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The Caledonian allochthon in Finnmark embraces 4 major nappes or nappe complexes named, from
bottom to top. the Gaissa. Laksefjord, Kalak and Mageroy. Of these the 3 lower nappe complexes
acquired their internal deformation structures and largely ductile basal mylonite fabrics (ultracatacla-
site in the case of the Gaissa) during the late Cambrian - carly Ordovician Finnmarkian orogenic
phasc. The Magergy Nappe, on the other hand, was internally deformed and thrust to its present
position during the late Silurian to carliest Devonian Scandian orogenesis. Evidence of Scandian
heating and final translation of the subjacent Kalak Nappe Complex is found in radiometric data and
in diaphthoretic cataclasites overprinting ductile mylonites.

The Finnmarkian nappes are composed of both late Riphean to carliest Ordovician (lower
Tremadoc) sedimentary sequences and tectonically incorporated sheets of Archacan gneissic rocks
and Protcrozoic volcanosedimentary assemblages of Baltoscandian affinity. Within the higher nap-
pes. lower parts of the sedimentary “cover” successions are found to lic unconformably upon the
Preccambrian rocks in several arcas. In the autochthon and parautochthon the sedimentary sequences
ranges in age from late Riphean to late Cambrian and includes the Varangian tillites. The metasedi-
mentary succession in the Magergy Nappe is of definite carly Silurian age, and possibly in part late
Ordovician. Syntectonic plutonic complexes occur in both the Finnmarkian- and the Scandian-
deformed nappes.

As shown by geochronological evidence. Finnmarkian deformation and metamorphism began in
the orogenic interior, far to the west. in the middle to late Cambrian, at which time rocks now in the
upper Kalak were metamorphosed in highest amphibolite facies. This orogenic deformation migrated
diachronously southeastwards. occurring at gradually shallower crustal levels and in lower metamorp-
hic grades. and ultimately affected the rocks in the lowest nappes and parautochthon in post-early
Tremadoc time. Thrusting is largely post-metamorphic and this, too, developed successively, in
piggy-back fashion. in the principal direction of southeastward translation. Lower nappes in particular
show internal imbricate zones and duplex structures, and the parautochthon is considered to be
floored by a blind thrust. Tectonic windows of Proterozoic rocks in west Finnmark are probably
parautochthonous to allochthonous. rather than autochthonous as traditionally believed. Scandian
deformation and metamorphism in the Mageroy Nappe varied from greenschist to upper amphibolite
facics. These rocks were then translated cast-southeastwards along a thrust zone which locally
attained sillimanite grade.

Faulting is an important component of Caledontan deformation and includes the NW-SE. dextral
strike-slip. Trollfjord-Komagelv Fault Zone. a palcotransform structure in late Precambrian to
Cambrian time. but which also shows cvidence of late Caledonian and younger movements. Many
faults clsewhere in Finnmark are polyphase structures with rejuvenations in late Palacozoic, Mesozoic
and Cenozoic time. some in connection with the opening of the Norwegian Sea.
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Introduction

The county of Finnmark is dominated geo-
logically by rocks of the Caledonian fold belt.
Extending for some 370 km from the Andsnes
Peninsula, Kvanangen. in the west to Varanger
Peninsula in the east, the nappes of the meta-
morphic allochthon overlie a generally thin au-
tochthonous sedimentary sequence deposited
upon a peneplaned surface of deeply eroded
Proterozoic and Archaean crystalline rocks. To-

wards the east. in the Varangerfjord region, the
autochthonous (or parautochthonous) sed-
iments are considerably thicker and are jux-
taposed, across a major NW-SE-trending fault,
against a sedimentary package, the Barents Sea
Group, which appcars to represent a tectonic
incursion of rocks foreign to the Baltoscandian
foreland milieu encountered elsewhere in Finn-
mark. These relationships are described a little
more fully later in this account.
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Our present knowledge of stratigraphy and
tectonostratigraphy of the Finnmark Caledoni-
des stems largely from the work of Reading
(1965). Foyn (1967, 1969) and Sturt et al.
(1975). Several synoptic or review articles follo-
wed during the 1970°s. each reflecting the exi-
sting state-of-the-art (Gayer 1971, Gayer & J.
Roberts 1974, Ramsay 1971, Siedlecka & Si-
edlecki 1972, Sturt et al. 1975, 1978, Williams et
al. 1976, Sturt & Roberts 1978, Zwaan & Ro-
berts 1978). In more recent time regional syn-
theses. stressing different themes. have been
given by Foyn (1985) and Ramsay et al. (1985a)
and a review of basin development on Varanger
Peninsula by Siedlecka (1984).

The present contribution is concerned with
highlighting aspects of recent mapping and rese-
arch, and assessing how these results affect cur-
rent models of Caledonide evolution of this part
of the mountain belt. As a preliminary to this
exercise it is, however, necessary to outline the
main features of the tectonostratigraphy and of
the lithostratigraphic successions occurring
throughout the region.

Tectonostratigraphy

In terms of the now fairly well known major
tectonostratigraphic divisions of the Scandina-
vian Caledonide orogen. the nappes of Finn-
mark belong for the most part to the Lower and
Middle Allochthons (Fig. 1), with the Upper
Allochthon represented only on Magergy. Cha-
racteristic features of these allochthons are de-
scribed elsewhere (Roberts & Gee 1985).
Briefly, the Lower Allochthon (and subjacent
Parautochthon and Autochthon) in northern
Norway is dominated by Late Precambrian to
Tremadoc sedimentary rocks, while the Middle
Allochthon consists of both Precambrian crys-
talline rocks and Late Precambrian to Cambrian
sediments of Baltoscandian miogeocline origin.
Sediments of the Upper Allochthon are in gen-
eral younger, Ordovician to Lower Silurian, and
are considered to derive from shelf to eugeocli-
nal environments originally located further to
the west.

Four principal nappes or nappe complexes
are recognised in the Caledonides of Finnmark
(Fig. 2):

Magergy Nappe - Upper Allochthon

Kalak Nappe Complex - | Middle
Laksefjord Nappe Complex ' Allochthon
Gaissa Nappe (Complex) - Lower Allochthon
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The two highest units. the Mageroy Nappe and
Kalak Nappe Complex. are floored by thick
zones of mylonite to ultramylonite. The sole
thrust to the Laksefjord Nappe Complex is also
mylonitic, though less thick. while the Gaissa
sole thrust carries only a 3-5 cm-thick band of
ultracataclasite. In general. the prominent stret-
ching lineations within and above the thrust
zones denote a southeast to cast-southeast
translation of the nappe rocks.

