
useful for field courses and for the training of geology
students in stratigraphy, sedimentology and some as-
pects of tectonics and structure.

Descriptions of the localities are organised according
to a fixed standard. In addition to the references to
topographic maps, each locality comprises key words
referring to lithostratigraphic units and important stra-
tigraphic and tectonic boundaries which may be exa-
mined at this particular locality. In addition, the iocality
numbers are indicated on stratigraphic correlation
tables, thus reminding the visitor at any time in which
geological region and stratigraphic position the exa-
mined rocks are located. In some cases, references
are given to papers in which may be found more
detailed descriptions, interpretations and discussions
on various topics relevant to the observed rocks.

The standardised way of describing localities leads to
some unavoidable repetitions. However, the visitor
may naturally choose to examine only a few of the 42
localities, depending on time and interest.

It has been decided to illustrate the excursion guide
with several colour photographs which not only are a
very valuable supplement to the text but also give a
better impression of the excellent exposure of the
colourful rocks, in particular along the coastal sec-
tions, the state of preservation of various structures
and, finally, help to show the picturesque beauty of this
northernmost part of Norway.

A guidebook to the type sections through the Upper
Proterozoic geclogy of the Rybachi and Sredni Penin-
sulas and Kildin Island, along the coast of northern
Kola, sputheast of Varanger Peninsula, was prepared
by our Russian colleagues in the early stages of our
collaboration programme. This guide is currently be-
ing revised and extended. taking in the Upper Pro-
terozoic sedimentary sequences along the southermn
coast of Kola, on the White Sea, with the aim of pos-
sible publication in the Special Publication series at
some stage during the next year or two.
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The Varanger Peninsula is underlain by weakly metamorphosed sedimentary rocks of Late Proterozoic to Early Cambrian age. The rocks ocour
in two regions: the Tanafjorden-Varangerfjorden Region (TVR) (southwestern half of the peninsula) and the Barenis Sea Region (BSA)
{northeastern half), juxtaposed along a complex NW-SE-trending fault zone, the Trollfjorden - Komagelva Fault Zane (TKFZ). The BSR is
considerzd to have been brought 1o its present position largely by dextral strike-slip translation along the TKFZ.

The nature and thicknesses of the sedimentary facies in the TVR autochthonous basin suggest three main phaszes in basin developmeant, In the
Late Riphean, fluctuating fiuvial to coastal marine conditions prevailed, testifying to instability of the Karelian substratum, The Early Vendian
phase was characlerised by fairly stable marme conditions and development of widespread coastal to shallow-marine facies. An infra-Vendian
uplift and northward tilting resufted in erosion which deepened progressively towards the south and removed large parts of the Upper Riphean -
Lower Vendian sedimentary pile. The final phase of sedimentation was characterised by two periods of glaciation followed by mainly
shallow-marine conditions which continued into the Palasozoic,

The development of the allochihonous basin was initiated by crustal rifting and spreading which may have commenced in Middie-Late Riphean
fime. The nature of the substratum and the character of the earliest sediments are unknown, The facios development of the exposed
succession, which commences with a submarine fan, suggests gradually shallowing conditions of sedimentation along a stable continental
margin. This sedimeantation was disrupted by an infra-Vendian uplift, tilting and erosion followed by a new marine frensgression. The Late
Vendian shallow sea was affacted by only minor fluctuations, apart from one clearly regressive episode, and lasted probably into the Early
Palaeczoic, accumulating continuougly terrigenous shelf sediments.

The sadimentary sequences in the two regions have boen affacted to different degrees by the main Caledonian deformation and metamorph-
ism. In the BSR. masoscopic, close to tight, asymmetric folds carrying an axial planar siaty cleavage are common, with deformation intensity at
a maximum in the exireme northwest. The fold exial trend is generally NE-SW to ENE-WSW, swinging fowards MN-5 in the southeast.
Metamorphism occured in epizone grade. Inthe TVR, cleavage-bearing NE-SW folds are common only in the northwest. These folds open out
incantral areas where there ic a swing towards an ESE-WNW trand which dominates in the southeast. The rocks of the TVR have, onthe whole,
been affected only by diagenesis, though with a gradual prograde change to anchizone in the northweast.

Metadolerite and dolerite dykes intrude the rock successions in the two regions. with the former, carrying a metamorphic fabric, occurning in
SWarms in some areas but only in the BSR. Some have been K-Ardatad to ¢ 650 Ma. By comparison, post-Caledonian dolerite dykes are few in
number but occur in bath the B5A and the TVR. K-Ar dating on these dykes has yielded ages of around 360 Ma.

In this excursion guide, descriptions and interpretations of the sedimentary sequences of both basins are presented. together with information

on the tectonic deformation and metamorphism. In the excursion itinerary 42 localities are descoribad in whigh various parts of the stratigraphic
section may be studied.

Anna Siedigcka & David Robarts, Norges geoiogiske undersekelse, Post Box 3006 - Lade, 7002 Trondheim, Normay
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BEDROCK GEOLOGY OF THE
VARANGER PENINSULA

Introduction

The Varanger Peninsula of East Finnmark is underlain
by predominantly terrigenous rocks which are exten-
sively exposed in coastal sections. Early mapping
(Holtedahl 1918, Feyn 1937) along the coast and in
the southwestern areas provided the first detailed
descriptions of the sedimentary sequences, in parti-
cular of tillites and associated formations. During this
important early period of work the foundations of litho-
stratigraphy were also outlined. The suggested Late
Precambrian age of these rocks was confirmed by the
discovery of Cambrian fossils on the Digermulen
Peninsula, west of Tanafjorden (Strand 1935), in form-
ations which were later shown to be younger than the
rock successions on Varanger Peninsula (Reading
1965).

The discovery. in the mid-sixties, by Siedlecka & Sied-
lecki (1967) of a complex NW-SE-trending fault zane
crossing the Varanger Peninsula was the next impor-
tant step in the geological research of this area. This
most prominent structural feature of the peninsula, the
Trollfjorden-Komagelva Fault Zone (TKFZ), sepa-
rates two geological regions, the Tanafjorden-Var-
angerfjorden Region (TVR) to the southwest of this
major tectonic feature, and the Barents Sea Region
(BSR) to the northeast. The fault zone separates sedi-
mentary successions which, although roughly time
equivalent, were accumulated under widely differing
tectonic conditions. The TVR comprises sequences of
mainly fluvial to shallow-marine sedimentary rocks
close to 4 km in maximum thickness, and also in-
cludes two important tillite horizons. The main part of
the BSH succession, on the other hand, consists of
turbiditic submarine-fan deposits followed by deltaic
sequences and then by shallow-marine, including
tidal-flat sediments, some 8 km in total thickness. This
is succeeded unconformably by a c. 5.7 km package
of mainly shallow-marine sedimentary rocks.

The sedimentary sequence of the Tanafjorden-Va-
rangerfiorden Region rests unconformably upon the
Karelian metamorphic substratum and was thus accu-
mulated in an autochthonous basin developed along
the northern margin of the Fennoscandian Shield, The
westernmost part of the TKFZ, which was interpreted
by Johnson et al. (1978) as folded during the Caledo-
nian deformation, has recently been reinterpreted by
Rice & Townsend (1991) and Rice et al. (in prep.) as
an unconformity between the rocks of the BSRA and
TVR. This interpretation, if correct, would imply (1) that
the TKFZ continues uninterruptedly to the northwest
without the southwesterly infold shown on several
maps of Varanger Peninsula (e.g. Siedlecki 1980);
and (2) that some of the sediments of the TVR were
accumulated directly upon seguences of the BSR.
Whatever the case, the bulk of the sedimentary suc-
cession of the BSRA was accumulated in a basin whose
original location remains uncertain; in conseguence,
the BSR rocks are considered as allochthonous. Sied-
lecka (1975), in an earlier stage of research, proposed
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a model in which the sequences of the TVR and BSR
were deposited in different parts of one and the same
basin; this was thought to have extended from the
Timanian aulacogen of the Timan-Kanin region of NW
Russia, along and offshore of the northern Kola Penin-
sula, and northwestwards into the lapetus Ocean.
Later, this model was modified by accepting the al-
lochthonous nature of the BSR (Siedlecka 1985), fol-
lowing the interpretations of Kjede et al. (1978). Also,
Gayer & Rice (1989) proposed a model! for the deve-
lopment of the Late Proterozoic basins in northern
Morway by palinspastically restaring the Caledonian
nappes. Recent work in neighbouring Russian terri-
tories (Siedlecka and Roberts, in progress) has refo-
cused attention on this topic.

Based on palaeomagnetic data from mafic dykes, a
minimum of 500 km of dextral strike-slip translation
along the TKFZ was originally suggested for this basin
and its sedimentary pile (Kjode et al. 1978). The extent
and sense of this strike-slip movement, howsever, has
been guestioned by Pesonen et al. (1989). Irespec-
tive of the magnitude of the finite displacement, the
rocks of the BSR were brought into juxtaposition with
the TVR sequences during and/or subsequent to Cale-
donian deformation and metamorphism.

Rocks of both regions and of the fault zone were clear
ly affected by the Caledonian deformation, more
strongly in the northwestern parts of the peninsula.
While the rock units of the Tanafjorden-Varangerfjord-
en Region are, in the west, included in the lowermost
part of the Caledonian nappe pile and parautochthon,
no certain equivalents of the rocks of the Barents Sea
Hegion have ever been recognised in the nappes of
central Finnmark even though various correlations
have been proposed (e.g. Foyn 1969, Laird 1972,
Siedlecka & Siedlecki 1972). Rice et al.(1988a), how-
ever, have interpreted the rocks of the Barents Sea
Region as a part of the Lower Allochthon, strike-slip
emplaced along the TKFZ in a right-lateral sense over
a distance of more than 400 km, although a smaller
displacement has recently been suggested (Rice &
Townsend 1891). More recent palasomagnetic work
on sediments from both sides of the TKFZ supports a
dextral displacement along the fault zone of no more
than 250 km (G. Bylund, in prep.).

Magmatic rocks on the Varanger Peninsula are repre-
sented only by mafic dykes. At least two episodes of
dyke intrusion have been documented, Late Protero-
zoic and Mid to Late Palasozoic, but there could be
more. Isotopic dating work is in progress. In the BSR,
cleaved metadolerite dykes reach swarm proportions
in some areas. Such dykes are absent south of the
TKFZ. Post-metamorphic dolerite dykes, on the other
hand, are few in number and occur on both sides of the
fault zone, mainly in eastern areas of the peninsula.
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Tanafjorden - Varangerfjorden
Region

The Tanafiorden-Varangerfjorden Region is underlain
by a c. 4000 m-thick sequence subdivided into three
groups, the Vadse Group (590-960 m), Tanafjorden
Group (1448-1665 m) and Vestertana Group (1317-
1665 m) (Fig. 1). There is a gradual transition between
the Vestertana Group and the Cambro-Ordovician
Digermulen Group which occurs on the Diger
mulen Peninsula, west of Tanafjorden (Figs. 2 and 3).

Sedimentation of the lithostratigraphical sequence of
the Tanafjorden-Varangerfjorden Region was domi-
nated by fluvial, coastal marine and shallow-marine
conditions , and it is characterised by several erosio-
nal breaks. In general terms, the Vadse Group con-
sists mostly of deposits accumulated in braided
streams, the Tanafjorden Group is primarily shallow-
marine, while the Vestertana Group includes both flu-
vial and marine deposits and comprises two tillite
horizons testifying to two periods of glaciation. The
first major depositional break, detected by micropala-
eontological work (Vidal 1981), occurs in the upper
Vadso Group between the Golneselva Formation and
the Ekkeraya Formation. The most pronounced braak
is shown by the pre-tillitic angular unconformity at the
base of the Vestertana Group. A slight pre-glacial
tilting towards the north (discovered already by Holte-
dahl{1918)), resulted in a progressive southward re-
moval of the Tanafjorden Group and the entire Vadso
Group. Thus, the uppermost formation of the Tana-
fjorden Group, the Grasdalen Formation, is preserved
only in the northwest, close to the Trollfjorden-Koma-
gelva Fault Zone, while on the southern side of
Varangerfiorden the tillite-bearing Smalfjord Forma-
tion rests directly on the Veidnesbotn Formation, the
Iowermost formation in the Vadse Group. West of the
head of Varangerfjorden, a very thin tillite of the Smal-
fiord Formation, or even the Nyborg Formation, rests
directly on the Karelian metamorphic substratum,

Three lines of evidence have been applied in establi-
shing the chronostratigraphy of the rocks of the Tana-
fijorden-Varangerfjorden Region: (1) The presence of
two tillite horizons in the lower Vestertana Group which
were considerad for a long time to be of Late Pro-
terozoic (Varangerian) age and to represent the "Var-
anger lce Age'. (2) Findings of Platysolenites antiguis-
simus (Feyn 1967, Hamar 1967), trace fossils (Banks
1970), acritarchs (Vidal 1981) stromatolites (Ber-
trand-Sarfati & Siedlecka 1980) and, recently. Edia-
caran fossils (Farmer et al. 1992}, suggesting that the
bulk of the Vadse Group is Upper Riphean and that the
Tanafjorden Group along with the bulk of the Vesterta-
na Group originated in Vendian time. The Cambrian-
Precambrian boundary was placed by Vidal (1981)
within the Manndrapselva Member and by Farmer et
al. (1992) in the lower Breivika Formation. (3) Radio-
metric ages: Rb-Sr whole-rock isochron ages of
654 +7 Ma for the Nyborg Formation in the Vestertana
Group, and 807 = 19 Ma for the Klubbnes Formation in
the Vadse Group (Sturt et al. 1975). (All Rb-Sr isoch-
ron dates reported here have been recalculated using
the “’Rb decay constant of 1.42 x 10""/yr (Steiger &
Jager 1977)).
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Kiu-l:\nna;én E{)_m
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590960 m

 Veineshotn 300 m

Fig. 2. Lithostratigraphy of the Tanafjorden Group and the Vadso
Group in the Tanafjorden - Varangerfjorden Region imainly after
Siedlecka & Siedlecki 1971 and Banks et al, 1874),
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Fig. 3. Lithostratigraphy of the Digermulen Group and the Vester-
tana Group (after Reading 1965)
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Barents Sea Region

The Barents Sea Region comprises the following ma-
jor lithostratigraphic units: (1) the Barents Sea
Group; (2) the Lekvikfjellet Group, which rasts on
the Barents Sea Group transgressively and with an
angular unconformity; and (3) the low-grade green-
schist-facies Berlevag Formation, which is thrust
upon the rocks of the two former groups and has been
suggested to be part of the Kalak MNappe Complex
{Levell & Roberts 1977) (Fig. 1). This thrust unit of the
Berlevag Formation, inappropriately termed the Ber-
levag MNappe by Rice et al. (198%a), is referred to
informally as the Tanahorn Nappe (Roberts, in Sied-
lecka 1990).

