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Structure and Petrology of the Bergen—Jotun
Kindred Rocks from the Gjendebu Region,

Jorunheimen, Central Southern Norway
TREVOR F, EMMETT

Emmere. T. F. 1982 Struceure and peteology of the Bergen—fotun kindred rocks from
the Giendebu region, Jotunheimen, ceneral southern Norway. Morpes peol. Unders. 373,
=3

The Giendebu region is locared within the Jorun Nappe, the highese tectonic unic of the
sputhern Norwegian Caledomdes, The scrucoure of the area 35 dominated by the
M E-rrending Tyin—Giende Faule, a major zone of repeated movement, To the norchwese
of this Faule oceurs a senes of granoblascic ultrabasic, basic and mrermediace gneisses (the
seorfdalen Complex) which show polyphase deformation and an incermediate-pressure
granulite facies grade of metamorphism. To the soathease ocurs an ignenus-cextared
gabbra { Mjelkedala Purple Gabbro) which geades eastward inco the partally recryseall-
wsed Svarrdalen Gneiss. Differences in major element composition berween these units
are mumimal and they are believed 1o be comagmarie, Their geochemisery is broadly of
cale-alkaline rype, though all the rocks are anomalously. potash-rich, The Sroradalen
Complex contains i complere differentiation sequence wirh boch cumulate and biquid-
dlescent rrends apparent, Cumulate rocks di not occur inany quancey in the other unis.
Prelimmary studies of pyrosens peochemusery also indicare the importance of igneous
differentiation in the origin of these rocks,

After minal crystallisarion, the Storidalen Complex was intensely deformed and then
progradely meamorphosed, wich conditions ar the peak of mesamorphism estimaced ar
W00EC, 9 kb, Preserved olivine + plagicclase assemblages i the rare ultrabasics
southease of the Tyin—Crjende Faulr indicare char che Purple Gabbro and Svartdalen
Grwiss have not exceeded low-pressure granuliee facies grade. These high-grade
metamorphic and deformanional evenss are Precambrian in age. The Jotun tocks were
partially exhumed prios to the Eocambrian, but uplift and thrust transpore to cheir present

pasition didd aor occur unl an early phase of the Ciledonian orogeny, in pre-Middle
Chrelovician nime

T. F. Emmioet, D partnene of Science, Canmbridgerhive College of Art and Techuolagy, Coliier
Frad, Cambridge, GBI 2AT, Enpland

Introduction

The Jorun Nappe forms the highest structural unic of the Caledonide Orogen of
central southern Norway (Seure & Thon 1978, and Fig. 1}, and it is prL'SL‘n‘-:'d as
an erosional remnant within a regional synform known as the Faltungigraben
(Goldschmide 1912, and Fig. 1B). The thruse upon which it reses, the so-called
basal thrust {Hossack 1968),is a major tectonic feature at the orogen. The nappe
itself (Fig, 1€, is composed manly of basic and intermediate orthogneisses of
amphibolite and granulite facies (Serand 1972), though in certain areas anortho-
sites (Hodal 19435, Gielsvik 1947, Lacour 1969) and ultrabasic rocks (Carstens
1920, Barrey 1960) are also common. Goldschmide (1916) regarded this diverse
suite of rocks as genencally unified and named it the Bergen—Jorun kindred.
Recent geochronological work (Sturt et al. 1975, Schirer 1980, Austrheim &
Riheim 1981) has demonstrated the anciquiry of these rocks, with major
magmaric activity extending over the period ¢. 1200 ro 900 Ma b.p.. Pre-1700
Ma crustal relices may also be present (5charer 1980). A metamorphic event has
been recognised at ¢. 900 Ma b.p.. this beng of a low amphibolice grade in
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Fig: 1. Locarion and geological serting of the Giendebu region, Compiled from Holtedahl & Dans
(19600 and Camwell (1573), Geophysical profile afrer Sriithsan ec al. (1974

southern Jotunheimen (Schirer 1980) and granulite facies in the Bergen Arcs
(Austrtheim & Radheim 1981). At some localities ourside the nappe, eg,
Grensennknipa (Hossack 1972), Eocambrian (Vendian) and Lower Palacozoic
sediments rest unconformably upon the gneisses, bure the low-grade Caledonian
meramorphism which affects these does not penetrace far into the older crystalline
plutonic rocks. Obvious Caledonian retrogression is confined to narrow zones
immediately associated with faulting, chrusting and pegmatite injection (Emmett
1980b), although re-heating without apparent mineralogical effects did occur, as
shown by the K-Ar age pattern (Bartey & McRicchie 1973),

In erecring his Bergen—Jotun kindred, Goldschmide (1916) drew a distinction
between hypersthene-bearing gabbroic rocks of ‘normal’ igneous type (and usually
with ophiric textures) and mineralogical similar rocks which lacked such fearures.
This laeter group he called the Jotun-norites, a name subsequently contracted 1o
Jotunite by Hadal (1945), who also provided a rigorous definirion. Tn the rEgion
of central Jotunheimen, around the western ends of the lakes Gijende and Bygdin
(Fig.1), this rwo-fold subdivision was elaborated upon by Bartey (1963) and
Batrey & McRirchie (1973). These authors recognised a ceneral body of totally
recrystallised high-grade rocks (‘axial’ rocks) surrounded by several smaller bodies
of lower grade rocks which, in places, have igneous tophite) rexrures, The rwo rock
types, axial and peripheral. were considered to be everywhere separated by faules,
the Tyin—Gjende Faule to the south and the Utladalen-Gravleyfti Fault Zone
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the west (Fig. 1C). When this field evidence was compared ta the gravity anomaly
profile produced by Smithson et al, (1974), it was clear thar the axial rocks formed
the deep root (up to 13 km thick) of the nappe, and the peripheral rocks the much
thinner ‘pan-handle’ projecrion to the southeast (Fig. 1). The break from deep root
to thin sheet lay along the line of the Tyin—Gjende Fault (Bateey & McRairchie
19733,

This paper will describe the area immediately to the east of that mapped by
Battey (1965) and Battey & McRicchie (197 3). Tt seraddles the Tyin—Gjende Faule
and 5o conrains examples of high-grade axial rocks (the Storddalen Complex) and
lower grade peripheral rocks (Mjelkedala Purple Gabbro and Svaredalen Gneiss).
The basal thruse occurs at one localiry in the area, near Torfinnsbu, of which a
descriprion has already been published (Emmett 1980b). Rocks from the area have
been briefly described by Sjogren (1883) and Rekstad (1904), the lacter author
describing them simply as ‘gabbro rocks', Carstens (1920) examined che ultrabasic
rocks and presented a crude map of their distribution. Axial rocks from the area
immediately to the wese, the Layered Series, have been described by Bartey &
McRirchie (1975), The area also contains 2 suice of minor intrusives of which
dolerites are the most common (Bateey et al. 1979, Emmerc 1982). The other
miner inrrusives are very rare and include trondhjemite, oxide-rich gabbros, and
rocks composed entirely of calcite and biotice. All these minor rocks are
undeformed and only weakly metamorphosed, if ac all. Their age is unknown bue
it may range from Precambrian to late Caledonian. Details of these minor rocks
are given in Emmerc (1980a).

Struccural setang

Previous work in areas adjacent to the Giendebu region (Barrey & McRitchie 197 3)
has shown thar perrographically distincr units of the Jotun kindred are usually
separated by faults. An exception may be the ultrabasic "pods’ which appear to
be cognate with the Layered Series and whose margins are « . ., movement surface
welded by recrystallisations (Batrey & Davison 1977). In the Gjendebu region
iself, the northeasrward extension of the Tyin—Giende Faulr {(Bacey 1963)
separates the gnessic Storidalen Complex (to the norchwest) from the less
deformied and less recrysrallised Mialkedsla Purple Gabbro and Svarcdalen Gneiss
to the soucheast. This faule is cue and off-set by the Hoystakka Faule, which locally
juxtaposes the Purple gabbro and Svarcdalen Gnoeiss. These two major taules
therefore break up the Gjendebu region into three faule-bounded blocks (Fig. 2A
and B). The Tyin—Giende Fault must, in part at least, be of Caledonian age since
it forms the northweseern boundary of a series of Caledonian nappes which underlie
miost of the Vangsmjasi districe (Heim ecal, 1977, and Fig, 1),

STEEP FAULT ZUNNES

The Tyin—Giende Fault has been traced from norchwese of Tyin to the west end
of Gjende. ar which point it becomes more easterly in serike and runs out into the
lake (Fig. 2A) It 1s recognised on the ground by a zone of intense deformacion,
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recrogression and pegmatite injeccion which may be up to 3 km wide. The rock
types within chis zone are mylonites and ultramylonites in the sense of Sibson
(1977} Several periods of movement can be recognised; for example, pegmatites
may cut across the mylonitic fabric of the host rocks yet within themselves may
have protomylonitic textures developed. Though undoubredly a simplification,
the movement on the fault zone can be divided into two phases, The ecarlier,
designated T.G.—1, produces strucrures wich a vertical or subvertical dip. The
latter, T.G =11, produces structures with a shallower dip, 40-60"to the northwest,
that cur across those of T.G.—L The products of late T.G 11 movement include
rocks mare sericely referred to as caraclasites and ultracacaclasites. Presumably this
eransition from mylonite series to cataclasite series rocks reflects movement aking
place at progressively shallower levels within the cruse (Sibson 1977).

The two periods of movement on the Tyin—Gijende Fault are separated in time
by the formation of the Hoystakka Fault, a kilometre-wide zone of rocks and
scruceures similar ro those produced during T.G.—1 but with dips of 40-6( to the
west, Within the Heystakka Fault, mylonites and ultramylonites are well
develaped along discrete shear planes and these combine to give the fault zone an
gverall structure analogous to a stack of rock slabs dipping west with intense
deformation along their tops and bases but comparatively undeformed in their
central parts. Mention may be made here of the Udladalen—Gravlayfri Fault Zone
which serikes parallel ro che Heystakka Faulr and which represents a major zone
of east-southeastward dipping deformation described by Batrey & McRitchie
{1973). This zone must represent an earlier phase of movement since it 15 cut at
its southern end by the Tyin-Gjende Fault (M. Heim, pers. comm. 1977) and
at its northern and by the basal thruse. These observations imply a pre-Caledonian
age for the Utladalen—Gravleytt Fault Zone, but an early Caledonian age is also
possible,

Both the Tyin—Cjende Faule and the Heystakka Faule have assotiared with them
numerous minor faults. Unusually well developed examples occur along Mem-
arudalen and Hestbekken (Fig. 2A). The Gjendebu region as a whole is
criss-crossed by countless small faults and shear zones which form a grid with
trends NE-SW and ESE-WNW, These faults cross-cut all other structures and
do not have much alteration or intense mylonite /cataclasite assoctated wich them.
Though the earlier major faults have undoubredly influenced the development of
this grid, irs overall appearance gives the impression thar it belongs o a late,
possibly the latest, period of comparatively superficial cecronics.

THREUSTS, LAG-FALLTS AND WRENCH FAULTS

Battey (1965) and Battey & McRitchie (1973) have described a series of thrusts
underlying Gravarfiellet, Slorafjelle and the high ground east of Tyin, all of which
are rruncated 1o the northwest by the Tyin—Giende Fault. Thrusts are not common
in the rest of the Giendebu region. The base of the Mjslkedela Purple gabbro is
a thrust (McRitchie 1965), as is the boundary of the Jorun rocks as seen at
Torfinnsbu (Emmert 1980b). A prominent northeast-dipping shear which out-

crops northwest of Sjogholsvammet was regarded as the boundary berween the
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Layered Series and what is now termed the Sroridalen Complex, but the author
has shown thar rhis thruse only locally juxtaposes the two units (Emmete 1980a).

Lag-faules (shallow-dipping normal faults) are the distincrive strucrural element
south of the Tyin—Gijende Fault and east of Haystakka, though they have been
teported from elsewhere in Jorunheimen (Bartey & McRicchie 1973), In Svare-
dalen, the lag-faules are parallel to the basal thrust as seen at Torfinnsbu (1. they
dip to nerth or northwest); the sense af movement is quite clear from field dara
(e.g. deflection of foliation), namely that the unit above the dislocation has mioved
down dip. North of the Tyin-Gjende Faulr, lag-faules are much less well
developed, though good examples are seen in Hestbekken, Here, the lag-faults
dip south and the sense of movement can be discerned from displaced pegmarites
and trondhjemite bodies. In general, the lag-faules of the Gjendebu region do not
have pegmatites intruded along their movement surfaces, unlike those in Visdalen
(Bartey & McRitchie 1973). On a general scale, all the lag-faults so far observed
dip inwards towards the Tyin—-Gijende Fault, an observation which further
emphasises the importance of the Tyin—Giende Fault in the regional structure of
the Jotun Nappe.

Two E-W-trending wrench faults have been identified on Mermururunga; each
shows a sinistral displacement of at least 4 km (Emmete 1980a) and ix terminared
in the ease by fractures of T.G.-I age. These are the first wrench faules o be
identified in Jorunheimen, though McRirchie (1965) suggested char the Tyin—
Giende Fault may have a component of wrench movement,

Petrography and internal scructure

STORADALEN COMPLEX

The suite of rocks northwest of the Tyin—Gijende Faule and east of the Layersd
Series described by Bartey & McRicchie (1975) were teemed ‘undifferentiared
jotunites’ by these authors. This name is inappropiate as the following description
will show and so the term Seorddalin Compiex 15 proposed. The ‘type locality' is
the large valley extending north and northweseward from Gjendebu and the
following may be taken as the formal description of this complex.

The Sworidalen Complex consists predominantly of arthopyroxene-bearing
feldspathic gneisses of jotunitic o mangeritic composicion which enwrap and
enclose lenses of Therzolitic and websteritic ultrabasic rocks. Apart from these latrer
bodies the complex shows no mineralogically distinct layering ar outcrop scale or
larger, bur it may show either streaks or discontinuous bands produced by the
concentration of dark minerals. The fabric af all the rocks is purely metamorphic
but it is most clearly seen in the teldspathic rocks, The fabric is COMPOSIte.
consisting of both linear and planar elements of variable intensity, with the more
feldspachic rocks tending to be lineated, For convenience, this fabric is denoted
St and it is defined by flavened fusiform aggregates of pyroxenes which were
presumably formed as augen-type fearares thar have subsequently récrystallised.
The recrystallisacion has affecred all the rocks of the Complex and has produced
an equigranular polygonal texture (Moore 1970) in which even-gramned xenob-
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lastic crystals of the major minerals meet along smooth, gently curved grain
boundaries that originate at symmetrical triple points (Fig. 3A). This rexture, the
triple junction mosaic of Emmett (1980a), is considered ro be the produce of
complete annealing recrystallisation (Kretz 1966, Vernon 1968), In many speci-
mens this mosaic is seen to be in the process of being mylonitised, though there
is usually no association retrogression. Bateey & McRiechie (1975: 8-9) regarded
this type of deformation as occurring at elevated temperatures (= 400°C) and for
in the cvirmual absences of warer. Grain size within the Storidalen Complex varies
from abour 700 o 1200 pm.

The petrography of the Storidalen Complex has been described in detail
elsewhere (Emmett 1980a), the following being & brief summary only. Modal
analysis was carried out on representative samples and the results are listed 1in Table
3 and shown graphically in Fig. 4. On the basis of these results, the Complex can
be divided into three series of the following parageneses:

(1) orthpyroxene + clinopyroxene % olivine + amphibole

(2) orthopyroxene + clinopyroxene + plagioclase (+ mmor perchite)

(3) orthopyroxene + clinopyroxene + plagioclase + perthite

The plagioclase-dominared rocks (assemblage 2, called “pyroxene gneisses' by
Batrey & McRicchie (1975) and "anorchositic jotunites’ by Emmere { 1980a)) and
the uleramafic rocks (assemblage 1) are regarded as cumulaces and the plagioclase
+ perthite rocks (assemblage 3, the jotunite-mangerite series) as Tepresenrarves
of liquid descent, These conclusions are supported by geochemical evidence {see
lacer). Considering the jotunite—mangerite series rocks and using colour index as
a crude differentiation index, note the fairly constant clinopyroxene /orthopyroxene
ratio. the smooth decrease in An content of the plagioclase and the increase in the
perthite /plagioclase rario with increasing differentiation (decreasing colour index).
These trends are taken to indicate an igneous origin for these rocks.
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OF the major minerals, clinopyroxene is usually augiric (see microprobe analyses
in Table 1) and orthopyroxene, a variery pleochroic from neutral to pale pink,
varies from Enss=Enss (Table 1); Plagioclase 15 usually antiperthitic, the mineral
which Goldschmide (1916} regarded as characeeristisc of the Bergen—|orun
kindred, shows a latge degree of perrographic variability, Emmere (1980a)
grouped the perthite morphologies into three classes:

(1) mosaic perthites, the commonest group with regularly disposed exsolurion
lamellae and often with a clear rim occupying ¢, 10% of the widch of each cryseal.
They are so named because they occur as an incegral parc of the tmple junction
maosaic, and they appear to be fairly pure albite-in-orthoclase perthites,

(2) perthite porphyroblases, which are usually amoeboid in shape with irregular,
often diffuse, margins and lacking the clear marginal porrions so typical of the
mosaic perthites. Lamellae of the two feldspar phases are equally abundant and
extend righe to the edge of the grains. Refractive index measuremnents indicate that
the plagioclase component has a composition of Aniz—An17, These perthires have
all the properties usually assigned to mesoperthosites (Michor 1961)

{3) parch or replacement perthices (Smith 1974). These have ragged or irregular
lislands' of pligioclase (similar in composition to the normal plagioclase in the
host rock) set in a "sea’ of perthitic orthoclase, The morphology of the host perchite
is similar to thar of the mosaic perthites, Parch perthires are the least common of
the three groups of perthite.

Accessory minerals include biorice and apatite in the feldspachic rocks, whilse
gircon appears in the most felsic members. Green spinel {pleonaste — hercynite)
is commom in ultramafic rocks and anorchosicic jotunicés. Biotite, a pale yellow
to deep brown pleochroic variety, commaonly forms granular rims around opague
grains embedded in feldspar aggregares, a fearure which Sederholm (1916) and
Parsons ( 1980) ascribe to sub-solidus reaction under localised conditions of high
iron and warer contents, Amphibole, usually pargasicic in composition, 15 commaon
in rocks with lictle or no perthice.

The ulcramafic rocks within the Storddalen Complex secur in all sizes from thin
discontnuous bands a few centimerres thick o large lens-shaped masses several
tens of merres wide and hundreds of metres long. Where olivine-bearing rocks
pecur against feldspachic rocks, a zone of spinel—pyroxenite is developed. Though
plagioclase is rare in the mode of olivine-bearing rocks, when the two minerals
do occur in contact they are seen to be 10 a reaction relationship, an observation
which has important petrogenetic sigmificance. An unusual occurrence of plagio-
clase in the ultramafic rocks is as granular rims around ilmenite grains, These haloes

Fig. = Variarions inorhe modal ¢ ompaisinion of rocks From the Gaendebu TEEIONE, 4 Jtunile-ImEngerite
rocks from the Storidaten Complex. B: altrabasic rocks from che Seoradalen Complex. € anorthositic
jparuniees (Emmerr 1980a) from che Storadalen Complex. 13 Mjslkedola Purple Gabbro, E:
Svarcdalen Gneiss. Specimens are amanged. horizontally in order of decreasing oolour indes.
MNumbered i.')i.'l.l'l'lr"l.L'S correspond to analyées BIVET 10 Table 3 (hull dasa avalable from the aachar),
Abbreviarions; a, amphibole, b, biotire. cpx, clinopyroxens, K — feld, potash feldspar (including
’;'IL'HI'I.I.[L'J opx, |:-r1'|."||.:-pf|'l'r:-xtl'lr:. plag, p]ag:c-rl-am- (including antperchie). "Orthers' includes aleer-
natiin products, epague phases and spincl
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TABLE |, Bepresentanive analyses of do-existng pyroxenes

1 2 > 4 5 & 2 -]
Oredapyroxenes
Sill, 51.4 5249 2.4 53:1 521 811 1.7 52:1
Al 1.28 - 3,68 278 4.44 A.H3 L.9% 0.B4
Feld® 23300 2XAT 1704 2083 1701 2135 2384 2235
Mg 2234 2207 2608 2319 2553 2205 2187 2147
Cad a7 .43 13,50 .28 052 (1,44 (.55 53
M (.72 0.7z 45 (.56 045 (1,06 (.70 209
M0 - - .29 - 007 (144 - (.08
TiChs - = ol - (0,10 1,05 - =
Cryy = - - - - 0.0% n:d -
wotpl GO0 100100 10034 WHLTD DDA 10003 10065 9958
Aty 1.34 (LB 1.01 57 1.06 T4z 1.11 F.31
Mt G244 6338 7244 G611 7202 6414 6134 G230
Fies 5 36,22 3373 26.5% 33320 26592 3484 3753 3639
G’iafu,&yr-axm“
S0, 404 453 48.9 1.0 313 442 S04 522
Al 52 2:59 5.4 5.%3 .15 5.84 357 .66
Fed* 025 11.86 7.32 763 667 B2 2.67 937
Mg 1407 1334 1348 1297 1254 1265 1246 1334
CaD 2L87  Xhaz 3375 2133 2052 2158 2l44 2105
Mn) (130 .21 18 (.25 (.18 029 (.27 0,82
Bas0d = - .54 1,52 1.654 0.97 7 .74
T, - - e 4y 049 .73 .35 -
Gy, - - - - - 0.5 - -
rodil 9741 9983 99.6]1 10008 9948 9993 GRAS 990D
Cat? 44.96 4231 4924 4735 4754 4694 4627 4611
Mgt 18 3H4R 3REAT 31940 4040 3827 37400 3869
Fe®* 1486 1921 1E8s 1325 1206 1479 1633 1520