Regarding the time of nappe detachment and
final translation, the picture is complicated by
the polyphase nature of the orogenic develop-
ment of the Scandinavian Caledonian mountain
chain (Roberts & Sturt 1980, Gee & Roberts
1983). This applies to Finnmark just as much as
arcas further south. To summarize. however,
the three lower nappe complexes are considered
to have acquired their largely ductile, basal my-
lonite fabrics during the latest Cambrian - carly
Ordovician Finnmarkian orogenic phase, with
thrust translation migrating diachronously from
hinterland to foreland (Sturt & Roberts 1978).
Emplacement of the Mageroy Nappe. on the
other hand. occurred during the latest Silurian -
carliest Devonian Scandian orogenesis (Ram-
say & Sturt 1976, Andersen 1981. Andersen et
al. 1982) following internal deformation and ini-
tial imbrication. An important question relates
to the extent to which the highest Finnmarkian
nappe were rcheated and deformed during
Scandian time. Some details concerning the
timing of deformation are presented on p. . All
Rb-Srisochron dates quoted have been recalcu-
lated using the YRb decay constant of 1.42 x
10-""/yr (Steiger & Jager 1977).

Stratigraphies

With the exception of the rocks of the Magergy
Nappe and of the Barents Sea Region (p. ).
lithostratigraphies in the autochthon, para-
utochthon and Finnmarkian-deformed alloch-
thons show many similarities in general
lithofacies and can readily be assigned to the
foreland or miogeoclinal environments which
existed along the margin of the Baltoscandian
Shield in Late Proterozoic to earliest Palacozoic
time. Many detailed descriptions have been gi-
ven of the stratigraphical sequences occurring
within each tectonostratigraphic unit or in spe-
cific areas (e.g. Reading 1965. Roberts 1968,
Banks et al. 1971, 1974, Siedlecka & Siedlecki
1971, Laird 1972, Gayer & J. Roberts 1973,
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Fig. 1. Main divisions of the tectonostratigraphy of the Caledonides in Finnmark. The divisions into Lower, Middle and Upper
Allochthons are those adopted for the Scandinavian Caledonides as a whole (IGCP Project27 "The Caledonide Orogen™: see

e.g. Roberts & Gee 1985).

Foyn & Siedlecki 1980, Williams et al. 1976)
and a recent review for eastern districts pre-
sented by Foyn (1985). Consequently, only a
brief outline will be given here. The principal
group-rank subdivisions are shown in Fig. 3.

Autochthon-parautochthon. This basal sequ-
ence is exposed most extensively in the Varan-
gerfjord district, south of the Trollfjord-
Komagelv Fault Zone (Fig. 1). Rocks of various
formations lie with primary. unconformable
contact upon the Archaean to Early Proterozoic
Baltoscandian crystalline basement, and the
stratigraphic sequence (Vadsg. Tanafjord and
Vestertana Groups) carries several minor or
moderately important unconformities. The suc-
cession, which includes the Varangian tillites.
ranges from Late Riphean to Late Vendian or
earliest Cambrian age. the upper limit here de-
pending on the precise location of the basal
thrust to the Gaissa Nappe. In the western part
of southern Varanger Peninsula the strata are
strongly folded (Siedlecki 1980) and are here
regarded as parautochthonous (p. ).

The thin. condensed sequence of the Vendian
to Lower Cambrian Dividal Group (Fig. 3) con-
stitutes a sedimentary veneer lying upon the
peneplaned surface of the Precambrian crystalli-
nes; this can be traced over considerable distan-
ces across Finnmark and southwards into the
county of Troms (Fayn 1967, 1984). In SW Finn-
mark and Troms the upper parts of the Dividal
are locally deformed in thin thrust slices imme-
diately beneath the nappes (Skjerlie & Tan
1961). Around the tectonic windows of Sveco-
karelian Raipas Supergroup rocks in western
Finnmark «(Fig. 1), Dividal Group correlatives
arc more strongly deformed with the develop-
ment of an incipient slaty cleavage (Zwaan &
Gautier 1980, Pharaoh et al. 1983).

Gaissa Nappe. The lithostratigraphy of the
western part of the Gaissa Nappe has been sub-
ject to conflicting interpretations (cf. J. Roberts
1974, D.M. Williams 1976) within what was
then termed the Porsangerfjord Group. Detai-
led mapping across Laksefjordvidda into the
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Fig. 2. Main features of the Caledonian nappe sequence and autochthon of Finnmark: revised and updated after Sturt & Roberts
(1978). The Rb-Sr and K/Ar data are from sources sited in the main text. */Ar/*Ar dates are from Dr. R.D. Dallmeyer (pers.
comm. 1985). The broken horizontal lines denote major unconformities. All other boundaries are tectonic.
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Porsangerfjord district by Foyn & Siedlecki
(1980). Roberts (1983a) and Rice & Harrington
(1983) have shown. however, that several forma-
tions of the Tanafjord Group can be traced into
this district, thus rendering the term Porsanger-
fjord Group superfluous. Three of these for-
mations can even be recognised further west in
the Alta area, as the Bossekop Group (Fig. 3).
There, it is significant that the Bossckop sed-
iments lie unconformably above Karelian Prote-
rozoic rocks (Zwaan & Gautier 1980).

In the northeastern part of the Gaissa Nappe,
rocks of the Vestertana and Digermul Groups
follow stratigraphically above the Tanafjord
Group. The full sequence in the Gaissa thus
ranges from Vendian (Vidal 1981) to Tremadoc
(Reading 1965, Nikolaisen & Henningsmoen
1985). Earlier. it had been considered that dis-
placement along the Gaissa sole thrust dimin-
ished to zero towards Andabaktoaive (Fayn
1937) such that the Gaissa Nappe gradually
merged into the autochthon. Arguments have
recently been presented (Chapman et al. 1985,
Townsend et al. in press) that the Gaissa thrust

The Caledonian Fold Belt in Finnmark 165

in all probability extends northeastwards across
the Tana estuary, and is eventually truncated by
the polyphase Trollfjord-Komagelv Fault (Plate
1)
Laksefjord Nappe Complex. As no fossils
have yet been recovered from the Laksefjord
Group metasediments of this nappe, the age of
the succession is unknown (Fgyn 1985). Basal
conglomerates have been interpreted as either
glacigenic (Laird 1972) or alluvial fan deposits
(Chapman 1980, Foyn et al. 1983). Based on
general lithological character and comparison
with other sequences. a Vendian (? or latest
Riphean) to early Cambrian age for this group
would appear to be the most likely possibility.
In one area an unconformable contact has been
found between basal clastic sediments and sub-
jacent Proterozoic granitic and basic volcanic
rocks (Fgyn et al. 1983).

Kalak Nappe Complex. A thick sequence of
metasedimentary rocks dominated by meta-ar-
kosic psammites (Klubben Group) but also in-
cluding younger schists. metalimestones and
turbiditic metagreywackes characterizes the

KALAK LAKSEFJORD GAISSA PARAUTOCHTHON BARENTS SEA
AND AUTOCHTHON REGION
NAPPE CPX. NAPPE CPX. NAPPE CPX. e — BTN
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Fig. 3. The principal lithostratigraphical subdivisions (groups) within the Finnmarkian nappe complexes, parautochthon,
autochthon and Barents Sea Region allochthon. The diagram shows the age-ranges of the various units, but is not intended
to indicate thicknesses. Unconformities indicated by wavy lines: triangles — Varangian tillites: arrows above sequences in
nappe columns indicate the approximate time of main thrusting: T at base of Ordovician = Tremadoc.
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composite Kalak allochthon. As in the case of
the rocks of the Laksefjord Nappe Complex.
the age of the succession is uncertain but assu-
med late Riphean or Vendian to Cambrian. No
major conglomerate or tillite horizons have yet
been found in the succession. Doubt has recent-
ly been raised (Debrenne 1984) about the au-
thenticity of “fossils™ described as archacocyat-
hids (Holland & Sturt 1970). reportedly of
Middle Cambrian age. leaving the precise age of
the upper part of the sequence an open que-
stion. However. Finnmarkian deformation of
the succession provides a minimum age.