The Barents Sea Group is c. 9000 m thick (basal
parts and substratum unknown). It has been sub-
divided into four formations comprising sedimentary
rocks which originated in different and gradually shal-
lower environments of deposition (see Fig. 4 for litho-
stratigraphic names). The lowest unit is the
Kongsfijord Formation, an up to c. 3500 m-thick
sequence of graded-bedded, flysch-like sandstones
and shales deposited by turbidity currents (Siedlecka
1972). In this formation there is an abundance of
sedimentary structures and several facies associa-
tions which, together, were crucial for outlining the
model of the Kongsfjord Submarine Fan. In this model,
inner, middle and outer fan deposits were recognised
as well as facies transitional to the upper basin slope/
prodelta deposits of the next formation (Pickering
1981, 1982). In general terms the Kongsfjord For-
mation represents a thinning- and fining-upward se-
quence, retrogradational from inner through middle to
outer fan, reflecting a decrease in the rate of growth of
the submarine fan,

The Basnsringen Formation which overlies the
Kongsfiord Formation and commences with upper
slope/prodelta deposits is generally interpreted as a
major prograding delta (Siedlecka & Edwards 1980).
This sequence, which is up to ¢. 3500 m thick, has a
general coarsening-upward motif and comprises
sediments interpreted as having accumulated in
prodelta; delta front and braided delta-plain environ-
ments. Palasocurrent directions in both the Kongs-
fiord Formation and the Basnasringen Formation
indicate transport of sediment towards the northeast
and east-northeast across a NW-SE-criented slope
margin {Siedlecka & Edwards 1980, Pickering 1981).

The delta-plain braided stream deposits of the upper-
most part of the Basnaeringen Formation are sharply
overlain by aninterbedded terrigencus-carbonate se-
guence: the Batsfjord Formation, This ¢. 1500 m-
thick unit starts with a 300 m-thick member of sandsto-
nes, mudstones, shales, dolomites and limestones,
including stromatolite biostromes. This member has
been interpreted as originating on tidal flats which
developed on and in the marginal zone of the delta,
possibly after a major switch of the prograding delta
lobe (Siedlecka 1978, Siedlecka & Edwards 1980)
Upwards in this formation, and in the overlying

ﬂg& Lithostratigraphic units and their thicknesses
_ Formaton ~ Member
Skidnefieliat |
% + BOOm
T g Stordalsalva
5 =) 1200 m
uj_lﬁ Skjmergardsnaset
Y3 2i0m
o
Zin
[ = Styret
£ & 1500-1600m
a - = =
- Sandfjorden
= 2000 m
2 +
| ﬁ Tyviohellet
| & 1500 m ,
T ; 3 T g
8 £ Batsfjord Skovika 1100—1200 m .
Bt i Anniokka 300m |
3 § Hestman 800-1300m |
i+ (BAsnEEen Godkeila 490-1450 m |
E S 2500-3500 m Seglodden 100-350 m
2 =R e N
E = | Mazringsaha 500-1200 m
i
Kongsfiord Malneset  Ristjorden
»3500'mM

2000m  1D00-1500 m|

Fig. 4. Lithostratigraphy of the Lokvikfjellet Group and Barants Sea
Group in the Barents Sea Pagion (sfer Siedlecka 1878, 1989,
Siedlacka & Edwards 1980, Siedlecka & Siedlecki 1867, Siedleck|
& Levell 1978).

Tyvjofjellet Formation, purple and green beds app-
ear and the number of carbonate beds decreases
{they are present in the upper Batsfjord Formation, but
absent in the Tyvjofiellet Formation). Atthe same time
there was a gradual increase inthe sand supply. There
is an abundance of sedimentary structures in this
variegated seguence of the upper Batsfjord and Tyv-
jofiellet Formations. testifying to a shallow-water sedi-
mentation. A shallow-marine environment with incre-
asing energy and possible fluvial incursions may
tentatively be envisaged for this uppermost part of the
Barents Sea Group.

The rocks of the Barents Sea Group have yielded a
varied assemblage of acritarchs, thus providing some
more detailed information on the stratigraphic position
of the group and its formations. The Batsfjord For-
mation, in particular, has yielded several time-diag-
nostic taxa showing that the Riphean-Vendian
boundary is located within the lower Batsfiord For-
mation (Vidal & Siedlecka 1983).

The Lokvikfjellet Group rests upon various parts of
the Barents Sea Group with a slight angular unconfor-
mity (about 12° according to Siedlecki & Levell 1978).
This contact provides evidence of uplift and tilting of
the Barents Sea Group prior to the Lokvikfiellet trans-
gression. The Lokvikfjellet Group is ¢.5700 m thick. It
is entirely terrigenous and has been subdivided into
five formations (Siedlecki & Levell 1978) (Fig. 4). The
lowermost Sandfjorden Formation, and the three
highest, the Skjeergardnes Formation, Stordals-
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elva Formation and Skidnefjellet Formation, are
shallow-marine deposits, while the intervening Styret
Formation has been interpreted as fluvial (Levell
1978, 1980a). No breaks in deposition have besen
recarded.

The Sandfjorden Formation consists of pink and yell-
awish-grey arkoses and conglomerates and is the
most widespread unit. The Styret Formation has been
recognised in two separate areas (Siedlecki 1980),
while the remaining formations are preserved only in
the northwestern corner of the Varanger Peninsula.
The Styret Formation is characterised by interbedded
greenish-grey sandstones and mudstones. The sand-
stone beds are typically lenticular and erosively ba-
sed, may be coarse to conglomeratic, and they
decrease in number upwards. Paleocurrents in this
formation, interpreted as fluvial, are dominantly to-
wards the southeast (Siedlecki & Levell 1978). The
Skjeergardnes and Stordalselva Formations consist of
interbedded grey sandstones and dark-grey mudsto-
nes and siltstones. The sandstone beds have a tabu-
lar geometry and are laterally fairly persistent. Grain
size varies but is generally coarse, even conglomera-
tic. Cross-bedding is abundant and indicates trans-
port of material mostly towards the northeast. Wave
ripples are also common and orthogonal to the cross-
bedding. Levell (1980b) emphasized the importance
of wave- and current-generating storms in the trans-
port and deposition of these shelf deposits. The Skid-
nefiellet Formation which terminates the Lokvikfiellet
Group is strikingly similar to the Sandfjorden For-
mation, consisting of pale-coloured cross-bedded and
wave-rippled sandstonas and small-pebble guartz-
guartzite conglomerate.

The Berlevag Formation, occurring only in the ex-
treme northwest of the BSH (Fig. 1), is thrust upon the
Lokvikijellet Group as the Tanahorn Nappe. The full
sequence, ¢. 2650 m in exposed thickness (Levell &
Foberts 1977). has been subdivided by Roberts
(1988) into three mappable units: (1) a (lowermost)
pelitic unit consisting of dark, greenish-grey phyliite
interbedded with subordinate metasiltstone and fine-
grained metasandstone; (2) a metasandstone unit
cansisting primarily of coarse to conglomeratic, grey,
cross-bedded metasandstone with some phyllite in-
terbeds; and (3] an interbedded metasandstone-
phyllite series. In parts of this third unit graded bed-
ding is abundant but thicker-bedded sandstones
show cross-bedding. Many of the features of the meta-
sediments of the Berlevag Formation are comparable
to those in parts of the rock successions of northern
and northeastern Nordkinnhalvoya.

Levell & Roberts (1877) recognised both the tectonic
contact between the Berlevag Formation and the sub-
jacent Lokvikfjellet Group, and the fairly significant
differences in the structural and metamorphic histor-
ies of the two units. Results of studies of illite crystallin-
ity have suggested, however, that the Berlevag
Formation suffered only a slightly higher grade of
epizone metamorphism than the remaining units of
the Barents Sea Region, and that it may possibly
belong to the Lower Allochthon (Rice et al. 13839b),
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Mafic dykes

Metadolerite and dolerite dykes are the only manifes-
tation of magmatism on Varanger Peninsula. The
terms were used in a descriptive and comparative
sense (Roberts 1975) to distinguish a suite of dykes
which are metamorphosed and cleaved from a youn-
ger set which post-date the cleavage and are relatively
fresh. Both types of dykes occur in the Barents Sea
Region while in the Tanafjorden-Varangerfjorden Re-
gion only a few dolerite dykes have been recorded.
The metadolerite dykes are particularly abundant in
the Kongsfiorden and Batsfjorden areas, occurring in
spectacular swarms. The metadolerite dykes in the
outer Batsfiorden area cut across the unconformity
between the Barents Sea Group and the Sandfjorden
Formation of the Lokvikfjellet Group. The K-Ar age of
these dykes is around 650 Ma (Beckinsale et al. 1975;
all K-Ar dates quoted here are recalculated according
to Dalrymple 1979). K-Ar dating of the metadolerite
dykes intruding the Kongsfjord Formation in the
Kongsfjorden area gave ages ranging from 945 to
1845 Ma. The reliability of these dates, however, is
uncertain because of very low potassium contents.
Only one sample, which yielded an age of 194558
Ma, had a reasonable potassium content (Beckinsale
et al. 1975). A cleaved metadolerite dyke in the Berle-
vag Formation yielded a K-Ar age of 55117 Ma. In
general, the field relationships suggest that the meta-
dolerite dykes were emplaced prior to and perhaps
also during the initial stage of the fold deformation and
cleavage development. Examples have been found,
however, of metadolerites that cut across the
prominent folds but also carry the penetrative axial
surface cleavage to these same folds {D.Roberts, un-
publ. data; also, Fig. 38).

The comparatively fresh daolerite dykes occur in both
regions (they also cut the Cambrian to Tremadoc sedi-
ments on Digermul Peninsula). but they are not abun-
dant. They post-date all the Caledonian structures.
K-Ar ages of dykes which have so far been sampled
and dated are arpund 360 Ma (latest Devonian to
Early Carboniferous; Beckinsale et al. 1975). Major
and trace element geochemistry of the metadolerites
has shown them to be similar to magmas transitional
between abyssal and continental tholeiites. The youn-
ger daolerites are comparable to continental tholeiites,
and enrichment in some trace elements suggests
magma generation at a greater depth than that at
which the metadolerites originated (Roberts 1975).
Current geochemical studies (D.R. in progress) are
concentrating on sets of analyses obtained from
metadolerites from the Batsfjord, Kongsfjord and Ber-
levag districts. Work is also advanced on further isoto-
pic dating of selected mafic dykes employing the
Sm-Nd, *“Ar - **Ar and Rb-Sr methods; and oriented
samples have been taken for a palasomagnetic study,
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Tectonic structure and meta-
morphism

The tectonic deformation and aspects of meta-
morphism of the rocks on the Varanger Peninsula
have been described by Roberts (1972}, though with
emphasis on the Barents Sea Region. General fea-
tures of local structural geology are contained in Sied-
lecka & Siedlecki (1971), Teisseyre (1972), Levell &
Roberts (1977), Johnson et al. (1978) and Rice et al.
(1988a), but the overall picture of folding and faulting is
most readily seen from Siedlecki's (1980} 1:250,000
map compilation and geological profiles. Patterns of
faulting, also offshore faults, have been discussed by
Lippard & Roberts (1987). Most of the folding and
metamorphism is ascribed to the Caledonian oroge-
nesis in Early Palasozoic time, although earlier Russi-
an work, reviewed by Siedlecka (1975), suggested
that structures related to the Baikalian orogeny of the
Timanian Fold Belt may have extended as far west as
the Varanger Peninsula. By comparison, faulting al-
most certainly covers a wider time span, from Late
Precambrian in association with basin development
through to the Cenozoic; and some possible neotec-
tonic fault movements have also been reported (Ole-
sen et al, in prass),

As noted earlier, the Trollfjorden-Komagelva Fault
Zone (Siedlecka & Siedlecki 19687) provides a natural
division of the peninsula, and contrasts are seen in
structural history, fold axial trends and metamorphic
grade across this major fault zone. In the Barents Sea
Aegionthere is a general increase in intensity of assu-
med Caledonian deformation from southeast to north-
west (Roberts 1972). In the southeast, prominent early
mesoscopic and macroscopic, open to locally tight,
concentric folds trend approximately N-5 and verge
towards the west: and they carry an axial plane slaty
cleavage. In central areas, comparable early, open,
upright folds with associated slaty cleavage vary in
trend from MN-5 to NE-SW. In the extreme northwest, in
the Berlevag Formation of the Tanahorn Nappe, simi-
lar early folds carry a fine-grained, axial plane schisto-
sity, are tight ta locally sub-isoclinal. generally NE-SW
trending. and overturned at moderate angles towards
the southeast. Fold axial trends, however, may be
extremely variable. |n the Berlevag district, second-
generation folds deform the more common early folds
and penetrative schistosity and carry a crenulation
cleavage. Such folds and even younger kink folds and
kink bands, are rarely encountered in central areas
and have not been observed in the eastern part of the
BSR. Later gentle folds with ENE-WSW axes occur
throughout the region and help to produce spectacular
fold interférence culminations and depressions
(Foberts 1972, fig. 22, Siedlecki 1980). Extensional
faults trending NE-SW to E-W with downthrows to the
NW or N represent one of the latest phases of defor-
ration (Lippard & Roberts 1987).

Thrusting is an important element in the tectonic de-
formation of the BSH (Roberts 1972). In particular.
some of the minor thrust-faults can be seen to dis-
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place the early folds. In the footwall to the basal thrust
of the Tanahorn Mappe, early major folds are trun-
cated by the thrust-fault (Roberts 1988). Rice &t al.
(1989a) have sugoested the possible presence of a
major detachment beneath the folded sequences of
the Barents Sea Region, which would conceivably
have developed as a footwall propagation beneath the
Kalak Thrust. Inthis, the basal Tanahorn Nappe thrust
would represent an emergent imbricate thrust-fault,
These same authors view the westward-facing fold
structures in the southeastern BSH as having devel-
oped, as tip folds. by back-thrusting along the postula-
ted sole detachment.

To the southwest of the TKFZ, in the Tanafiorden-
Varangerfiorden Region, tectonic deformation as a
whaole is less intense than in the BSR. In the north-
west, close to Tanafjorden, asymmetric, SE-facing
folds and reverse-faults trend NE-SW, and an axial
surface slaty cleavage is prominent. These particular
rocks may form part of the Gaissa Nappe Complex
{Townsend et al. 1988). Further southeast, in the par
autochthon and autochthon, folds are more open and
upright, trending both NNE-SSW and ESE-WNW
(Siedlecki 1980), the NNE folds probably reflecting
shortening above a blind decollement surface (Chap-
man etal. 1985, Townsend 1886). Mesoscopic folding
along ENE-WSW to E-W axes is particularly promi-
nent in the Nyborg Formation as far east as Mortens-
nes, with MN-dipping axial surfaces and a locally
developed crenulation cleavage. A more detailed
structural assessment of this region has been presen-
ted by Rice et al. (1990 and in prep.).