Tatle 1. Representative analyses of co-existing pyroxenes. All frgrures are in weight % and-all the
analyses were made by eleceron microprobe (full derails in Emmere 1980a), The full daca ser is
available from the author. Host rocks are as follows:

Column 1. Svandalen Gneiss, sample 12, From near Langedalshre, grid reference 7246 1017
Colimn 20 Svandalen Gneiss, sample 19 From Svaredalen, grid reference 7353 1205,

Column 3. pyroxenite from Tuefinsdala, Grid reference 7830 0540, Sample 17,

Column 4 anorhusitic joranire from Hegrunga, sample 48, Grid reference 7140 1647

Column : anorhositic joranite from Hogrunga, sample 50, Grid reférence 7089 1674,

Calumn 6 jorunite, sample G, from noech of Gesletiernie, Grid reference 6806 L4115,

Column 7. mangerite from nonhwest side of Srorddalen, sample 64, Griel reference 6930 1441
Column 8 Hoystakka Granofels sample 83, from Heystakka Grid reference 6810 0835
Columns 4 o 7 are samples from the Sroridalen Comples

Fel)' = raral Fe as Feld

of plagioclase (Fig SB) are very calcic (¢, An,,) and are thought to be derived by
exsolution of plagioclase from pyroxene (Emmett 1980a), but why the feldspar
prefers ro nucleate on oxide grains is not understood. All the uleramafic rocks CArTy
a deep grass green spinel, again of the hereynite type, which occur as discrete crystals
or as vermicular intergrowths wich orchopyroxene, Amphibole (pargasite) is a
major phase in some of the ultramafic racks,

Structurally, the most conspicuous fearure of the Storidalen Complex is the 5
fabric. This seems to have formed by isaclinal folding and subsequent limb-
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'B.C.B
1000 pm

5.4 A) Typical exmare of pyriclasice fromthe Storddalen Complex. Nore the smooth gently curved

grain boundaries meeting ar symmerrical miple poines. Minerals prisent are plagioclase, pyroxene,
upigue phases and a hiele biorice

{B) Crpague grans, mainly ilmenice; surrounded by "haloes’ of plagioclase (approximacely Angg).
[hese are embedded in a4 pyroxene mosaic, with a hitele bictite and amphibole also present, From
a pyroxenite within theé Seoradalen Complex. (C) Texoure of the Mijslkedola Purple Gabbro showing
eubedral o subhedral plagioclase with mrerstinal pyrosene,

(D) Texture of Havstakka Granofels, showing crvstals of pyroxene dispersed throngour a perchice
+ QU mosdic. Apatite anad Ofikgue grains ace ilso visible, All photographs eaken in |:1|'.'|.I'|-\‘.'-J‘.~:JJ'.'I.Fi'Std
light

artentuation of a very poorly preserved pre-51 planar fabric, S0, This earlier fabric
is seen only in rare fold noses berween discrece 51 fohia (Fig 3), and its exact nature
is unknown. It may be original igneous layering (Bateey 1965, Barrey & McRicchie
1975) or an earlier metamorphic foliation. The pods and streaks of mafic and
ultramatic material occur in arrays which give the impression of being intensely
boudinaged layers. and S1 1s always concordant wich such bodies, Accordingly, S0
is interpreced as inicial igneous layering disrupred during the S1-producing event,

Dy, and enhanced (ac least on a small scale) during subsequent high-grade
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metamorphism, However, So relics, including possibly the larger ultrabasic bodies,
are now totally recrysallised wichin che 1 fabric and the two planar elements are
transposed. Emmert (1980a) has demonstrated char, if the ultrabasic bodies do
represent disrupted layers then the metamorphism which generated the characte-
ristic pyroxenitic sheaves between olivine-bearing and plagioclase-bearing rocks
(Carstens 1920, Bartey 1960, Battey & McRitche 1975) must have post-dared
their disruption, Post-Di recrystallisarion has preserved the Si fabric bur individ-
ual crystals develop a xenoblastic habit. In the Staridalen Complex, the mineralogy
shows thar this recrystallisation occurred under pyroxene—granulite facies condi-
E1Es.

Structures of two separate events which fold §1 can be recognised, neither of
which generate a post-S1 fabric. Both are poorly developed and they are regarded
as contemporaneous, though there 15 no real evidence for this. This latter
deformation, Dz, has not caused any retrogression of the high grade D
assemblages. Folds termed Dza have amplitudes and wavelengths of a few
centimetres only and form incrafolially to $1 (Fig. 3). They may be distinguished
from S1 folds by their less tightly appressed nature and by the fact that the St fabric
is not necessarily axial planar to them. Dos folds are sceeply plunging and appear
to control the field disposition of 81 (see Fig. 2A). Though persistent marker
horizons are absent, the wavelengrh of these folds is estimared to be up o several
hundred merres. They may well be equivalent to McRitchie’s Fi. though on a
somewhar reduced scale (McRirchie 1965, Bartey 1965).

Following Dz, the rocks of the complex were subjected to a period of rension
during which pink and white feldspar pegmarites were injected, These cur across
all D1 and D2 structures and they are possibly associated with the pegmirice
injections developed in conjunction with the formation of the Tyin—Giende and
Hoystakka Faules.

SVARTDALEN GNEISS

The rock units south of the Tyin—Gijende Faulr, the Svaredalen Grneiss,
Mielkedela Purple Gabbro and the Haystakka Granofels, are much Jess intensely
deformed than the Storadalen Complex, In the Svarrdalen Gneiss, no folds
comparable to D1 or D2a structures have been observed, There is a generally steeply
inclined foliation and it is possible that variations in the strike of this (Fig: 2B)
may be due to presence of gentle Dis folds. The only structure recognised in
the Purple Gabbro is a weak foliation developed in proximiry to its junction with
the Svartdalen Gneiss. The late tensional pegmatite injection phase is present in
all the units but is no so exrensive as in che Storidalen Complex. The foliarion
in the Svarrdalen Gneiss is termed 51 and its production is correlated with D, Ir
is believed thar the vararion in intensity of Di is relared to the cruseal level of the
rocks ar the time when they were deformed.

The Svartdalen Gneiss is a foliated. two-pyroxene, rwo-feldspar gneiss of
JOTUnItic to mangeritic composition which putcrops east of Heoystakka to at least
the line of Turfinsdala (Fig. 2B). It is aphyric and equigranular, bue lacks the
pervasive annealed texture of the Storidalen Complex, Ies fabric is purely planar
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bt is commonly irregular and discontinuous, Representative modal analyses are
listed in Table 3 and shown graphically in Fig. 4E. A full description appears in
Emmett { 1980a), bur of parricular note lere is the occurrence of perthite which
is analogous to the mosaic perthites of the Storadalen Complex, though chere is
a tendency in some specimens for it to be amoeboid in habit and to fill the
interstices formed by the mis-fit of plagioclase grains. Biotite and apatite are the
main accessory minerals, but amphibole and green spinel are absent.

The transition from Svaredalen Gneiss to Mjelkedola Purple Gabbro occurs
gradually and irregularly east of Heystakka, bur its expression is complicated by
the presence of the Hoystakka fault and the Hoystakka Granofels. Small enclaves
of Purple Gabbro are found within the Svartdalen Gneiss and the fresh and
unaltered narure of these mitigates against their being tectonic intercalations. The
conversion of Purple Gabbro into Svartdalen Gneiss 1s essendally a rextural
rransmutation, invelving the reduction of phenocrysts and the production of a
foliation. The clear inference is that the Svartdalen Gneiss represents a deformed
porcion of the Mjelkedola Purple Gabbro body,

MIGLKEDELA PURPLE GABBRLO)

The Mjualkedala Purple Gabbro was first described by Batey (1963), though
specimens of it were used by Goldschmide (1916) as examples of his ‘'normal’
gabbro. Battey's brief description was subsequently expanded by McRicchie
(1965 and Emmert (1980a). The unit outcrops from Sletafjeller in the west to
Hoystakka in the east, where it begins its transition into the Svaredalen Gneiss.
Its base, a zone of shearing interpreted by Bacey & McRirchie (19730 as a thrust,
i5 seen only in the most extreme southwest corner of the Gjendebu region (Fig,
2B). Full perrographic descriprions of che Purple Gabbro will be found in the
works cited above, but representative modal analyses are presented in Table 3 and
Fig. 41, Note that Barrey does not mention perchite in his descriprion, hence
'gabbro’, but the author has found K-feldspar-bearing varieties of essentially
jorunicic composition intimately associated with true gabbros, Rather than rename
this unit and thus incroduce inte the literature two names for che same unie,
Batrev's name 15 retained though it is conceded thar it is not entirely gabbroic in
composition, The K-feldspar is usually perchitic and occurs interstitially, occasion-
ally poikilitically enclosing small grains of pyroxene. The association of erchopy-
roxene and clinopyroxene is thought w be igneous, not metamorphic (Battey
1965), and aparite is an abundant accessory mineral. Igneous textures are
characrenstic of the 'gabbra’ and include ophitic and subophitic intergrowths, and
ethedral phenocrysts of plagioclase wich interstitial pyroxene (see Fig. 5C and
Emmert 1980a). Biotite and, more rarely, garner, may occur as thin rims growing
en oxide grains, Garner 15 only common in extensively retrogressed examples (see
later),

LILTRABASI. ROCEKS SOUTH OF THE TYIN-GJENDE FAULT
The bodies of ulteabasic rock associared wich the Mjslkedola Purple Gabbro in
the region of Eidsbugarden have been described by McRirchie (1965), bur the
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bodies on Gravarfiellet and Turfinstindane {Fig 2B) are nor included in this work,
The body on the souch flank of Turfinstindane has an appatently unsheared conracr
with the Svaredalen Greiss which cuts across che 81 fabric in che host, This suggests
that the body was emplaced (Zintruded) afrer the main D1 event, but the presence
of disrupred and boudinaged compositional layering within the bady indicaces char
deformation continued after its emplacement. This observation constitutes a majar
poinet of distinction berween this body and those wichin the Storadalen Complex
since the latter appear to have been emplaced before the onser of Di.

There are two ultrabasic bodies on Turfinstindane and they are thoughe o
represent a single mass disrupred by lag-faulting. They are composed mainly of
wehrlite (orthopyroxene + clinopyroxene), though olivine and amphibale may he
abundant locally. Plagioclase occurs as finely granular rims around opagque grains
or, significantly, as small discrere subhedral grains, an occurence nor recorded in
the ulerabasic rocks of the Storddalen Complex. Green spinel is a rare trace mineral.
Texturally, the wehrlives have a coarse-grained granoblastc mosaic wich well-
developed triple junctions. The Gravarfjellec body 1s composite in narure, being
forrmed of several coalescing smaller bodies. The dominant rock eype s Therzolice.
A typical modal analysis is listed in Table 3.

HOYSTAKKA GRANOFELS

The Haysrakka Granofels is distinct in boch ies mineralogy and its diseriburion,
and it is surprising that its existence has nor been noted previously. It ocours as
numerous subverrical dykes which vary in thickness from a few centimerres to
several metres, the dykes splitting and coalescing to give a body of very complex
form. The representtion of this on the map (Fig. 2B} is only approximare, The
granofels occurs enrirely to the case of the Hoysrakka Faule and none has been found
north of the Tyin—Gijende Fault, The granofels is not foliated and the dykes cut
across the 5, fabrc in the Svartdalen Goeiss, Within the Huystakka Faule, slabs
of Purple Gabbro veined with granofels have been found.

A full description has been given elsewhere (Emmett 1980a). but representative
modes are given in Table 3. The rock conforms with Goldsmich's original
definition of a granofels (Goldsmith 1959) and it consists mainly of quarcz and
perthite with minor orchopyroxene and chnopyroxene (Fig. 5D). Apartite and
zircon are rare accessory minerals. Coarse myrmekitic textures are common and
often develop ar the expense of perthite, Plagioclase occurs as sparse, much
corroded relics only. The pyroxenes are low in alumina and apparently quite free
of inclusions and exsolution lamellae.

Metamorphism

It is possible to divide the metamorphic evolution of the tocks of the Giendebu
Tegron into two stages; an carlier high-grade evenr and a later retrogressive event.
The retrogression is very patchy in its representation, resulting from shearing and
hydration during faule development or during Caledoman thrusting (Emmett
1980b). Full details are given in Emmert 11980a), the following listing the mose
important points and conclusions only,
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Frg: 6, Schemanic diagram showing the form
of the four types of corona present in the PLAGIOCLASE

Storadalen Complex.
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HIGH-GRADE METAMORPHISM

Evidence of mineralogical reaction during the earlier meramorphic evenr is
confined to the ultrabasic and basic representarives of the Storadalen Complex. As
noted by Carstens (1920) and Bartey (1960), olivine-bearning rocks never occur
in direce contact with plagioclase-bearing rocks. Where they are seen in close
proximiry, a zone of pyroxenite intervenes (Fig. 6). Carstens proposed chat chis
was the result of some form of eutectoid crysallisation but Battey (1960)
recognised it as the product of subselidus reaction, a view not subsequently
challenged. In addition, major element geochemistry suggests that the more basic
of the anorthositic jotunites were originally olivine-bearing cumulares. It is clear
that the high-grade metamorphism has resuleed in the removal of olivine +
plagioclase assemblages and the generation of spinel + orthopyroxene + clinopy-
roxene assemblages. These observations, taken together with the fact that there are
normally no garneciferous assemblages present in che Storadalen Complex, indicate
that the conditions of metamorphism are constrained by two well known
mineralogical reacrions:

(1) olivine + plagioclase — orthopyroxene + clinopyroxene + spinel.

(2) spinel + orchopyroxene + clinopyroxene — garnet + pyroxene.

Of these, (1) places a limit on the mimmum values of P {and T), whilst (2}
constrains the maximum. Gniffin & Heier (197 3) considered these reactions in
derail and found that progress from lefe to righe 15 accompanied by a reduction
in specific volume, a resule which suggests that they are driven in thae dicection
by an increase in pressure. The posicive slope to the reacrion boundaries in P=T
space thus suggested was supported by early experimental work (e.g. Green &
Ringwood 1967) and perrographic data (Gardner & Robins 1974). Reacrion
boundaries with such attitudes permic the generation of the mineral assemblages
of central Jorunheimen by simple post-emplacement isobaric cosling, with the
production of garnetiferous assemblages foresealled by a terminal decompression
event (Gnffin 1971a, and Fig. 7). Herzberg (1975) determined the reaction
boundaties as being essenually 1sobaric; curves of this disposition require an
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Fig. 7. The stippled arrow shows & proposed path through P=T gpace for the Storidalen Complex.
A = approsemnaie conditions of initial magmatic consolidation, B = climax of post—0; high-prade
metamorphism. L = werminal decompression evene, C—M-A-5 15 the CaO—MgzO-A1,0,-5i0,
system (O'Hara 1967), The reaction boundanes are from Heraberg (1975, 1978) and tepresent che
filloming reacrions;

L odivine + plagioclase — plagiocliss + orhopyroxens + spinel

2. plagioclase + ur:hup}'nmm:: - spanel — garnes + orthopyroxens

3. clinopyroxens + orchopyroxene + spinel — parner = olivine
The soliel arrow tepresents the simple decompression model of Griffin (197 Ta) whilst the broken
arrow 15 the P=T parh suggeseed by Bacrey (1978), The harched arrow is the P=T path for the Indre
Sogn anorthosites proposed by Herzberg (1975, The black circle represents the peak of Scourian
metamarphism. as suggested by O Fars (1977)

increase in either P alone (Batcey 1978) or in both Pand T (Herzberg 1973) to
generate the observed assemblages. Subsequent work by Herzberg (1978) has
reintroduced positive slopes to the curves, albeit somewhar shallower than those
required by the earlier work. In this discussion it is important to note the conclusion
of Emmetc (1980a) that the main D1 deformation precedes the main high-grade
metamorphism. Wich this in mind it 5 unlikely that simple isobaric cooling could
generate the features seen since a period of intense deformation muse intervene
berween initial magmatic consolidation and the metamorphism.

[n Fig. 7 a proposed path in P=T space is inscribed on the reaction boundaries
of Herzberg (1978). For comparison, the paths suggesred by Griffin (197 1a) and
Battey (1978) are also shown, The new curve follows thae of Bateey (1978) in thar
it envisages metamorphism beginning ar rather low P (c. Tkb) and T (¢ 430°C),
though Battey’s curve is rather unrealistically precise. Both curves place the peak
of metamorphism ar ¢ LO00°C, 8-10 kb, It is assumed that post-climactic
annealing combined with the D, deformacion removed all evidence of the original
texeural condition of the rocks. The mosaic produced presumably conrained
homogeneous, te. unexsalved, feldspars (which were eventually o unmix o form
the mosaic rype perthites and antiperthites) and pyroxenes.
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TABLE 2. Analyses of garners,

=]

amphibales, and relict L = i %

clinopyroxenss from recrogressed Si0k; 1808 3H.0) 4240 LG

rocks, Al 2124 2231 13,56 240
Fel)” 26,52 2203 I+597 8.51
Mg 5.49 9.(K 10:87 13,40
Cal} T 5.76 11.23 23.19
Mnld 07 (BCH YIS (42
Mai0 = = |82 .74
Tih; 015 - 1.45 0.27
) = - .68 =
Cra0y - - (1.413 -
totil LA S SHLGH 07.54 9053
alm % 55,73 47.93 Cal % 46,70
pysEE 20.71 3353 Myt 30206
aras F 21.03 1541 Fe** % 14.04
spes G 251

Fel® = ol Feoas FeQ).

Tuble 2. Average analyses of garnet, amphibole, and relice dinopyroxenes fram recrogressed rocks:

All analyses by electron miceoproble; values m weighe 5.

Column 1: Average of four analysss of gamet from eetrogressed Miplkedola Purple Gabbro, sample
#2: from near Branebergrjern, grid reference G785 (0780,

Column 2 garnet (average of ewo analyses) from retrogressed anorthositic jotunice. Sample 48, from
Hegrunga, pod reference 7 10E 1647,

Column 3. secondary amphibole {pargasite) from recrogressed Parple Gabbro, Average of mwo
analyses, Sample 82

Colunmn 4 relicr clinopyroxens (average of ewoe analyses) from rerrogeessed Purple Gabbro, sample
8

The only evidence extant for the reversal of reaction (1) with the subsequent
exhumation of the Sroridalen Complex consists of the limited developmene of
symplectites by the re-equilibration of aluminous pyroxene to form eicher low-Al
pyroxene, spinel and plagioclase (Griffin 197 1a), or to form olivine and plagioclase
(Battey & Davison 1977). The resericred nature of these decompressive reacrions
is widely believed to be the result of the high-grade rocks being carried upward
oo rapidly to allow 'normal’ mineralogical reactions to proceed (Griffin 197 1a
and b, Bawey & McRirchie 1975, Batrey 1978, Emmere 1980a). Barrey (1978)
has deflected his decompression curve to allow for several thermal perturbations
that have affected the rocks duning uplift. Some of these events are of only local
significance and so need not be considered further. However,one such event, the
generation of feldspathic partial melts, will be consider later,

In contrast to the Seoridalen Complex, the rocks tw the south of the
Tyin—Giende Fault show a relative lack of diversity and this. especially the lack
of cumulate rocks, makes it difficule to define their initial high-grade metamorph-
ism. What cumulate rocks there are — the deformed ulrrabasic bodies of
Gravarfjeller and Turfinstindane and chose associated with the tectonised base of
the Mijolkedela Purple Gabbeo — appear to contain stable olivine + plagioclase
assemblages (McRirchie 1965, Emmert 1980a). Taken together with the typical
granulite facies assemblage of the Svartdalen Gneiss, this suggests thar these rocks
have not exceeded low-pressure granulice facies grade. Bactey (1965) proposed that
the Mjalkedala Purple Gabbro is of amphibolite facies grade. Owerall, it seems
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TABLE 3, Representanve whole rock and mmicdal analyses of rocks from che Giendelu FERIGn

t & 3 4 4 & 7 H 9 i Il A 14
SiCI_. 484 534 406 465 SBS. 550 HE3 434 454 58 LS sle e 576
Al 1456 1698 1004 2081 [6.80 1737 63 MEEd 751 1605 1574 23093 1973 1977
FesC)y #51 F46 1020 505 237 255 FEE AEa0 ) 5010 397 330 | b N N
Fedd Tl 553 1072 561 407 488 2710 o0 G6R 646 659 373 408 204G
MgO B:26° 539 1096 457 295 495 204 1284 13555 646 642 347 302 |&Es
Cal) TLOL 474 B304 12600 647 744 1550 EBA7 1872 9134 935, 947 G55 4.0
MNaaty Zadi 365 0400 3013 393 303 044 (81 097 363 321 411 469 528
K0 L2g 192 U 028 335 341 030 0 23 A ja% 204 giEn 2pa 328
Tild: D&L 077 139 070 091 074 039 088 074 071 087 036 075 076
Mn( 034 033 026 012 011 004 00% 020 019 020 019 007 0 15 014
Py, 020 016 064 088 020 036 002 005 003 040 045 023 057 2s
H.0" A2 045 038 055005 014 033 068 035 029 0 LF=S0.05 543 <2005
H.0* U35 004 012 018045 021005 047 0.20<00% A3 28 03E=0.05=
ey G20 008 048 (K14 45l 006 153 08X 048 nd 008 k45 nd  1.00
toeal HEAT L0047 10020 10053 100.23 LO0AS 100060 10040 10086 100,20 10034 99,56 100,42, 1+ 40
B 1329 4335 B49 ITRD 5049 5200 409 8219 504 3B 3921 4056 55466615
apx 138 126 107 60 36 B6 40 92 00 o0 120 - 15 07
cps 244 209 442 B 99 158 GL0 409 690 290 150 L0 44 2.1
plag® BE 362 198 62N 257 324 alv= plv= olv= 480 330 366 470 -
K feld™ 170 249 o 3O MGE 352 i80 1 1.3 0 30 141 244 655
amph * biee 20 15 15 140 20 295 130 337 1T0 S0 L0 5 196 44
Opacjues +
spinel 24 36 BLL 500 350 37 40 80 500 30 40 LB 18 38
AntEin plag 41 - b Sil L = - = o 3T 6L 23 =
Cpxfopx 1.8 G S N LB B3 4% 35 32 EiA - 2% a0
R-feld /plag 014 0.7 @1 .1 .05 100 - - - {1 09 039 05 -
includes antiperchice Addiniong! Componenss™ > quaree 2.9 35.0
includes perthice gmer 105 3
" hewvily retrogressed apante 1.1 1.2
zrcon 04

" anly in 12, 14 and 15

Table 3. Represeniative whole rock and modal analyses of rocks from che Gendebu region. The full
dara set is available frim the author. The analyrical mechods, & combinarion of A A5, colonmetric,
and gravinerric technigques, are described in Emmere ( 198025 Al oxide valugs are in weight %, the
mades are in volume % The (€0,) figure is nommal and is; stricely speaking, the loss on ignition
s B30 not accouneed for by H O (decermined separarely)and correcred for the oxidarion of Feld,
31 is che differentiation indexs of Thornron & Tuetle (1969).
Srarddalen G;.mpf'rx
. Jotunire. sample 61, See Table |

mangerite, sample 64, See Talsle |
anrthositic jutunite, sample 28, From near Hegrungayern. Grd reference 7123 1597
anurthosine jotunite, sample 33, from Hogtunga, Grid reference 7240 1261

miangeniee, sample 137, from near Memurobu Grid reference 7935, 1780,

mangenee, sample 62, from: aoreh of Grisletiernic. Grid reference 6773 1448
+ Ihersolice, sample 5. from Hellerfossen. Grid reference 6908 1600
- websterire, sample 236, from Ligrungegem, Grid reference 7545 153,
Ot rogk)

% pyroxensec; sample 17, Ses Table 1,

UL Svarrdalen Gneiss, sample 12, See Table |

LE Svarediden Goeiss, sample 19, See Table |

12. Myolkedela Purple Gabbro, sample 82, See Table 2

13, Mialkedola F‘u!’p]u Gabbirmn, sample 229 From near Langedalssjeen; enid reference- 7453 0517,
14, Haystakka Granofels, sample 83, See Table 1.