Animportant component of the Kalak Nappe
Complex is that of tectonic units of Precambrian
basement rocks. both Proterozoic supracrustal
sequences and Archaean crystalline complexes
(Sturtetal. 1978, Zwaan & Roberts 1978, Ram-
say et al. 1985a. b). In one area. dykes of grano-
diorite cutting tonalitic gneisses have yielded a
Rb-Sr whole-rock isochron age of ca. 3000 Ma
B.P. (Sturt & Austrheim. this volume). Signifi-
cantly, sediments of the Klubben Group have
been found to lie unconformably upon these
older Precambrian rocks at four separate locali-
tites (Ramsay & Sturt 1977, Ramsay et al. 1979,
Sturt et al. 1981). This couplet of basement and
cover occurs at different tectonic levels within
the Kalak Nappe Complex.

Another important element in the Kalak is
the polyphase. synorogenic, magmatic complex
represented by the “Seiland Igneous Province’
(e.g. Robins & Gardner 1975). These plutonic
rocks range from ultramafites and gabbros to
nepheline syenites. carbonatites and shonkini-
tes and were intruded into the deforming sed-
imentary cover at several stages during the
Finnmarkian orogeny. A further component in
the Kalak sediments is that of metadolerite
dykes. These vary in relative age from pre-tecto-
nic to syn- or even post-tectonic. with respect to
the Finnmarkian deformation.

Allochthon of the Barents Sea Region. The arca
northeast of the Trollfjord-Komagelv Fault. ter-
med the Barents Sea Region (Siedlecka & Si-
edlecki 1967). consists of three main rock units:
the Barents Sea Group. Lokvikfjell Group and
Berlevag Formation. The last-mentioned unit
occurs only in the extreme northwest and is
regarded as part of the Kalak Nappe Complex
(Levell & Roberts 1977).

The Barents Sea Group is a ca. 9 km-thick
regressive sequence comprising 4 formations.
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from a submarine fan accumulation at the base
(Kongsfjord Formation) through deltaic and
shallow-water coastal sediments (Basnzring
and Batsfjord Formations) into a fluvial unit
(Tyvjofjell Formation) at the top (Siedlecka &
Siedlecki 1967. 1972, Siedlecka 1972, 1975,
1984. Sicdlecka & Edwards 1980, Pickering
1981). Based on acritarch assemblages the
group is of late Riphean to carly Vendian age
(Vidal & Siedlecka 1983). The Leokvikfjell
Group (5 formations). which lies unconforma-
bly upon the Barents Sea Group (Siedlecki &
Levell 1978). is a 5.6 km-thick sequence of shal-
low-marine to fluvial sediments. No time-di-
agnostic microfauna has vet been recovered
from this group: however. based on a K/Ar who-
le-rock age of 640 Ma (Beckinsale et al. 1975)
for a dolerite dyke which cuts rocks of the lowest
formation. and the fact that the youngest micro-
faunally dated sediments in the subjacent
Barents Sca Group are of carly Vendian age.
then a Vendian age seems likely (Vidal & Si-
edlecka 1983).

The Barents Sca Group sediments show
marked differences in lithofacies. thickness and
interpreted depositional environments as com-
pared with the time-cquivalent Vadse and Tan-
afjord Group rocks south of the Trollfjord-
Komagelv Fault (Siedlecka 1975, 1984). In addi-
tion. they are locally cut by swarms of dolerite
dykes in some arcas. Lithostratigraphically the
Barents Sca Group has much in common with
comparably aged sequences in East Greenland
(Siedlecki 1975) and on the Ribachiy Peninsula
of USSR (Siedlecka 1975). and Kjode et al.
(1978) have suggested an original close geo-
graphic association between this group and the
Eleonore Bay Group rocks of East Greenland.
In this regard. structural data have suggested
that the Trollfjord-Komagelv Fault has functio-
ned as a dextral strike-slip megatracture (Har-
land & Gayer 1972, Roberts 1972, Johnson et al.
1978) for a part of its early history. with more
than 500 km of lateral displacement along what
was then a paleotransform fault in a developing
lapetus Ocean in Late Precambrian to Cambri-
an time (Kjode ct al. 1978).

Recent work on the geochemistry of stream
sediments, weathering products and local mor-
aine material from localities on Varanger Pen-
insula has revealed major disparities in element
anomaly patterns (Ottesen et al.. this volume)
on either side of the T-K Fault. In particular,
there are marked enrichments in the heavy min-
eral fractions of stream sediments and local till
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in elements such as Pb, Mo, Zr, Nb. Sn. Th, Ta
and Va northeast of the fault. As the analysed
material is considered to be derived largely from
the local bedrock. this lends further support to
the notion that the rocks of the Barents Sea
Region are quite different from those southwest
of the T-K Fault and constitute a foreign ele-
ment (or exotic terrane: Roberts 1983b) tectoni-
cally juxtaposed along the margin of the
Baltoscandian Shield.

Magerpy Nappe. The metasedimentary suc-
cession composing the bulk of the Mageroy
Nappe contains fossils of early Silurian (Llando-
very) age. The 5.5 km-thick sequence. of 2
groups and 5 formations (Andersen 1981,
1984). consists of turbiditic to shelf-type sed-
iments and may extend down into the late Ordo-
vician. Plutonic rocks occurring within the
nappe are of two main types, mafic/ultramafic
and granitic. both of which are syntectonic with
respect to the Scandian orogenic event.

In one arca on Magergy a klippe of migmati-
zed schists and quartzites lies tectonically above
the Magergy Nappe: this unit is called the Skar-
svag Nappe (K. Kjersrud, pers.comm. 1979,
Andersen 1981). The Skarsvag klippe may rep-
resent a structural unit of Kalak metasediments
tectonically emplaced above the Magergy Nap-
pe during Scandian deformation.

Structural geology and regional
metamorphism

Over the last twenty years, considerable rese-
arch effort has been directed toward determi-
ning the structural and metamorphic evolution
of the Finnmark Caledonides. In this regard,
geochronological studies in selected arcas have
been invaluable in providing constraints on the
timing of tectonothermal events. especially
within nappe units where biostratigraphical
control is lacking.