Much has been written about the Trollfiorden-Koma-
gelva Fault Zone and its significance in the pre-Cale-
donian, Caledonian and later structural history of this
region (e.g., Siedlecka & Siedlecki 1967, Harland &
Gayer 1972, Siedlecka 1975, Kjode et al. 1978, Lip-
pard & Hoberts 1987, Rice et al. 1989a). Some infor-
mation has already been given in the introduction to
this text. Briefly, it will suffice here to note that there is
abundant structural and metamorphic evidence fa-
vouring a major dextral strike-slip translation of the
BSR along the TKFZ, and that this occurred at some
stage, or stages, during the protracted Caledonian
orogeny. Late-Caledonian strike-slip movements are
clearly post-metamorphic and probably pre-360 Ma.
Younger components of movement, extensional and/
ot strike-slip, almost certainly extend up into the Ce-
nozoic (Gabrielsen 1984, Lippard & Roberts 1987,
Gabrielsen & Farseth 1989) and there is also eviden-
ce of possible post-glacial reactivation along part of
the fault zone (Olesen et al. in press). Ongoing studies
invalve both detailed field structural investigations
along the fault zone, and an integration of digitally
processed satellite images, geophysical data-sets
and digital elevation data (Karpuz et al. 1982 and in
press). The fault zone itself can probably be traced
over a distance of 800-900 km from offshore West
Finnmark (Gabrielsen & Fasrseth 1983) via Varanger
and Rybachi-Sredni in Russia to the northern coast-
line of Kola Peninsula beyond Cape Teriberski (p. 13
and Fig. 5). The Rybachi-Teriberski segment of the
fault zone is currently seismically active.
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Metamorphic conditions prevailing in the various litho-
stratigraphic units on Varanger Peninsula during the
time of early Caledonian folding and schistosity deve-
lopment have been determined from studies of illite
crystallinity and lattice parameters (Bevins et al. 1986,
Rice et al. 1989b). Results have indicated that where-
as the rocks of the autochthonous/parautochthonous
TVR have been affected only by diagenesis, the var-
ious units in the BSR have been metamorphosed in
epizone grade, equivalent to lower greenschist facies.
Within rocks of the BSR, a slight increase in grade can
be detected from southeast to northwest, with a peak
in the Berlevag Formation of the Tanahorn Nappe
(Rice et al. 1988b). In the westernmost TVR, illite
crystallinity results indicate a prograde change to an-
chizone conditions of metamorphism directly beneath
the sole thrust to the Gaissa Mappe Complex. This
thermal inversion is considered to relate to the effects
of the overriding nappe (Rice et al. 1989b).

The studies of low-grade metamorphism on the Var-
anger Peninsula, while by no means comprehensive,
thus indicate that the TKFZ marks a significant meta-
morphic break between the two principal regions, and
one which can be most readily explained by strike-slip
juxtaposition of disparate metamorphic domains.

The age of the folding and associated slaty cleavage
or schistosity development in the rocks of the Varan-
ger Peninsula is still not fully resolved. Accepting a
Caledonian nappe propagation from ¢. NW to SE and
the results of illite crystallinity investigations, a rela-
tionship to the Scandian orogenesis, broadly mid-Sil-
urian to Early Devonian, might be assumed.
Radiometric data from the Gaissa Nappe Complex
are not definitive. A K-Ar apparent age of 440=9 Ma
has been interpreted as a maximum date for the slaty
cleavage (Dallmeyer et al. 1989). An ultra-cataclasite
from the sole thrust to the Gaissa Nappe has provided
a date of 391 =9 Ma (J.G. Mitchell, in Boberts & Sund-
voll 1980); this is latest Early Devonian.

A Rb-Sr whole-rack isochron study from cleaved pali-
tes of the Stappogiedde Formation, just beneath the
Gaissa sole thrust, Tana, yielded an age of 504 +7 Ma
(Pringle 1873; recalculated in Sturt et al. 1975), which
is earliest Ordovician. This was regarded as a meta-
marphic age, an interpretation which has been chal-
lenged by Dallmeyer & Reuter (1989) whose results
rather point to a diagenetically related disturbance at
c. 635 Ma,

The only relevant radiometric data so far available
from the sequences in the BSR is that of a Rb-5r
isochron on Kongsfiord Formation pelites from near
Hamningberg: 52047 Ma, with an MSWD of 1.35
{Taylor & Pickering 1981). These authors interpret this
date as the age of slaty cleavage formation, close to
the Cambrian-Ordovician boundary; and signifying
that the penetrative deformation in the BSR is associ-
ated with Finnmarkian orogenesis. Taking into ac-
count the regional picture, some doubt might perhaps
be raised against this Rb-5r isochron age. However,
since Bylund (in prep.) has palasomagnetic data sug-
gesting that the rocks of the Gaissa Nappe Complex
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were possibly affected by an Early Ordovician magne-
tic overprint, and as the latest metamorphic event in
the Baikalian crogenesis in the northern Timans oc-
curred at ¢. 525-520 Ma (Siedlecka 1975), itis neces-
sary to keep an open mind on the question of the age
of folding and metamorphism until we have more isoto-
pic dating work on which to base our conclusions,

Basin development

Unconformities, biostratigraphic data, sedimentary
facies interpretation, thicknesses and thickness varia-
tions, and radiometric ages together provide infor-
mation on the basis of which an interpretation of the
development of the sedimentary basins may be at-
tempted. Thus, there is evidence that sedimentation
commenced in the autochthonous basin in Late
Riphean time on an eroded, slightly subsiding Kareli-
an basement of the northern and northeastern parts of
the Fennoscandian Shield. Assuming that no sedi-
ments were deposited and subsequently removed
prior to the Late Riphean, the period of erosion lasted
sorme 700-1000 million years (Siedlecka 1985},

In the early phase, sedimentation was fluvial and the
directions of sediment transport were variable; to the
north, northeast or northwast, with a less common
ESE direction (Banks et al. 1974). There were several
marine incursions during the fluvial accumulation,
perhaps the most prominent marine transgression be-
ing recorded in the uppermost Vadse Group. This
transgression, however, was preceded by a consid-
erable non-depositional/erosional  break, which
straddles the Riphean-Vendian boundary (Vidal
1881). Banks et al. (1974) pointed out that the for-
mations of the upper Vadse Group thicken eastward,
independently of sedimentary environment and trans-
port direction, and suggested a higher rate of sub-
sidence in the east.

Thus, in the early phase, the basin was shallow with a
migrating coastling and there were varying conditions
of sedimentation and periods of uplift and erosion, all
testifying to instability of the substratum.

In the next phase, after the last fransgression and the
development of the regressive sequence of the Lower
Vendian Ekkeroya Formation (Johnson 1978), a new
transgression followed. This time a long-lasting mar-
ine sedimentation was in a fairly stable shallow-mar-
ine basin in which the whole of the Tanafjorden Group
was accumulated. The formations of this group are
typically widespread, sheet-like, sediment bodies
which may easily be recognised also in the lowermost
Caledonian nappes and imbricates, far to the west.
Johnson (1975) has shown that this marine sedimen-
tation occurred in tide-dominated environments and
that there were several transgressive-regressive epi-
sodes. This resulted in sedimentation changing from
an accumulation of near-shore, coastal and shallow-
marine sands (sub-tidal to tidal sand bars, beaches
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and sheet sand complexes) to an offshore sand-mud
facies of a continental shelf. There is a large variation
in palaeocurrent directions, suggesting a complex
shoreline configuration rather than any predominant
direction of sediment transpcrt. In the final stage, the
transport of terrigenous material ceased and the basin
was accumulating carbonates.

An uplift and northward tilting occurred in approxima-
tely mid-Vendian time, after the second phase of basin
development was completed. This resulted in erosion
becoming progressively deeper to the south and atf-
ecting the previously deposited Upper Riphean-Lower
endian sequence of strata. The erasion in the south
removed 2300 m of the sedimentary pile. The presen-
ce of palaeokarst (Siedlecka, unpubl. data) indicates
a humid climate, while the striated pavement at Big-
ganjar'ga suggests that the final erosion was of glacial
origin (Edwards 1984).

In the third and final phase, after the intra-\endian
break and climate deterioration, a new period of depo-
sition started with the "Varanger lce Age’ sediments,
and continued almost uninterruptedly into Cambrian
time. The older, glacially-influenced period of sedi-
mentation resulted in the accumulation of glacial, flu-
vioglacial, fluvial and proglacial, probably marine
sediments, recording several episodes of advance
and retreat of the ice (Edwards 1984). The bulk of the
Smalfjord Formation on the Varanger Peninsula was
deposited in the Varanger paleovalley, in the present
Varangerfjorden. The formation thins out towards the
east and is absent east of Mortensnes.

The interglacial {post-Smalfjord) Nyborg Formation
marks a marine transgression; itis thickest in the west
{c. 300 m) and thins out eastwards. The formation is
composed mainly of interbeddsed purple shale and
brownish-grey sandstone deposited by turbidity cur-
rents. Tidal-flat dolomite and shallow-marine clastics
are minor constituents. The second period of glacia-
tion was heralded by a tillite which cuts down pro-
gressively southwards through the Nyborg Formation,
This homogeneous glacial deposit is overlain by
transgressive sediments and, with minor fluctations,
the marine conditions continued throughout the time
of deposition of the remainder of the Vestertana
Group. There is evidence that the ice sheets during
both glaciations advanced beth from the south and
from the north, while the water-transported sediments
were maostly derived from southerly areas (Edwards
1984),

In summary, in spite of changes in sedimentary en-
vironments and directions of sediment transport and
the presence of nondepositional/erosional breaks, the
autochthonous basin may on the whole be charac-
terised as shallow, with fairly slow and laterally varying
subsidence rates and sediment influx, before perma-
nent marine conditions were established. The intra-
Vendian tilting and change of climate were the most
important events that affected this basin, in which
sedimentation also continued into Palasozoic time.

The allfochthonous basin is considered to have been

13

located to the northwest of its present position, at most
250 krm away. When this basin started to take form, the
character of the earliest sediments, and the nature of
the substratum upon which they accurmulated are un-
known. Several lines of evidence suggest that rifting
and spreading of Lower/(?)Middle Proterozoic crust
resulted in the formation of a NW-SE-oriented conti-
nental margin, and both an "Atlantic type’ margin and
an aulacogen have been proposed (Siedlecka 1975,
Pickering 1281, 1985). A combined model of normal
and reverse faulting with subsequent lateral trans-
lation along the same fault line was suggested by
Siedlecka (1985) for the developing basin. A =3000m
sedimentary wedge accumulated along the south-
western faulted margin of this basin during gradually
shallowing conditions, in Late Riphean and Early Ven-
dian time. This resulted in the development of & retro-
grading submarine fan overlain by a major deltaic
complex followed by shallow-marine and fluvial strata.
Thus, the basin margin, once formed, remained inac-
tive over a long period of time. Subsequent uplift and
tilting resulted in erosion of a part of the sequence. The
eroded area was invaded by a shallow sea which
persisted almost continuously, at least throughout the
Late Vendian, and accumulated mainly terrigenous
shelf deposits. Short-lived fluvial sedimentation with
transport of material towards the southeast shows that
the post-unconformity palasogeography was different
from that of the Barents Sea Group basin. Subsequent
spreading and extension or transtension resulted in
the emplacement of swarms of dolerite dykes, al-
though in part this overlapped with compressional
tectonism. After this phase of magmatism, the ancient
buried fault line was reactivated as a major dextral
strike-slip fracture and the basin was translated to its
present position (cf. Kjode et al. 1978).

Some aspects of correlation bet-
ween Varanger Peninsula and
the Rybachi - Sredni Peninsulas,
Russia

A continuation of the stratigraphies of the BSR and
TVR, and of the TKFZ, southeastwards on to the
Sredni and Rybachi Peninsulas and Kildin Island in
Russzia (Fig. 5) was suggested by Siediecka (1875) on
the basis of data from earlier literature. Recent field
studies in the Russian territories have clarified some
of the correlation problems as well as the previously
anticipated southeasterly extension of the TKFZ
{D.Roberts and A.Siedlecka, unpubl.data). It became
clear that the contact between the lithologies on Sred-
ni and those of the Rybachi zone is everywhere faulted
(Fig. 5), and it is reasonable to assume that this tec-
tonic contact constitutes a continuation of the TKEZ.
Although the precise nature of the displacements
along this line is not clear, there is mesoscopic struc-
tural evidence of at least one significant component of
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Fig. 5. Tha Trolifjorden-Kaomagelva Fault Zone [TKEZ) and its southeastward continuation. BSR — Barents Sea Region; TVR - Tanafjorden-
Varangerfiorden Begion, CT — Cape Teriberski; AFZ = Austhavet Fault Zone.

dextral strike-slip movement {D.Roberts, unpubl.da-
ta). It is also evident that the fault separating the
Sredni and Rybachi Peninsulas marks a significant
metamorphic break. The rocks on Rybachi are strong-
ly folded and carry an axial planar slaty cleavage in
pelites, whereas on Sredni the lithologies generally
show only a diagenesis-grade, bedding-parallel, com-
pactional cleavage,

It also became clear that the Rybachi succession is
tacially comparable to parts of the Barents Sea Group,
and that the overall facies interpretation of the for-
mations on Rybachi by Siedlecka (1975) was correct.

The relationship between the TVR and the Sredni
zone, on the other hand, is more complex than earlier
anticipated. The main similarities are that, in both
areas, the Upper Proterozoic sedimentary rocks rest
upon the crystalline substratum with an erasional con-
tact and that they are primarily shallow-water deposits.
The main difference is that in the Russian territories
there are no fillites which are so typical and wide-
spread on the MNorwegian side. The existing strati-
graphic data are insufficient for a more detailed
correlation, and therefore any discussion on basin
development on the Russian side, as compared with
the Norwegian areas, would be premature.
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EXCURSION ITINERARY

Southern part of the Tanafjorden -
Varangerfjorden Region and eastern
Barents Sea Region

This route takes us from the southern part of inner
Varangerfjorden to Hamningberg. along the E6, high-
way 98 and a local dirt road (Fig. 6). The total driving
distance, one way, isc. 173 km (starting c. 100 km from
Kirkenes). Localities 1 - 17 are located along this route
(locality 2 requires a 45-minute walk, butit may also be
reached by boat).
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Locality 1. Highway EB, road-cut
at 658 771, map-sheet 1:50,000
2335 Ill Varangerbotn.

Veinesbotn Formation, lower part (Fig. 7).

Sandstone, red, feldspathic, coarse- to medium-
grained in medium-thick, cross-bedded, lenticular
beds. Subordinate, 2-3 cm-thick mudstone beds are
interbedded with the sandstone layers. Cross-bed-
ding indicates a uniform flow direction towards north-
northeast. The beds are flat lying with a few degrees
dip towards the north.

The lower part of the Veinesbotn Formation has been
interpreted as having accumulated in shallow inter-
locking channels in a braided stream environment
(Hobday 1974).

Immediately southeast of this exposure there is a
topographic depression, on the other side of which
gneisses of Archaean age are exposed. The shortest
distance between the exposures of the sedimentary
rocks (the Veinesbotn Formation) and their crystalline
basement is about 25 m.
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Fig. 6. Outline map of Varanger Peninsula showing the excursion localities. The 1:50.000 topographic map grid is also indicated
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The bulk of the Smalfjord Formation an Selesnjar'ga
{c.100 m) consists of medium-bedded sandstones

Fig. 7. Stratigraphic comelation
locations of excursion stops 1-3

interpreted as sediment flow deposits (Edwards 1584).

chan showing the stratigraphic

Fig- 8. Sharp erosional contact between sandstone of the Veinesboin Formation and fillite at the base of the Smalfiord Formation;
Caibadéanjar'oa (Bigganjar'ga), lacality 2, Mote that "Reusch's moraing ' is overlain by pradominantly massive sandstones which constitute the
bulk of the formation at Selegnjar'ga.
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Fig. 9. Glacially scoured lop sudace of 2 sandstone bed of the
Veineshaln Formation, beneath the Smalfjord Formation fillite:
looking approximately west, locality 2

Locality 3. Highway E6, road-cut
at 596 847, map-sheet 1:50,000
2335 lll Varangerbotn.

