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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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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



12 TREVYOR F. EMMETT

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
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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



16 TREYOR F. EMMETT

dry granite
crest of mesoperthite, solvus Imelts
20
- &0
£
=
E?S+
e |
@ 10{ =
o p=
1]
r20 =
5.
1
U T T T T I { T T T L
&00 600 BOO 1000 1200 1400

Temperature *(

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,

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

rocks, Al 2124 2231 13,56 240
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Mg 5.49 9.(K 10:87 13,40
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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
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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
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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.
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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
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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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