In this contribution, no attempt will be made
to describe or synthesize the polyphasal structu-
ral and associated metamorphic histories of in-
dividual areas or nappes. Such an exercise has
been carried out at various stages by ¢.g. Gayer
& J. Roberts (1971). Sturt et al. (1975). Zwaan
& Roberts (1978) and Ramsay et al. (1985a).
based on innumerable articles and university
theses. Here, only the main features of the fold
deformation and metamorphic parageneses are
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outlined, and emphasis is instead placed on the
results of recent mapping and research which
have a bearing on the overall structural history
and nappe geometries.

Fold deformation

Taking the Kalak, Laksefjord and Gaissa Nap-
pes as a whole. i.c. excluding the Magergy Nap-
pe, there is a general decrease in intensity and
complexity of structural deformation from
northwest to southeast., moving down the tecto-
nostratigraphy towards the foreland. This pat-
tern can be taken further, into the
parautochthon. where folds are open to gentle
and eventually die out into the autochthonous
sedimentary sequence in the Varangerfjord
arca (Roberts 1972, Siedlecki 1980). Allied re-
gional trends are those of diminishing ductility
of deformation and of generally progressively
lower grades of metamorphism from northwest
(amphibolite facies) to southeast (sub-green-
schist facies). How much of this deformation
and metamorphism is Finnmarkian and how
much is Scandian. especially in the high-grade
multiply folded sequences. is still an open que-
stion.

Within the Kalak Nappe Complex the Cal-
edonian deformation is truly multiphase., some
5 or 6 fold episodes having been distinguished
across the district as a whole: of these. perhaps
only 3 episodes can be regarded as regionally
significant (Zwaan & Roberts 1978, Ramsay ct
al. 1985a. Gayer et al. 1985). The oldest folds.
D1. occur mainly in the highest part of the Ka-
lak allochthon, especially on Sgrgy. These de-
veloped under greenschist facies conditions and
arc commonly isoclinal. These structures are
rare or lacking in castern arcas and in the lower
nappes.

The second principal deformation phase, D2,
occurred under generally higher grades of re-
gional metamorphism and it is these fold struc-
tures and associated regional schistosity and
stretching lincations that can be followed wide-
ly. both within the Kalak and from nappe to
nappe. Fold style varies considerably across the
region. commonly near to isoclinal in the higher
nappes where a late-D2 flattening has tightened
the fold structures and contributed to the rota-
tion of fold axes (the folds originally developed
by simple shear) into the penetrative NW-SE to
WNW-ESE stretching lineation. Such rotation
and extreme stretching is most prominent lower
down in individual nappes in mylonite zones
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and in other high-strain zones. Towards the base
of the middle unit of the Laksefjord Nappe
Complex, stretched pebbles in conglomerates
denote the imposition of high flattening strains
(Chapman et al. 1979. Roberts & Sturt 1980).
Within the Kalak Nappe Complex a generally
less intense deformation can be recognised in
northern areas, towards Nordkinnhalvaya. In
this district, folds carrying the regional schistosi-
ty are comparatively upright, close to tight
structures (Roberts & Andersen 1985). On the
contrary, in the extreme southwest and into
Troms county, the NW-SE D2 lineation is per-
vasive and folds are isoclinal. in marked contrast
to the N-S grain of the overlying Scandian nap-
pes (Zwaan 1985).

Synmetamorphic folds in the Laksefjord
Nappe Complex are generally SE-verging tight
structures modified by a late flattening strain. In
high-strain zones fold axes are rotated into par-
allelism with the prominent extension lineation
(Williams 1978). This lincation is generally ori-
ented NW-SE but varies between NNW-SSE
and WNW-ESE. In the Gaissa Nappe and para-
utochthon the schistosity-associated folds are
open to close structures of mainly N-S to NE-
SW axial trend and ESE vergence (Williams
1979) but swinging to ENE-WSW in the
Varangerfjord district. Three different types or
groups of folds have been described by Towns-
end et al. (in press) from this nappe, based on
their time-relationship to internal thrust-faults.

In the allochthon of the Barents Sea Region.,
synmetamorphic folds are open to close structu-
res resulting from SE-directed shortening (Ro-
berts 1972), with a general decrease of strain
towards the southeast. Metamorphic paragene-
ses are in lower greenschist facies. Taking the
Barents Sea Region rocks as a whole. deforma-
tion and metamorphism is more advanced in
these sequences than in the Vadsg and Tan-
afjord Group rocks on the southern side of the
T-K Fault, which suggests (Roberts 1972) that
there was a component of right-lateral displace-
ment along the fault in late- or post-Finnmarki-
an time. This was in addition to the major right-
lateral movement in Late Precambrian- Cambri-
an time (Kjode et al. 1978).

Folds which deform the regional schistosity in
the Kalak and lower nappes are common in
many areas, particularly those of the D3 phase
which Zwaan & Roberts (1978) considered were
associated with the Scandian orogenic episode.
In the Kalak Nappe Complex on Porsangerhalv-
@ya, structures belonging to 5 fold phases have
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been described by Gayer ct al. (1985). These
authors regard all these deformations as Finn-
markian. However. some may be Scandian or
younger.

Nappe geometries

Although it has long been known that the Cal-
edonides of northern Norway consist of compa-
ratively thin thrust-sheets. and thus belong to
the category of 'thin-skinned" fold belts. the in-
ternal construction and overall geometries of
the individual nappes have received little atten-
tion until fairly recently. The initial tripartite
subdivision of the Finnmarkian allochthon. for
example. has been found to be far too simple.
and insufficient to cover the complexity of the
thrust deformation as revealed by detailed map-
ping and structural studies. Thus. ‘'nappes’ such
as the Kalak and the Laksefjord have been pro-
moted to the status of 'nappe complexes’.

In the case of the Kalak Nappe Complex, a
major advance in our understanding of the con-
struction and geometry of this part of the thrust-
belt was the discovery of basement/cover cou-
plets and the intervening unconformity. by
Ramsay & Sturt (1977). While an initial subdivi-
sion of the Kalak Nappe Complex had been
made earlier (Roberts 1974). and Precambrian
crystalline rocks already recognised as com-
ponents in the allochthon (Zwaan & Ryghaug
1972, Jansen 1976), the significance of the un-
conformable cover on pre-Caledonian crystalli-
nes led to a careful evaluation of older maps and
encouraged detailed investigations (some assi-
sted by geochronology) in areas known to carry
thick units of gneissic rocks. As a result, an
increasing complexity has been found for the
Kalak. Some 9 or 10 separate nappes have now
been distinguished (ec.g. Ramsay et al. 1981,
1985a.b, Gayer et al. 1985) between Porsanger-
halvgya and Nordreisa (Plate 1). each consisting
of various combinations of the three main units,
crystalline gneissic rocks. Svecokarelian supra-
crustals and the Klubben to Hellefjord Group
rocks as cover sediments. In the eastern Porsan-
gerhalvgya district alone, Gayer et al. (1985)
have divided eight nappes into 25 separate
thrust-sheets. It should also be noted that a
broad two-fold grouping of the Kalak nappes
into “distal’ and 'proximal’ - for far-travelled
and less far-travelled nappes. respectively — has
been introduced by Ramsay et al. (1985a).