Nyborg Formation.

Thin to medium-thick beds of grey sandstone inter-
bedded with purple clayey shale. The sandstone beds
are parallel-sided, poorly sorted and massive to gra-
ded-bedded. This facies of the Nyborg Formation has
been interpreted by Edwards (1984) as a relatively
deep-water deposit of a submarine fan.

The Nyborg Formation as a whole is complex, consis-
ting of various facies interpreted in terms of shallow-
water to basinal deposition in a transgressive-regres-
sive cycle (Edwards 1984). The lithology seen in this
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locality is particularly widespread and is well exposed
along the highway.

The Nyborg Formation is a structurally incompetent
unit resting on the competent Smalfjord Formation
{and older competent rocks) and it is therefore usually
tightly folded. The chevron or zig-zag folds (Fig. 10)
are asymmetrical, close to tight, and have approxima-
tely E-W to ENE-WSW oriented axial planes which
generally dip steeply to the north. A weakly developed
axial planar slaty cleavage is present in pelitic layers,
Minor faults, including small thrusts, can be seen in
parts of the outcrop.

Locality 4. Highway 98, above the
road on its northern side at 726
836, map-sheet 1:50,000

2335 Il Nesseby.

Nyborg Formation overlain by the Mortens-
nes Formation.

Viclet clayey shale interbedded with subordinate thin
beds of grey sandstone 15 exposed in the lower part of
the outcrop. This interbedded unit is overlain by a few
metres of thick- and thin-bedded grey sandstone, po-
orly sorted and graded-bedded. This sandstone is, in
turn, abruptly overlain by a massive, cliff-forming tillite
(Fig. 11). The contact betwsen the tillite and its sub-
stratum is planar. Mapping in the area, however, has
shown that the Mortensnes Formation rests unconfor-
mably on an erosional surface, which in places cuts
down to the Vadse Group. In this locality the massive
tillite rmarking the bottom of the Mortensnes Formation
rests on the middle portion of the Nyborg Formation
{member B of Edwards, 1984), the remainder of this
fqrrnation having been removed by pre-glacial ero-
sion,

Fig: 10. Chewron or 2ig-zag slyle asymmetncal folds deforming
Myborg Formation sandstones and shalas-looking west, locality 3
Such folds are common in this struciurally incompetent facies of the
Mybarg Formation in many parts of this area

Fig. 11. Cantact between the sandstone and shale of the Nyborg
Formation and ftillite of the Morensnes Formation. The contact
marks a stratigraphic reak where the youngest partsof the Myborg

Formation are missing
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The ftillite contains fragments mainly of crystalline
rocks, but chert, dolomite and cther rock-types may be
found. Edwards (1884) has interpreted this tillite as a
lodgement till deposited by a large glacier or a conti-
nental ice sheet, because of its widespread occur-
rence, blanket geometry, and locally derived matrix
material and clasts, some of which show striated and
faceted surfaces,

Locality 5. Handelsneset (Mortens-
nes), section from c. 767 811 to
774 821, map-sheet 1: 50,000

2334 Il Nesseby.

Klubbnasen Formation, Fugleberget For-
mation, Smalfjord Formation, Nyborg For-
mation and Mortensnes Formation (Fig. 7).
Unconformity, pre-Smalfjord erosional sur-
face with pronounced relief, major hiatus.

A short walk from highway 98 down to the coast, to the
bottom of the section (Fig. 12). The Klubbnasen For-
mation is composed of grey, clayey shale and micace-
ous mudstone and sandstone, with the sandstone

Handalsnasat

Fig. 12. Sketch map of the Handelsneset area (locality 5). KF -
Klubbnasen Farmation; FF — Fugleberget Formation; AF = Anders-
by Formation; PF = Paddeby Formation; GF - Goineselva For-
mation: SF = Smalfjord Formation; MF — Myborg Formation; MF —
Mortensnes Formation; Q — Cuaternary deposits, The location of
Fig. 13 is indicated by an amow
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beds increasing upwards in number and thickness.
There is a gradual transition into the cross-bedded or
flat-bedded, grey, feldspathic sandstones of the Fug-
leberget Formation. The Klubbnasen - Fugleberget
coarsening-upward sequence has been interpreted
as an ESE-prograding delta (Banks et al. 1974).

The Smalfjord Formation rests upon the eroded sur-
face of this deltaic sequence (Fig. 13). The sharp
cantact and the topographic relief of the unconformity
surface may be observed here. Diamictite, stratified
conglomerates and pebbly sandstones (massive, par-
allel- or cross-bedded) constitute the rocks of the
Smalfiord Formation at this locality. Pebbles of crystal-
line rocks, dolomite and chert are the most common.
Edwards (1984) has interpreted the deposits obser-
ved here as glacial, glacideltaic, glacifluvial and coas-
tal (Fig. 14). MNorth of the highway the Smalfjord
Formation is succeeded by the Nyborg Formation, a
seguence consisting of interbedded purple clayey
shale and sandstone. Hill slopes bordering the high-
way to the north are covered with the scree of these
rocks and are partly vegetated. These slopes are cap-
ped by a several metres high cliff of reddish-brown
diamictite of the Mortensnes Formation. At Handels-
neset and on Fugleberget there are several interesting
archaeological sites, including a sacrificial stone
(1500 years old), house sites (3000 years old) and
more than 250 graves (from before Christ to 1100 after
Chirist).

Fig. 13. Erosional contact between the Fugleberget Formation and
the Smalfjord Formation. The contact marks a very low-angle regio-
nal unconformity, and the break in the stratigraphic record em-
braces the upper VYadse Group and the entire Tanafjorden Groug.
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of the Smalfjord Formation
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Locality 6. St.Vadsoya, SW coast,
c.039 760, map-sheet 1:50,000
2435 Ill Vadso.

Fugleberget Formation

The Lower Member of the Fugleberget Formation is
excellently exposed along the southwestern coast of
theisland (unfortunately close to a garbage dump and
combustion stove). Fine- and very fine-grained felds-
pathic sandstone is the dominant lithology with sub-
ordinate thin siltstones. The sandstones show either
large-scale cross-stratification (with sigmoeidal and
concave-up cross-stratal form), or horizontal to low-
angle planar-stratification {with a prominent parting
lineation on bedding surfaces). Massive sandstone is
also common. Overturned cross-strata (Fig. 15) as
wall as reactivation surfaces are typical for the cross-
bedded sedimentation units. The sandstone bodies of
the Fugleberget Formation have, in general, sheet
geometries but this locality also shows (to the west), 3
100 m-wide and 5 m-deep channel-form filled with
trough cross-stratified and massive sandstone.

The upper part of the Fugleberget Formation is best
observed in an abandoned quarry nearby. Pebbly
sandstones and congiomerates with fragments of
mudstone and pebbles of sandstone may be seen
interbedded with subordinate mudstone lenses. Car-
bonate concretions are abundant in some conglom-
erate and sandstone beds.

The Fugleberget Formation is interpreted as a product
of a very wide, low-sinuosity, mainly braided fluvial
system (Hobday 1974, Roe 1975, Roe & Hermansen
1981)
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Locality 7. St.Ekkeroy, c. 900-905
764, map-sheet 1: 50,000 2435 |l
Ekkeroy.

Golneselva Formation, Ekkeroya Forma-
tion, Gronneset Formation. Disconformi-
ties and gaps between the formations are
indicated by regional mapping and micro-
palaeontological work.

Dolerite dyke, K-Ar age 349+10 Ma (Beck-
insale et al. 1975, recalculated).

Light-grey feldspathic sandstones of the Golneselva
Formation are exposed in the southwestern part of the
island, e.g. at the trenches from World War 1. The
brown film on the rock surface and sulphur-yeliow
spots may be weathering products of iron sulphides.
The Ekkeroya Formation is best studied in S-facing
cliffs c. 250 m northeast of the southwesternmaost tip of
the island, as well as in the coastal exposure at Fla-
gan. The Ekkeroya Formation consists of grey-green
mudstone and siltstone interbedded with greenish-
grey sandstone and subordinate conglomerate. Mud-
stone beds predominate in the lower part of the for-
mation, and there is an upward increase of sandstone
beds in which 'ball-and-pillow’ structures (Fig. 16) and

Fig. 15
Mudstone and
sandstone of the
Fugleberget
Formation exposed
along the coastal
section of Vadso
Igland, locality 6.
Cross-bedding with
overturmed foresets
s comman in this
coastal section
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slump folds may be observed. The Ekkeroya For-
mation is interpreted as starting with a transgression
with a subsequent regressive development within a
deitaic or interdeltaic coastal setting (Roe 1975, John-
son 1975, 1978). The boundary between the Ekkero-
ya and the Granneset Formation is at the base of a
transgressive quartz conglomerate (Ree 1970, John-
son 1978) exposed in the uppermost part of the cliff.
An unconformity has been inferred at the base of the
Gronneset conglomerate which occurs over a wide
area in the TVR.

Fig. 16. 'Ball-and-pillow’ structures in sandstones of the Ekkeroya
Formation on the island of St. Ekkeray. locality 7.

A vertical dolerite dyke cuts through the Ekkeroya
Formation at Flagan and is clearly visible in the topo-
graphy of the coastal cliffs. The dyke strikes almost
M-S and dips at c. 75° to the east.

Flagan is a nature reserve with a rich and varied
community of gulls and other sea-birds (Fig. 17).

Locality 7a. 137 765, map-sheet
1:50,000 Vadse 2435 lll (description
provided by S.-L. Roe)

Golneselva Formation

The Golneselva Formation at this locality (as well as
elsewhere) is characterised by large-scale trough
cross-stratified, medium- to very coarse-grained
sandstone with common evidence of soft-sediment
deformation. A notable feature at the present locality
is the prasence of terraced channel margins ex-
posed in a plan view over an area of 1500m* (Banks
1873a). These features compare closely to terraces
formed during falling stages of discharge on ex-
posed bars in modern rivers and support a fluvial
interpretation for the Golneselva deposits (Banks &
Roe 1974). The rivers which deposited the sedi-
ments of the Golneselva Formation flowed towards
the northwest, in contrast to the eastward palaeoslo-
pes inferred from the older fluvial deposits of the
region (Paddeby and Fugleberget Formations). The
lower and upper boundaries of the Golneselva For-
mation are interpreted as tectonically generated
unconformities (Ree 1975) and the upper boundary
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Fig. 17. Sandstonas and interbedded silistones and mudstones of
the Ekkeray Formation on the cliffs at Flagan, with a resident calony
of kitiwakes. Locality 7

towards the shallow-marine Ekkeroya Formation
probably represents a significant time gap (Vidal
1981) (Fig. 7).

Locality 8. Quarry at Skallnes,
980-985 836. map-sheet 1:50,000
2435 |l Ekkeroy.

Dakkovarre Formation

The upper part of the Dakkovarre Formation (Fig. 7) is
exposed in the quarry and also along the coast, east of
the highway 98. The light-grey feldspathic sandstone
is medium- to very thick-bedded and either massive or
cross-bedded. Current and oscillation ripples are well
exposed on the bedding surfaces. The sandstone
contains spots of dark-brown iron oxide which are
probably oxidation products of iron sulphide or sider-
ite. The same brown coloration occurs as bands
(weathering crust) along joints and bedding planes.

Hobday & Reading (1972) and Johnson (1978) inter-
preted these sandstones as shallow-marine storm de-
posits.

The sandstone was quarried for building stone for
harbour constructions at Svartnes near Vardo.
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Locality 9. Komagnes, c. 042 912,
map-sheet 1:50,000 Ekkeroy.

Etappugiedde Formation, Innerelva Mem-
er.

Dolerite dyke, K-Ar age 360+ 10 Ma (Beck-
insale et al. 1975).

The clayey and muddy shale, blue-green, in places
reddish-grey, is typical of this member. The shale ex-
hibits two kinds of sedimentary structures; parallel
horizontal lamination and small ripple cross-stratifica-
tion sets. both testifying to a very quiet environment of
sedimentation, either from suspension or from weak
bottom currents. The member is widespread in the
Tanafjorden-Varangerfjorden Region (and in the
Gaissa Nappe) without any important facies change.
It is interpreted as a shelf deposit influenced by tidal
currents (Banks 1973b).

A prominent dolerite dyke, up to 2.4 m in thickness
and trending ¢. N-5, intrudes the shales at this locality.

Fig. 18, Blue-green shale of the Stappogiedde Farmation intruded
By the Devono-Carboniterous dolerite dyke at Komagnes, locality 9
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In the cliff section north of the road the 'composite’
dyke dips at c. 75" to the east (Fig. 18) and really
consists of two parallel dykes with a screen of baked
sediment in betweean, In exposures between the road
and the foreshore, and in the intertidal zone, the dyke
is vertical or locally west-dipping and can be seen to
split into several thinner dykes, some of which thin out
either along the same N-S trend or curve into a bed-
ding-parallel orientation. The shales and siltstones
adjacent to the separate dyke offshoots are horn-
felsed in zones of varying thickness, depending on the
thickness of the actual dyke. These hornfelsed sedi-
ments also show a prominent spaced cleavage which
is subparallel ta the dyke margins.
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Fig. 1% Stratigraphic correlation chart showing the stratigraphic
locations of excursion stops: 10-17
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Fig. 20. Spectacular large ‘ball-and-pillow’ structuras in the delta front sandstones of the Naeringselva Member of the Basnzringen Farmation

at Svartnes, locality 10, The encircled hammer is ¢. 30 cm fong.

Locality 10. Svartnes, coastal
exposure at 169 962, map-sheet
1:50,000 2535 IV Varde.

Basnzeringen Formation, Naeringselva
Member (Fig. 19).

Thick-bedded grey to dark-grey sandstones crop out
extensively in the coastal section at Svartnes, ¢. 1km
S5SE from the lake Svartnesvatnet. The sandstone
beds exhibit large-scale trough cross-bedding and
ripple marks on the bedding surfaces. Structures re-
sulting from soft-sediment deformation are abundant,
in particular large, spectacular 'ball & pillow” struc-
tures (Fig. 20).

The Basnaeringen Formation as a whole is interpreted
as a major delta (Siedlecka & Edwards 1980, Sied-
lecka et al. 1989). In this context, the sandstones
exposed at Svartnes are considerad as shallow-mar-
ine delta-front accumulations.

Locality 11. Persfjorden, SE side,
177 150, map-sheet 1:50,000
2535 IV Vardo.

Basnzeringen Formation, Hestman Mem-
ber, Batsfjord Formation, Annijokka Mem-

M E i

11. See also Fig. 22,

ber in mutual contact in the eastern limb of
the Persfjorden syncline.