15, Hevsakks Granofels, sample 13 1. From near Uksedalsern. Grid réference GGG 735

D e e e

e
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unlikely that the racks south of che Tyin=Gjende faulr have exceeded Poand T
conditions delimited by reacrion (1) above,

RETROGRADE METAMORPHISM
Retrogression of the high-grade assemblages occurs in association wich'(1) faule
and shear zone development, (2) chrusts and lags, and (3) the margins of
pegmatites. The widest zones oceur in conjuncrion with the Tyin—Gjende Faule
and immediately to the west of the Hoystakka Faule (Fig. 2B). Full details of the
diapthehorenc rocks are given in Emmert (1980a), and a brief description of the
Caledonian recrogression of the Svartdalen Gneiss 1s given in Emmert (1980b).
In general, retrogression is characrerised by the progressive replacement of
pyroxene, especially orthopyroxene, by amphibole and the development of
epidote-bearing aggregates from plagioclase. Garner (rich in almandine and
pyrope, see Table 2) and, rarely, scapolite may also be developed, usually after the
main amphibolisation of the host rock, In the zone of retrogressed Puple Gabbro
west of Haystakka, clinopyroxene 1s preserved only as ragged relics and enhedral
porphyroblasts of garnet are common. The diaphthoreric assemblages are typically
those of the epidote—amphibolite (transicional greenschist-amphibolite) facies
(Turner 1968), though amphibolite facies may be developed in places, There are
probably several periods of recrogression ranging in age from Precambrian to lare
Caledonian, bue criteria for distinguishing individual evenrs are not yer available.

Geochemistry

WHOLE ROCK ANALYSES
Representarive whole rock analyses are listed in Table 3, the complete data set
being available in Emmerr (19804a). Fig. 8Ba plots oxide abundance against cthe
Thornton—Tutele differentiation index (= D.L, see Thornton & Turtle 1960). For
the Storadalen Complex, the curves are continuous and indicate the presence of
both cumulace and liquid descent trends. Scacter of the points in the CaO, MgO,
and total Fe (as Fez0s) curves at D1 <30 is correlated with a steep initial increase
in alumina up to DI = 30 and an inically antithetic relarionship between total
Fe and MgO (Fig. 8B). Tt is considered that rocks wich D.L-="30) represent onginal
calcic plagioclase + olivine cumulartes, (Fig. 8C). Rocks with indices = 30 plot
alomg a well defined linear treend believed to be the line of liquid descent.
Feldsparthic rocks from sputh of the Tyin—Giende Faule have no representatives
wich DL =34, but the liquid descent crends are identical. Possibly these southern
rocks represent a congealed portion of the original magma which separated from
the main mass after the accumulation of low D.L rocks. This apparent lack of
feldspathic cumulare rocks from sourh of the Tyin—Giende Faulr is one of the very
few major poines of distinction berween the two terraing eicher side of the fault,
The Heystakka Granofels plots ac the high [ 1, end of the liquid descent trends.
The rotal alkali—total iron-MgO (= AFM) diagram (Fig. 9A) shows the inioial
cumulate trend of iron enrichment followed by a eypical cale-alkaline trend for
the liquid descent {Irvine & Baragar 1971). This trend is similar to that of the
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Fig. 8 (A} Vatation disgrams for rocks from the Giendebiy region. The Thommeon—Turrle
differsntiarion index is from Thornton & Turde (1960

{BY Fe-Mp relarionships in the Storidalen Complex

(0 Aluming-nermaeive An relationships in the Storddalen Complex. B and sugpest that the
geochemisery of che low D1 members of the Stacddalen Complex is ednrrolled by the accumularion
of olivine and plagivclase. Symibaols: squeres; ittabisic racks from the Seoradalen Complex, Open
circles, pymclasites from the Storidalen Complex. Closed circles, Svarrdalen Gneiss. Crosses,
Mjolkedela Purple Gabbro, Stars, Hevstakka Granofels.

Layered Series reported by McRitchie (1965). The small degree of iron richness
of the Jotun kindred trend over the more typical calc-alkaline rend shown by, say,
the classical basalt~andesite—dacire—rhyolite (= B=A-D—R} volcanic suire of the
western US A, (Turner & verhoogan 1960, chap. 10}, is presumably due o
differentiation occurring under conditions of low PHyo-high P load condirians (cf.
Philpotts 1966). Such cale-alkaline crends are exhibiced by many granulite facies
terrains (e.g. the charnockites of Guyana, Singh 1966, and the ultrabasic. gabbroic,
and dioritic rocks of the Ivrea Zone, Rivalenti er al. 1981 see Fig. “B). The
Giendebu rocks also give a typical calc-alkaline trend on the E<M diagram of
Simpson (1934). the trend lying as it does betweéen the curves for the Garabal
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Fig. 9. (A) AFM diagram for rocks of the Giendebu region.

(1) Comparative trends onoan AFM dagram: Garabal Hill-Glen Fyne Complex fram Nockolds
(1941}, Guyanan charnockires from Singh { 19266), the teend for the B—A-T-R voleanic suite {see
rext) is from Turner & Verhoogan {1960), and cha for the veea Zone from Rivalenn eoal. (198 1)
() F=M diagram, afrer Simpson {1954), for rocks from the Giendebu region. All symbels 25 in
Fig, 7

Hill-Glen Fyne Complex and the previously mentioned B-A-D-R suite (Fig.
9C).

The average bulk compositions of the Storidalen Complex, Svaredalen Gneiss
and Mijalkedala Purple Gabbro were determined using a simple weighted average
technique similar to that described by Eade eval, (1966). Full details will be found
in Emmertt (1980a), The results, listed in Table 4, indicate that rhere are no
significant differences berween the three units. The average bulk composition for
the whole area examined has been similarly derérmined and the resule is almose
wlennical to cthe value obrained by a different mechod for the 'parental magma'
of the Layered Series by Battey & McRitchie (1975, and Table 4). This concurrence
of the bulk compositions of the Layered Series and the rocks of the Gjendebu region
strongly suggests that these units are comagmatic,

Table 4 also lists sclected analyses for comparative purposes, including
calc-alkaline rocks from island arcs (Jakés & White 1969, Lowder & Carmichael
1970, and some average granulite facics rerrains. The bulk composition of the
Giendebu rocks compares most closely with the island arc rocks, a pointalso made
by Battey & McRitchie (1973), and meamorphosed cale-alkaline rocks, e.g.
granulites from the Sao Francisco craton of Brazil (Sighinolfi 1971). However, the
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TABLE 4 Comparative whale rock analyses

1 2 3 4 5 (4] 7 & 2] 14

810 1.9 L0 325 528 SiS 31,39 6006 540 5059 53.83
A0 676 1745 I8.6i 1762 180 67 154 1940 15,29 1542
Fe.0; 340 304 249 306 35 281 o Al 366 300
Fel) 331 9. 55 335 &b gee e AT Sap Ll
Mg 545 490, 497 509 50 503 39 4.1 Bia 436
Caty BT B4 S48 R44 100 B46 57 ] Q.50 #.83
M0 149 360 193 364 3B 3,14 23 S 2,84 299
) 2.1 .20 199 203 11 P23 I (1.6 |07 042
M s (576 64 152 Okl o 017 {261
T, TG 07 o4 036 1.32 LR (L] 105 1ol
Pa, .31 1 T 1 T T 1 1 (.27 .21
Hh* (.47 032 th24 (132 (.90 hdd
H. 0" 016 2% (18 .20 [AEECE (ER Y
(C0) 037 006 647 021

ol PG4 10007 1000T 9987 9480 99791 9930 10050 100 28 IiNROS

* total Feas FeD)
" toral volariles

Table 4. Comparative whaole rock anelyses

1. average balk composition of Storddalen Complex.

2. average bulk composition of Svarcdalen Greiss (n = 117,

. average bulk composition of Mjslkedalz Purple Gabbro (n = 10},

4. average bulk compaosition of all racks in Giendebuy regian.

3, ‘parental magma’' of Layered Serics (Hateey & McRirchie 19755

6. average Bravilian basic granulite (Sighinolfi 1971,

7. wverage intermediate-pressure granuliee figies rock, Musgrave Range, Australia (Lambere &

Heter 19081,

&, average composition of lower concinestal crus {Taylor & McLennan 1979),

9. culc-alkaling pyroxenc-basalt from M Trafalgar, Easc Papoa {Jakés & White [969)
L. basaleic andesire from Cape Hollmann, Talases (Loweder & Carmuchael 1970)

The fAgures an column 1 were derived by dividing the complex up: ines ulerabasic ypes,
anorthesitic jorunices, aned Iommte-magerites. The outcrop ares of such of these chrie rock by pes was
estimared from the map and g g race weighting assigned ro each on chis basis. & simple average
wits mken of all the analyses available for sach group and the values obrained were combined mgether
(alter applying the appropiate weighting) to sive column 1, This mechod is similar ro thiac used: Ly
Eadle e al. {15966} o estamiace the average composinen of pare of the Canadian Shaeld. Columns 2
and 3 aresimply averages of all che appropuace analyses, whilst column 4 is the average of columns
l. 2-and 3

Giendebu rocks are generally more alkalic and more basic than any of these, a fact
which is most noriceable when the Storidalen Complex is compared with other
intermediate pressure granulites, e.g. from the Musgrave Ranges of Australia
(Lambert & Heier 1968). This observation is significant because lower cruseal
granulites are commonly regarded as depleted in potassium and other lichophile
elements (Taylor & McLennan 1979), a result of cicher parcial melting (Fyfe 1973)
or some as yer poorly understood COz-initiated merasomacism (Newton et al.
19800, Most of the potash in the Storidalen Complex is carried by mosaic-type
perthites, with the small amounts present o anciperchite and biocite generally
insignificant, These perthites presumably formed as homogeneous crystals before
or during D1, with post-metamorphic annealing subsequently incorporating them
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Fig. 10 Quadrilacral diagrams for to-existing pyroxenes from rocks of the Giendebu region.

into the triple junction mosaic. This observation does not preclude che possibilicy
of pre-Di metasomatism, but considering the smooth trend of the NazO+ KO
curve on the variation diagram (Fig. 8A), and che face that the Svartdalen Ginelss
and the Mjolkedola Purple Gabbro are also rich in potash, it is considered that
the high potash contents of these rocks is a reflection of the original composition
of the parental magma.

CO-EXISTING PYROXENES

A reconnaissance study of the geochemistry of co-existing pyroxenes has been
completed, the analyses being made by electron microprobe and fully corrected
fur ZAF effects (for full derails see Emmete 1980a). The pyroxene pairs analysed
and the results obrained are listed 1n Table 1. As is usual with microprobe analyses
of pyroxenes, lietle or no account has been raken of inhomogeneities produced in
crystals by exsolution of plagioclase and /or oxide phases (cf. Howie & Smith
1966). No zoning was detected and tie-line arrays sweep smoothly across the
quadrilateral diagrams (Fig. 10), both features indicating that equilibrinm
conditions have been obrained, The clinopyroxenes are broadly augitic mn
composition whilse the orchopyroxenes vary from Enss to Enve. Both pyroxene
species from the Storidalen Complex and the Svaredalen Gneiss are quire
aluminous. Plots of pyroxene composition (Al20: and Mg /(Mg + Fe)) against
whole rock composition (Al203, D1, and FeO /(FeO + Mg(h) all indicate thar
bulk composition is having a strong control on pyroxene chemisery (Fig. 11).
The partition cocfficient Ky (as defined by Kretz 1961) varies from 0.67 1o 0.89,
all higher than the value of 0.53 thoughe to typify 'metamorphic” pyroxenes. All
these fearures suggest that the compositons of co-existing pyroxenes are still
reflecting relationships established during magmatic differentiation, a similar
conclusion to thar reached by Barrey & McRirchie { 1975) for pyroxenes from the
Layered Series.



24 TREVOR F. EMMETT

3 104 -
L' is the trend for ortho- &
pyroxenes from Lofoten 04 ;uﬂn av,!?.
$ | ogo ¥
5-4:1 c 541 ©
o= L
| e o)
s bels affa § 57, Bk . .
= 20 oo AL @ &
&
£ 3.4 2 34 = =
gl w b O "
o] L]
L] 1 -
= 3l 20 *
> o
= 1401 145
Orthepyroxenes Liiropyroxenes
0 T 7 T — o T T T ' T
-3 iy 0-5 0-3 0k 05
Fed/(FeG+Mg0l in host rock — =
8 Mg
74 Sy ﬁ : :
= Drthopyroxenes €4 E g
= = :
= i B ol
_”L'!En 3 E = "
== 4 a f
H = h
na . - i
1 Y f 5 K
x t + Llingpyroxenes
b e —— T ——r————
] 10 T2 T4 14 18 20 B E11] 12 14 Tt 18 il
wi %o Az 05 in host ook — o
g2 i thg O
ECT1 02 2 2 Al (- E Clinapyroxenes
= H § Llinogyrexenes = 'S»—H._ %
e : { P :
oy i l:- 2] H‘_‘__\-
= ol e n - e
i M T L i 5 B iy
= - = At 1e :
| . -.1!__._\__ = =
- i 1“;’l H =Eate g IJ Orthopyrexenes
Orthopyrogenes T~ 40
0+ d T - T - ——1 = 1 —— - : -
] e e 30 L0 530 &b 7o 10 SEy 30 50 50 &b T

Thornton-Tuftle Index of host rock— o

Fig. 11. Geochemical rrendls of analysed pyroxenes.
(A} Alamina content of pyroxenes against the rano FeO /(FeO + MpO) in host rock. The trend from

Lotoren is taken from Griffin & Heiere (19659),
(81 Alumina content of pyroxenes againse aluming content of the host rock. Bote the strong

dependence of the former on the larres

(C} and (D) Aluming content and the tario Mg?™ AMg?* + Fe®) of prrosenes plotted against the
ditferentzation index of the host rock. Symbols for hoer rock types: Squares, Turfinsdala pyrocenire,
Open circles, Staridalen Complex. Closed circles, Svandilen Greiss. Stars, Haystakka Granofels.

It should be stated thar the trends in pyroxene chemistry apparent from this
study (for more complere discussion see Emmerc 1980a) may, in part, reflece
inadequacies in sampling and the small number of dacg poines. However, the
results are murually consistent and are similar to those obtained for the Layered
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TABLE 5. Chemical analyses and modes of mesoperchosites

116 1y C.LP. W norms

S0, 770 64.5 16 117

ALLEN, 1250 18.97 0 36.02 4.70)

Feald; .51 1.24 O 2836 3597

Fel 37 0,75 Ab 29,34 46,85

Mo 12 .43 An +.28 837

Cal) 1.29 L.76 [ (.70 LEN P

Ma-0 347 5.54

K0 4,79 6.08 Hy (143 121

Tk, 0.14 (1.2 i (AR LER

Mn) (1.0 [1.0Hy

P03 11013 (ERATEY M 0,74 118

H 07 (.33 .37 Iim .27 (.38

HA" (.67 =0.05 Ap (ANY ] 13

racal 1006 100,01

Modes (n = 1O poins)
L] ap Cpx K-els plag amphib. bacr. Gpagues

I Ly 4.3 . n.d. 420} 1.8 0.1 n.d 0o
117 4.1 n.d. 0.8 #o.g 1.6 1.6 0.1 L9

Takle 5. Chemicul analyses and modes of mesoperthosites. Both samples are from the Langeskavlen
province, Analyses and norms are in weighe % the modes are in volume %.

Series by McRirchie (1963 and Bareey & McRitchie (1975), and so are considered
to be fairly reliable, Further data are required to refine the trends and possibly to
allow the application of geothermomertric methods,

Mesoperthosites
Bareey & McRicchie (197 3) reporred the discovery of transgressive veins of 4 pale
non-foliated rock, teemed messpertborite by McRicchie (1965), ar Langeskavlen,
2 km northwest of Eidsbugarden. Emmett (1980a) reporced other occurences
around Olavsbu, on Mislkedalsbander, and in Memurudalen (cf, Rekstad 1904,
In these latrer localivies, the mesoperthosice may form veins, blebs, ar ill-defined
pacches, bue in all cases the bodies of this rock cut across the S1 fabric and are
unfoliated. No mesoperthosite has been found south of the Tyin—Gijende Faul.
Mesoperthosite consists dominantly of quartz and mesoperchire, with minor
pyroxene and plagioclase, and accessory zircon and aparite, Representative modes
are given in Table 5. and full deseriprions of their petrography and geochemistry
will be found in the works cited. Battey & McRitchie (1975) and Bateey (1978)
hive proposed that these rocks are the produce of partial melong of feldspathic
rocks during uplift of the Layered Series (and Storddalen Complex). Fig. 12 shows
how simple decompression could generace the mesoperthosites: Note that in the
absence of volatiles (line 'a’ in the tigure) temperatures in the order of 1000°C
are necessary, whilse in the water-saturated syscem (line "¢’) simple decompression
cannor cause melting. Tt is proposed thae, following the experimental work of
Huang & Wyllie (1975) and Eggler & Kadik (1979, small amounts of a volatile
phase contaimng both H20 and CO2 was present during uplift and thar chis causes
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the granite solidus to have the form of the line '*' in the figure. Though there are
insufficient data to locare chis solidus accurately in P-T space, it can be seen thar
simple decompression will generae feldspathic mels ar a much more geologically
reasonable temperature. Given a solidus of the proposed shape, the decompression
will carry the host rock inte then out of the zone of partial melting. This, coupled
with volatile-scavenging by the melts produced would account for the limited
amounts of partial melting produced. Mesoperthosite production would be
restricted ro those areas of locally increased Puolusite, but there would be insufficient
volatiles present to cause wholesale parnal fusion.

Status of the Hoystakka Granofels

The status of the Hoystakka Granofels 1s uncerrain, Emmerr (1980a) regarded 1t
to be of migmatitic aspect, being generated by parrial melting of the Svartdalen
Gneiss during a re-heating event. This is now considered unlikely, The analysed
examples of the Heystakka Granofels plot on che same differentation trends as the
other rocks in the area (Fig, 8A), and this can be cited as evidence, not conclusive,
indicating that the granofels is a re-mobilised acidic differentiare of the Jown
igneous suite. This would require the re-mobilising process, presumably the
high-grade metamorphism, to be essentially isochemical with respect to the major
clements, These conclusions are tentative; the true nature of the Huoysrakka
Granofels is not, as yer, understood.