An interesting and important feature of the
‘basement’ elements within the Kalak Nappe
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Complex is that they are still recognisable as
Baltoscandian continental assemblages, Sveco-
karelian (Raipas-type) or Archaean, evenin the
highest thrust-sheets. As a minimum total
translation of more than 400 km appears to be
indicated for these higher nappes (Ramsay et al.
1985a), this points to the cratonic nature of an
originally extremely wide miogeoclinal deposi-
tional basin, or basins.

In comparison with the Kalak, the Lakse-
fiord Nappe Complex (Chapman 1980) appears
to display a somewhat simpler internal con-
struction and is divided into the Lower, Middle
and Upper Laksefjord Nappes by major listric
thrusts. The Upper and Middle units consist
largely of Laksefjord Group metasediments, al-
though a small area of granitic and metavolcanic
rocks occurs unconformably below the sed-
iments near the base of the Middle Nappe. By
contrast, the Lower Nappe constitutes a sheet
or horse of granitic and dolomitic rocks which
were accreted on to the base of the Middle Nap-
pe during the progressive translation of the
higher, sediment-dominated units of the Lakse-
fjord Nappe Complex (Chapman et al. 1985;
also in Fgyn et al. 1983).

The important work of G.D. Williams (1976)
and Chapman (1980) in the Laksefjord Nappes
has shown that listric normal (extensional)
faults are common within the Middle Nappe
and that these pre-date the listric thrusting.
Both the normal faults and the reverse, thrust-
faults post-date the ubiquitous synmetamorphic
folds, and the basal thrust surface to the Middle
Nappe also truncates the high-strain zone with
associated deformed conglomerates (p. )
(Chapman et al. 1979). Restoration of cross-
sections drawn across the Laksefjord Nappes
has indicated a net shortening of zero. i.c. the
restored and present-day cross-sections are of
similar length. This is because the total exten-
sion ascribed to the low-angle normal faulting
was fortuitously equal to the component of
shortening which resulted from the earlier, syn-
metamorphic folding (Chapman et al. 1984).

Overall, the picture which has emerged from
the Laksefjord district favours a ramp-flat ge-
ometry for the thrusts. with thrusts cutting up-
-section in their footwalls as they ascend ramps.
Both the roof thrust (Kalak thrust) and sole
thrust to the Laksefjord Nappe Complex show
these features. With the successive, cratonward
collapse of footwall ramps, duplex structures
were developed; such a designation can be ap-
plied to the Middle and Upper Laksefjord Nap-
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pes.

D.M. Williams (1976b) described a possible

equivalent of the Laksefjord Nappe in a small
area west of Lakselv; this he called the Betu-
sordda Nappe. Based on new mapping in this
general area by K.B. Zwaan & D. Roberts (un-
publ. results, 1983), Williams’ interpretation is
open to question. Rocks of probable Laksefjord
Group type do occur, a little further to the
southwest (Plate 1), with a basal thrust that
appears to climb an oblique ramp behind the
Gaissa Nappe. The western limit of these assu-
med Laksefjord Group rocks is a c¢. N-S fault
contact against Kalak Nappe lithologies along
Upper Stabbursdalen (cf. Zwaan & Roberts
1978).
Earlier structural work within the Gaissa Nappe
concentrated on the common synmetamorphic
folding and fold/cleavage relationships (e.g.
Gayer & J. Roberts 1971, J. Roberts 1974, D.M.
Williams 1976a, 1979). Internal thrusting was
then regarded as subordinate. Reconnaissance
mapping in 1979-81 in the inner Porsangerfjord
district by the present writer showed that certain
formations of the Tanafjord Group were repeat-
ed along layer-parallel thrusts. Morcover, bed-
ding-plane thrusts were observed to cut
obliquely up-section and resume their bed-par-
allel course at a higher stratigraphic level: this is
the typical ‘staircase’ trajectory of ramp-and-
flat thrusting. Structural studies in the Porsan-
ger (Dolomite) Formation beneath the Kalak
thrust by Dr. R.A. Gayer and co-workers revea-
led a comparable tectonic picture (Chapman et
al. 1985). Detailed mapping east of Porsanger-
fjord. in 1983, on two 1:50,000 map-sheets
(Rice & Harrington 1983, Roberts 1983a). assi-
sted by structural profiling by Mr. C. Townsend,
showed that the Gaissa Nappe is intensely im-
bricated by internal listric thrusts.

The mapping and structural analysis of this
large segment of the Gaissa Nappe has allowed a
division into four main structural zones or units
(Roberts et al. 1984, Townsend ct al. in press).
From structural top to bottom these are: Bor-
selv duplex. Munkavarri imbricate zone. Vuon-
jalrassa thrust sheet and Guiverassa duplex
zone. Full details are given in the paper by
Townsend et alia. Based on the construction
and partial restoration of a balanced cross-sec-
tion across this arca, more or less parallel to the
ESE thrusting dircction. the total estimated dis-
placement of the metasediments of the trailing
(western) edge of the Munkavarri imbricate
zone is at least 104 km. This indicates a deriva-
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tion from the vicinity of the islands of Seiland
and Stjernoy. However. as this does not take
into account the shortening in rocks of the Gais-
sa exposed west of Porsangerfjord, which we
know to show comparable thrust tectonics (D.
Roberts. unpubl. results 1983). a cumulative
displacement of more than 150 kmis likely. This
would put the area of provenance of these west-
ernmost Gaissa Nappe rocks just southwest of
Sorgy (Townsend ct al. in press).

The complexity of thrust deformation revea-
led by the recent studies within the Gaissa is
thus equal to, if not greater than that in the
overlying Laksefjord Nappe Complex. In re-
cognition of this, the term Gaissa Nappe Com-
plex would be a more appropriate designation.
This maintains the tradition of allochthon ter-
minology in the Norwegian Caledonides, retai-
ning the term ‘nappe’. even though ‘thrust-
sheet” would perhaps be a preferred term in the
external zones of other. comparable. thin-skin-
ned orogenic belts.

Acceptance of the intensity of thrust tectonics
and subdivision of the Gaissa allochthon has
consequences for the eastward extension of its
sole thrust and the geographical limitation of
the nappe complex. As noted carlier (p. ). Foyn
(1967) terminated the Gaissa thrust at Anda-
baktoaive, invoking a component of anticlock-
wise rotation for the nappe about a hinge point
near this locality. This view is hardly acceptable
now, and both Chapman et al. (1984) and
Townsend et al. (in press) have presented argu-
ments for extending the sole thrust northeast-
wards. as a flat across poorly exposed ground,
and eventually linking with the easternmost
thrust-fault northeast of Leirpollen (see Siedlec-
ki 1980). This thrust is then truncated by the
Trollfjord-Komagelv Fault. Immediately south-
east of this extended Gaissa thrust. in the para-
utochthon, folds are open. upright structures.
but these rapidly die out southeastwards: the
folds are also cut by extensional faults. The folds
in this district clearly relate to a component of
shortening, and this can be most readily com-
pensated for by inferring the subsurface occur-
rence of a layer-parallel detachment. or blind
thrust (Chapman et al. 1985). Whether or not
this inferred detachment actually cuts the pres-
ent-day surface along part of its trajectory must
await future structural study.