Thick-bedded. red to pink, feldspathic sandstone is
typical for the Hestman Member. It may be observed
from a distance in the steep slopes of the Hestman
mountain and in road-cuts just before reaching locality
11 (Figs. 21, 22). The sandstone, ¢.800 thick in this
area, is interpreted as a braided delta-plain deposit
terminating the deltaic deposition of the Basnaeringen
Formation (Siedlecka & Edwards 1980, Siedlecka et
al. 1989).

The contact between the Basnaeringen and Batsfjord
Formations is exposed at the coast (Fig. 23); the
exposure is best studied at low tide. The uppermaost
Basnazringen Formation is represented by a few me-
tres of pink and light-grey, quartz-rich, thick-bedded
sandstone interbedded with thin sandstone beds and
sandy shale. This is succeeded by a series of inter-
bedded, blackish-grey, clayey shales. thin-bedded
grey sandstones, greenish-grey mudstones and grey,
yellow-weathering dolomite. In addition, there are sub-
ordinate, stromatolite-bearing limestone beds. These
deposits contain an abundance of flaser and lenticular
bedding, shrinkage cracks, desiccation cracks and
intraformational breccias, and have been interpreted
as tidal-flat deposits (Siedlecka 1975, 1980). Stroma-
tolites, confined to a few horizons, vary from wavy to
bulbous structures up to 0.5 m in size.

Fig. 21. Sandstones of the Hestman Member of the Basnaanngen Farmation form cliffs on the southeastern side of
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Chiiecl Shovika Member :| Bdsnawingen Formation

E Annijokka Membes .5

.............. Boundary of the oreas fotolly coversd with Holocene deposits

Occurrence of stromatolites

Fig, 22. Geological map of the inner Persfjorden area, Localities 11
and 12 are indicated

The boundary between the Basnaringen and Bats-
fiord Formations is interpreted as marking a change in
depositional regime resulting from an abandoning of
the Basnzeringen delta lobe, and/or a transgression
(Siedlecka & Edwards 1980),

The pelitic interbeds along this coastal traverse show
a steeply eastward-dipping penetrative slaty cleav-
age; and the sandstone beds a convergent fracture
cleavage. The intersection of cleavage and bedding
produces a prominent 5- to SSW-plunging lineation
which is broadly parallel to the axes of large-scale
folds in the region.
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Fig. 23. Contact between sandstones of the Basnaringen For
mation, Hestman Member (to the right) and the sandstone-shale
unit of the lowar Batsfiord Formation at locality 11 on the south-
eastern side of Persfiorden.

Locality 12. Persfjord, coastal
exposures, ¢.150 155, map-sheet
1:50,000 2535 IV Varde.

Batsfjord Formation, upper part (Skovika
Member).

An interbedded multicoloured series of violet and
green mudstone, grey and pink sandstone, yellow-
grey dolomite and grey limestone is extensively ex-
posed in coastal cliffs in the western part of the Pers-
fiorden syncline (Figs. 22 & 24). Crinkled (?)algal
lamination, desiccation cracks, 'birds eye' structures,
intraformational breccias, ripple cross-lamination,
(?)tepee structures, etc. may be observed. Shrinkage
cracks deformed by compaction, and sealed with cal-
cite, are a widespread structure.

Fig. 24. Multicoloured terrigenous — carbonate series of the upper Batsfiord Formation in- inner Persfjorden close to locality 12
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The sequence shows a penetrative slaty cleavage
{S1) paralleling the steeply SE-dipping axial surfaces
of the SSW-plunging D1 folds (Roberts 1972).

Locality 13. Seglkollen, 152 194,
map-sheet 1:50,000 2535 IV Varde.

Basnaeringen Formation, Seglodden Mem-
ber.

A section across the southern slope of Seglkolien
shows medium- to thick-bedded, lenticular, erosively-
based beds of viclet and grey-green sandstone (Fig.
25). The sandstone is cross-bedded, mostly medium-
grained and feldspathic and has been interpreted as
having accumulated on a braided delta plain (Sied-
lecka & Edwards 1980). A short walk down to the coast
at Seglodden provides a good opportunity to see an
excellently exposed section at about 155 198 - 157
185,

Fig. 25. Thick, parallel-sided or lenticular, erosveh-based sand-
stone beds of the Segiodden Member, Basnaringen Formation at
Seglodden, locality 13, Hammer (encircled) is c. 30 cm long. From
Siedlacka & Edwards (1980)

Inthis general area, a prominent cleavage (51) can be
seen which dips steeply to the ESE; locally it may be
vertical. The cleavage/bedding intersection lineation
plunges at varying angles to the S5W.

In the small cove at Blasenberg (153 187) c. 1 km
south of Seglodden, there is a 5-6 m thick, unmeta-
morphosed dolerite dyke which dips at c. BO® to the
southeast. This dyke has not been dated.
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Locality 14. Road-cut at 149 202,
map-sheet 1:50,000 2535 IV Vardo.

Basnaeringen Formation, Naringselva
Member.

Medium-thick beds of greenish-grey, fine-grained
sandstone and mudstone may be observed here. The
beds are mostly parallel-sided and exhibit paraliel
horizantal lamination and graded-bedding inthin, 3-5
cm units. Current ripples are visible both in section
and on bedding planes. Deformational structures re-
sulting from Ioading of unconsolidated, water-satura-
ted sediment are comman.

A c. 1 km walk along the coast from Storflogdalen (c.
142 206) to locality 14 offers a very good section
through the gradual transition between the Kongsfjord
and the Basnzsringen Formations. The Kongsfjord
Formation comprises up to several metres thick pack-
ages of thin 'overbank’ turbidites and thick sandstong
beds representing channel-fill depasits. Higher up in
the section there appear greenish-grey laminated silt-
claystones (the Nasringselva Member). Several debri-
te beds 0.5 - 2 m thick occur in the higher parts of the
section, testifying to instability of the depositional slo-
pe. Finally, a coarsening-upwards motif may be obser-
ved towards the mudstones and sandstones of locality
14. Several coarsening-upward sequences have be-
en measured by 5.-L. Roe (pers, comm. 1991). The
Maeringselva Member as a whole was deposited in a
prodelta-deita front setting (Siediecka & Edwards
1980; see also locality 10).

In this same area, the prominent 81 cleavage is read-
ily seen in the pelitic and silty lithologies. In the sand-
stones it is developed as a convergent, spaced,
fracture cleavage. Driving north and northwest from
Storflogdalen, a complicated fold interference pattern
can be seen in the steep slopes to the west of the road.
Fold axial plunges show marked variations within a
fairly consistently ESE-dipping 51 cleavage — plun-
ging moderately steeply either to the NNE or to the
SSW (Roberts 1972, fig. 22).

Locality 15. Road-cut at 139 214,
map-sheet 1:50,000 2535 IV Vardo.

Kongsfjord Formation

Very thick-bedded, dark-grey turbidite beds can be
seen in this road-cut and in several other exposures
along the road towards Sandfjord. Graded-bedding in
sets from a few centimetres to over 1 metre in thick-
ness (in amalgamated beds) is present along with
parallel horizental lamination at the tops of the graded
units.
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The Kongsfjord Formation is interpreted as a flysch
sequence which accumulated on a submarine fan
(Siedlecka 1972, Pickering 1881). The beds observed
at this locality are thought to represent outer fan depo-
sits which accumulated rapidly on active lobes (Pic-
kering 1981).

Locality 16. Exposures on the slo-
pes of coastal cliffs and on both
sides of the road at 108 237, map-
sheet 1:50,000 2436 Il Syltefjord.

Kongsfjord Formation. Dolerite dyke.

A steeply c. SE-dipping dyke of dolerite up to 10 m
thick cuts through turbidites of the Kongsfiord For-
mation (Fig. 28). The turbidite units occur as thick,
sandy and thin, muddy packages of graded-bedded
and parallel-laminated beds. In the overall interpreta-
tion of the Kongsfiord Formation as a submarine fan,
these beds are probably representing lateral margin
fan deposits as suggested by Pickering (1981).

It is not clear whether this particular NE-SW trending
dyke, uncleaved and little alterad apart from its oran-
ge-brown weathering surface, has been dated be-
cause the precise map co-ordinates were not given by
Beckinsale et al. (1975). However, it appears that it
may well correspond with dyke no. B51 of Beckinsale
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Fig. 26. Dolerite dyke intruding turbiditic greywacke-sandstones
and pelites of the Kongsfjord Formation: looking ¢. southwast, ioca-
lity 17,

et al. (1975), which yielded a K-Ar age (recalculated)
of 363=10 Ma. In the exposures near the shore, the
dyke shows a marked kink, transgressing the strata
owver several metres before resuming its bedding-sub-
parallel trend. In the prominent exposure above the
road. the southeastern contact surface of the dyke
shows a concentriform to pseudohexagonal jointing
pattern ascribed to coocling during crystallisation (see
also locality 17, Fig. 27).

Fig. 27, Columnar jointing
in the struciurally lower,
marginal part of the
daoterite dyke. The crudely
hexagonal to concentrifrom
pattern is considered fo
have developed duning
crystallisation and cooling
The photo was taken
ooking ¢. NNW, moare or
less perpendicular to the
dyke margin, Mear Ytre
Steinsnes, north-nonheast
of locafity 17
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Locality 17. Kvannvikbukta, road-
cut at 107 259, map-sheet 1:50,000
2436 |l Syltefjord.

Lokvikfjellet Group, Sandfjorden Forma-
tion.

Thick beds of pink, pale green and pale grey, coarse-
grained, feldspathic sandstone with large-scale
cross-bedding represent the typical development of
the Sandfjorden Formation, The sandstones are inter-
preted as having accumulated in a shallow-marine
environment strongly influenced by tidal currents (Le-
vell 1980).

Just over 1 km further on (at c. 113 268), along the
road to the picturesgue, former fishing settlerment and
whaling station of Hamningberg, another dolerite dyke
intrudes the sedimentary sequence. This orange-
brown weathering dyke is up to 13 m in thickness; it
dips at c. 70° to the NNW, in contrast to the sandsto-
nes which here dip at c. 40° towards ESE. A feature of
the dyke, best seen along its margins above the road,
is the development of a hexagonal ‘columnar’ joint
pattern normal to the dyke margin, in places with a
concentriform structure (Fig. 27).

This dyke has been K-Ar-dated to 361 = 10 Ma (Beck-
insale et al. 1975: recalculated).

Western Tanafjorden - Varanger-
fiorden Region and northwestern
Barents Sea Region

This part of the excursion is from Varangerbotn to
Berlevag along the E6 and highway 830 (Fig. 6). The
total driving distance, one way, is about 132 km. Loca-
lities 18 - 36 are situated along this route. Localities 18
- 22 are within the western part of the Tanafjorden -
Varangerfjorden Hegion: localities 23 - 36 are situated
in the northwestern Barents Sea Region,

Locality 18. Scenic view 458 103,
map-sheet 1:50,000 2335 IV Tana.

Vestertana Group and Tanafjorden Group
(Fig. 28).

The steep western slopes of Blaberget (Blue Moun-
tain) on the eastern side of the road are covered with
scree of blue-green and purple mudstones and clayey
shales belonging to the Stappogiedde Formation (In-
nerelva Member) and Nyborg Formation, respective-
ly. Both units are exposed in the upper portion of the
slopes wherg, in addition, the Lillevatn Member, Mor-
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Fig. 28. Stratigraphic comelation chart showing the stratigraphic
locations of excursion stops 16-23.

tensnes Formation and Smalfjord Formation are pre-
sent. The tillites may be recognised from the road by
their yellow coloration. All racks are steeply dipping to
vertical and are heavily cleaved because of proximity
to a major reverse fault. Rocks of the Gamasfjeliet
Formation (Tanafjorden Group) are juxtaposed along
this fault, and form the spectacular cliffs of Raudberget
(Red Mountain) at a distance of several kilometres,
starting about 3 km north of this stop (Fig. 29). In the
far distance to the north, rocks of the Tanafjorden
Group can be seen beyond the mouth of the Tana
river, on the eastern side of the Tanafjorden.

(Before reaching locality 19 it is recommended to
make a short stop at 543 209 to view the stratigraphy
of the upper Tanafiorden Group in the Giemas anti-
cline (Fig. 31), described further on as locality 21).
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Locality 19. Section c. 1 km long
on the western side of the road,
¢.539 190, map-sheet 1:50,000
2335 IV Tana.

Smalfjord Formation, Nyborg Formation,
Mortensnes Formation, Lillevatn Member,
Stappogiedde Formation. The stratigra-
phic sequence crops out in a gentle anti-
cline with the Smalfjord Formation in the
core.

A light-grey, yellow-weathering dolomite, ¢. 1 m thick
with stromatolitic structures, is conspicuous here (Fig.
30). It belongs to the lowermost part of the Nyborg
Formation. Algal-laminated dolomite is & widespread
facies at the bottom of the Nyborg Formation and has
been interpreted by Edwards (1984) as a tidal-flat
deposit which originated during a post-glacial trans-
gressive episode. The dolomite rests on a grey mud-
stone, ¢. 1 m thick, which abruptly overlies a massive
tillite containing a few dolomite fragments less than 1
cm in size (derived from erosion of the Grasdalen
Formation). The dolomite is overlain by a violet and
grey mudstone (Nyborg Formation) which, in turn, is
followed by a grey tillite with fragments of crystaliine
rocks (Mortensnes Formation). This seguence can be
sean over a distance of c. 400 m northwards, along the
road (northern limb of an anticline). It is repeated
southwards from the Nyborg dolomite where, after a
distance of ¢, 500 m, there is also exposed dark-grey
mudstone interbedded with coarse to conglomeratic
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Fig. 29. View from just
north of locality 18. To the
right, the western slopes of
Raudberget wheare
quartzitic sandstones of
ihe Gamasfjellet Formation
arg exposed; in the
distance, vanous
formations of the
Tanafjorden Group crop
out on the eastern side of
the fjord

Fig.30. Stromatolitic dolomite althe base of the Nyborg Formation
peality 19. Photo C.0O. Mathiesen.

feldspathic sandstone forming lenticular beds. These
fluvial deposits form the basal part of the Stappogied-
de Formation. The Myborg Formation and the Mor-
tensnes Formation are thin here compared with their
thicknesses in neighbouring areas; this thinning may
be a result of both facies development and interfor-
mational erosion.
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Locality 20. Road-cut, ¢.800 m
long, from 548 134 southwards,
map-sheet 1:50,000 2335 IV Tana.

Stappogiedde Formation, Innerelva Mem-
ber.

Blue-green mudstone, parallel-laminated due to
separation of silt and clay. Siltstone with ripple cross-
stratification occurs in subordinate layers. This is a
typical development. widespread over large areas on
Varanger Peninsula and west of the Tana river. The
mudstone sequence has been interpreted by Banks
{1973b) as a shelf deposit.

The mudstone is strongly cleaved along steep, NNE-
SSW oriented slaty cleavage surfaces and dissectad
by a set of almost vertical, E-W-trending joints. It is
typical that the rock splits along the joint and cleavage
planes rather than along the bedding surfaces.

Locality 21. Quartzite quarry at
555 193 and the slope above it,
map-sheet 1:50,000 2335 IV Tana.

Gamasfjellet Formation, Vagge Formation,
Hanglecaerro Formation.