Evolution of the Gjendebu region

The major rectonic problem in the Giendebu region concerns the relationship of
the Storadalen Complex to the rocks south of the Tyin—Gjende Faule. Barrey &
McRirchie (1973) suggested that the peripheral gabbros were essentially younger
than the axial rocks and thar their intrusion around the margin of a plug of axal
rocks aided the uplife of the lawer, This model is supported by (i) the field
disposition of the rocks and (ii) the presence of rare xenoliths of granulite in
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marginal gabbros (Twisc 1979). However, Emmete (1980a) noted the geochemi-
cal similarity of the Layered Senies, Storidalen Complex, Svartdalen Gneiss and
Mijolkedala Purple Gabbro and concluded thar these units were comagmaric and
originally formed a single body, the Jotun parental body. Similar conclusions were
reached by Dietrichson { 1958) and McRirchie (1965). Also to be considered now
are the radiomernc data of Schirer (1980), which indicate thar the magmaric
evolution of the Jotun orthogneisses extended over a period of 400 o 300 Ma.
It seems, therefore, that the Jorun parental body should be regarded as being of
composite nature and possibly formed by the congealing of an indeterminate
number of pulses of compoesitionally similar parental magma. Ac the present time
1t is not possible to recognise or discriminare berween individual magma pulses
since metamorphism and deformation have, in part, homogenised the body, In
this modified model it is considered thar the variations in deformation and grade
of metamorphism now apparent represent original vertical variations within the
parental body,

Though more than one magma pulse is indicared, each pulse differentiated and
solidificd under similar physical conditions, The evidence from the ulerabasic rocks
within the Storidalen Complex requires thac the Jotun parental magmas inicially
precipitated olivine + plagioclase assemblages, and this would be possible only
ar pressures of ¢ 7 kb or less (Emslie 1970, Presnall exal. 1978). This pressure
corresponds to a depth of emplacement of about 25 km, and Emmett (1980a) has
suggested thar the magmas were intruded into stable conrinental erust of chis
approximate thickness and then proceeded to differentiate. The fractionation
trends thus established indicate dry calc-alkaline magmas evelving under condi-
tions of a small bur progressive reduction in partial pressure of oxygen (Philpotes
1966), After consolidanion, deformation affected the roots of the Jorun parental
body, resulting in a prograde increase in P and T and subsequent metamorphism,
The grade of metamorphism would, of course, diminish upwards through the
Lody, The climax of metamorphism was followed by a period of recrystallisacion
and concomitane mineralogical adjuscment which was terminated by a rapid
decompression (= uphtt) event. Durning this uplift the ingress of small amounes
of warer into the Layered Series and Storddalen Complex caused parcial melting
and the generation of mesoperthosies. Other resules of this decompression include
the unmixing of homegeneous feldspars to form perthices, the exsolution of Fe-Ti
oxides, plagioclase and complementary pyroxene from: pyroxene, the exsolution
of spinel-magnetite solid solutions, and the symplectitic breakdown of high-
pressure phases (mainly aluminous pyroxenes). Full details of these phenomena
will be found in Emmert (1980a), The presence of Eocambrian and Lower
Palacozoic sediments resting upon eroded Bergen—Jorun kindred rock (e.g. as at
Grensennknipa, Hossack (1972)) clearly indicates that most of this aplift and
related mineralogical changes were complete priot to the onser of Eocambrian
sedimentation,

After receiving their cover of sediments, the exhumed Jorun kindred rocks were
invalved in Caledonian orogenesis. Prior to initial nappe formarion, at abour 450
Ma b.p. (Berchomier ecal. 1972), the Jomun rocks were invaded by trondhjemicic



28 TREVOR F. EMMETT

TABLE 6. Summiry of the geological history of the Gendebu region

Mialkedela

Siape Seoeidalen Complex Svartdalen Gneiss Buirple Gabbe
3 il (i

Cumulares and rocks of
MAEmALic liguid descent. Producrion biqud  descent
o, 1200=500 Ma of 55 (gneous layering?)

Producnion of hneated
I 1 and foliared teceonies {50, Weak foliation (8)).  Same cacaclasis(?)
l'}:sruptim'l of 5o

(emplacement of wltvabaric bodier)
high grade Intermediare pressure
Mor exceeding low pressure granulice facies
metamorphism - pranulice facics
fenplacement of Hayitabda Gramafelss)

Dy Manly folding Folding(#
Cooling at high subsalidus
post = cimaceic temperatures, Production of Same
the riple juncnon mosaic recrystallesanion

Ingress of small amounes
uplifi of virlariles causes imaeed
parrial melring
[mesoperthosires)
Exsalution of sxides from pyroxenes, unmixing of perchices erc,
Intrusion of granires’ and dolerices.
Erosion, followed by deposiion of Eocambrian and Lower  Palaeosoic
sediments’

Caledonian Orogeny Trondhjemie emplacement (¢ 430450 Ma)
K/ Ar docks ‘clase’ Caledanian thrusting and low grade metamorphism
450 Ma Lag faulting
Tl
Haysrakka Faule
TiG-11

Minpr faulng

Table & Summary of the geological evolution of the Giendebu region. The absolute apes Hiven are
tencareye and based on thie work of Baceey & McRirchie (19730 and Schdrer (19803 Events marked
with an astenix are not recorded in the Giendebu region, and thase in iralics are only approximarely
locited

magmas which were possibly derived by partial melting ar depth (Henry 1977,
Size 1979), Basement and cover were then formed into a large nappe, the Jotun
Nappe. and transparted to their present position, There is still some controversy
concerning the nature of chis displacement (see Smithson eral. 1974 for SULMArY )
but a displacement of up to ¢. 300 km in a southeastward direction is indicated
by some data (Hossack 1978). During this nappe-forming event the Jotun rocks
underwent feeble re-heating that was sufficient to re-ser their K-Ar 'clocks’ {Bartey
& McRicchie 1973), though mineralogical retrogression is nor always readily
apparent far from the basal thrust (Emmert 1980b). The emplacement of the
nappe along a curved thrust frone generated the wrench faults now observed on
Memururunga,
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Events subsequent to nappe emplacement and recorded in the Gjendebu region
include:

a} gravicative sagging along inwardly dipping lag — faults. This causes a
substantial thickening of the central portion of the nappe. The small bue definite
density excess of the Jorn rocks (Smithson et al, 1974) compared ro the
underlying units would have assisted chis process.

b renewed southeastward compression which drives the thickened core of the
nappe up and against the chinner portion along the line of the Tyin—Gjende Faulr,
This generares the scructures assigned to the T.G .~ period (Emmerc 1981).

¢) formarion of narch-south trending faults (e.g, the Heystakka Faulr).

d) continued movernent on existing fault lines (e.g. T.G .11 structures) and the
formarion of minor fauls.

These events are summarised in Table 6.

In conclusion, it is believed that the Jorun kindred rocks of the Gjendebu region
represent a consanguineous suite of plutonic cale-alkaline igneous rocks which were
variably deformed and metamorphosed prior to a pre-Eocambrian exhumarion.
After receiving a cover of Eocambrian and Lower Palasozoic sediments che rocks
were involved in the Caledonian nappe-forming event, but the Jotun gneisses
themselves suffered only limired Caledonian deformacion and retrogression.
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the gealogy of Jorunheimen. He, Dr. B, G. Park, and Licutenant G. F. Wing all contribuced 1o the
improvement of early versaons of this paper, the wark for which was financed by M. E.R.C, and carried
cut at the University of Newcastle-upon-Tyne. T alse thank Professors T. 5. Westoll, J. B. Cann,
andd G, Kelling for che use of facilines in their respecnive deparcmencs. Analyrical work was supervised
by P Oakley and %W Davison, and the fipures were prepared for publication by D). Kelsall and Ms.
B. 1. Bouglass

REFEREMNCES

Austrheamn, H. & Hiheim, A, 1981 Age relations within the high grade metamorphic rocks of the
Bergen Arcs, western Norway, Terra Coprira 1 33 (abserace only).

Baceey, M. H. 1960 Observations on the peridotires and pyroxeniees of the Jomanheim Complex
in Morway. XX fwt. Geol, Congr. Norden 13, 198207,

Barcey, M. H. 196%: Layered sirucmares inrocks of the Jotunheim Complex, Norway. Mireral, Mag.,
34, 35=51

Battey, M. H. 1978; Some dara for & timetable of evenes in che crystalline rocks of Joranheimen
(i April 19785 In Cooper, M. A & Gareon, M. R. (eds ) Tectanic Evalntion OF The Scandinavian
Caledamides, Proceedings of s conference held ar the Depr. of Geology. City of London Pelyeechnic,
on April 27, 1978: 10-14 {(abstract only),

Barrey, M. H. & Davison, W 1977: Exsolution of plagioclise from clinopyroxene in a pyroxenite
from Jotunheimen, Norway, Mikerad. Map. 41, 513-518.

Bactey, M H., Davizon, W, & Oakley, Pj 1979 Almandine psr_‘udumurphs alver pia.gi_:xias.t in
o medolente dyke from the Jorunheim, Norway. Mineral, Mag, 43, 127-130.

Barrey, M. H. & McRicchie, W. D. 19730 A peological traverse aceoss the pyroxene—granulives of
the Jotunbeun in the Norwegian Caledonides. Nowrk geel, Tideckr: 53, 2372605

Bareey, M, H. & McRirchie, W, D, 1975 The percology of che pyrosene—granulice Facies rocks of
the Jorunheim, Morway, Noeig geof, Tidirkr. 55, 1=40.

Berthamier, C., Lacour, AL, Leatwein, F., Maillor, J© & Soucr, ], 1972 Somé trondhjemites of
Morway: geochronological and gecchemical scudy. Ser. Terre Nawey 17, 341-357

Cacstens, C W 1920; Norske peridotiter. Norrk geol. Tidiskr, 5, 4373,

Carswell, D A- 197 5: The age and starus of the basal preiss complex of NW Morway. Norsé geal.
Trdsskr. 53, G5=T8H.



30 TREVOR F, EMMETT

Bieenichison, B, 1958: Yariarion dizgrams supporting che stranform magmatic ongin of the Jorun
eruptive nappes. Norges geal. Underr, 203, 4=34.

Eade, K. E.. Fabrig, W. F, & Mavwell J. A, 1966: Composition of crysealline shield rocks and thie
fractionating effecrs of regional metaimorphism. Navwre 277, 1245-1249,

Eggler. D H. & Kadik, A, A. 1972 The system NaAlSO=HO0-CO; 10 20 kb pressure T
Compositional and theempdynamic relacions of liquids and vapours co = exisung with albice, A,
Minoral, g, 1036=1048.

Emmeet, T. F. 1980a: The metamorphism and tectonic relatianship beoween gabbeos and granulices
around Giendebu, Jounheimen, ceneal southern Norway, Dupabliched PALL their, Ulnrverriey
af Menvastle-wpan-Tyne,

Emmete, T, F, 1980b; Geology of the Torfinnshu window. Nersk peal, Tidicke. 60, 255-261,

Emmetr, T, E. 1981, The Caledonian evolution of the Joon MNappe of centeal, southern Norway.
Jo Stemcrwval Geolagy 3, 187 {abseeact only).

Emmieer, T. F, 1982: The petrography and geochemisery of coronite dolerices from ehe Jotun Nappe,
ceneril souchern Norway, Mverad, Map. $6, 4348,

Emslie, R F. 1970 Liquidus relations und subsolidus reactions in some plagioclase-bearing systems,
Ann, Bep, Geopbys. Lak., Carstegte Inni. Yearh. 69,148-155,

Fyfe, W. 5. [973: The granulite tacies, parrial melting and che Archaean Crust, Phid, Trass Ry
Sue, Lomd. A, 373457461,

Gardner, P M. & Robins, B. 1974: The olivine—plagioclase reaction: geolopical evidence: fram the
Seiland perragraphic province, nothern Norway. Conerid. Mineral, Perrol. 449, 149=156,

Gielevik, T. 1947: Anorthosicckomplekser | Heidal, Novek geof, Tidlebr, 26, 1-57

Goldschmidt, V., W, 1912; Die Kaledonische deformarion der Siidnorwegischen Urgebirgscafel Sk,
Morrge Vidensk -Afad. 1 Ols, Mag.-Narmre, K2, No 19

ioldschmide, ¥, W, 1916: Ubersiche der eruptivgesteine im Kaledonischen gebirge zwischen
Stavanger und Trondhjem, Skr, Nivske Videnrk-Abad, i Ocfo, Mat.-Natsre, Kb, No.2

Gaoldsmith, R 195%: Granafels, a new metamorphic rock name. f. Geal. 67, 109=111,

Green, [0, H. & Ringwood, A E. 1967 An experimencal investigation of the gabbreo o eclopice
rransitionand it petrological epplications, Gesrdine, Conmschin, Acta 31, T6T-833

Goffin, W, L 197 1a: Minesl reacrion at a penidorite—gneiss coneact, Jomunheimen, Norway,
Mineral, Mag. 38, 435-445

Griffin, W. L 197 1b: Genesls of cotonas in anorthosites of the Upper Jomn Nappe, Tndre Sogn,
Morway, [ Peteed. 13, 219-243,

Corithin, W, L. & Heier, K. 5, 1969 Pamagencscs of gamer in granulice facies moks, Loforen,
Vesterdlen, Norway, Coner. Mimeral. Perrel, 23, B9—1 16,

Griffin, W', L. & Heier, K. 5. 1973: Perrological implications of some corona stractures, Lithas 6,
315-335.

Heim, M., Beharer, U & Milnes, A: G, 1977: The nappe complex in the Tyin = Bygdin — Vang
region, Oppland, south Norway, Novsd geod, Tidrsbr. 57, 171=178.

Henry, AL 1977: La Nappe du Jorun e les Mappes de socle connexes, Bev. Gingr. phys, Gal. dimam,
19, fase, 5. 433—442.

Herzberg, €. T, 1975: Phase assemblages of the system Cal) = Na, ) — MgO — ALOD. - Sit), in
the plagioclase—herzolite and spinel-Therzalite mineral facies, Unprbidiihed Ph, I3, thesis, Univerrity
af Edimburph.

Herzberg, ©. T, 1978: Pyroxene geothermametry and geobarometry: expenimental amd chermo-
dynamic evaluation of some subsolidus phase relations invalving pyrosenes in the system Cat)
= MeO — AL, — S8i0,. Geochine, Cormachim. Acta 42, 945-958,

Hadal, ]. 1945: Rocks of the anonthosite kindred in Vossestrand, MNorway. Norsé geal. Tidpkr, 24
[28=243,

Holtedahl, O. & Dons, J. A. 1960; Geologleal map of Norway, Ir Holtedahl, 0, (ed.) Geology
of Morway, Nerger geol. Unders. 208,

Hussadl:.J R. 1968: Strucrural history of the Bygdin area, Oppland. Nowger geol. Unders, 147,
T8=107

Hossack, J. B 1972 The geological history of the Gransennknipa MNa o, Waldres, Nowger pesd,
Ulers, 281, 1-26 s 2 i i

Huossack, J. B. 1978: The correction of strarigraphic secrions for tectonic finite strain in the Bypdin
e, Norway, J, Geal. Soe, Lond. 135 IAG_F47

Howie, R, A, & Smich, |, V. 1966 Aoty emission mucrognalysis of rock = forming minerals ¥
arthopyroxenes. | Geol. 74, 443362,



STRUCTURE AND PETROLOMGY, GIENDEBU REGION 31

Huang, W. L. & Wyllie. B. J. 1975 Melring relations in the syseem Ab = Or — 8i0); + w0 35 kb,
dry and with cxcess waper. J Geod, 83, 737748,

Irving, T. N, & Baragar, W. R, A, 1971 A puide o che chemical clagsificanion of the common
volcanic-rocks: Comadlran f, Barth Sci. 8, 333=5448.

Jakés, P& Whiee, A J. R 196%; Steucture of the Melanesian Arcs and correlarion with distriburion
of magma tvpes, Teoromapbyiier 8, 223=2306.

Kretz. R 1961 Some applications of thermodynamics to co-gsisting minerals of variable
composiion. Examples: orchopyroxene — clinopyrosene and orthopyrosene—gamer, [, Geol. 69,
At l=387

Krere, | 1966: Interpeetacion of the shape of mineral grains in meamoerphic rocks. L Petrod, 7,
GH-94,

Lacoar, A: 19043 Données permologigques sur la MNappe de Sogn=]omun et son substratum dans @
TER 0N de Hl.'lg__ni.fﬂl.ﬂk.lra". S, geo.r’. Fr. 57, 354—300,

Lambert, 1 B, & Heier, K. 5. 1968: Geochermical investigations of decp seated rocks inthe Australian
Shield, Lithai 1, 30=33.

Lowder, G. G. & Carmachael, I 5. E. 1970 The volcanoes and caldera of Talasea, Mew Brtain:
geology and petrology, Badf, Geol. Sor, Am, 81, 17-38.

McRitchie. W, D, 1965: Seruccure and geochemisiry of layered metamorphic rocks near Eidsba-
garden, Jomnheimen, Norway, Unpwblished PH.D. theris, Kinps College, Untoersicy of Davbai,

Michot, P, 1961: Strukiur der Mesoperthice, N b Minerad, Abbandf, 96, 213-216.

Muoore, A, C) 1970: Descriprive rerminology for che sexmures of rocks in granulice facies rerrains. Lithar
3 123-127

MNewron, BOC Smith, |, V. & Windley, B, F, 1980; Carbonic mesamorphism, granulices, and cruseal
gmw!h Marrre 2EE-45-=510),

Nockolds, 5. B. 1941: The Garabal Hill = Glen Fyne igneous comples. O, geol, Soc. Lond. 06,
451=5 1L,

O Hara, M. |, 1967 Mineral parageneses in ultrabasic recks. In Wyllie: P. 1. (ed.) Dltramafc and
Refared Rordy, Wiley, New York, 393—403.

O'Hara, M. J. 1977 Thermal history of excavarion of Archaean gnesses from the base of the
conrinental crost, f Cealt Sor. Lowad. 134, 185-200),

Parsons, | 1980 Alkali—feldspar and Fe=Tioxide exsolution texeures as indicacors of the distribucion
and subsolidos effects of magmanc “waeer’ in the Klokken layered syenite intrusion, South
Greenland, Tranr, Roy. Soc, Edin: Eareh 5ei. 71, 1-12

Phalpors, A R, 1966; Origin of the anarthosite-mangente mocks in sourhern Quebee. [ Petral, 7,
1-64,

Pressoall, D0C:, Dixon, 5. AL Diwon, 1. R O'Doanell, T, H., Brenner, B L., Scheock, B L &
Dryus, T W 1978 Liguidus phase relanionships on the join Di-Fo—An from | acmosphere o
20 klobars and ther bearing on the generanon and crystallisacion of basaleic magma, Carderd,
Miweral, Petrol, 66, 2032201,

Rq_—].;smd__]_ 1904 Fra der nordasthge at Jooantpeldene. Marges peal. Lindérs: 57,

Rivalent, G, Gaman; ., Rossi, A, Sienn, Foo& Simgor, 5. 1981 The existence of different
pendonite types and of a layered weneous complex i che Iveea Zone of the western Alps. |, Petrad,
22, F271=135;

Schirer, UL 1980 L — Pboand Rb— S datng of a polymemmorphic auppe serrain; the Caledonian
Jaeun Mappe, South MNorway. Earth Planer, Sei. Lert, 49, 205-218

Sedecholm, J. 1916 On synartecric minerals, Baff. Comm. peal. Find. 48, 1=145,

Sibson, B H. 1977 Faule rocks and faule mechanisms, J. Geof, Sor. Lond, 133, 191=213.

Sighinolfi, G.P, 197 1; Invesniganions into deep crustal levels! fracdonacion effecrs and geochemical
erends relared ro high — grade metamorphism, Comtred, Migeral. Peersd, 35, 1005-1021,

simpsen, E5W, 1954 On the graphical represencacion of differentiation: tends in igneous tocks.
Geal. Mlag, 91, 238-2449

Singh, & 1966: Orhopyroxens = beanng rocks of chamockinc affinities in the Sourh Savanna-
Kanuka complex of Brinsh Guana, J, Peral, 7, 171=192.

Size, W, B 1979 Perrology, geochemisiry and genesis of the oype area trondhjemite in the
Trondhesm region, central Norweginn Coledonides. Norger peol. Underr. 351, 5176

Spagren, A 1BR3: Mikeoskopiska ssudier: e par gabbroartar frin Jorenfjsllen i Morge: Geal, Far.
Fovhaad!, B, 7, bife 9, 370=375,

Smuch, . V. 1974 Feldspar Minerals, Yol 2; Springer Yerlag, Berlin, 401=-%16.

Smuchson, 5.1 R.Im!'re:’g. [.B. & Gronke, G, 1974 Gm'.ﬁ:.' interpretanan of che L]n::ru.n. Nu.p;:w: af
the Norwegian Caledonides. Tecremapbyiior 22, 205222,



s TREYVOR F. EMMETT

Seeand, T. 1972: The Norwegian Caledanides: che Jotun Mappe. In Kulling, © & Strand, T, (eds.)
The Scandinavian Caledomder, Wiley Interscience, London, 38-42.

Srurr, B A, Skarpenes, O, Ohanian, AT, & Pringle, LR, 1975 Reconnaissance Bb — 5S¢ sochron
stady in the Bergen Arc system and regional implications. Natars 253, 595=599

Srurr, BLA. & Thon, A, 1978: The Caledonides of Soucthemn Norway, Geol, Sarr. Canada Papier
FR-13 3047

Taylar, 5., & McLennan, 5.M. 19749: Discussion on Tarney & Windley (19770, /. Geol. Sor. Langd,
130, 497-300

Thorngon, C.P, & Tucde, O.F. 1960; Chemistry af igreoas rocks, part I Differentiation imdes. Am.
. $ci, 258, 664=684

Turenee, B 1. 1968: Meramorphic Petralogy, MoGraw — Hill Book Company, New York. 403 pp

Turner, F.J. & Verhoogen, J. |960: Ipneons and Metamorpbic Petrolopy, MecGraw — Hill Book
Company, Mew York, Znd. ed., 602 pp.

Twist, D, 1979; The scructure and geochemisery of rocks along rhe N margin of the Jotunheim
massif, southern Norway. Unpwblished Ph. D, thesis, University af Meweastle-upon-Tyne.