The tectonic windows of Raipas rocks in the
region from Repparfjord to Alta and Kvanan-
gen have traditionally been considered as part of
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the autochthon. positioned beneath the dé-
collement surface of the Caledonian nappes but
exposed in NE-SW-trending Caledonian culmi-
nations (e.g. Pharaoh ct al. 1977, Zwaan &
Roberts 1978). Am (1975) presented acromag-
netic data and interpreted these as showing a
gradual swing of anomaly trend from Finnmark-
svidda bencath the Kalak Nappe Complex and
into the window arcas. The Dividal-cquivalent
cover sediments which occur unconformably
above the Raipas around these windows are.
however. quite strongly deformed and cleaved.
in lowest greenschist facies. and thus differ from
Dividal Group sediments further southeast be-
low the Gaissa sole thrust.

The new structural data from the Laksefjord
and Gaissa Nappe Complexes necessitate a rec-
onsideration of the status of these window
rocks. Discussion of the problem has been given
by Chapman et al. (1985) and Townsend et al.
(in press) who favour an allochthonous (or para-
utochthonous) solution. and see these Raipas
rocks as part of a basement horse either accreted
on to the base of the Kalak or forming a separate
tectonic slice. Rhodes (1976) had earlier sugge-
sted a 15 km translation for the rocks of the
Komagfjord window. Support for a parautoch-
thonous interpretation has now come from a
refinement and reassessment of the acromagne-
tic data but the final results of this study are not
yet available (Olesen et al. in prep.).

The structure of the Mageroy Nappe has been
described in some detail by Andersen (1981).
Overthrust east-southeastwards along a thick,
amphibolite facies mylonite zone (Ramsay &
Sturt 1976). this Scandian-emplaced nappe is far
more significant for the Caledonian structural
history of Finnmark than its restricted areal ex-
tent would indicate. The main synmetamorphic
fold structure of the nappe is a mushroom-like
NE-SW polycline with opposite vergence on
cither side of the fold axial zone (Andersen
1981). The small klippe of the Skarsvag Nappe
(p. ) is interesting in that it carries a metamorp-
hic fabric which predates the earliest structures
recognised in the metasediments of the Mage-
roy Nappe. This pre-Scandian foliation may
well be Finnmarkian. and if so the Skarsvag
would represent an imbricate slice of the Finn-
markian 'basement’ to the Magergy allochthon
(thrust above the latter) in much the same way
as e.g. the Tromsp Nappe in Troms has been
incorporated into the Scandian allochthon
(Zwaan & Roberts 1978).
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Fig. 4. Metamorphic zones within the Caledonides of Finnmark. The map shows the known metamorphic index-mineral and
illite crystallinity zones. Except for the Mageroy Nappe. wherein the metamorphism is known to be Scandian. the zonation has
not been differentiated with respect to the Finnmarkian and the Scandian phases. Within the Kalak Nappe Complex in
particular. the zonation is probably polyphase (Finnmarkian plus some measure of Scandian). The map is compiled from data
from several sources: from articles cited in the text. including maps of smaller areas in Andersen (1982) and Gayer et al. (1985):
from preliminary data on illite crystallinity within the Gaissa Nappe. autochthon and Barents Sea Region by Drs. R.E. Bevins
and D. Robinson: from discussions with K.B. Zwaan. NGU: and from the writer’s own unpublished data. The dashed lines
indicate uncertainty in the precise location of the boundaries between zones, because of insufficient or irregular sample
coverage. The middlc/upper anchizone boundary in the Gaissa nappe. for example (see Plate 1 for Gaissa location), is
conjectural: this boundary could as well be aligned ca. N-S on the basis of the present sample data. The blank areas in the west

are those of cither Precambrian clements or Caledonian plutionic rocks.

Regional metamorphism

A feature of the Finnmarkian allochthon is that
of increasing metamorphic grade in successively
higher nappes. In the middle and upper parts of
the Kalak Nappe Complex. for example. por-
phyroblastic minerals in appropriate pelitic lit-
hologies include garnet. staurolite. kyanite and
sillimanite (Roberts 1968. Rice 1984). and in
some areas it has been possible to draw mineral
isograds (e.g. Gaver et al. 1985) (Fig. 4). At
lower levels in the Kalak the aluminosilicates
arc absent. but garnet is still common. In gener-
al. porphyroblastesis. and thus the metamorp-
hic peak. extended into the period immediately
postdating the development of the regional schi-
stosity. Again. there is the question as to how
much of this mineral growth relates to the Finn-
markian orogenesis and whether some of the

later crystallization of e.g. biotite and even gar-
net may be a result of burial heating of the Kalak
by the overriding. now eroded. Scandian nap-
pes.

Metamorphic studies in the lower nappes and
parautochthon are in their infancy, but an im-
portant advance has been made by Drs. R.E.
Bevins and D. Robinson utilising illite crystalli-
nity in pelites. Samples from formations in the
Gaissa Nappe cast of Porsangerfjord generally
fall in the medium to high anchizone (Fig. 4) of
very low-grade metamorphism (R.E. Bevins,
pers.comm. 1984/85 and manus. in prep.). In
contrast, samples from the Laksefjord Nappes
have epizone crystallinities. From the auto-
chthon/parautochthon transition zone of
Varangerfjord. samples fall in the field of diage-
nesis/lower anchizone. Crystallinities from
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Barents Sca and Lokvikfjell Group rocks show
cpizone values, which highlights the Trollfjord-
Komagelv Fault as a major metamorphic
boundary. Drs. Bevins and Robinson have also
sampled from the Dividal Group near Lakselv,
just below the Gaissa thrust: here. diagenesis
crystallinities were encountered. which fits with
field evidence of a bed-parallel compactional
fabric in this unit (D. Roberts, unpubl. data).
Johansen (1984), working in the Dividal south-
cast of Alta, beneath the Kalak thrust. has esti-
mated temperatures of ¢. 200°C for the diagentic
clay mineral parageneses of these pelitic rocks.

Regional metamorphic conditions in the
rocks of the Mageroy Nappe varied from green-
schist facies in the southeast to high amphibolite
facies in the north and northwest (Andersen
1981. 1984b). High-grade conditions. locally
with growth of sillimanite. also prevailed during
the formation of the ductile mylonite of the sole
thrust (Ramsay & Sturt 1976). The thermal ef-
fects of this nappe and thrust zone were suffici-
ently great as to produce a “Scandian” Rb-Sr
whole-rock isochron age from Finnmarkian mi-
gmatites in western Mageroy (Andersen ct al.
1982). Elsewherc in West Finnmark. the Scan-
dian event s also recorded in K/Ar mineral ages
(p. ). and has been detected in preliminary “'Ar/
YAr dating work by Dr. R.D. Dallmeyer
(pers.comm. 1985).