Sections through all three formations may be con-
veniently studied along the roads of the guarry at
various levels (Fig. 31). The Gamasfjellet Formation
consists of red-violet (in the lower part of the for-
mation} and pink guartzitic sandstone which is gquarr-
ied mainly for ferro-silicium. The annual production is
c. B00.000 tons of quartzitic sandstone containing
less than 0.6 % ALO, The sandstone is mostly me-
dium-bedded, massive or cross-bedded, and consists

The tedmck geology of Varangar Paninsida, Finnmans, Momh Marway: ah excursion quide
E Hy e 1

of rounded guartz grains cemented by quartz and
haematite. At the top, the formation contains inter-
beds of arenaceous grey shale and grades into the
Vagge Formation. This formation consists mainly of
interbeds of grey, thin-bedded sandstone and arena-
ceous or muddy cleaved shale. The sandstones are
rusty-brown on weathered surfaces. Symmetrical rip-
ples and ripple cross-laminations and rippled bedding
surfaces are abundant. Trace fossils and desiccation
cracks may be found, but are uncommaon. Close to the
top, the Vagge Formation contains a few medium-
thick beds of grey, cross-bedded quartzitic sandstone,
and clastic dykas of sandstone, some over 2 metre in
length, cut through the sequence.

The Hangleczerro Formation, overlying the Vagge,
consists exclusively of medium- to thick-bedded qu-
artzitic sandstone, blue-grey in the lower part and
almost white higher up. The beds are mostly massive,
locally cross-bedded, and the quartz grains are ce-
mented by guartz overgrowths. Mone of the formations
has been studied in detail. However, their blanket-like
geometry without any facies change over large areas
and the high textural and mineralogical maturity of the
Gamasfiellet and Hangleézerro guartzitic sandstones
suggest a shallow-marine environment. A wave-domi-
nated environment has been proposed for the Hangle-
Ezrro  Formation and tide-dominated for the
Gamasfiellet Formation. For the Vagge Formation, an
offshore setting influenced by storm processes has
been suggested (Johnson et al. 1978).

Locality 22. Slope on the NW side
of the road, 679 196, map-sheet
1:50,000 2335 | Ourdujav’ri.

Stappogiedde Formation, Manndrapselva
Member.

Sandstone beds, almost horizontal, interbedded with
red, clayey. cleaved shale may be observed on a low

Fig. 31 The Giemag anticline exposed on the sastern side of Leirpallen, Incality 18, From left to right: pank guanzitic sandstones ol the
Gamasfiellel Formation ovarlain by brownish-grey sandstones and shales of the Vagge Formation and grey to whitish-grey quartzitic
sandsiones of the Hangledsero Formation, The Dakkovarre Formation occurs in the core of the anticline — the area with vegetation close 1o

saa-level. The uppermost part of the Gamasfijellet Farmation is quarried for ferro-silicium.
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slope near an unnamed creek. The sandstone is thin-
or medium-bedded, pink, greenish-grey or reddish-
brown: it is fine-grained, and haematite- and clay-rich.
Desiccation cracks occur on the bedding planes of
shale. Ripple cross-stratification may be seen in the
sandstone and in some beds there are abundant hori-
zontal and vertical burrows (cf. Banks 1970). These
beds were interpreted as shallow-marine accumula-
tions {Reading 1965, Banks 1971).

The strata of the Manndrapselva Member very pro-
bably represent the terminal part of Precambrian sedi-
mentation and, as suggested by Vidal (1981), the
Precambrian-Cambrian boundary may be located
within this unit,

(About 2 km further to the northeast there is a particu-
larly fine scenic view: in the foreground, a 300-350 m
high plateau, partly vegetated and underlain by rocks
of the upper Vestertana Group and, in the background,
a white, barren. ¢.300 m high 'wall’ of guartzites of the
Hangle&zerro Formation. ).

Locality 23. Gaednjajav'ri, south-
ern side of the lake at ¢.772 235
and northeastern side of the lake
at c.770 255, map-sheet 1:50,000
2336 Il Kongsfjord (topographic
map and map of bedrock geology,
Siedlecka 1989).

Stappogiedde Formation and Hangleézerro
Formation in tectonic contact, Trollfjorden-
Komagelva Fault Zone, Sandfjorden For-
mation (Fig. 28).

Blue-green mudstones of the Innerelva Member of the
Stappogiedde Formation crop out, but mostly as
scree, on the sides of the road. A small hill, 271 a.5.1.,
northwest of the road, consists of guartzitic sandstone
of the Hanglefaerro Formation, separated from the
subjacent mudstones of the Innerelva Member by a
thrust fault. Folded and fairly poorly exposed rocks of
the upper Tanafjorden Group may be seen along the
ridge bordering the lake to the southwest. White quart-
zitic sandstone can be examined in a small quarry on
the slope of this ridge at 766 242,

The Trolifjorden-Komagelv Fault Zone extends from
the southeast, beneath the Gaednjajav rilake, towards
the northwest and is clearly marked in the topography.
Exposure along the fault zone in this area is generally
very poor.

Approximately 500 m northwest of the gquarry, breccia
and cataclastic fault rocks associated with the TKFZ
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are locally exposed. Further northwest (755 265), one
of the main segments of the TKFZ defines a NW-SE
trending valley along which slickensided and breccia-
ted rocks can be observed. The deformation is more
intense in the strongly fractured quartzitic sandstones
of the Dakkovarre Formation, whereas the coarse-
grained sandstones and conglomerates of the Sand-
fiorden Formation are less deformed but contain a
series of well developed quartz vein arrays. This locali-
ty can be reached in a 20-30 minutes walk from the
northwestern tip of lake Gazdnjajav'ri.

{The text to this paragraph has been contributed by
Ridvan Karpuz).

The rocks exposed on the northeastern side of the
lake belong to the Sandfjorden Formation. The coar-
se-grained to conglomeratic, reddish-yellow arkoses
of this formation may be observed in the slope north-
west of the road (c.770 255). The Sandfjorden For-
mation rests transgressively on various formations of
the Barents Sea Group and covers a large area in the
central part of Varanger Peninsula,

Locality 24. Tranga, road-cuts over
a distance of more than 1 km,

778 351-785 356, map-sheet
1:50,000 2336 Il Kongsfjord (topo-
graphic map and map of bedrock
geology, Siedlecka 1989).

Sandfjorden Formation, Batsjord Forma-
tion, Basnaeringen Formation (Fig. 32).

The Gadnja river crosses a NW-SE ridge underlain
by arkoses of the Sandfjorden Formation, which rests
unconformably on the Batsfjord Formation. Road-cuts
provide a good section through the thick-bedded,
cross-stratified, pink and yellowish-grey, medium- to
coarse-grained and conglomeratic arkoses. Sand
grains and small pebbles of white quartz and red
jasper are well-rounded and cemented with quartz
and carbonate cement and subordinate sericite and
chlorite. Zircon, tourmaline, rutile and garnet are the
principal heavy minerals (Siedlecki & Levell 1878).

The Sandfjorden Formation is interpreted as a shal-
low-marine deposit accumulated in an area domina-
ted by strong tidal currents (Levell 1980).

The Batsfiord Formation crops out north of the ridge in
small road-cuts. The unconformity is not exposed.
Grey and yellowish-grey carbonate-bearing sandsto-
ne interbedded with blackish-grey clayey shale and
red muddy shale is best seen on the eastern side of
the road. Current ripples and desiccation cracks (Fig,
33) are common on the bedding surfaces of these
beds, providing evidence of shallow-water sedimenta-
tion with temporary exposure above water level,
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Fig. 32 Stratigraphic correlation char showing fne stratigraphic
jpcations of excursion stops 19-33 and 37-42, Stops 34-36 arg in
thie Barlevag Formaticn

About 400 m farther to the north the road crosses an
E-W-trending fault. Rocks north of this fault belong to
the upper Naeringselva Member of the Basnaringen
Formation. Medium-thick to very thick beds of a dark-
grey, fine-grained to medium-grained sandstone are
exposed in a ¢.300 m long road-cut. The sandstone
beds are mostly massive, but some exhibit parallel
lamination, These beds have probably originated ina
prodelta environment of the Basnaeringen deltaic sys-
temn (Siediecka & Edwards 1980).

The rocks are dissected by a tightly spaced system of
steep joints, oriented approximately E-W to WMNW-
ESE.
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Fig. 33. Desiccation cracks in the sandstone-rmudstone interbed-
dad series of the Batsfiord Formation, locality 24

Locality 25. Rundvatnet, road-cuts
at 842 443, map-sheet 1:50,000
2336 Il Kongsfjord (topographic
map and map of bedrock geology,
Siedlecka 1989).

Kongsfjord Formation, Risfjorden Member
(Fig. 32).

Thin beds of grey sandstone interbedded with dark-
grey muddy shale are exposed in high road-cuts on
both sides of the road (Fig. 34). Medium-thick and
thick beds of sandstone are subordinate. The sand-
stone beds show some graded bedding, and parallel

Fig. 34. Turbidites of the submarine fan of the Kongsfiord For-
mation, Risfiorden Member, exposed in road-cuts at Rundvatnet,
with thick-bedded channel deposits in the middle of the picture.
Localty 25. The hammer for scale, bottom right, is ¢. 30 cm lang
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lamination may be observed in the upper parts of
some graded beds. The sandstone beds are sharply
and erosively based and their lowermost portions may
contain fragments of shale. This flysch-like turbidite
sequence is interpreted as having accumulated on a
submarine fan, possibly in its middle to lower part
{Siedlecka 1972, Pickering 1981).

The beds are inclined steeply towards the narthwest
and are folded, the folds carrying an axial plane slaty
cleavage, S1. In places there are good examples of
cleavage refraction; from slaty cleavage in the pelites
into a shallower dipping fracture cleavage in the sand-
stones. Two, pale green-grey, strongly cleaved meta-
dolerite dykes, c. 0,5 m thick, lie subparallel to the
near-vertical, penetrative, 51 cleavage.

Locality 26. Kongsfjorden, Djup-
bukta, cliffs at c.844 466, map-
sheet 1:50,000 2336 Il Kongsfjord
(topographic map and map of
bedrock geology, Siedlecka 1989).

Kongsfjord Formation, Risfjorden Member,
metadolerite dykes.

Coastal cliffs in the inner part of Kongsfjorden, cut by
the road, provide excellent exposure of turbidites of the
Kongsfiord Formation dissected by a swarm of meta-
dolerite dykes.

The Kongsfiord Formation is represented here by thin-
bedded and fine-grained turbidites in which graded

v i ;
| | ; f
i |:'I| LEFF S

Fig. 35 Diagrammatic field sketch illustrating a less typical dyke/
fold relationships in the Kongsfjord area. Most metadolerite dykes
are aligned subparallel o the penetrative slaty cleavage.
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bedding and parallel lamination are ubiquitous, and
various sole marks may be observed (Siedlecka
1872). These turbidites were interpreted by Pickering
(1981) as having accumulated mostly as unchannel-
led, distal deposits in an outer fan.

The ENE-WSW-trending metadolerite dykes, brown-
to green-weathering and generally a few metres in
thickness, are almaost vertical and are prominentin the
coastal landscape, standing out as ribs. They are
generally cleaved, though to varying degrees, with the
cleavage oriented at a variable, low angle to the mar-
gins of the dykes (Roberts 1972, fig. 14). Thin dykes,
only a few centimetres in thickness, are pale green-
grey in colour, penetratively cleaved and commaonly
boudinaged; and many such dykes or offshoots from
larger dykes thin out either along or at varying angles
to the S1 cleavage. The dykes as a whole have clearly
been subjected to strike-parallel extension. Quartz
and calcite veins are abundant in many dykes and
commonly arranged in a fiederspalten’ pattern (anen
échelon array of veins), or in conjugate sets of vein
arrays.

The metadolerites consist mainly of strongly altered
plagioclase and chloritised clinopyroxene. Relict ophi-
tic to subophitic texture is present in the central parts
of many dykes. Geochemical data indicate that the
metadolerites are representative of magmas tran-
sitional to those producing abyssal tholeiites and con-
tinental basalts (Roberts 1975).

One dyke along this section (precise location un-
known) was dated by the K-Ar method to 1193+36 Ma
{Beckinsale et al. 1875, recalculated). However, the
value of this determination is uncertain because of the
very low potassium content,

The metadolerite dykes have been interpreted as
broadly ‘syntectonic’, though pre-dating the promi-
nent cleavage which is axial planar to the common
open to tight folds (Roberts 1972). Although itis tempt-
ing to consider the dykes as wholly pre-tectonic, rela-
ted to a phase of rifting (Roberts 1975), the fact that
some of them cut obliquely across folds but are them-
salves penetratively cleaved (Figs. 35 & 38) argues
against this interpretation, at least for these particular
dykes. Another possibility is that we are dealing with
more than one generation of pre-cleavage mafic dykes.

Locality 27. Kongsfjorden, Herge-
vika, 854 489, map-sheet 1:50,000
2336 Il Kongsfjord (topographic
map and map of the bedrock geo-
logy, Siedlecka 1989).

Kongsfjord Formation, Risfjorden Member,
metadolerite dyke.

Turbidites of the Kongsfijord Formation are well ex-
posed on the southern side of the bay, along the coast
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below the road. These outer fan deposits (Pickering
1881) exhibit sedimentary structures such as graded
bedding, parallel lamination, load casts, pseudonod-
ules and clastic dykes. Intraformational mud-chip
breccias may also be observed. Sedimentary struc-
tures are, in general, abundant in the Kongsfjord For-
mation and spectacular examples may be observed in
several places (Figs. 39, 40).

Fig. 38. Relationship between folds and slaty claavage in 8 multi-
layared, turiditic, sandstone-pelite sequence. Kongsfiord Forma-
tion. Hergevika. The outcrop is in the hinge zone of a large-scale
anticling; from Robers (1972).

Pelitic |layers and the clay-rich portions of mud-chip
beds display the usual penetrative 51 cleavage, which
is axial planar to local mesoscopic folds (Fig. 36). In
some outcrops a second, spaced, crenulation cleav-
age is developed. Elsewhere in the Risfiorden area
this second cleavage can be shown to have an axial
planar attitude to small-scale close to open folds.

A bifurcating metadolerite dyke crops out in the north-
ern part of the bay. In several places, the contacts
between the cleaved matadolerites and the host rocks

b

Fig. 37. A rather common dykefold relationship in the Kongsfiord
Farmation, Risfjord, Kongsfiorden; looking norheast, From Roberts
(1972}
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ara well exposed. MNetworks of while quartz-calcite
veins transect the dykes. Although the metadolerite
dykes are generally oriented subparallel to the pen-
etrative 51 cleavage (Fig. 37), there are many ex-
amples whera they cut across the folds (Fig. 38) yet
carry the same 51 cleavage as in the host rocks. Such
dykelfold relationships are particularly well seen atlow
tide along the foreshore of Aust Risfjorden between c.
849 494 and 839 488.

A metadolerite dyke exposed in the vicinity of Her-
gevika (precise location unknown) has been dated by
the K-Ar method to 84528 Ma. The reliability of this
date, however, is in doubt because of a very low potas-
sium content (Beckinsale et al. 1975).