Wernon, R.H. 1968 Intergranular microsteuctures of high grade metamorphic rocks &t Broken Fill,
Aunseralia, f. Petrof, 9, 1=22;



Forekomster av tllitt
pa nordsiden av Atnsjovinduet, Syd-Norge
A SIEDLECKA & 8. ILEBEKK

Sicdleckn, A & Tebekk, S, 1982 Forckomster av tillite pd nordsiden av Amsjovinduer,
Syd-Morge, Nevges geal, Underr, 373, 3337,

A previously reporred tillite-like conglomerate occurring on the northern side of the
Atnsi Window rests with an erosional contace on Precambrian granite and gabbeo and
is overshruse by feldspachic metasandseones of the Hondane Nappe, The conglomerace
i marnx-supported and shows lareral vanation in stone sige and compesition.. I is
analogous to the tilliges occurring on the southeastern side of the Atnsie Window and
in the Snadola, Spekedal and Tufsingdal Windows, and 5 correlarive with the Lace
Precambrian Maoelv Tillice of che Lake Myposa districe,

At Stedfecka, Norges geoloptibe wndevsokelse, Posthobs 3006, N=7001 Trondheim,
MNariay,

Svein Neledt, Saps Petrolennr a0 & Co., Postboer 550, N=1301 Sandvika, Norway,

Innledning

Basalkonglomeratet i Selnsjehogda (Salnsjekrabbane. Fig. 1) ble, ifalge Oftedahl
(1943) registrert av Marlow under hans kartlegging | omrader 1 1935, Marlows
daghok fra 1935 finnes ikke 1 NGU's kartarkiv, men pa hans feltkart (Salnklecen
1: 100 000) er sparagmitt avmerker 1 Selnsphegdas nordlige topp (1416 m.oh.)
og gabbro i den sydlige topp (1388). Oftedahl (muntlig meddel. 1981) bari 1941
undersekt disse stedene og har i sin daghok notert at; < . . . I Sydskraningen av
toppen 1410 (siden rettet til 1416 — AS) er der en sensiterik kvaresicrisk skifer
med boller av hvit kvaresico og graniee, Starrelsen varierte fra notr — hodestarrelse >
I sin avhandling av 1945 har Oftedahl tolker derre konglomerater som presset
rillice.

Under berggrunnskartleggingen i omridet sommeren 1980 har vi iakeeace flere
blotninger av grunnmassebirne konglomerater (diamikrirrer) som etter all sann-
synlighet er stedegne senprekambriske isavsetninger jevaforbare med Moelvrillic-
ten i Mjsstrakrene,

Beskrivelse

En mark grd diamikeice er blocer @ den sydlige skraning av toppen 1416 m.oh,
av Selnsjpskrabbane. Grunnmassen i diamikricren er forskifrer og bestar hoved-
sakelig av kvares og fyllosilikarer. Bollene er delvis kantet ol delvis rundet og er
lite deformerte, Bollene er av tre yper: lys gri il mark gea dypbergarter av
granittisk til kvarts-diorictisk sammenserning, merk gra og lys gra kvartsiec og hvit
kvares. Bollenes overrmil er omtrent 2—60 cm, men boller pd 15-20 cm er mest
alminnelige. Den blorede mekeighet av diamiktitten er pa ca. 20 m.

Gabbro er blortet 1 den sydlige (1388 m.o.h.) toppen av Selnsjeskrabbane, men
grensen mellom diamikeitten og gabbroen er ikke synlig.
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Fig. 1. Geologisk karr over den nordligste del av Amspvindue,
Genlagical maf of the wavibhers pare of the Atrsiv windm.

Det samme grunnmassebdme konglomerar er bevare | en forsenkning i
grunnfjeller 1 Kvislaskaret. Her hviler konglomerater med en klar sedimencar
grense pa gabbro og graniee, (Fig, 1.) Konglomeratet bestdr av noen fa centimerer
store {(maksimalc 30 cm), kantere bruddseykker av kvaresiee, feles patisk metasands-
tein, granite og metadolericr () sprede i en grunnmasse av kvares, klorite, serisict
og teltspar. Mot nord er diamikeitten overleiret av felespariske merasandstener: naer
kontakten er det en 5-10 m mekeig sone hvor konglomeraters grunnmasse er
kraftig foliert, bollene er mer eller mindre urvalser og stedvis kan der, pd grunn
av deformasjon, vare vanskelig 4 skjelne mellom den omdannete felespariske
sandsteinen og meradiamiktitten.

Sterk foliere diamikeite kan videre iaketas | Auma, Denne har boller av kvarrs,
kvaresitt og granitt som er inntil 20 cm § stersee tverrmal. Her ligger opsd en seerke
forskifrer feltspatisk metasandstein over diamiktiteen, og bergartene har sammen-
fallende skifrigher.

Videre forekomumier diamikeire nordest for Ovkjekletren, pd sydvestsiden av e
lite vann 932 m.o.h, (Fig. 1). Bergareen er lite deformert O grunnmassen er svake
faliert. Kantete bruddscykker av gri- og radlig arkose, lys gri kvarsice, granite og
porfyr () er uregelmessig sprede 1 grunnmassen. Bruddstykkene har et tveremal
som varierer fra noen millimeter il 1.5 m. Grunnmassen kan Best beskrives som
en slambergart sammensatr av kvares, felespar og fyllosilikarer. Innen der usorterte
konglomerater forekommer det stedvis lag med noe lavere innhold av grunnmasse
og anrydning til sortering av bollemarerialet. Forekomsten ser ur til & vare en
utligger Gisolert crosjonsrest) pa der krystallinske underlager (Fig. 1). Der samme
gielder forckomsten som ligger lengst mor est, pd nordskraningen av Grahaugen
(Fig. 1). Her er det flere. mer eller mindre sammenhengende Blotninger langs hele
skraningen og pd roppen. Diamikriccen er fullsrendig udeformerr. [ en merk gra
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grunnmasse <flyters det 2-30 em store, noe kantere, boller av overveiende rad
kvarrsice, og noe mindre av gri kvaresite og granite, Pa sydsiden av toppen av
Grahaugen stir det en diabasgang, men grensen mellom bergartene er overdekker,

Teksturen av diamiktitten (lav modenher) tyder pi at den ikke ble danner ved
vanlig vanntransport, Mulige dannelsesmiter er enten som morene (rillier) eller
som en bruddstykkestram (debris flow) avsetning.

Bruddstykkestrom-avsetningene forekommer i tykke terrigene lagfolger som er
danner enten som elvevifrer i et horst-graben landskap eller som undersjaiske
vifter. Elvevifrene bestir vesentlig av ulike konglomerater mens de undersjoiske
vifter bestar av rurbidicrer. Den beskrevne diamikticren opperer ikke som en del
av en slik mekrig lagfelge, men er et serskilt tyne lag. Derfor syntes der rimelig
at diamikticten er en forsteiner morene, Tolkningen stettes av der fakeum ar sikker
tillict forekommer 1 samme cekronostratigrafisk nivd som diamikeiteen pd sydsiden
av Awnsjevinduer, 1 Snodela og pd Spekedals- og Tufsingdalsvinduene lenger st
(Nystuen 1978, Siedlecka 1979, 1981). Jevnforing av disse forekomster med den
senprekambriske Moelvrillitten er godt begrunnet giennom flerarig regional-
kartlegging og studier av lagfelger (f.eks. Nystuen 1976).

Grunnfiellet | Aensjovinduet bestir vesentlig av granite, gabbro (i den nordlige
delen av vinduet) og diabas. Feluiakreakelser cyder pa at samlige krystallinske
bergarter er prekambriske (eldre enn dllicten), men selve konrakren er sjelden a
se og det kan ikke utelukkes at en del av de basiske ganger er yngre.

Bollene av granittiske bergarter er alminnelig i allicten og kan lett fores rilbake
til denne typen dypbergarter som opprrer 1 mesteparten av Awnsjgvinduer, Boller
av basiske bergarrer, som ogsd danner en del av underlager, er imidlerrid ikke
funnet i tilliccen, Arsaken kan vaere ac disse bergarter forvicret lettere og nd inngér
som en del av grunnmassen av oilliteen, eller ac dec i kildeomrdder for tilliteen,
ikke var basiske bergarter cil stede.

Opphavsbergarter for de rade sandsteiner, som er det vanligste bollemateriale
i tillicten pa Grihaugen, er ikke kjent 1 Amsjovinduet. Sandsteinen ligner
imidlerrid pd de prekambriske Trysil-Dala sandseeiner.

1 Moelvtillicten i den estlige delen av sparagmictbassenget har Nystuen (1976)
og Nystuen & Sather (1979 iaketace tallrike boller av rede sandsteiner av
Trysil-Dala-type, mens boller av basiske bergarcer er sjeldnere. Granieniske boller
eralminnelig. Resuleater av disse undersakelser sammen med observasjoner fra den
nordlige delen av Atnsjevinduet tvder pd ac kildeomrader for rilliccene var en
granittisk provins med enkelre basiske pangbergarcer og sandige kontinentale
sedimenter som overleiret deler av granittomredder,

Pi sydsiden av Auma, ved Melbekken, finnes en grovkorner forholdsvis
udeformert felespatisk sandstemn (Fig, 1), Sandsteinen er lik den som pd sydsiden
av Arnsjevinduer hviler med en sedimencar kontake enten pa tillitren eller direkre
pé praniteén og er anfore til Vangsasformasjonen (Siedlecka 1979, Siedlecka et al.
1979}, Samme stilling i lagfelgen er antat for sandsteinen ved Melbekken,

Grensen mellom ollitten og underlager er 1 den nordlige del av Atnsjevinduet
klart sedimenter. Grensen mot den overliggende merasandsteinen derimor, er
tektonisk, Begpe bergarter er sterke folierte 1 kontakesonen, den felispatiske
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Fig, 2. Bkisse over de geologiske hendelsesforlop @ Amspvindu-omedder.
Seeech showtug the porenlared peolopiea! development of the Atnspe window avea,

sandsteinen viser tegn ol mylonitusenng og bollene 1 tillicren er urvalsede og
utstrakte, Deformasjonen avear gradvis med avstanden fra koneakeen, Denne
grensen er tolker som et skyveplan. Den overskjovne feltspatiske metasandsteinen
danner bunnen av en mektig og utholdende lagpakke som kan folges uavbruer
vestover | Rondane og estover il Tylldal og som herer il Rondanedekker
(Siedlecka 1979, 1981 og upubliserc materiale).

Foliasjonen synlig i kontaktsonen mellom Rondanedekker og rillitcen har, store
sett, et seeile fall mot nord (NNV, N@, Fig. 1) slik ar de stedegne bergartene stuper
under dekkebergartene. Dette ser ut til d varre et alment crekk runde Arnsjovinduer,
trolig knyrerer dil den senkaledonske antiformdannelse av grunnfiellec (Siedlecka
ec al. 1979, Nystuen & Ilebekk 1981,

Slutninger

Den tidligere iakeratte forekomst av et konglomerat i Selnsjpskrabbane i den

nordlige delen av Atnsjovinduer ble bekrefrer av oss og flere nye blotninger ble

funner. Opprreden og tekstur av konglomeratet tyder pa at dette er en morene

dannet under den senprekambriske istid; denne tolkningen er i samsvar med

Oftedahls konklusjon fra 1941 Kontakeforholdene og deformasjonsgrad av

tilliteen og de tilstotende bergarter tyder pa folgende geologiske hendelsesforlep

1 Amsjovindu-omrader (Fig. 2);

L. Erosjon av grunnfiellet og dannelse av der prekambriske peneplan.

2. Senprekambrisk glasiasjon, morenedannelse (rillic) fulge av:

3. Dannelse av elveavserninger { Vangsasformasjonens sandsteiner) etcer tilbaket-
rekning av isbreen.

4. Overskyvning av de kaledonske dekkene fra nord-nordvest.

3. Oppdoming av grunnfieller og erosjon av dekkebergarter — dannelse av
Amnspavinduet,
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The Deglaciation and Vegetational History
of a Former Ice-dammed Lake Area at Skabu,
Nord-Fron, Southern Norway

INGVILD AISTADSAETER

Alstadsaerer, 1 1982; The deglaciation and vegerational history of a former ice-dammed
lake aren ar Skibu, Nord-Fron, southern MNorway, Norged geol. Unders. 373, 3943

Cores obtained from a small peat bog within the area of a former ice-dammed lake show
thar 1.7 m of sile were deposiced during the ice lake phase: The pollen in the sile is
dominated by grasses and other MAP. A& small transwaonal zone with coatse gytija above
the sile was radiocarbon dared at 8780 = 2 10 yrs B.P. The pollen diagram shows Bewala
and Hippophie maxima st the dated level, This dare gives o minimum age for dhe
drainage of che lake, and indicares thar it existed for only 2 shore period. Conteary tocarlier
sugzestions, 4 valley fill of il and sediments ar Skiibu was nor able m mainain the lake
after the deglaciation, In a 2,1 m-thick pear layer, above the gyuga, Pinus is the
dominaring pollen, indicaning the presence of a dense pine forest. The Alnus Rise is
rachiocarbon dared ar 7ET0 £ 80 yes BP

Ingvstd Alstadsarer, Postboks 7, 5427 Urangrody, Norway

Introduction

A large ice-dammed lake, Storsjeen, is known to have exisced in the Vinstra river
system during the last deglaciation (Rekstad 1898, Ramsli 1947, Bergersen
1971). Delta terraces at the mouths of inflowing rivers indicare a lake water level
corresponding o the lowest point of the watershed ro the south (Fig. 1).

The lake was probably dammed by remnants of the Scandinavian ice sheet.
There has, hiowever, also been discussion as to whether the thick valley fill of ikl
and waterlaid sediments at Skibu (Fig. 1) could have dammed the lake even afrer
the 1ce had disappeared (Ramsli 1947, Mangerud 1963, Bergersen 1971). The
latter problem has now been solved, and the ice lake phase dared, by coring the
ice lake sediments in a small depression on the former bottom of the ice-dammed
lake. Sedimentological and palynological analyses and radiocarbon dating were
carried out on the core, which includes the peat on the top of the ice lake sediments,
The investigation has therefore also provided informartion on the vegetational
history of the area

Field and laboratory methods

The borings were carried out with a 54 mm piston corer. For pollen analysis the
pear sampled were prepared by Erdeman’s acetolysis method; the minerogenic
samples were also prepared by acetolysis and then treated with HF acid (Faegn
& Tversen 1975). Grain size discributions from silt were obrained using the piperte
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Fig. 1. Map of the ice lake area of the Vinstra drainage system, with present-day drainage direction
(dark arrows) and lakes; Duting the existence of Storsisen’ ice lake, glaciofluvial marerial
accumulated in warers reaching the mock threshald wo the sourhéase. The approxmmace outhineg of
Storspeen Lice remnancs excluded) is indicared by the dashed line. The location of the ares i shawn
on the index magp of southern Norway,

method. The radiocarbon datings were carried our ar the Radiological Dating
Laboracary, University of Trondheim.

Lithostratigraphy

The coring localiey s simuated near the top of a small rocky headland (Fig. 1),
soundings showed the thickness of sediment in the bog to be abour 5 m. Resting
on bedrock there is ane metre of coarse, minerogenic material, eicher cill or
glaciofluvial gravel, which is averlain by 1,7 m of glaciolacuserine sile, The piston
corer penetrated only one metre of the sile. and consequently only this part 15
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recorded in Fig, 2. Above the silt is 5 cm of silty gyreja, and a 5 em zone of coarse
gytrja with 2.1 m of peat on top. The bog basin has been completely filled in.

The glaciolacustrine sile consises of regularly repeated thin graded bedding, and
therefore appears laminated. Grain size distributions (Fig. 2) gave an Md in the
middle silt fraction. Abour 10 clayey laminarions were found in the sequence. At
irregular intervals 4 prominencly graded beds were passing from sandy to clayey
sile. These particular beds coneain both the coarsest and the finest marerial in the
core. At least one of these layers rests on an erosional surface.

The very limired drainage arca of the small depression, with no brooks leading
into the bog basin, points to the deposition of the thick glaciolacustrine silt unic
in-a larger lake, presumably the ice-dammed Storsjgen. The sandy-clayey sile beds
could have been deposited by turbidity currents, triggered e.g. by spring floods.
The repeated graded laminae may reflect some thytmical change in discharge
during the ablation season. N one of the beds or laminae can be proved to represent
annual varves, even though some of them probably are,

The siley gvrtja was probably deposited by a redeposition of silt while a small
lake ar pond occapied the basin, The conditions of sedimentation soon stabilized,
with very low input of minerogenic material, during which time che coarse detritus
gyttja was deposited, As the lake became shallower peat started to accumulate,

Biostratigraphy and chronostratigraphy

The pollen sequence (Fig, 2) is subdivided into biostrarigraphic assemblage zones,
as outlined by Fegn & Iversen (1975). The chronozones are according to
Mangerud et al. (1974). In this context, the two oldest pollen zones are of special
interese; however, a few comments are also given on the younger zones,

1. NAP = Betula zone

This assemblage zone is restricted to the minerogenic part of the sediment
sequence. The pollen from the silt were well preserved and devoid of corrosion.
The NAP is dommated by grasses and by Artemisia, and the open vegeration
indicates thar the zone was deposited during or soon after the deglaciation, The
very minor changes in pollen composition within the zone may indicate thart che
assemblage was deposited during a very short time interval.

2. Berula zone

The Betula zone has a vertical exrent of abour 10 em at the contace berween the
silt and the organic sediment. It 1s characterized by a rapid rise in the Betula curve
and corresponding decline in the NAP constituents. Hippophie has a distince
maximum within the zone.

A samiple covering most of the zone was radiocarbon dated ac 8780+ 210 yrs
B.P. (T-2523) on the NaOH-insoluble fracrion of the gytga. A sample from
another core ar the same level vielded 9080=yrs B.P. (T-2873) on the
NaOH-soluble fraction:

Moe (1979 reported a shore Berula-Hippophide phase, similar to the one
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described in this paper, characteristic of the oldest organic sediment of the
Hardangervidda mountain plateau. There, the deglaciation is dated at 8900-9000)
B.P., which is approximarely the same age as that obrained in the present
investigation,

The light-demanding Hippophie probably thrived on exposed lake borroms
and along the earth slides of the Vinstra valley fill, while being ‘shadowed’ out
by birch on more stable ground. The birch itself was soon overtaken by the pine
forests of the next zone,

3. Pinus zone

Finus expanded rapidly and reached very high percentages just above the dared
level. The pine must have constituted the main element in the forest vegeration
from the early Boreal Chronozone, This implies that the bio- and chronoscrati-
graphic zones were more or less coincident,

4. Pinws—Alnui-Betula zone
The Alnus Rise at the botcom of chis zone was radiocarbon dated at 7878 =80
yrs B.P. (T-2874), which is the early Adanticum Chronozone. The Q.M,
constituents have been recorded only sporadically, as could be expecred ar this
altitude. The daring of the Alnus Rise, which probably refleces the time of
migrarion, corresponds well with the nearest lowland sites in eastern Norway
(Henningsmoen 1975), Within chis central area it might be taken as a fairly
constant level.

The increase of Rubus ch. and decline in Cyperaceae in the upper pare of the
peat show a development towards the present vegeration on the bog surface. The
diagram {Fig. 2) 15 not intended o cover the last pare of the Holocene sequence,

Conclusions

The dared coarse gyreja and che terreseric peat show that the ice-dammed lake was
drained before the early Boreal Chronozone, This daring indicares thar che valley
fill ar Skabu could not have dammed Storsjeen after the disappearance of the ice,
and the existence of lake Storsjgen was thus encirely dependant on the presence
of an ice dam.

The Storsjpen ice lake was sitwarted becween the main watershed and the
vertically downwasting ice remnants {(Garnes & Bergersen 1980}, [n these central
pares of southern Norway the deglaciation and drainage patterns have mainly been
investigated by the abundant geomorphological features rather than by stratigra-
phy. The dates from Skibu indicate thar seracigraphical investiganions could zlso
provide significane contriburions, nor least from the many sites with ice-dammed
lake sediments in eastern Norway. It consequently provides a possible link berween
the dates from the frontal ice-recession of west Norwegian flords (see review in
Andersen 1980) and easrern Norway (Serensen 1979), and che inland area of
downwasting ice,

The vegerational succession of forest elements corresponds well witch thae from
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the nearest lowland sites in eastern Norway (Hafsten 1974, Henningsmoen 197 5).
Pine forests were establishes afrer a comparatively shore-lived Berula zone. This
development, and the Alnus Rise, dre elements recognizable ¢ven in the mountain
valley districts.