As well as the Finnmarkian and Scandian
regional metamorphic episodes. diagenetic/
metamorphic processes were almost certainly
initiated carlier. before the onsct of these oroge-
neses. in the form of burial metamorphism in
the deep. sediment-filled basins. but such fab-
rics were subscquently overprinted by Caledo-
nian dynamothermal mincral growth.

Principal faults

Fault systems. other than those of the con-
tractional fault regime outlined above. con-
stitutc an important element in the tectonic
development of the Caledonides. but tend to be
neglected in many discussions of geological evo-
lution. In this account. rather than present a
comprehensive analysis of faulting. emphasis
will be placed on just one or two of the principal
fractures.

Taking the Finnmark Caledonides as a whole
the major. vertical. fault sets fall in the quadrant
between NW-SE and WSW-ENE. Within any
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one small arca. certain trends may predominate
and in some casces these fault sets can be readily
associated with the stress field which obtained
during the Caledonian deformation (e.g. Ro-
berts 1971. Worthing 1984). Nevertheless, there
appears to be sufficient evidence now favouring
the notion that many of these structures are
long-lived dislocations along which there have
been several components of displacement.

The NW-SE-trending  Trollfjord-Komagelv
Fault Zone (Siedlecka & Siedlecki 1967) of Va-
ranger Peninsula (Plate 1) was initially con-
sidered as a reverse-fault with SW-directed
movement. though new ficld evidence eventual-
ly came to light which favoured dextral strike-
slip as the dominant displacement (Roberts
1972. Johnson et al. 1978) (see p. ). Harland &
Gavyer (1972) also suggested that the T-K Fault
was a transcurrent fracture and marked the
boundary between the Baltic and Barents pla-
tes. Subsequently. Kjode et al. (1978) con-
cluded. from palacomagnetic data (p. ). that
dextral strike-slip displacement of up to 1000
km had occurred along the fracture during the
development of the Tapetus Ocean in the Late
Precambrian-Cambrian period. Other such
NW-SE palacotransform faults may exist else-
where in Finnmark and Troms. now camoufla-
ged by the cover of Caledonian nappes.

The T-K Fault can be traced into the Ribachiy
Peninsula of USSR as well as northwestwards
south of Nordkinn Peninsula (Siedlecka 1975)
and north of Magergy. Interestingly. a prolonga-
tion of the fault transects the offshore NE-SW-
trending Hammerfest Basin (Gabrielsen 1984),
which did not begin accumulating a thick sequ-
ence of sediments until Middle Jurassic time.
Reactivation of the T-K Fault thus appears to
have extended into the Mesozoic-Cenozoic
period. In this part of Finnmark there are many
faults and other fractures (with associated brec-
cias. and in one case. on Magergy. a post-Scan-
dian diabase dyke) which are parallel or
subparallel to the trend of the T-K Fault (Ro-
berts & Andersen 1985). as well as several off-
shore (c.g. Ersov ct al. 1974, Am 1975). It is
conceivable that many of these faults are long-
lived fractures with several components of dis-
placement from Early Palacozoic (or Precam-
brian?) time to Tertiary or even vounger.

Faults of NE-SW trend are also important
structures within the Caledonian allochthon.
The Vargsund Fault, for example. extends
southwestwards across Kvaenangen into the
Nordreisa district of Troms (Zwaan 1985). This
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appears to show components of both normal
dip-slip (down towards NW) and strike-slip
(Zwaan & Roberts 1978, Worthing 1984). Most
of the major. vertical NE-SW faults on Saray.
which carry breecias or gouge., have downthrows
to the northwest although some show evidence
of dextral strike-slip movement (horizontal slip
strize) in addition to dip-slip (Roberts 1971).
Some of this fault movement has been ascribed
to Mesozoic (North Atlantic opening) and Ter-
tiary displacements. The consistent downstep to
the northwest does. in fact. accord with features
known from the offshore Troms-Finnmark Fault
Complex (Gabriclsen 1984). In this connection
it is of interest that Bartley (1982) considers
late’ NE-SW faults in southwest Troms to be of
Mecsozoic age. related to rifting prior to opening
of the Norwegian Sca.

Time of deformation and meta-
morphism

Evidence bearing on the time of Caledonide
orogenic deformation derives from two sources:
biostratigraphy and isotopic age-determination
data. Prior to the initial radiometric dating work
of Sturt ¢t al. (1967) the principal tectonother-
mal cvent had been assumed to be of Silurian
age. Fossils on Magereoy were Lower Silurian
(Henningsmocen 1961): and cven the subsequ-
ent discovery of a Tremadoc fauna on Digermul
Peninsula (Reading 1965) did little to arouse
suspicion that the Caledonian orogen in Finn-
mark might be more complicated than hitherto
believed. Today. although the biostratigraphic
story in the nappes is little changed. the wealth
of radiometric age data is such that the effects of
the Finnmarkian orogenic phase can be recogni-
sed throughout large parts of the metamorphic
allochthon.

The Finnmarkian evorogenesis itself covers a
lengthy episode of Early Palacozoic history,
from ca. 540 to 490 Ma B.P. (Sturtetal. 1978) or
even slightly younger, and as noted earlier em-
braces several pulses of deformation and meta-
morphism. The radiometric data have shown
that the doformation and regional metamorp-
hism occurred according to a general pattern,
initially affecting the sediments and basement of
the orogenic interior and then gradually migra-
ting outwards, through time, towards the Balto-
scandian foreland (Sturt & Roberts 1978, Sturt
et al. 1978, Ramsay et al. 1984a, Rice 1984).
This wave of deformation and associated meta-
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morphism, as well as later uplift and cooling.
thus commenced in what are now the highest
nappes in the allochthon pile. in the upper Ka-
lak. and progressively shifted southeastwards.
Thrusting, although a part of this overall de-
formation, is slightly later than the synmeta-
morphic folding but this too migrated towards
the craton, successively detaching the subjacent
folded rocks as thrust-sheets and nappes, one by
one. in what is essentially a piggyback thrusting
model. Studies of the thrusting history and
thrust-sheet geometries have also confirmed
this diachroneity of Finnmarkian orogenic de-
formation (Chapman et al. 1985, Townsend et
al., in press).

In general. radiometric age-dating in the
Finnmark Caledonides has hitherto relied on
the Rb-Sr and. in part. K/Ar methods (see e.g.
Sturt et al. 1967, 1978, Pringle 1973). Nepheli-
nes from Seiland and Sérgy taken from nepheli-
ne-syenite dykes cutting polydeformed metase-
diments yiclded K/Ar ages of 488 - 500 Ma
(rccalculated according to Dalrymple 1979), in-
terpreted as the age of intrusion. Subsequently
several Rb/Sr isochron ages in the range 540 -
490 Ma were reported from synorogenic pluto-
nic rocks in the Seiland province (Sturt et al.
1978). The Rb/Sr method was also employed in
attempts at determining the age of the regional
schistosity or slaty cleavage (Pringle 1973, Sturt
ct al. 1975, 1978, Taylor & Pickering 1981), in
the range 520 - 493 Ma. B.P. More recently,
sampling has been carried out by Dr. R.D. Dall-
meyer to determine incremental-release *'Ar/
YAr cooling ages recorded by minerals defining
the pervasive slaty cleavage or schistosity in the
metasediments. Preliminary results of the work
on whole-rock slate samples from the Lakse-
fjord and Gaissa Nappes suggest that cleavage
formation occurred at c. 485 £ 5 Ma (R.D.
Dallmeyer, pers.comm. 1985 and in press).