Fig. 38. An example of the less common dykeffold relationship in
Kangsfierd Formation turbidites showing a thin, cleaved metadoler-
ite dyke cutting obliquely acrogs asyn-S1 fold. From the foreshora in
SE Risfjorden

Flg._ 39. Frondescent casts in turbidites of the Kongsfiord For-
mation. Southeastern coast of Veines Paninsula in Kongsfiorden.
Pholo 8. Siedleck:.



Thia bedrook gealogy of Varanger Peninsula. Finnmark, Nonh Nonay: an excursian guids

Locality 28. Western part of Ris-
fjorden, near the mouth of the
Meresjakka river, 842 510, map-
sheet 1:50,000 2336 |l Kongsfjord
(topographic map and map of the
bedrock geology, Siedlecka 1989).

Kongsfjord Formation, Nalneset Member

Thick, graded-bedded, turbidite beds crop out on the
northern side of the road. These beds represent depo-
sits accumulated in farge channels of the middle fan
envirgnment of Pickering (1981).

The predominantly thick-bedded sequence exposed
here is dissected by a system of joints orientad N-S
and E-W with easterly and southerly dips, respec-
tively. Folds which carry the 51 cleavage along their
axial surfaces - as a divergent slaty cleavage in
siltstones and pelites, and a convergent, fanning, frac-
ture cleavage in thick sandstones — are seen nearby
in cliff-like roadside exposures (Fig. 41).

Dykes of metadolerite may be observed along the
northwestern coast of Risfjorden. However, they are
noticeably fewer in number compared with the Kongs-
fjorden area further to the southeast.
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Fig. 40. Large groove
casts'in turbidites of
the Kongshord
Formation axposed in
Veines Peninsula
{Ris sancilanjar'ga) in
Kongsfiorden

Fig- 41, Thick-bedded channel deposits and thin-beaded inter-
channel accumulations in the middle fan turbidite seres of the
Kongsfiord Formation, Risflorden Member: close 1a locality 28 on
the northestern side of Risfiorden. The convergent. fanning. frac-
ture cleavage is weall developed in the sandstones.
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Locality 29. Stop between Kongs-
fjorden and Sandfjorden at c. 861
550, map-sheet 1:50,000 2336 |
Berlevag. View towards locality 31.

Contact between the Barents Sea Group
(Kongsfjord Formation and Basnaeringen
Formation) and the Lokvikfjellet Group
(Sandfjorden Formation).

Excellent view towards northwest (Fig. 42). The coas-
tal plain to the right of the road and the low hill to the left
in the foreground are underfain by the Kongsfjord For-
mation {inner fan of Pickering 1881). A somewhat
higher hill in the middleground is underlain by the
Mzeringselva Member of the Basnasringen Formation,
Maeringselva Member. Finally, the high, light-coloured
ridge on the opposite side of Risfjorden and the plat-
eau in the background consist of the Sandfjorden
Formation of the Lekvikfiellet Group.

The unconformable contact between the Barents Sea
Group and the Lokvikfiellet Group in this coastal area
is dissected by faults. It is rather poorly exposed in a
few places inland.
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Locality 30. Laukvika, stop at the
bridge at 844 556, map-sheet
1:50,000 23361 Berlevag.

Kongsfjord Formation, Nalneset Member

A few hundred metres walk towards the outer parts of
Laukvika and Tarevika provides an opportunity to exa-
mine a section through the proximal part of the Kongs-
fjord submarine fan (Pickering 1981). The section
contains medium- to coarse-grained sandstones and
fine quartz conglomerates. Graded turbidite beds are
interbedded with erosively based, lenticular conglo-
merate and coarse-grained sandstone beds which
accumulated in channels. The conglomerates are
gither sandy and grain-supported, i.e. water-trans-
ported and deposited as bed load, or matrix-suppor-
ted and unstratified (Fig. 43). and accumulated by
subagueous debris-flow. The interbedded, parallel-
sided turbidites were probably deposited in the inter-
channel areas.

The regional 51 cleavage can be seen in the thin,
pelitic interbeds, here dipping steeply to the south.
A cleavage/bedding intersection lineation plunges at
20-30° towards the west.

Fig. 42, View towards the contact between the Barants Sea Group and the Lokviktjelet Group at Sandijorden. In the
foreground and left-middieground = Kongsfjiord Formation. Right-middleground and lefi-background - Basnazringen
Formation. Pinkish-coloured rocks in the middle- and right-background — Sandfjorden Formation. The low-angle
unconformity is faulted and poorly exposed in this coastal area
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Locality 31. Sandfjorden, NW side,
c.831 572, map-sheet 1:50,000
2336 | Berlevag.

Basnaringen Formation, Neeringselva
Member, in tectonic contact with the Sand-
fjorden Formation (Fig. 32).

The road crosses strongly cleaved and jointed, blue-
green, laminated mudstone and muddy shale. The
same rocks, belonging to the Masringselva Member,
are also well exposed in the low cliffs nearby.

A few tens of metres further to the northeast the road
crosses medium- to thick-bedded pink arkose and
conglomerate of the Sandfjorden Formation, These
rocks are particularly well exposed just below the road.
The Sandfjorden Formation can be seen along the
road over a distance of several kilometres as pink,
greenish-grey arkoses and grey sandstones. The ark-
oses and sandstones are well-sorted with well-roun-
ded grains. The conglomerate pebbles consist
primarily of milky quartz, quartzite, black chert and red
jasper. The beds are parallel-sided. and commaonly
trough cross-bedded. The feldspars are mostly micro-
cline and perthite. Heavy minerals include zircon, rut-
ile, tourmaline, garnet and other stable minerals
(Siedlecki & Levell 1978).

The Sandfjorden Formation has been interpreted as a
shallow-marine deposit which accumulated under the
influence of tidal currents (Levell 1980).

Fig. 43. Matrix-supported
conglomerate — a sub-
aquecus debris flow in the
proximal part of the Kongs-
jord Formation submaring
fan. Mote large angular
fragments of soft sediment.
The hammer is ¢, 30 cm

long.

There is a fault separating the Basnasringen Forma-
tion and the Sandfjorden Formation at this locality.
This is believed to continue westward along the scree-
covered slopes. The actual contact, however, is not
exposed.

Locality 32. Styret, c.831 599, map-
sheet 1:50,000 2336 | Berlevag.

Styret Formation, lower part.

Thick beds of greenish-grey, in places reddish-grey,
trough cross-bedded sandstone crop out in road-cuts.
Typically, the sandstone beds are lenticular and erg-
sively based, in places with considerable relief (Levell
& Siedlecki 1978). Pebbles and feldspar are less com-
mon than in the Sandfjorden Formation. There is a
gradual fransition between the Sandfjorden and the
Styret Formations and the boundary was placed on
the basis of studies of sedimentary structures rather
than on overall lithological appearance. The Styret
Formation was interpreted by Levell (1980) as largely
of fluvial origin.

Upwards in the sequence assigned to the Styret For-
mation there is a gradual increase of clayey and mug-
dy shale beds interbedded with the sandstone, and at
the same time the thickness of the sandstone beds
decreases. This gradual change in litholegical compo-
sition is clearly visible in the cliffs bordering Styrsletta
frorm the southwest. The upper Styret Formation may
also be examined at ¢.828 604 (western side of the
road) about 200 m south of the Styrelva river.

A cleavage, of very tightly spaced solution cleavage



36

In the sandstone beds it is seen as a widely spaced
fracture cleavage. A cleavage/bedding intersection
lineation plunges at a low angle to the ENE.

A dolerite dyke. c. 4 m thick and c. E-W trending, cuts
the sediments c. 100 m narth of this locality. This has
been K-Ar dated to 362=10 Ma (Beckinsale et al.
1975, recalculated).

Locality 33. Skjeergardnes, 823 611,
(optional: Mellanes ¢.822 620)
map-sheet 1:50,000 2336 |
Berlevag.

|

|

|

type, is developed in the pelitic layers of this formation.

Skjeergardneset Formation, Stordalselva

Formation.
Dark-grey, thick-bedded sandstone interbedded with
muddy shale (the Skjsergardneset Formation) crops
out along the road and in the coastal section. Typical
for the sandstone is tabular, herring-bone cross-bed-
ding, reflecting varying palasocurrent directions. The
sandstones are moderately well sorted and sub-arko-
sic in composition and were interpreted by Levell
(1980) to be of shallow-marine origin.
Betwsen Skjserdgardnes and Kjolnes Fyr further o
the narthwest, the road crosses a syncline with rocks
belonging to the Stordalselva Formation in its core,
and with the Skjergardneset Formation reappearing
at Kjolnesaksla and Kjolnes Fyr.
There are no road-cuts in the Stordalselva Formation,
but good coastal exposures occur close to Mellanes,
The axial zone of the syncline is located about 150 m
south of the tip of Mellanes. The uppermost part of the
Stordalselva Formation visible in the Mellanes sec-
tion, consists of thick trough cross-bedded, coarse-
grained sandstones underlain by dark-grey, lamina-
ted mudstone interbedded with rippled arenaceous
shale and ripple cross-stratified, thin- to medium-bed-
ded sandstene. Interbeds of thick, coarse sandstones
with mixed mudstone-sandstone units are typical of
this formation, interpreted as a shallow-marine deposit
{Levell 1980),
From Skjergardnes to Mellanes, mesoscopic folds

increase markedly in number, and in the axial zone of
the major syncling they show rapid plunge variations,
locally up to 75-80°, within the 51 cleavage. The spa-
ced cleavage is very prominent here, with the develop-
ment of quartz- and mica-rich domainal ribs ascribed
to pressure solution processes ('spaced solution clea-
vage’) (Fig. 44).
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Fig. 44. Spaced £1 cleavage in the Stordalselva Formation, near
Mellanes, showing guartz-rich ribs developed parallel to the near-
vertical cleavage, at a moderately high angle to bedding. Locality
33

Locality 34. Vargvika, c. 794 622,
map-sheet 1:50,000 2336 |
Berlevag.

Tectonic contact between the Styret For-
mation of the Lokvikfjellet Group and the
phyllite-metasandstone interbedded unit
of the Berlevag Formation (Tanahorn Nap-

pe).

The high-angle thrust-fault separating the Lokvikfjel-
let Group from the Berlevag Formation was mapped
and described by Levell & Roberts (1977), The NE-
SW-trending thrust-plane is not exposed along the
road but it may be observed in the cliffs towards the
southwest. There, a 7-10 m thick mylonite zone marks
the contact, and the Styret Formation sandstones are
partly vitrifred in a narrow, partly brecciated zone be-
low the mylonite, A chioritic rock type present here is
probably a deformed and retrogressed dolerite dyke.
Small-scale, SE-facing asymmetric folds deform the
mylonitic foliation. Immediately to the southeast of the
Vargvika thrust, a second spaced cleavage (S2) is
developed in Styret Formation rocks; this SE-dipping
crenulation cleavage produces a marked kinking of
the 51 spaced cleavage. Quartz veins occur along
both the 51 and the S2 cleavages. In the Berlevag
phyllites, & NW- to NNW-dipging strain-slip (extension-
al) cleavage is well developed, indicating a top-to-the-
SE shear movement.

In this northwestern part of Varanger Peninsula, the
metasandstones and phyllites of the Berlevag For-
mation form three mappable units, and at locality 34
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an interbedded unit of blackish-grey phyllite, metasilt-
stone and thin-bedded metasandstone is thrust upon
the coarse sandstones of the (lower) Styret Farma-
tion.

There is a perceptible difference in metamorphic gra-
de between the very weakly metamorphosed rocks of
the Lokvikfiellet Group and the greenschist-facies
metasediments of the Berlevag Formation (Levell &
Roberts 1977). In the Berlevag Formation the pen-
etrative 51 is a true, fine-grained schistosity (trans-
itional from slaty cleavage), whereas in the
Lokvikfiellet Group it is a spaced solution cleavage. In
terms of illite crystallinity (Rice et al. 1989b), the dif-
ference in metamorphic grade appears fo be less
marked (Berlevag, high epizone grade; Lokvikfjellet,
epizone). However, the Berlevag Formation has suf-
ferad a more complex deformational history than the
Lokvikfjellet Group and, in contrast to the latter. can-
tains abundant metadolerite dykes.

Locality 35. Road-cuts at c. 784 621,
map-sheet 1:50,000 2336 |
Berlevag.

Berlevag Formation, coarse-grained meta-
sandstone unit.

Steeply NW-dipping beds of metasandstone interbed-
ded with subordinate phyllite are exposed in high

a7

road-cuts on both sides of the road. The metasand-
stone is coarse-grained, thin- to medium-bedded and
exhibits a weakly developed graded-bedding and
good examples of load casts and flute-casts.

The rocks in this area are strongly cleaved, the slaty
cleavage or schistosity being axial planar to tight to
isoclinal F1 folds which plunge steeply to the north-
west. Three sets of folds andior cleavages deform
these early structures. The shear-band crenulation
cleavage noted near locality 34 is less conspicuous
here. Onthe other hand, small-scale asymmetric folds
plunging NNW are common (Fig.45), and are well
developed on the foreshore immediately to the east of
the road-cut where they are clearly seen to deform
flattened F1 folds and 51 slaty cleavage. A steaply
dipping crenulation cleavage axial planar to these
folds varies in development from a very weak structure
to & prominent, semi-penetrative, tectonic banding. A
third generation of post-S1 structures is represented
by kink bands and small kink folds.

In the road-cut, a curious ribbing or groove lineation
(Fig. 46) on bedding surfaces is of tectonic origin,
produced by the intersection of the strain-slip, shear-
band cleavage with the beadding.

Rocks belonging to the same unit may be convenient-
Iy examined in a quarry about 0.5 km south of the main
road (776 618). Here, in addition to the coarse-grained
sandstone (and subordinate semipelitic rocks), fine-
grained quartz congiomerate is exposed. Pebbles are
lineated within S1 and show a steep plunge to the
northwest,

Fig. 45, Small-scale
asymmetric folds deforming
the bedding and 51
schistosily. A partly flattened
F1 told near the centre of the
photograph shows an
opposite vergence 1o that of
the later, more open,
asymmetric folds. Berlevag
Formation, an the foreshore
|ust east of the road-culs,
locality 35; locking
approximately northwest
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Fig. 46. Tectonic. rib-like, linear structure on badding surfaces in
inferbedded sandstones and phylites of the Berlevag Formalion
lacality 35. From Roberts (1972).

Locality 36. Valen, coastal section
north of the road at c.763 647, map-
sheet 1:50,000 2336 |, Berlevag.

Berlevag Formation, upper metasand-
stone-phyllite interbedded unit.

The steeply westward-dipping rocks of this turbidite
unit (Laird 1972) crop out in a low, partly vegetated
coastal area. The seguence consists of thin- to med-
ium-bedded, grey metasandstone beds, each bed
sharply based and with an upward gradual transition
into blackish-grey phyllite. Thin-bedded metasand-
stone beds are usually ripple cross-stratified while the
medium-thick layers show graded bedding. Sporadic,
thicker, white-weathering metasandstone beds dis-
play cross-bedding. Other primary structures prasent
in the thinner bedded sequence include convolutions,
ball-and-pillow, load casts and slump units (Fig. 47).
Segregations of carbonate (siderite) are present in
some sandstone beds.