Actneuled gements. The resules of this study were first presenned as a lecoure ar the Uppsala Quarernary
Symposiumn 1979, and form pare of the author's cand.real chesis ac the University of Bergen
(Alsradsarer 1979, 1979 a) under the guidance of University lecturer OLF, Bergersen. Leceurer E.
Sanstegaand gave valuable suggescions. (0 F. Bergersen and Dr. . Mangerud critically read through
drafes of the manuscripe. Miss E. Irgens of the Geological Instimure, University of Bergen, drew che
Pollen diagram, and Miss 1. Lundquise, Morges gealogiske undersakelse, the map of Fig, 1. Dr, [,
Robers corrected the English eexe, 1 am very grateful o all these persons,
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Precambrian and Caledonian
Tectonometamorphic Evolution

of Northeastern Seiland, Finnmark,
North Norway

JOHN AKSELSEN
Akselsen, ., 1982 Precambran and Caledonian cecronometamorphic evolurion of

Morsheastern Seiland, Finnmark, North Norway, Norger geol. Uniders. 373, 4561,

The metamorphic mocks of norcheasrern Seiland are predomanancly Precambrian Eneisses
and schists, The Fagervik infracruseal complex, composed of ronalitic greisses, consticures
4 basement o the Late Precambrian-Cambrian Klubben Psammice Group, while the
Precambrian Eidvageid supracrustal sequence ocours as the uppermost allochrhonaos
nappe. The Precambrian units contain evidence of Precambrnan deformation and
meramorphism, The subsequent Caledonian tectonism is characeerized by rwo phases of
deformation, I and Dy A memmorphic climax occurred in the inteckinemaric period
vy produced large isoclinal folds and large-scale cranslation of the nappes. The magor
D, serucewre is @ large asymmeceic synform, the Storbuke Synform, with a vergence
towirds the southeast,

b Akrelvea, Norrk Hydrs o 1., Research Conter, Lars Hilles gave 30, 5000 Bergen, Norweay

Introduction

The island of Seiland, is situated to the southwest of the town of Hammerfese,
within the Kalak Nappe Complex of the Finnmark Caledonides of northern
Morway (Fig, 1, Reberes 1974, Srurt ec al. 1973). Worthing (1971 a) made a
derailed study of the lithologies, structure and metamorphism of the eastern part
of the 1sland and described a conformable sequence of pelitic rocks sandwiched
berween psamimite units (Worching 1971 b). This sequence constitutes the eastern
envelope of the predominantly basic and ulerabasic plutons of the Seiland
Petrographic Province (Robins & Gardner 1974 and references therein). Worthing
(op.cit, ) attempted to correlate these units with the Late Precambrian-Cambrian
metasedimentary succession on Serey (Holland & Scarr 1970, Ramsay 197 1), but
could not demonstrate an equivalence. Most of the rocks in the Kalak Nappe
Complex had been interpreted as Caledonian in origin (Armitage ec al. 1971,
Ramsay 197 1}, but Rb-5r studies on perthosite instrusions and surrounding rocks
suggested that ar least some of the rocks in the Gksfjord area had a Precambrian
origin {Broeckner 1973), Although Pringle (1975) obtained the same Rb-5r
resules from similar rocks on Seiland, he regarded them as spurious because the
country rocks to the dared instrusions had been correlated with the Eocambrian
Klubben Psammite Group, These correlanons were, however, purely lichological
and may have been in error. Subsequencly Ramsey & Sturr (1977) found a
sub-Caledonian unconformity on Kvalay (Fig. 1) where the Klubben Psammite
Group rests unconformably on granicic gneisses. Well preserved unconformable
relarionships were later discovered on the 1sland of Hjelmsey (Ramsay ecal. 1980).
Following the discovery of the Kvalay unconformity, the pelitic lithologies on
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Fig. 2. Geological crosssseciion of Fig. | showing the Storbukr Svnform and the refolded Hestevik
syncling,

Seiland were reincerpreted as mylonitic Precambrian gneisses (Ramsay & Sturt
1977}, but the structurally lowermost and uppermose unies were still correlated
with the Klubben Psammite Group (Zwaan & Roberes 1978).

Mapping of northeastern Seiland by the present aothor has shown that
Precambrian rectonometamorphic events are even more important on this island
than was previously recognized.

Lithotectonic units

The metamorphic rocks of norcheastern Seiland have been subdivided into three

lichorectonic unics:

|} Rocks correlated with the Late Precambrian-Cambrian metasedimentary
SUCCESSION on Saray.

2) The Precambrian Fagervik infracruseal complex.

3} The Precambrian Eidvigeid supracrustal sequence.

Fig. 1, Geological map of norchern Seitand. Lichological boundaries souchwest of Eidwiigen are taken
from Worthing (197 La). Geological cross-section with Iegend is shown in Fig. 2. H denores
Hammerfest in the locaton map and HS refers 1o the Heseevik Syncline
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Rocks correlated with the Late Precambrian-Cambrian succession on
Seray

Rocks correlated with the Klubben Psammite Group occur as narrow serips in four
areas on northeastern Seiland. They lie in a syncline around Store Fagervik (che
Hestevik Syncline), while they occur in a series of thin thruse sheets on the
neighbouring islands of Store and Lille Vinna, Hjelmen and Hija as well as on
eastern Seiland (Figs, 1, 6 and 7).

The rocks of the Klubben Psammite Group are predominantly arkosic
psarmnmites and grey quartizites. The content of potash feldspar commonly is high
and gives the rocks a characteristic buff colour. Locally there are semipelitic
horizons up to one metre chick. Cale-silicate rocks oceur along some of the thruses
on eastern Seiland (Worthing 197 1a, Fig. 7) and Lille Vinna (Eig. 6), They are
dark green schists conraining acrinolite, chlorite and biotite, Locally there are
numerous guartz-lenses and thin marble horizons. The upper part of the
imbrication-zone of eastern Seiland contains some rusty-weathening mica schises
(Worthing 197 1a). The age of the cale-silicares and mica schists is not known,

The Fagervik infracrustal complex

The Fagervik infracrustal complex is dominated by grey quartzo-felespachic
gneisses, commonly with a ronalitic composinion. The gneisses are rypically very
homogeneous and probably have an igneous origin, They are intruded by granite
to the south of Store Fagervik. Cale-silicare rocks and quartzite horizons in che
gneisses on Store Vinna indicate, however, a wdimenrary origin for some of che
complex. The Fagervik complex chus appears to be composed of a series of ortho-
and paragneisses. bur a detailed subdivision has not been possible. The gneisses
are lithologically similar to the gnesses which underlie the pre-Caledonian
unconformity on the islands of Kvaley and Hjelmsey (Ramsay & Scturr 1977,
Ramsay et al. 1980),

CONTACT RELATIONSHIPS WITH THE SGREY SUCCESSION

The Klubben Psammice Group has an unconformable relationship o the Fagervik
gneisses in cerrain areas and thrust-contaces in others, The lower boundary of the
Klubben Psammice Group around the Hesrvika Syncline is interpreted as a
tectonized unconformiry. The rocks along the contact are not generally myloniric,
bur are considerably flatcened, especially in long-limbs of asymmerric folds, The
gneisses o the south of Store Fagervik are transformed into mylonites ina 10 m
thick zone along the boundary with the Klubben Psammite Group, while they
are coarse-grained with abundane cross-cutting pegmatires outside this zone,

The Eidvigeid Supracrustal sequence

A thick sequence of garnet-mica schists and gneisses, the Eidvigeid supracruscal
sequence, occurs tectonically above and is separated from che Fagervik infracruseal
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TABLE 1. Chemical analyses of pelicic rocks from the Eidvigad sequence

Pa4 Pin P30 Po GAR E3t E39h
Sl 6011 6442 G020 57.74 ol.43 1.5 o0
ALO, 1991 1802 1692 2216 1826 20.16 2053
Ti0); L. E2 1.07 1.36 1.26 i1 UL Lok
Fel), T35 (.01 Bl i) [ 13 .7
MO em ] 0, 14k 0,14 1,18 .12 17 (.18
Mg 3353 2:5F 2.78 2407 3.94 328 301
Cal) 24 1.54 240 .35 2.32 L .22
Ma O 279 221 216 .74 204 159 L 44
E:0 s I 404 4.01 el ) 2T ] 4. 54 5.28
PO, .27 (13 17 033 0, 16 .29 .25
H 0 (L55 n.d. n.d, n.d. n.ad n.d, ..
Sum 1oy 54 1411 M LIE.EE 98.51 HELSS 100,55 9980

complex by a major thrust-conract, Quarrzite and calc-silicare rocks occur in
subordinate quantities in this sequence with the exceprion of a zone along the
boundary against the Fagervik complex where quartzites dominate over pelitic
rocks. The rocks within this zone will be referred to informally as the Ersvik
Formartion (Fig. 1), The quartzices contain less feldspar and mica than che arkosic
Klubben Psammite, The garnet gneisses, which occur in the tectonically uppermast
part of the Eidvigeid sequence, contain significantly less mica than che underlying
pelitic gneisses and schists. The boundary 1s a transitonal one with gradually
decreasing biotite contents. Similar lichologies occur in the tectonically uppermaost
unit on eastern Seiland (The Olderfjord Group of Worthing 1971 a. b).

ORIGIN OF THE GNEISSES AND SCHISTS

The gneisses and schises in che Eidvigeid sequence have high contents of mica,
garner and kyanite indicative of peraluminous bulk compositions, They are also
strongly corundum normarive (Cor. =92+ 3.1, n =7, from CIPW norm). In a
plot of the Niggli values al-alk against ¢ (Fig. 3, Niggli 1954) all analyses in Table
1 fall ourside the field of common igneous rocks, sugpestive of a sedimentary
origin. This is supported by the presence of quarczite and calc-silicate horizons and
the common occurrence of graphite as an accessory mineral.

strangraphic correlanions

The psammicic rocks correlated with the Late Precambrian-Cambrian Klubben
Psammite Group are lithologically similar to the psammites descnibed from Seray
(Roberts 1968, Ramsay 197 1), Distinctly arkosic honizons are common as they
are in the psammites on Sorey. The tecconometamorphic evalueion is also similar.
This correlation 1s further supported by the presence of an unconformity below the
psammites. This unconformuty is also good evidence for a Precambrian origin of
the Fagervik infracrustal complex (Ramsay & Seure 1977). The Eidvageid sequence
15 also believed to be of Precambrian age based on metamorphic criteria (see
below),
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Fig. 3. Niggli ploc of schists fram
the Eidvigeid sequence. The pls
clearly shows that these rocks
ceuld not have had an igne
orign,

al-alk

Field .I‘r'er:.!u rocks

20 30 40

It is frequently difficule ro distinguish the gneisses of the Fagervik complex from
the Klubben Psammites when chey occur in zones of high strain. The presence of
abundant feldspar porphyroclasts, the mylonite-foliation and tecronic lenses of less
severely deformed gneiss indicate, however, thar these rocks had a more coarse-
grained parent.

The cale-silicate rocks described from the imbrication zones are similar to the
lower calc-silicare unic in the Cambeian Falkenes Markle group on Seray (Ramsay
1971). They occur in associacon with the Klubben Psammice, and might be
correlated with pares of the Saray succession. The rusty-weathering mica schists
in the imbricarion zone of eastern Seiland (Fig. 7) may be equivalent to the Storely
Schist group which overlies the Klubben Psammite an Soroy (Ramsay 197 1), but
such lithological correlations can only be encative,

Tectonic strucrures

CALEDOMIAN STRUCTURES

The Klubben Psammiite shows evidence for owo phases of tectonic deformartion,
designated as D, and D,. Their associated schistosities are termed 5, and S,
respectively, The correlarion of these rocks with the Lace Precambrian-Cambrian
succession on Serey implies a Caledonian age for these deformational evens.

Dy minor structares in the Klubben Prammite Grong

D, folds are uncommen in the Klubben Psammite, Those which have been
observed have an isoclinal style wich an axial-planar schistosity marked by parallel
mica flakes, although in many cases the mica conrenr is so low thar no schistosity
15 visible. Because of the narure of the smooth weathering surfaces, it proved
impeossible to take accurate measurements of D, fold axes. However, they are
believed to have an approximate N-S trend like che pre-D; lineation in the
surrounding gneisses.
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Fig. 4 Schematic figure showing rypical seyle of asymmerric [ fold wich strongly flaeened
long-limbs and open buckle-folds in the steep middle-limb.

D, miwor structerves in the Precambrian rocks

Isoclinal folds refolded by D, folds are very common in the Fagervik infracruseal
complex. Owing to the high strain facies, however. it i1s impossible in most cases
to distinguish Caledonian D, structures from possible Precambrian strucrures.
Pre-1), linear fabrics have a =5 wrend (Fig. Sc).

The main recronic foliarion in the Eidvigeid sequence is folded by I and is
considered o correspond o 5 in the Klubben Psammite Group, but it probably
represents a reactivated and transposed  Precambrian foliation. Ir will, for
convenience, be referred to as §,

D aminor stvwctures in the Klubben Prawmite Group

D, fulds are more common than I3, folds, The scyle of the 13, folds 1s vanable and
depends on their location in larger fold structures and on the intensity of
deformation. They are generally asymmerric with steep middle-limbs which are
overturned to varying degrees. Parasitic folds in middle-limbs of larger folds are
open buckle folds while these in the long-limbs are asymmetric, tighter and show
thickened hinge-zones and usually have a peneteative new schistosity (Fig: 4). The
D, folds are cylindrical with a WNE-NE axial trend (Fig. 5b).

D, minor stvwctares in the Precambrian vocks

The D deformarion was scronger to the norch of Store Fagervik and to the south
of the garnet gneisses (Fig. 1) as compared to the area berween. This is a
consequence of the location of these two areas in flac-lying long-limbs of a major
asymmetric D, fold, while the area between is situared in a steep middle-limb (Fig.
2).

The D, folds in the Fagervik complex have morphologies similar to che D, folds
in the Klubben Psammire Group (fig. 4). Crenulanon folds are frequently
developed in the schists of che Eidvigeid sequence. To the south of Store Fagervik
the I fold axes have a shallow plunge rowards the NE (Fig. 5b) parallel to the
axes of [, folds in che Klubben Psammite Group. To the norch of Store Fagervik
the attitudes of the D5 folds show a large variation within their mean axial surface
(Fig. 3a), The variable attitudes of the axes is ac least partly caused by
noncylindrical folding which frequently can be seen on a small scale (Ramsay &
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C

Frg, 3, Srereographic plots (equal area) of I, fold axes (filled circles) and axial surfaces (open circles)
from (2} the goeisses o the north of Store Fagervik and (b) the Klubben Psammire in the Hestevik
Syncline and the gneisses wo the south of Store Fagervik, (€} I lineation to che north of Seore Fagervik

Srure 1973), but some of the folds shown in Fig. 3b might be of an older
ZENEATIon,

MAJOR STRUCTURES
Thrasts
A major thruse-contact occurs on the islands of Lille Vinna, Hijelmen and Haja (Fig.
6}, On Lille Vinna it is underlain by seven, thin, discontinuous thrust sheets of
the Klubben Psammite, calc-silicare schists and gneisses with 4 rotal chickness of
30~-B0 metres (Fig. 6). The thrust sheers are sandwiched berween rwo chick unirs
of mylonire-gneisses. The mylonire foliarion and a NNE-trending linear fabric
along the thruses are folded by small-scale D, folds, suggestng thar thrusting
occurred during D

Worthing (197 1a) mapped rocks from eastern Seiland as correlative wich che
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Fig. 6. Geological cross-seccion of the central part of Lille Vinna, showing rhe imbrication sheets
of Klubben Psammite, calo-silicare schists and gneisses sandwiched between Fagervik gneiss,

Klubben Psammite Group. However, there is a complicated imbrication-zone in
castern Seiland (Fig. 7). The major pare of the lowermost ‘psammite’ unit of
Worthing (197 la, b), the Komagnes Group, 1s composed of grey gneisses similar
to those described from the Fagervik infracrustal complex. This area has therefore
been remapped and reinterprered by the present author (Fig. 7) as largely Fagervik
equivalent, The Klubben Psammite Group does occur in several thin chruse sheets.
Worthing (197 la) mapped one of these and called ir the 'pink psammite’, but
comsidered it to be an integral part of the surrounding gneisses, all of which he
correlated with the Klubben Psammite Group, Some of the sheets shown in Fig.
7 are composed of a series of extremely thin unirs of alternating psammites and
mylonitic and phylloniric gneisses well below mappable thickness, It thus appears
that this imbrication zone consists of a series of thin nappes with large lateral
EXTENSions,

The D, Hestevik Syncling

The Klubben Psammite Group around Store Fagervik occurs in the core of a large
D, syncline; the Hestevik Synchine (Fig. 1), The hinge can be seen in a steep chitf
to the south of Store Fagervik where the sedimentary layering in the psammite
and its contact with the gneisses are isoclinally folded. The hinge zone has been
dramarically thinned and refolded by D, folds.

The Dy Srorbuke Synform

The Storbuke Synform is the largest D, structure on northeastemn Seiland (Fig. 2}
It has a fold axis with a shallow plunge towards the NE. Several independent
observations indicate the presence of chis large synform, There 15 a two-sided areal
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Fig. 7. Geological map of eastern
Seiland showing the imbrication
sheers. Location map shown in
Fagr: 1
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distribution of the gneisses of the Fagervik infracruseal complex with the Eidvageid
sequence located berween, The northern boundary berween these has a seeep
southeastward dip, while the southeastern boundary has a shallow dip towards the
west and northwest where the variation is caused by a strike-swing across Eidvagen
(Fig. 1).

The D, folds in the area berween Ersvika and Store Vinna commonly have an
open style and near horizongal axial surfaces as one would expect in a steep
middle-limb of an asymmerric fold (Fig. 4). The geometry of the D; folds in the
area around Fiskebukr and to the norch of Store Fagervik indicate, on the other
hand, a much stronger flattening and have a vergence towards the SE. All these
observations suggest the presence of a large asymmetric synform (Fig. 2). The folds
of assumed D, age to the south of Eidvigen have, however, a vergence towards
the west. This might be a resule of different orientarions of the layering to the norch
and south of Eidvigen prior to D, (Ramsay 1967, p. 538), which could also
explain the strike-swing. Alternatively these folds could be of a younger generation.

PRECAMBRIAN STRUCTURES

Ramsay & Sturt (1977) and Ramsay et al. (1980) described tectonic foliations in
gneisses from Kvaloy and Hjelmsay that are cut by granite dykes which are in turn
truncated by the unconformity below the Klubben Psammite Group. This
relarionship gives evidence for Precambrian deformation. The graniric intrusion
to the south of Store Fagervik appears to be younger than much of the deformation
and migmatization in the surrounding gneisses, bur is affected by rthe D,
deformarion, especially along its margins. The earliest deformation in the
surrounding gneisses is therefore probably of Precambrian age. The deformation
of a gneissic layering cur by granitic pegmarites around the D, Hestevik Syncline
also indicares Precambrian deformarion. Internal foliations in garnet and orchoclase
porphyrablases (Fig, 8) give evidence for deformation which predated a high-grade
Precambrian metamorphism in the Eidvigeid sequence (see below).

Metamorphism

METAMORPHISM IN THE KLUBBEN PSAMMITE GROUP

Biotite and muscovite have crystallized or recrystallized parallel to the axial
surfaces of D, and D, folds in semipelitic horizons in the Klubben Psammite
Group. Xenoblastic garnets have overgrown 5, while 5, bends around them
suggesting post-D, /pre- or syn-D), garnet growth. The garner /biotite geother-
mometer gives temperatures around 585°C from the calibrations of Thompsom
(1976) and Ferry & Spear (1978). This temperature must, however, be regarded
as only a minimum temperature since the garnets congain up to 37 mole percent
grossular + spessarrine (Kretz 1958, Albee 1963). From these observations it
appears that the P=T conditions increased from D, and reached a climax in pre-
or syn-Ds time. This metamorphism must be of Caledonian age based on the
correlation with the Late Precambrian-Cambrian Klubben Psammire Group. The
teceonomeramorphic evolution is similar to that desciibed from Seray (Roberts
1968).
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Imm mm

Fig. 8. Texrures in pelitic schists from the Eidvageid sequence. The distinction beeween garner 1 and
garnet 2 based on rexeural feamares and microprobe-analyses (Akselsen 1980 and in prep.)

A) 5y defleceed around pre-D, parphyroblases in che Ersvik formiarion

B) Garer | with planar, internal schiseosicy, &, overgrown by interkinematic D=0 garnee 2
1 Garnee | overgrown by garmet 2,

D} Graphice crystal pactly overgrown by parnet 2 and subsequently bene during Dy

METAMORPHISM IN THE EIDNVAGEID SEQUENCE
The Eidvageid sequence has been affecred by two distinet phases of metamorphism
which are believed ra be of Précambeian and Caledonian age, respectively,
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o Kyanue crystals from pelitic schists in che Eidvigeid sequence possibly representing
cudomorphed andalusite

Precawbrian metaniorphism

The most pervasive mineralogical and rexcural reconstirution of the Eidvageid
seiquence can be related to a Precambrian metamorphism when coarse-grained and
pegmatite-veined lithologies were produced, especially in the recronically inter-
mediate and upper parts of the sequence. Many of che pegmarites have been
disrupted during subsequent deformation which has impressed a cataclastic fabric
on the rocks, The Ersvik Formation contains porphyroblastc orthoclase. Unlike
the K-feldspar porphyroclasts from the distupted pegmatites, the porphyroblasts
contain pumercus inclusions of biotire which define a planar, internal schisrosicy
(Fig. Ha). This schistosity 15 truncared by 8, in the surrounding matrix, showing
that the vrthoclase overgrew a schistosity prior to or possibly av an early stage in
the Caledonian I deformacion. These porphyroblases co-existed with pre- or
possibly early-D; alumino-silicates (Fig., 8a) implying high-grade conditions
(Winkler 1979} during this metamorphism. Kyanite locally occurs in prismatic
pseudomaorphs with rounded, square and diamond-shaped cross-secrions (fig. 9).
Wichin the prisms ir has recryscallized wich (100) in random oriencacions in the
prismatic zone, Many of the diamond-shaped pseudomerphs contain a diagonal
zone of quartz grains and in a few cases two such zones have been seen to form
a cross (Fig. 9). Bechennec & Herve (1973, 1974) have described sumnilar

pseudomorphs from the islands of Arey and Laukey in norch Troms and

interpreced them as pseudomorphs afrer andalusiee, This 15 supported by the
Hatrnn Erats i same -tk bk s hiEh rettn e e bt nn e Ao na ve b ik
l..I-.-.L..L-.I1.-.-. CLOSS 1IN S00ne f e, WL rescmoles Cnlastollite, Adféernative '!., [ 'ILfn.
may represent pseudomorphed prismaric sillimanice,

Early garnets (garnet 1} in the tecronically intermediate and upper pares of the
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Eidvigeid sequence formed pre- or possibly early-I, as shown by the deflected
5, foliation. An internal, planar schistosity defined by parallel biotice and ilmenire
has only been observed in one garnet (Fig. 8b). The largest garnets are generally
surrounded by felspar-rich mantles.