Based on calculated shortening values from
studies of cross-sections, Chapman et al. (1985)
have estimated a rate of propagation of the Finn-
markian orogenic deformation of more than 0.5
cm/y'. a figure which is similar to that obtained
from other thin-skinned mountain belts.

The Scandian event in Finnmark is repre-
sented primarily on Mageroy. where there is a
biostratigraphic constraint for at least the maxi-
mum age of deformation. A Rb-Srisochron age
of 411 =7 Ma for the synorogenic Finnvik grani-
te (Andersen et al. 1982) provides a good
indication of the time of Scandian metamorp-
hism: at the transition from Silurian to Devoni-
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an time. Earlier, Sturt et al. (1967) had reported
K/Ar mineral ages of 428 - 392 Ma (recalculated
according to Dalrymple 1979) from alkaline
rocks from the higher parts of the Kalak Nappe.
Elsewhere, definite evidence of the Scandian
phase is lacking, although some later fold struc-
tures, cleavages and mineral growth within
Finnmarkian nappes have been related to this
orogenic cycle (Zwaan & Roberts 1978, Ande-
rsen 1981). Sturt et al. (1975) and Ramsay ct al.
(1985a) have outlined the possibility that the
present-day position of the Finnmarkian nappes
may be attributed to major translation in the
Finnmarkian phase with reactivation, and final
emplacement in the Scandian. This may have
been the case for the highest nappes. including
the Kalak sole thrust which has local ultra-
cataclasites cutting ductile mylonites.

Features supporting the notion of Scandian
reactivation of the Kalak thrust include: (1) the
relative, dextral displacement of the Kalak
thrust along the Trollfjord-Komagelv Fault is
less than that for the folds and thrusts exposed
below the Kalak level along this same fracture:
(2) the base of the Kalak marks a more prom-
inent break in metamorphic grade and structu-
ral grain than is the case elsewhere within the
Finnmarkian allochthon. suggesting later mo-
vement after the initial Finnmarkian. foreland-
directed, nappe assembly. On grounds of di-
achroneity, as noted for the Scandian at other
places in Scandinavia (Roberts & Gee 1984),
then this late component of Kalak displacement
may be of earliest Devonian age.

Summary

The stratigraphical successions which constitute
the frontal autochthon and Finnmarkian-de-
formed allochthon range in age from late Riphe-
an to earliest Ordovician (lower Tremadoc).
Different parts of these sequences lic unconfor-
mably upon subjacent Archaean or Proterozoic
(Svecokarelian) rocks in both the autochthon
and the allochthon. In the Kalak Nappe Com-
plex the unconformable cover-on-basement
relationship has been recognised at several lev-
els in the tectonostratigraphy. In this composite
nappe pile, basement gneisses or supracrustals
form a major component. tectonically incorpo-
rated during the late Cambrian/earliest Ordovi-
cian Finnmarkian orogeny. The highest major
nappe unit, the Magergy Nappe. is composed
largely of early Silurian sediments metamorp-
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hosed and deformed during the late Silurian
carliest Devonian Scandian event.

The Finnmarkian deformation and meta-
morphism began in the orogenic interior. far to
the "west". in middle to late Cambrian time: the
rocks in the upper Kalak were metamorphosed
in highest amphibolite facies at some 25-30 km
crustal depth. At this time. sediments were still
being deposited along the foreland of the Balto-
scandian margin. This orogenic deformation
migrated diachronously cast- to southeastwards
into shallower crustal regimes. ultimately affec-
ting the successions now occurring in the lower
nappes and parautochthon in post-lower Trem-
adoc time. In consequence. grades of regional
metamorphism wane southeastwards. into sub-
greenschist facies (medium- to high-anchizone)
in the Gaissa Nappe and lower anchizone in the
parautochthon. Diagenctic fabrics characterize
the sediments of the autochthon.

The SE-ESE-directed thrusts are syn- to post-
metamorphic dislocations and also developed
through time. in piggy-back fashion. from north-
west to southeast. The lower nappes show abun-
dant evidence of listric thrusting. imbricate
zones. duplex structures, and the overall fea-
tures of ramp-flat thrust deformation characte-
ristic of the external zones of thin-skinned
mountain belts. The folded parautochthonous
rocks below the northeast extension of the Gais-
sa thrust are believed to be floored by a blind
thrust. In the west. the Svecokarelian Raipas
rocks in tectonic windows are considered to be
parautochthonous or allochthonous.

Radiometric age determination evidence for
the Finnmarkian indicates that deformation,
metamorphism and igneous intrusion in the Ka-
lak occurred in the period 540 - 500 Ma B.P.:
and in the lower nappes and parautochthon
from c. 510 to c. 480 Ma.

Scandian deformation and metamorphism af-
fects first and foremost the Magergy Nappe and
occurred around the time of the Silurian-De-
vonian transition. The basal thrusting of the
Magerpy Nappe occurred under amphibolite
facies conditions, and was directed east-south-
eastwards. Other evidence for Scandian de-
formation and heating of the Finnmarkian
nappe pile comes from geochronology. The
rocks of the Kalak Nappe Complex. in particu-
lar. appear to show this, and ultracataclastic
thrust fabrics cutting early mylonites may relate
to this phase.

Faults are important structures., commonly
neglected in tectonic syntheses. Many of the
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principal faults in Finnmark are long-lived fract-
ures, initiated in Precambrian or early Palaeo-
zoic time and rejuvenated repeatedly into later
Palacozoic, Mesozoic and Cenozoic time. The
NW-SE Trollfjord-Komagelv Fault of Varanger

Peninsula is considered to have functioned as a
paleotransform fault, with several hundred kilo-
metres  right-lateral ~ slip,  during  late
Precambrian-Cambrian time. Subsequent com-
ponental movements along this megafracture
zone include a Mesozoic-Cenozoic displace-
ment which affects an offshore sedimentary ba-
sin. Many of the NW-SE faults in this part of
Finnmark could also be comparatively young
structures. Similarly, major NE-SW faults are
thought to be multiphase, with their latest, NW-
downthrows probably having occurred in Meso-
zoic time in connection with the opening of the
Norwegian Sea.
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Plate 1 Detailed tectonostratigraphy of the Finnmark Caledonides, modified from Ramsay et al. (1984). Two cross-sections, with X5 vertical exaggeration, are also shown.
Subdivision into separate nappes within the Kalak is, in fact, much more complex than shown here. Several of the main nappes distinguished in the different areas have
been grouped together in the legend for technical reasons. Although in some cases correlation is fairly well established (e.g. Gargia = Kolvik), in other casesi it is tentative.
T-K.F. - Trollfjord-Komagelv Fault: V.F. - Vargsund Fault.