Mescscopic folds are common, generally plunging
NNE, and carry a penetrative axial planar slaty cleav-
age or schistosity, S1. A faint “fibre’ lineation on schis-
tosity surfaces, equivalent to a stretching fabric, can
be seen in many placas. This plunges at a moderataly
steep angle ta the NNW-NW, which is quite obligue to
the axial trend of mesascopic folds in this particular
area. Minor folds and kink bands which post-date the
schistosity are also present.

Many metadolerite dykes, trending NE-SW to NNE-
SSW, are exposed along the foreshore west from Va-
len. They vary in thickness from a few centimetres to
15 m in the case of one composite dyke. One of these
cleaved dykes (exact location unknown) has been
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dated by the K-Ar method to 55117 Ma (Beckinsale
et al. 1975; recalculated),

Fig. 47, Interbedded metasandstone and phyllite, Berlevag For
mation, showing small Ioad casts and gther associated primary
structures partly transposedinio the stieeply dipping 51 schistosity
Coastal expasures just west of Valen, looking approximately north-
riartheast

Central part of the Barents Sea
Region

Drive from Berlevag to the road junction on the moun-
tain plateau near Gasdnjajav’ri; then from Gaednja-
jav'ri to Batsfjord along highway 891 and further on to
Syltefjord along a local dirt road (Figs. 6 & 32). The
total driving distance from the road junction, one way,
is about 60 km. Localities 37 - 41 are located along this
route. Locality 42 requires ¢. 35 minutes walking,

Locality 37. Adamsvatnet, c. 910
288, map-sheet 1:50,000 2436 Il
Batsfjord (topographic map and
map of bedrock geology,
Siedlecka 1987).

Lokvikfjellet Group, Sandfjorden Forma-
tion.

Medium-thick and thick beds of pink arkose crop out in
the hillslope about 50 m northwest of the road. This
arkose, coarse-grained to conglomeratic, with guartz,
quartzite and red jasper granules and pebbles, is a
typical rock of the lower Sandfjorden Formation. The
roundness of grains, good sorting, stable heavy min-
erals (e.g. zircon, tourmaline, rutile, garnet) and the
guariz-quartzite dominated composition of the peb-
bles are characteristics which led to the interpretation
of this unit as a shallow-rmarine depaosit (Levell 1980a).
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Locality 38. Annejakka, section in
a c. 2 km long road-cut (middle at
c.970 330), map-sheet 1:50,000
2436 |l Batsfjord (topographic
map and map of bedrock geology,
Siedlecka 1987). (The old road is
marked on the maps: the new road
with the exposed section has a
different location !).

Batsfijord Formation, transition between
the Skovika Member and the Annijokka
Member.

This multicoloured sequence, composed of purple
mudstone inferbedded with grey, pink or red sandsto-
ne beds and sporadic yellowish-grey dolomitic layers,
is typical of the upper Batsfjord Formation. Although
the uppermost (westernmost) part of the exposure is
rather poor, sedimentary structures such as, e.g., rip-
pled surfaces, ripple cross-lamination and desiccation
cracks may be observed, testifying to a shallow-water
deposition. Eastwards, and stratigraphically down-
wards in the section, there is a gradual transition into
an interbedded sequence of greenish-grey mudstone,
pink and greenish-grey carbonate-bearing and clayey
sandstone and greenish-grey dolomite, bright-yellow
on weathered surfaces. This sequence, typical of the
Annijokka Member, is exposed in the lower (eastern)
¢. 600 m-long part of the road-cut. The beds are typi-
cally medium-thick, parallel-laminated and wavy lami-
nated or rippled. Mud-chip breccias and desiccation
cracks may be observed.

Fig. 48. The angular unconformity between the Tyvicfisllet For
mation of the Barents Sea Group and the Sandfjorden Farmation of
he Lekvikfiellet Group exposed an the southeastern side of outer
Batsfjorden.

38

The Annijokka Member has been interpreted as hav-
ing accumulated in a marine coastal area, largely on
tidal flats (Siedlecka 1978)

In the upper part of the section there are two metado-
lerite dykes, one c. 4 m thick with a green epidote-
guartz vein and the other ¢. 80 cm in thickness.

Locality 39. View-point, NW side of
Batsfjorden, northeast of Bats-
fjord settlement, c. 017 405, map-
sheet 1:50,000 2436 Il Batsfjord
(topographic map and map of the
bedrock geology, Siedlecka 1987).

Unconformity between the Sandfjorden
Formation of the Lokvikfjellet Group and
the Tyvjofjellet Formation and the Bats-
fjord Formation of the Barents Sea Group
(Fig. 32). Dolerite dykes.

In clear weather the view towards the cliffs on the
southeastern side of Batsfjorden shows the angular
unconformity between the Barents Sea Group and the
Lekvikfjellet Group. The purple and yellowish-pink
banded mudstone and sandstone sequence of the
Tyvicfiellet Formation and the uppermost Batsfiord
Formation (the latter seen best in the NW-cliffs of the
inner Batsfiorden) are sharply overlain by a homo-
geneous, pink sandstone sequence of the Sandfjor-
den Formation (Fig. 48).

The unconformity is cut by a swarm of steeply dipping
to vertical, metadolerite dykes (Fig. 43). The greenish
weathering dykes are also numerous in the general
vicinity of Batsfjord, and many can be seen and stud-
ied by walking northeastwards from here along the
shore. The NE-SW to NNE-SSW trending dykes are
less pervasively metamorphosed and cleaved than
those oceurring in the Kongsfjord and Berlevag areas
In some cases only the dyke marginal zones are clea-
ved. In the host metasediments the S1 cleavage may
be obligue (by as much as 30°), but generally curves
into subparallelism with the dyke margins.

Three of these dykes were dated by the K-Ar method
to around 650 Ma (Beckinsale et al. 1975), Further
Isctopic dating work and a geochemical study are
nearing completion.
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Locality 40. Arusjakka, road-cut at
c. 987 327, map-sheet 1:50,000
2436 |1l Batsfjord (topographic
map and map of the bedrock
geology, Siedlecka 1987).

Batsfjord Formation, Annijokka Member.

A section through the (upper) Annijokka Member is
exposed in a c.400 m-long road-cut, along a marked
bend in the mad to Syltefjord. The section cansists of
interbeds of blue-green to greenish-grey, thick-bed-
ded, banded mudstone, dark-grey clayey shale and
yellowish-grey arenaceous dolomite. These rock-ty-
pes form recurrent sandstone-shale-mudstone-dolo-
mite cycles. The cycles are particularly well-exposed
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Fig. 49
Metadolerite and
dolerite dykes
intruding rocks of
fhe Barents Sea
Group and
Lakvikijellet
Group
Southeastern
coast of outer
Batstordan

in the eastern part of the road-cut, At the same time
there appear purple-coloured mudstones and red-
dish-grey sandstones typical of the upper Batsijord
Formation. There is an abundance of sedimentary
structures preserved in these beds: parallel horizontal
lamination, ripple cross-stratification, ripple marks,
desiccation cracks, intraformational mud-chip brecc-
ias and 'birds eye’ structures (Fig. 50). Pseudomorphs
after salt have been found in this locality by S. Sied-
lecki {personal comm.}.

The Annijokka Member was interpreted by Siediecka
(1978) as a coastal marine deposit accumulated
mainly on tidal flats, with the lerrigenous-carbonate
sequences reflecting shallowing-up conditions.

The weakly metamorphosed sedimentary sequence
carries a fairly penetrative, SE-dipping, 51 slaty clea-

Fig. 50.

Many sedimentany
structuras, in
particular birds-eye
structures (filled
with calcite) and
intraformational
breccias, commaon
in the Batsfjord
Formation, may be
studied in the
road-cut labelied as
locality 40
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vage. In a part of the road-cut, two mafic dykes, 50 cm
and ¢. 35 cm thick, merge into one composite dyke
and are oriented subparallel to the cleavage. Quartz-
calcite veins are prominent in the dykes; and they also
extend out into the hornfelsed aureole zone and tran-
sect 51,

Locality 41. Straumen, road-cuts
and exposure in the hillslope of
Veineset, map-sheet 1:50,000
2436 Il Syltefjord.

Stratigraphic contact between the Basneaer-
ingen Formation and the Batsfjord Forma-
tion, section of the Annijokka Member,
stromatolites.

The local dirt road to Hamna in Syltefjord crosses the
stratigraphic contact between the Hestman Member
of the Basnaeringen Formation and the Annijokka
Member of the Batsfjord Formation (Figs. 51 & 52).
The contact is clearly visible from a distance in the
southwestern slope of Hamnefjellet, and the rocks of
both units may be examined along the road.

A . 200 m-thick section of the Annijokka Member is
exposed along the road and coast over a distance of
more than 4 km (the Sommerset profile of Siedlecka,
1978). The section consists of siliciclastic and carbo-
nate rocks arranged in recurrent cycles each a few
metres thick. The cycles start with sandstone grading
into siltstone, followed by claystone and dolomite with
limestone. At the same time there is, in the section, a
gradual upward increase in carbonate rocks at the
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Fig. 51. Geological map of the area around the head of Sylte-
fiorden. Localitias 41 and 42 are indicated

expense of terrigenous beds, testifying to a gradual
transition from terrigenous to carbonate deposition.
There is, in these rocks, an abundance of sedimentary
structures such as cross bedding, ripple cross-stratifi-
cation, flaser and lenticular bedding (Fig. 53), parallel
lamination, desiccation cracks, mud-chip breccias
and 'birds eye' structures in dolomite. In addition,

Fig. 52. View
towards Veine-
sel innner
Syltefiorden
The contact
between the
Basnaeringen
Formation and
the Batsfijord
Formation is
visible in the
slopes, and the
section iz partly
exposed along
the coastal
road. Locality
41 iz close 1o
the road at the
far right
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there are at least two stromatolite biostromes contai-
ning non-columnar stromatolites.

Aterrigenous-carbonate tidal flat environment of sedi-
mentation for this succession has been proposed by
Siedlecka (1978). The stromatolites were interpreted
as having formed in supratidal, fresh-water to schizo-
haline ponds (Siedlecka 1982),

Calcareous concretions, developed and superimpo-
sed on rippled and laminated terrigenous-dolomitic
sediment, may also be observed in this section (Fig.
54).

Fig. 52 Dolomitic sandstone and mudstone beds with flaser and
lenticular bedding in the Annijokka Member of the lower Batsfiord
Formation at locality 41,
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Locality 42. Veinesodden, section
at ¢.936 283, map-sheet 1:50,000
2436 |l Syltefjord.

Hestman Member of the Basnzeringen For-
mation in stratigraphic contact with the
Annijokka Member of the Batsfjord For-
mation; section of the Annijokka Member,
stromatolites.

From the end of the road at Hamna (922 281), ac. 35
min. walk over the hill towards the east, to the northern
coastal section of Veinesodden (last part of the walk
along a rather steep sheep path !). The section is
continuously exposed and it is recommended to exa-
mine it at low tide.

In: this Veinesodden profile of Siedlecka (1978) (Fig.
51), several interesting features may be observed.
The red feldspathic sandstone marking the top of the
Basnaeringen Formation is overlain by a series of
interbedded greenish-grey claystone and siltstone,
grey sandstone and shaly sandstone and siltstone,
blackish-grey claystone and carbonate rocks in which
six stromatolite biostromes have been recorded. Asin
the Sommerset profile, the rocks are arranged in re-
current terrigenous fining-up to carbonate cycles.
There is an abundance of sedimentary structures
such as cross-bedding, ripple cross-stratification, fla-
ser- and lenticular bedding, parallel lamination, desic-
cation cracks and intraformational mud-chip breccias.
The structures testify to shallow-water sedimentation
and a tidal-flat environment of deposition was sugges-

Fig. 54, Calcareous
concretions in termge-
nous-dalomitic beds of
the Annijokka Member,
Batsfiord Formatiaon, at
locality 41, Parallel
larmination and rippie
crogs-stratification (and
other structures nat
visiole here) are essen-
tiafly undeformed,
testifving to a late

stage of formation of
the concrations.
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ted by Siedlecka (1978), with the cycles reflecting
repeated shallowing-up events. Particularly interes-
ting are synaeresis cracks which occur in abundance
and penetrate deeply into clay-rich beds. The stroma-
tolites have unusual 'wash-bowl” shapes (Fig. 55),
form calcareous horizons within terrigenous and dolo-
mitic beds within the upper parts of the cycles, and
were interpreted by Siedlecka (1982) as having origi-
nated in supratidal, fresh-water to shizohaline ponds.

As an alternative to this locality, a walk along the
Hamna coastal section, east of Hamna (Fig. 51) can
be recommended. Structures resulting from sediment
desiccation and brecciation are particularly well ex-
posed here. Some of the microspar-sealed pores have
sub-cubic shapes and may represent pseudomorphs
after salt crystals.

Fig. 55. Stromatolite-bearing, terrigenous-carbonate series of the
Annijokka Member, Batsfjord Formation, exposed at Veinesodden
in inner Syltefjorden. MNote the block with stromatolites, known as
'Haltedahl's block', which was pictured for the first time by Olaf
Haltedahl in his 1918 memoir.
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Finnmark, in northern Morway, has long been a magnetic attraction to geologists. At
the time of Everest’s and von Buch’'s excursions in that county over one and a half
centuries ago, the North Cape then served as the principal goal for our geo-
forefathers. At about the same time Keilhau provided the first descriptions of the
geology of East Finnmark; and later, Reusch established the glacial origin of a
curious conglomerate - the now famous Reusch moraine" in Varangerfjorden. Over
the past 2-3 decades emphasis has focused on the detailed geological mapping of
the entire county, directed from the Geological Survey of Norway. The Varanger
Peninsula in particular has figured prominently in this research effort, which has been
coordinated by Anna Siedlecka and Stan Siedlecki.

In 1989, a collaboration programme was launched between the former Soviet, now
Russian Academy of Sciences, Kola Branch, and the Geological Survey of Norway
and included the project "Correlation ot the Middle-Upper Proterozoic sedimeantary
successions of the northern coastal areas of the USSR and Norway”. Essentially, this
involves the very low grade sedimentary rocks of Varanger Peninsula and the nearby
peninsulas of Rybachi and Sredni, and Kildin island, in the Russian Federation. For
the very first time specialists from both countries have together been able to visit
neighbouring territories and examine the stratigraphy, sedimentology and tectonic
structures of these excellently preserved successions. The excursion guide forming
this Special Publication has been written in connection with this joint fieldwork.

The excursion guide is laid out in two parts. In a lengthy but concise introduction, the
lithostratigraphical successions occurring throughout the peninsula are briefly
described, A geological map in colour is also included. Short chapters are presented
on basin development, tectonic structures and metamorphism, dolerite dykes, and
aspects of correlation between Varanger and the Rybachi and Sredni Peninsulas.
Descriptions of the excursion localities, 42 in number, form the main part of the guide.
Precise locations and grid references are given for each stop, and the localities are
also indicated on stratigraphic correlation tables. The excursion guide is illustrated
with over forty field photographs, many of which are in colour, thus reminding one of
the picturesque beauty ot this northeasternmost part of Finnmark.
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