Caledanian metamarphism

Garnets of a second generation (garner 2) contain numerous tiny inclusions, mainly
quartz and rutile, rather than the coarser inclusions in gatret 1, In many cases they
have grown on the first generation garnets (Fig. 8c). Fig. 8b shows an early garnet
(garnet |} with an internal foliation. 5, overgrown by a later garnet (garner 2).
The laeter conrains a planar inrernal schistosity which is discordant to S, and parallel
to the external foliation, 5., excepr where §, is locally deflecred around the garnets.,
5, is polyphasal due to coincidence of 5, and S; in a long-limb of a D, fold (Fig.
4). These relationships show that the two generations of garnets grew during owo
distinct phases separated by a period when the excernal foliarion was rotated
relative to garnet 1. Muscovite which formed simultaneously with garner 2
(Akselsen 1980 and in prep.) has overgrown 8, suggestive of post-D; growth of
garnet 2, Fig, BD shows a graphice crystal parallel o 5, partly overgrown by garmet
2. Afrer cessation of garnet growth, the graphite was bent by a D, crenulation,
which is the only D, strucrure seen in the schists to the noreh of the Honseby gabbro
where this specimen was collected. This shows that ar least this garner ceased
growing prior to the main D, deformarion in this area. It thus appears chat the
second generation of garnet grew in the interkinemance D -0, period.

The major difference in the metamorphic evoluton of the Eidvigeid sequence
and the Klubben Psammite Group is the high-grade pre- or possibly early-D,
metamorphism in the former. This early evenr is unlikely to be a contace-meta-
morphic effece of the basic and ultrabasic intrusions in central Seiland; as
high-grade assemblages formed in the gneisses as far as 5 km from che intrusions
Such high-grade conditions can also be found on the island of Kvaley where
igneous intrusions only occur in subordinare amounts (Jansen 197%). The post-13,
tectonemetamorphic evolution of the Eidvigen sequence is similar to that
described from the Klubben Psammire Group on Seiland and from the island of
Seray (Roberss 1968). This must, therefore, be of Caledonian age (Sturr et al,
1978), while the early (pre-D;) metamorphism is considered to be of Precambrian
age, This supports the hypothesis of a Precambrian origin for the Eidvigeid
sequence, despite its tectonic position above the Klubben Psammite Group,

The presence of kyanire pseudomorphs afrer andalusice or sillimanice suggests
that the Precambrian meramorphism was of a lower pressure type than the
Caledonian metamorphism. The detailed evidence supporting this observacion
will be published clsewhere,

The Henseby gabbro

The Hanseby Gabbro sourh of Eidvigen was briefly described by Worthing
(197 1a). The gabbro also extends northeast of Eidvigen slightly offset by a fault
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{Fig. 1). Further to the northeast cthe gabbro thins and is only found as minor
boudins on Kvalaya (8. Jansen pers.comm. 1979). Worthing (197 la) concludes
from seructural reladgonships that the gabbro s of Caledonian syn-Dy age. It
therefore has been regarded as one of the oldest intrusions in the Seiland
Petrographic Province (Robins & Gardner 1975), However, the Hanseby Gabbro
on NE Seiland 1s surrounded by metasediments of the Eidvageid sequence which
have suffered Precambrian deformation and metamorphism, There is consequently
no A priori reason o reject Precambrian ages for some of the incrusions on Seiland
as argued by Pringle (1973).

The Hanseby Gabbro has a granoblastic texture and contains pyroxenes,
plagioclase, homblende, biotite, quartz and Fe-Ti oxides. Locally it appears to
contain twi generations of garnet. The largest garners contain coarse inclusions
while the second peneration garnets conrain numerous tiny inclusions and have
grown, together with quartz, as coronas between orthopyroxene and plagioclase,
Texturally this is somewhar similar to the garners described from the surrounding
metasediments and may indicate an early (Precambrian) medium-pressure gra-
nulite-facies metamorphism followed by a Caledonian metamorphism at lower
temperatures and /or higher pressure (Green & Ringwood 1967). Similar texcures
have been ascribed to polymeramorphic evolution by Wagner & Crawford (1975).
However, Griffin & Heier (1973) regarded the formation of such coronas as
retrograde features solely due to cooling during uplift,

Conclusions

Mortheast Seiland provides a typical example of cover-basement relacionships in
the Kalak Nappe Complex. The youngest metasediments, correlated with the
Vendian-Cambrian Seray succession (Holland & Sture 1970, Ramsay 197 1), were
affeceed by two phases of Caledonian deformation, D) and D, The metamorphic
climax was reached in the D,—12; interkinematic period. In some places these rocks
rest unconformably on a Precambrian basement complex, and in others occur as
thin thruse sheers in complex imbrication zones. Tt is possible to subdivide the
Precambrian basement into two lichotectonic units; The Fagervik infracruseal
complex, generally composed of tonalitic gneisses, and the Eidvigeid supracruseal
sequence, dominated by pelicic gneisses and schists. Srructural, rexrural and
mineralogical relationships indicate that the Eidviigeid sequence suffered a
high-grade Precambrian metamorphism prior to a weaker Caledonian meea-
muorphism. This metamorphic evolurion clearly suggests a Precambrian age for
these metasediments. The main overthrusting event in this area occured during
D, and the nappes were subsequently folded into a large asymmetric synform, cthe
Storbuke Synform. The lutest deformarion involved faulting with brecciation and
associated diaphthoresis.

The Eidvigeid supracrustal sequence is separated from the Fagervik infracrustal
complex by a thrust, and hence the age relationships berween these two unics 15
unknown, Ramsey & Sturt (1977) reponed preliminary Rb/Sr isochrons of
1469 + 70 my. and 2660 £ 1530 my for granitc dykes that cut a high-grade
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migmacitic gneiss complex in the Skillefjord Nappe on the mainland to the south
of Seiland. An Archaean age for these gneisses appears to be conformed by further
Rb /5r isocrons of approximately 3000 my from similar granitic dykes {Aunster-
heim & Sture pers. comm. 1981), bur it is possible that several Precambrian
age-provinces are represented in the gneisses of the Kalak Nappe Complex. Furcher
more detailed geochronological work is obviously necessary to solve this problem.

Acksoudlecpements, = [wish to thank H. Brueckner, B Robins and B. A Soare for cheircrivical reading
of the manuscripe.

Inrernarional Geological Correlation Programme.
Morwegian contnbution Mo, 51 to Projece Caledonian Orogen.
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Disparate Geochemical Patterns from the Sndsavatn
Greenstone, Nord-Trendelag, Central Norway

DAVID ROBERTS

Roberes, D 1982: Dasparate geochemiacal patterns from che Snasavaen preenstone,
Mord-Trondelag, Cencral Morway. Nogger peol. Unders. 373, 63-73,

Greenstone volcanites of Middle Ordovician age from the Snasavam area of the Cencral
Sorwegian Caledomedes can be divided ineo two distinctive groups on the basis of their
geachemical parterns, The bulk of the lavas sampled are tholeiies of ocean Aoor affinity,
chough with 4 hint of transition towards within-plate features in some minor and rrace
clement contents. These OFB rocks are positioned scructuradly and steatigraphically above
the second group of greenstone lavas which are basales of cale-alkaline chemical characeer,
The CAB lavas are, in turn, steatigraphically underlain by the Sndsa limestone which
contains & vaned fauna of Lower to Middle Ordovician age. Regional-geological,
bioseratigraphic and valcanire-geochemical considerations pinpoint similarices berween
the palacorectonic situations for the Sndsavam volcanosedimentary assemblage and char
teom rhe 1sland of Smela some 200 km along strike o the southwese. The influx of OFB
volcanices at Sndsavarn, however, is not recorded on Smela. This upward rransition to
more primicive tholeiitic basales is chought to relate to a subducton zone and arc
migration, with 006N ACCIErion pOCUrTing 0 an excensional, back-ard marginal basin
SELCing,

D). Roberts, Norges geologivke underiokele, Portboks 3006, N=T7001 Trondbein, Norwsy

Introduction

Studies of the geochemical character of Lower Palagozoic basalric and andesiric
greenstones over the past decade have provided valuable contributions to
Caledonide research in che central Norwegian pare of the mountain bele. In 1979,
systemnatic sampling of the schistose greenstone volcanites of the Sndsavamn area
of MNord-Trendelag was carnied our as a part of an ongoing NGU project
'Gronnstein geokjemi innen de sentrale norske kaledonidene’, Preliminary resules
of this investigation of the Sndsavatn lavas revealed an interesting bipartite
grouping, with the bulk of the volcanites showing ocean floor choleiite characte-
ristics and a smaller population of samples from a structurally lower zone having
a distincrive calc-alkaline chemisery (Roberts 198(0a). Subsequent sampling was
concentrated on determining the extent of the calc-alkaline association. This shore
arricle aims ar reporting the principal resules of chis study and briefly discussing
their regional significance.

Geological setting

The greenstone unic sampled forms pare of an association of lithologies which
Foshie (1938} collectively termed the Sndsa Group. Earlier, Carstens (1956) had
noted that these greenschist o epidote-amphibolice facies rocks — schises,
limestones, greenstones, conglomerates and sandstones — were deformed in a
narrow, NE=-SW-rrending synchine, his Snasa Syncline. Further mapping, aided
by Fossil finds in the Snidsa limestone, led Carstens (1960) wo che view thar the
greenscones and limestones at least (Fig. 1), formed part of the Lower Hovin Group
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Fig. 1. Simplified gealogical map of che NE Sndsavacn area. 5.5, — Snisa Synform. All excepe 2 of
the samples analysed in this scudy are from che area coneained by che dashed line between the shores
of Sndsavam and the synform axial rrace, In the mnser map. TW. — Tammerds window; G -0,
— Crrong~{Hden Colminarion; Snv — Snisavam; Thd = Trondheimsford, The geology 15 tbken from
Roberts {19671 The E6 highway s indicared by che dorred line,

of the classical Trondheim region strangraphy (Vogre 1945), which is part of che
steren Nappe (Gale & Roberts 1974). Boch Springer Peacey (19643 and Roberts
(1967) adopted the informal Sndsa Group designation in their reconnaissance
studies. In the NE Sndsavarn area the sequence is-essentially a serucrural one since
no primary seructures have yer been found. Moreover, as the major "syncling’
deforms the penetrative regional schistosity and associated sub-isoclinal folds
(Roberts 1967) it is more appropriaee to refer o ir as a synform,

More recent work in the area from the Temmeris Antiform across che
northeastern termination of the Snasa Synform into the Grong—COlden Culmi-
nation (Fig. 1, inser) has pointed to rectonoseratigraphical similarities between this
region and areas in Sweden (eg. Gee 1977, Andreasson & Johansson 1982),
denating thar Foslie's (1938) original Snisa Group embraces lichologies from 4,
or maybe 3, separate nappes. Similar subdivisions have been traced sourhwest-
wards into the Steinkjer and Inderay—Leksdalsvatn areas by Tietzsch=Tyler (in
prep.) and Roberts (unpubl. mapping), respeciively. Some elements of chis
tectonostratigraphy are shown on the 1:250 000 map-sheer 'Trondheim' (Wolff
1976), although amendments have been noted (Roberts & Wolff 198 1) and orher
revisions will follow,
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The Snasavatn greenstone

The predominanc lichology of the unit, here informally termed the Sndsavan
greenstone, 15 a green to pale geeen moderately schistose rock of generally medium-
to medinm-fine grain, Some pares are more schiscose and may represent mafic tutfs;
however, these sometimes correspond to zones of higher strain, Other lichologies
represented sporadically within the 1.5~1.8 km-thick unir are intermediare ruffs,
keratophyric hotizons: and agglomerares. Limestone bands and nibs are not
uncommeon within the basal pares of the voleanic pile (Roberts 1967). Despite an
extensive search for pillow structure, nothing has been observed which could be
classified as definite pillow form: Carstens (1956) also noced chac pillow seructire
had not been found pver an extensive area from Malm to Snasa. This concrases with
orher Ordovician greenstone sequences from other pares of Trendelag, where pillow
scructure is sometimes prominently developed {e.g. Grenne & Roberts 1980).

PETROGRAPHY

The greenstones show complere recryseallisation to greenschist to epidote-
amphibolire facies assemblages. Primary igneous textural relics are rare, although
these may be discerned in some thin-sections through a blanker of saussuricised
plagioclase and chloritised and epidotised amphibole. The amphibole is an
actinolice which, rogecher wich chlorite, defines the foliation in the rock, Other
minerals present are epidote, Ti-magnetite, apatite, calcite and assessory lencoxene.

Geochemistry

SAMPLING

The initial sampling was concenerated along a traverse across the southeastern limb
of the Sndsa Synform (Fig. 1), with the well exposed road-curs along the new E6
highway as principal targees (Roberes 1980a). Thirty-six fresh samples of variably
schistose greenstone were taken, Follow-up sampling, subsequent to examination
of the initial analytical data, provided a further 10 analyses. Analytical procedures
are given in an appendix.

MAJOR ELEMENT CHEMISTRY

On initial examination of the raw analyrical dara from 1979 it was evident thar
a small number of analyses from one part of the greenstone formadion were different
from the bulk of the samples in showing higher AlLO;, Na O, KO and PO,
weiphe percentages and lower Mg, CaO and TiO,; (Roberts 1980a), These
differences were also reflecred quire clearly in AEM, Fel) ¢ FeO) /MgO and Ti0),
vr. Fel) /MpO) diagrams, with the high-alumina, alkali-rich greenstones display-
ing calc-alkaline fearures. Samples collecred subsequently served to confirm this
chemnical disparity (Table 1), Oxide concencrations for the main group of analyses,
on the other hand, invite comparison with values for ocean-floor cholenres (Table
1, group A). Again, cthis trend appears to be confirmed in graphic represenration
of the data (Fig. 2),
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TABLE 1. Averaged muyor and rrace element contents of the Sndsavacn Erecnstones (major elements
in wt.%, wace elements in ppm). For comparison, mean element concentrations are presented for
selecred basalr series or oypes

Sndravatn greenitone Mean values, diverse basalts
Group A Group B Wi—p Smala. Sunda arg
in=27) (o=13) QFB COm CAB CAB H-K.CAB
S0, 45.67 48.01 4991 48 41 51.31 4402 4561
Tit, 1.66 E33 1.43 2.47 (.85 L83 L5
Al 16,01 1896 16,20 I4.41 15.60) 18.10 1820
Fe.0); 3.53 4.46 - 13.20¢ 201 243 =
Fel (.45 3.39 1i1,24! - 5,80 5,02 o810
MpEO T.H3 4.72 T4 5.96 395 6,87 Al
Caty 101,65 H.53 11.42 10.0% 1. 50 o4 10,20
Masly 2.65 403 2.82 2.0 2935 2.99 .00
K0 [1.34 1.58 024 (93 (1,74 1.21 218
Mnpi) 017 1465 13 (Ve .20
P04 116 (.63 12 018 40
L.OI 4.0 4.0 3649
Zr 112 230 92 49 L0 120 113
X 3l 32 30 25 23 23 28
L 246 1143 131 401 27D 557 540
Rb f 2ia 3 I'5 23 39 Gl
Zn 74 128 63
Cu 46 HE 73 85 S i8 110
i 102 44 106 HE ] 57 14
LCr 305 T4 Ao 139 130 251 34
Ba [t} 525 8 338 2610 301 481}
Nb 5 17 5 25 4 6.3 11
¥ 323 234 234 174 232 280

Amalysts: Glerr Fave and Per-Reidar Graff, NG
Dara sources for mean values; OFB — Pearce 1975 W —P.CON — Pearce (1975); CAB = Mockalds
& Le Bas (197 7Y, Pearce ( 1975): Smplz CAB—Roberts { 1980b): Sunda are high=K CAB — Whitford
etal, (1979

i) = Total Fe given as FeQr. 2) — Toal Fe given as Fe, 0,

With a total alkali content of 6.5 we.% for the calc-alkaline basalric greenstones
(CAB), which is more than double that of the ocean-floor type choleiitic basalts
(OFB group), it is tempting to ascribe this relative and absolute increase solely
to some form of pre-deformarional alteration, notably spilitisation. This is
unlikely. however, since the K.O and ALLO, contents are consistently and sharply
higher (quite the opposite of spilitisation trends) in the CAB. Moreover, a Hughes
(1973) diagram shows that virtually all che Sndsavaen greenstone samples fall clear
of the 'spilice’ field (Fig. 3). The depletion of CaO requires some explanation:
possibly it may relate to an increase in calcice and epidote veining within this level
of the volcanic pile. This needs furcher investigation.

TRACE ELIEMENT CHEMISTRY
Extensive research has shown the value of incompatible crace elements in
discriminaring berween the recronic settings of diverse magmaric associations, Of
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Fig. 2. Plots of the Sndsavarn greenstone analyses on () an AFM diagram, (£ Ti); s, Fe/MgO
and () FeO g, FeO /MgC diagram, (Fe©® = toral Fe as FeQ). Symbols: dors — samples of the OFB
{group A in Table 1) cromer — samples of the CAB (group B in Table 1) In & and ¢, A — erénd for
average ocean floor tholeiites. Tn &, M — trend for Macauley island arc choleiices. In ¢, the dashed
line separates the fields for tholeiites (TH) and calc-alkaline basalts (CA).

these elements, Y. Wh, Zr and the heavy rare-carchs (HREE) are the most stable,
closely followed by the light REE, and these have proved applicable in distingu-
ishing velcanic settings in both modern and ancient magmaric assemblages (for
examples from cencral Norway, see Grenne & Roberts (1980) and Roberts
{1980b)), Here again, plots of particular element ratios provide immediare graphic
discrimination, but & visual comparison of mean element concentracions wich those
from known modern sercings is equally valuable (Table 1),

For the Snisavarn greenstones the dual grouping, OFB and CAB, noted from
the major element plors, is even more distinctive from trace element ratio diagrams,
In the Ti-Zr-Y plor (Fig. 4}, some of the OFB group analyses exhibic an overlap
into the field of wicthin-plate basalts, ie. they show slighty “transitional’
characreristics.
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Rare-earth element abundances and patterns, relacive to chondritic values, are
known as important indicators of magmatic affiliation, even though the LREE can
sometimes be prone to spilinsation and low-T weathering process (Ludden &
Thompson 1978). Following the initial sampling and analyrical work, 6 repre-
sentative samples of Snasavatn greenstones were chosen for REE determination,
4 from the tholeiites and 2 from the high-alumina basale group (Table 2). The
chondrite-normalised patterns (Fig. 5) from the rwo groups are quite distincrive,
The theleiite analyses show more or less flat, chondritic profiles chough with a quire
prominent LREE depletion characteristic of mid-oceanic ridge basalts, The two
samples from the CAB group, on the other hand, reveal parallel trends of marked
LREE-enrichment and a high degres of fractionacion, The lightest REE show

TABLE 2. Rare-earth element and S¢, HF, Ta, Thand U contents {ppm), and selected radios, from
representanive samples of Sndsavarn metabasaltic greenstones, Nord-Trendelag, Norway. The first
four samples are classified in group A (Table 1} and the last owo in group B

Sample no. SN 5 SN 8 SN, 16 SN 36 SM. 23 SN 24
Ia 3306 500 5.31 5.67 57.6 70.5
Ce il 4.6 14.6 17.0 124.0 16410
Md 106 1.6 11.8 13.1 57.8 TG4
Sm 3.39 3.6l 347 403 9.17 12,10
Eu 1.41 1.3 1.20 152 258 144
Th L85 0.78 .74 (.86 087 1.18
Yhb 301 2.84 2.60 3.06 201 265
Lu (.45 047 41 048 (.33 (1
S¢ 46.0) 0.3 4.4 384 046 13.4
Hf 2.42 257 202 2.70 407 5.28
Ta 0.7 0:25 0.6 0,30 .94 1.0%
Th <[).2 1) 0.51 0,44 16.4 16,8
u <f.2 =Zf).2 o7 =02 343 685
(La/ Yhhy 67 1.03 1.20 1.11 163, 5K 15:92
(La/Smly 59 A 54 B8R 384 157

Asalyst: Dr. Jan Herogen, Department of Physico-Chemical Geology, Cachalic Universicy of
Lewven, Belgium.
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Fig. 4. Ti-Zr-Y diagram for the Snasavaen geeenstones, Symbols as in Fig, 2. Fiekl A — low-K
tholeiites; field B — ocean floor tholeiires, field € = cale-alkaline basales; field D - within-plate
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Fig. 5. Chondrte-normalised REE profiles for representarive samples of the Snasavam lavas. Dot
and cross symbaols correspond with groups A and B, respectively, asin Fig. 2. Open circles — average
values for REE dara from: che Smsla volcanttes, Source of chondrinic values: Masuda ec al. (1973),

Makamura (1974), Evensen-etal.  1978), Detatls of samples and analyses are contained inan NGU
report (Robers 1951,
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Fig: 6, HI=Th-Ta diagram showing the
plors of the REE-analysed samples.
Symbols — dors and crosses as in Fig, 2,
open circle — averape value for basales
from Smeka (Roberrs 19810, Field A —
normal MORB, Field B = LREE-enriched
MORB. Field C = within-plate basales.
Field [ — basalts  formed ar convergent
plate miarging (boch dsland arc and
Andean type).

€. 170-200 rimes chondritic abundances, which is a somewhar greater figure than
the average for modern calc-alkaline basalts, and also higher than in the case of
the CAB from the island of Smela, west-central Norway (Fig. 5) (Roberts 1980b.
1981); but the general profiles are otherwise similar to those from typical
calc-alkaline basaltic lavas. High LREE abundances such as these are known from
some of the high-K calc-alkaline basalts from the Quaternay Sunda arc of
Indonesia (Whitford er al. 1979). In relation to $i0. conrent the Sndsavarn
metabasales, with nearly 1.6 we% KO, do in fact fall into the high—K
calc-alkaline series of valeanic rocks as defined by Peccerillo & Taylor (1976), In
Fig. 6, separation of the two groups of Snisavatn lavas is again clearly visible, with
a good degree of correspondance berween the CAB from Sndsavaen and those from
Smula.

Discussion

The geochemical signarures of these greenstones show thar lavas generaced in two
separate and distinctive volcanic sectings are represented, In this particular area the
structurally lowest volcanites are of calc-alkaline affinity, while the bulk of the
lavas are tholeiites of ocean-floor type though with a hint of transition towards
within-plate character. Aspects of the regional geology are of importance in
assessing the palaecenvironments of effusion of these lavas. Although way-up
features are lacking in the studied area, there appears o be good evidence from
adjacent areas thar the greenstones are positioned seratigraphically above the Sndsa
fimestone (Carstens 1956, 1960, Springer Peacey 1964, Tietzsch—Tyler, in prep.),
Rapid facies changes are present, however, and in one area near southwest
Snasavatn the limestone represents almost the entire Lower Hovin Group (Springer
Peacey 1964, p. 19), greenstones interdigitating with the limestone and increasing
rapidly in volume norcheasowards. It would thus appear that quite evolved
calc-alkaline basalts, associared with shallow-marine limestone deposition, were
replaced up-sequence by tholeiites of ocean-floor characrer.

The Sndsa limestone fauna is of importance in that the fossils (Roberts 1980¢)
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show striking similarities to those occurning in the late Arenig-Llanvirn Skjolberg
Limestone on the island of Smaela (Bruton & Bockelie 19793 some 200 km further
southwest along serike, Since the Smola volcanires (closely associated with the
limestone) are of marure, calc-alkaline type (Roberts 1980b), there are obviously
parallels to be drawn with the Snasavarn sienation, at least for the lower CAB lava
anit. An allied feature is that mineralisation in the volcanites from Smela, and
northeastwards through an important iron-ore districe (Fosdalen, near Malm) o
Snidsavatn, is of a similar magnetite-pyrite-chalcopyrite association (Carstens 1936,
1960}, There are, however, small differences in certain minor and crace element
abundances (e.g. Zr, Nb and LREE) and this may reflect a positioning of the
Snasavarn magmatic arc closer to the palaco-contineneal margin than in the case
of the Smala arc rocks.

The OFB valcanites at Sndsavaen, coming in withoue a visible break above the
island arc CAB /limestone association, were clearly not extruded in a major ocean,
spreading-ridge serting. On the other hand. the indications of ‘transitional’
chemistry, towards WPB, are rypical of an extensional, marginal basin, back-arc
milieu of spreading. Such an interpretation fits very well with what we know of
other Middle Ordovician magmatic assemblages in Trondelag (Grenne & Roberts
19800, Roberts, Grenne & Ryan, in prep. ). The acrual location of the marginal basin
spreading centre in chis particular case {prior to nappe translation) could be
considered as being related tw oceanward migration of the arc and subduction zone
with time (Roberes et al. in press), a feature well known from maodern island
arc /subducrion zone situations, for example in the western Pacific, thus facilitating
the behind-arc marginal basin distension and ocean accretion. Aleernatively, the
OFB lavas may have been associated with a splitting of che fairly mature,
carbonate-fringed magmaric arc during a changing seress regime — from essencially
convergent and compressive to extensional, perhaps itself related to changing
vectors of plate motion in which the subduction zone gradually became inactive.
Assessing these possibilities will require further derailed mapping and sampling
over 4 much wider area.

Acknouiedgements, — T wish 1o thank Harald Furnes and Tor Grenne for cheir crivical reviews of a
first draf of the manuscripr, Financial support for the REE analyses from NG L s much appreciated.
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Appendix

ANALYTICAL PROCEDURES

Major element analyses for the first batch (36) of sam ples were determined by classical wer-chemical
metheds for S0, ALOL, Cad), MgO and roal Fe, and by a method outlined by Langmyhr & Craff
(1965) for TiOy, MnO, NayO, K0 and ferrous iron, Mijors for the 10 samples collecred in 1981,
as well s commaon trace elements for all 46 samples were anulysed on rock powders using an aueomare
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Philips 1450,/20 XRF. All analyses were carried out ar che Section for Analytical Chemistry, NGLI
Trondheim, Calibration curves were made with internarional standards.

Rare-garth elements, together wich HE, Ta, Th and U, were analysed by instrumental neutron
activacion, by Dr. Jan Hertogen ac the Deparement of Physico-Chemical Geology, Catholic
Umiversity of Leuven, Belgium, Samples were irradiated at the Ghent University nuclear reactor.
Seandard deviarions were caloalated from counting statistics and the observed spread among results
from different counrings and /or different gamma-energies. In cases where counting SEALISIICS Wers
araller chan 19, 4 realistic standard deviation of 1% was assumed, REE normalisarion average values
used are as Follows: — La (0343, Ce (0.89), Nd (0.65), Sm ((.209), Eu (0.0806), Th (0.052), Yh
(0,207, Lu (0,055, normalising values from Masuda et al, (1973), Nakamura (1974) and Evensen
eral, {1978},
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A Proposed Deglaciation Chronology for the
Trondheimsfjord Area, Central Norway

ARNE |, REITE, HAAVARD SELNES & HARALD SVEIAN

Reire, AL, Selnes, H. & Sveian, H. 1982; A proposed deglacianion chronology Tor the
Trondheimshord area, Centeal Morway, Nerged geol, Underr. 373, 75-84.

Radiocarbon datings of the deglaciation of the Trondheimsfjord area strangly suggese char
the coastal areas and the auner pare of the ford were deplaciared before 11000 B P, Craring
eirly Younger Dieyas the infand ice advanced to the Taurra Moraines ¢ LOS00=10500
B.P.1. Further mnland the Hoklingen Momines (10300—T0100 BP) and the Vuku
Moraines (. 9800 B.P.} were deposited during marked glacial advarices, Orcher
ice-marginal deposies are mostly dependent on local copography. Brief comments are
given on the shoreling displacement during the deglaciarian,

Arne | Reite and Harald Svelan, Novger geologivke undersobelre. P.0O_Box 3006, N-7001
Trandferm, Norway
Haavard Selmes. Instiinse for bowtinentaliobbelunderobelier, POBox 1883, N—7007
Trandheim, Narway

Introduction

Moraines on the coninental shelf off central Norway have been radiocarbon-dared
to 13000 B.P, for the Storegga moraines and 12400 B.P. for the Haltenbank
moraines (Bugge 1980). Andersen (1979), however, has assumed an approximace
age of 15000 B.P. for the inner marginal moraines on the continental shelf outside
Trendelag. Radiocarbon datings from Hemnefjord (Lasca 1969), Bjugn (A.
Kjemperud pers.comm. 1982) and Rissa (Bugge 1980, Lafaldli ec al. 1981)
strongly suggest that the outer part of Trondheimsfjord was deglaciared noe later
than Allerod. Previous datings from the Ekle-Tiller ice-marginal deposit, situared
1t} km to the south of Trondheim, have indicated an early Younger Dryas age
(Nydaletal, 1972}, This deposit (Figs. 1 & 3) has been correlaced with the Malvik
moraine, the Tautra moraine and the prominant marginal moraines crossing the
Fosen peninsula (Reive, in Ofredahl 1974, Sollid & Sercbel 1975, 1979, Sallid
19760 An early Younger Dryas age for these moraines is supported by radiocarbon
datings of limnic sediments from the northeastern part of the Frosea peninsula
(Kiemperud 1981} A Younger Dryas age was first proposed by Haoltedahl (1928)
and Undds (1942). Marginal moraines in the inner pare of Trondheimsfjord have
been tentatively dated ro the Preboral Chronozone (Andersen 1979, Sollid 19795,
In recent years, mapping of Quaternary sediments by the Geological Survey of
Norway has provided addivional informarion on the stratigraphy and deglaciation
(Reire 1975, 1976, 1977, 1980, 1982, in press., Reite & Serensen 1980, Sveian
|981a, 1981b, 1981c, in press., Hugdahl 1980 and K. Bjerkli pers. comm. 1982},
Shaoreline displacements and vegetation history have been studied by the Insticuce
of Botany, University of Trondheim (Kjemperud 1981, Selnes 1982},
The aim of this paper is to present the results of radiocarbon dacings and propose
a chronoseratigraphy for che deglaciation of the Trondheimsfjord area, with special
emphasis on the distinct marginal moraines which are considered o have been
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Fig. 1. Map of the Trondheimsfiord area showing ice-marginal feasures and recent radiocarbon
darings: Frames mark the locanon of the more detailed maps shown in Figs. 2, 3 and 4

deposited during the Younger Dryas and Peeboreal Chronozones. The scrangraphic
terminology adopted follows the proposals of Mangerud ec al. (1974)

The Fosen Peninsula

Stratigraphical studies of limnic and marine sediments at Afjord and limnic
sediments at Leksvik (Figs | & 2) were carried our to date the distiner marginal
moraines which cross the Fosen peninsula. The sampling sires at Afjord are siruared
15 km disral to rhese moraines, while those ar Leksvik are in the marginal sone.

.rill,f}'m'a". [ a small basin 25 meeres below the marine limic a glacial advance 15
represented by glaciomarine sile and clay. This bed is underlain by shell-bearing
marine clay and overlain by limnic organic sediments. The shells (moscly Macoma
calcarea) were diaced o 11480 + 160 B.P. (T=3653), and che transition
maring /limnic sediments o 10040 £+ 100 B.P, (T=3636A). In a small basin
nearby, situared above the marine limir, a borom gyetja sample was dated o
10520 = 230 B.P. (T-3G60A),
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Fig. 2. A- Map of the Leksvik area showing ice-marginal deposits, glacier-dammed lakes and
radigcarbon danngs.
B; Seracigraphy and radiccarben datings from the two basins Restpern and M. Lomejesn.

Legsvrk, Ar Leksvik the seratigraphy of two small basins, N, Lomtjern and Rertjern
has been studied; both basing are situated above the manne limit. Wich che
exceprion of a possible hiarus in N, Lomigemn, che basins represent continuous
limnic sedimentation from Allerad up to present (Fig. 2), This conclusion is based
on the nature of the sediments, the locaton of marginal moraines, pollen
stratigraphy and radiocarbon datings.

Palynological investigations of the organic Allered sediments suggese a cold
sceppe Jarctic flora; indicating proximicy to the inland ice (Selnes 1982), The
laminated clay and silt in Lomtjern is interpreted as varves deposited in a
glacier-dammed lake which existed during the firse half of Younger Dryas (lake
[}, Rertjern, on the other hand, was not influenced by lake 1. The slightly coarser
beds in Rorrjern are considered to be sediments deposited by the river from Lake
II, which came into existence when the inland ice experienced a small advance,
causing a temporary shift of the threshold. At thar time the ice front was situated
very close o Lomtjern, where thick laminae of coarser marerial were deposited,

The datings from Afford and Lekivik and the studies of marginal moraines
indicate thar the prominent marginal moraines crossing the Fosen peninsula are
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synchronous with the Leksvik ice-marginal deposits. The advance of the inland
ice occured early in Younger Dryas, The stratigraphy and radiocarbon darings
further suggest that the average shoreline displacement from the middle of Allerad
to the end of the Younger Dryas was only about 2 metres per century, As only
one basin sicuated below the marine limic has been srudied, no conclusions can
be drawn on the possibilicy of transgressions,

The Trondheim region

Large, but discontinuous, ice-marginal deposits are found ac Ekle, Tiller, Reppe
and Malvik (Figs. | & 3). Shell-bearing marine clays situated close to the marine
limie, distal and proximal to the Ekle—Tiller ice-marginal deposit and overlying
this deposit, were radiocarbon-dared. A spinal segment of a whale found in che
foreset beds was also dated (Fig. 3B).

Steinan. Some 2 km distal ro the Ekle=Tiller ice-marginal deposie, shells were
found 13 m below the marine limic in glaciomarine clay containing ice-dropped
marerial. The 50 cm-thick bed of shell-bearing clay is sicuared close to the bedrock,
and is overlain by 1.3 m of clay wichour ice-dropped marerial, Na till was found
in this section. The shells (Hiatella arctica, Chlamys islandica and Balanus sp.)
were radiocarbon-dated to 11020 + 90 B.E. (T-3294).

Tifler. A spinal segment of a big whale was found ar 15 merres deprh in the foreser
beds of the glaciofluvial ice-marginal deposit at Tiller. Several years later it was
radiocarbon-dared to 10990 = 190 B.P. (T-787).

E&le. The foreset beds of the glaciofluvial ice-marginal deposic ar Ekle are averlain
by glaciomarine clay containing a few shells of Portland arcitea, suggestng arctic
water. This bed is overlain by sandy clay with Mya truncata, Astarte elliprica and
Balanas ip, The fauna chus supgese thar the inland ice had receded from
Ekle=Tiller before this clay was deposited. This is also supported by the grain-size
diseriburion, indicating shallow water condicions. Radiocarbon darings have given
results of 10150 % 100 B.P. (T-854) and 10230 £ 130 B.P. (T-786) for Mya
traencata and Balanns, respectively. The Ekle ice-marginal deposic is underlain by
at least 15 metres of marnne clay, probably of late Allerad age.

Orbakéen, At Osbakken, a few hundred metres proximal o che supposed posicion
of the Ekle-Tiller~Reppe—Malvik ice front. a shell-bearing marine clay was found
close to the manne limit. The clay is not overlain by all. The shells (dominated
by Macoma calcarea and Balanui ip.) were radiocarbon-dared t 11440 % 110
B.P. (T—4242).

Klebu. Shells were found close o Serborgan farm, Klebu, when marine clay was
removed from an almose vertical cliff. This localicy is siruared 15—20 metres below
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Frg. 30 A Map of the Trondheim area showing we-marginal deposits (shaded arens), reconsrraction
of the 1ee margin (dotred) and che radiocarbon dating at Osbakken
B: Profile Sreinan~Ekle=Serborgan wich radiocarbon darings.

the rmanne limit. The shells were radiocarbon-dated o 9810 = 120 B.P.
(T=3113),

The datings from the Trondbeim region suggest that the Ekle—Tiller ice-marginal
deposit was formed in the first part of Younger Dryas. The dating from Osbakken
indicates, however, that the marginal moraines at Reppe and Malvik might be
slightly older. More radiocarbon darings are needed o salve this question, The
datings from several localities situated close to the marine limir indicace thar the
average shoreline displacement has been less than 2 merres per century during the
lacer part of Allerad and Younger Dryas,
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Fig. 4: Maps showing ice-marginal deposies (shaded areash and radiccarbon datngs. A che Levanger
ared, B the Vuku area, C: the Inderova area and D: the Maere area.

The Verdal region

Numerous ice-marginal deposits occur in this region. A distinet marginal moraine
can be traced from Eidsbotn ar Levanger to Hynne, lake Hoklingen and furcher
towards Sterdal (Figs. 1 &4A), and possibly to the western part of the lake
Selbusjeen. Evidence of another glacial advance is found at Vuku, This advance
can also be traced in a few localicies o the norch of Vuku and possibly ar Steinkjer.
Mast of the other marginal deposits in this region were formed when the ice frone
was temporarily halred ac bedrock thresholds and other topographic obsracles.
They consist mostly of glaciofluvial marerial. A derailed reconstruction of the ice
front is-hardly possible for these deposirs.
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Marine shells situated in the ice-marginal deposits and distally and proximally
to them were radiocarbon-dated, as was a peat sample overlying basal all. The
datings all give minimum ages for the deglaciacion.

Granbein, Levanger. Ar a locality a few hundred metres distal to the Granheim
ice-marginal delta and 2 km proximal to the Hynne moraine, shells were found
in marine clay 25 m below the marine limit (Fig. 4A). The shells (Mya truncata),
collecred in a 3 m-thick clay bed probably close to the bedrock, were dated to
9880 + 40 B.P. (T-3997).

Lerriadalen. Shells { Myifues edelis, wich a few Hiatella arctica and Balawar ip. ) were
found in a clay 40 m below the marine limit at Leirddalen (Fig. 4B). The
shell-bearing clay was radiocarbon-dated to 9990 + 130 B.P. (T-39599).

Tromsdalen. The Steine ice-marginal delra represents the marine limic, 180183
m #.5.1, The southern part of the deposic erosses the mouth of Tromsdalen (Fig,
4B). Situated upon the delta is a 20 m-high mound of sandy and gravelly rill,
containing large blacks of shell-bearing marine clay deposited by a glacial advance.
The shells (mostly Myrilus edalis) were radiocarbon-dared to 9930 + 130 B.P.
(T=3998); this is a maximum age for this glacial advance and a minimum age
for the firse ice recession at Vuku.

Herstad. A pear sample was collected in a 2 m-thick bog ar che farm Herstad avre,
40 m above the marine limie (Fig. 4C). The pollen content point to a ploneer
vegetation, ac least in the lowermost 0—4 cm of the organic sediment. The
lowermost part of the sediment was radiocarbon-dated to 10000 + 130 B.P. for
the soluble fraction; and the insoluble fraction to 10280 £ 150 B.P, (T-4259),

Granavarn. Shells were collected from a sandy silt and clay 147 m as.l, abour
200 m west of lake Granavarn (Fig. 4C). The shells (Mya truncata) were found
0.5-1.53 m below the surface in a bed more than 2 m thick. The sediments indicare
a sta level higher than 155 m, which is not more than 10-15 m below the marine
limit, The shells were radiocarbon-daced ro 9950 % 130 B.P. (T—4257).

Leinseanmen, Leinskammen is locared berween two of the prominent ice-marginal
deposits at Mare (Fig. 413). Only 1.5 g of shells ( Balanws sp. and probably Hiasella
arciical were collected ac 168 mas | in a laminared silc and clay, which is overlain
by 1.5 m of coarse-grained beach gravel. The shells date a sea level slightly higher
than 170 m, very close to the marnine limie. The radiocarbon age is 10710 % 460
B.P. (T-4238). Unfortunately rhe sample was too small to give a more precise
dare,

The datings from the Verda! region indicate thar Levanger and Inderoy were
deglaciated before 10000 B.P. The datings from Meere, Leiridalen and Troms-
dalen strongly suggese that Levanger and Indersy were deglaciared in Younger
Dryas. and also that the main valley at Verdal was deglaciared ar thar time. This
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Fig. 5: Time-distance diagram of the ice recession in central and eastern parts of che Trond heimsfiord
ared,

is in agreement with the datings of gyttja from Frosea, the oldest of which gave
Younger Dryas ages (Kjemperud 1981). The shells found in till ac Tromsdalen
must have been transported by a glacial advance to the Vuku area carly in
Preboreal.

Conclusions

From the existing data the following preliminary conclusions can be drawn:

= The coastal areas and the ourer part of the fjord were deglaciated nor later than
Allered, when the front of the inland ice receded o a position to the east of
Trondheim, and also at least 10 km to the east of Tautra, The innermaose Allerad,
ice front position is still unknown. (Figs. 1 & 5),

— At the beginning of Younger Dryas a glacial advance ook place to the Fosen
peninsula, Leksvik, Taurra, Malvik and Trondheim. These ice~marginal
deposirs are here named the Tausra Morainer. The ice recession which followed
this advance probably took place in the middle of Younger Diryas.

= The glacial advance to the distincr marginal moraines ar Levanger, Hynne,
Hoklingen, towards Stjerdal and possibly to the western part of Lake Selbusjoen
occurred during the second half of Younger Dryas. We propose to name these
we-marginal deposits the Haklingen Morainer,

— The Younger Dryas chronozone in the Trondheimsfiord area includes the Taurra
Moraines and the Hoklingen Moraines, and probably also some ice-marginal
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deposits to the east of the Hoklingen Moraines. The deglaciation pattern
resembles thar found in the Oslo repion (Serensen 1979 and in Nordland
{Andersen er al. 1981). This is not in agreement with most previous
investigations which have suggested that only the Tautra advance rook place
during Younger Dryas.

— The glacial advance ar Vuku, which can be traced to the norch of Vuku and
possibly to Steinkjer, took place carly in Preboreal. We propose to name these
deposits the Vuéx Morgines. To the south of Vuku the ice margin should be
situated o the case of the shaded zone in Fig. 1, where scattered marginal
Moraines 0ccur,

= With the exceprion of the Hoklingen Moraines and the Vuku Moraines most
ice-marginal deposits in che Verdal region are controlled mainly by local
ropography. A detailed reconstruction of the ice recession is therefore difficule.

— The average shoreline displacement during the second half of Allerad and
throughout Younger Dryas was small compared to that found by Kjemperud
(1981} for the Preboreal, A fairly stable sea level has also been found in
Nordland (Rasmussen 198 1) and in Sunnmere (Lome & Lie 198 1) for Allerad
and the first half of Younger Dryas,

Ackmowledgements. — The radiocarbon dacings were carried out at the Laboratory of Radiocarbon
Daring, the University of Trondbeim, under the supervision of Prof. R Nydal, siv.ing. 5. Gulliksen
and aveling. F. Skogseth. The manusceipt has been read crinically by stare geologists B Bergserom
and M. Hambworg and by first-amanuensis B Sorensen, De. D, Roberts correcred ehe English rexr,
Muse of the NG L Quaternary seaff have participared in the mapping programme during one or more
field seasons. The illustrations were drawn by Mrs, B, Oydegard. To all these persons the authors
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