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Project Aim

During the summer of 1984, & peried of cne month was
snent making preliminary investiosticns into the lithologies
and enrly structures in ihe upper part of the Furulund Group
up to the contact with the overlying Sulitjelma amphibolites.
Detailed work wos conducted in a small area of good exposure
and casy access in the northzrn ore field, north of Languann,
As results proved promising, & second field season of five
weeks was cenducted in 1941.  Structural maps were made
covering an ares of about 1.5 sge. km. lying mainly west of
Gikengly, and @ reconnugissance visit to the west end af
Lomivann gupported evidence from Giken for the structure of

the area.



Introduciion and nrevious research

The Sulitjelma recion lies on the Norwegian/Swedish border,
and comprises o series of Caledonien cover rTocks lying in a
tectonic depressiaon between the Precambrian granitic-gnelss
culminations of Tysfjord to the north, and Nasafjell ta the
south. It is a region of interest hoth geologicelly and

economiczlly, for it is an importanti copper-mining district.

Sulitjelma is well-known geologically, research having
been sterted at the beginning of the nineteenlh century. The
first oeoclogicol map was published by Sjogren in 1800, and carly
work has been summarised and reviewed in the classic wmemnir of
Th. Vogt (1927). These early rescarchers all considered that
the seguence at Sulitjelma was stratigraphically continucus and
upright. A major challenye to this interpretation way made Dy
KWautsky (1933); he postulated that the sequence lay in a numbor
of allochthonous nappes, one of the major thrusts lying at the
junction of the Furulund Group with Lhe overlying Sulitijelmo
amphiholites. Considerable discussion has tuken place since,
hoth in favour of a nappe interpretation and agaoinst 1t.
Recently, Geis (1973) and others have demonstrated that the
Furulund Group and Sulitjelma amphibulites may
be invertzd, and in perticular, Boyle (197Y) has demonstrated
thut the amohibolites and the Sulitjelma Gubbro are vari of @
partially inveorted ophiolite sequence (see also Doyle, Gritfiihg
and Mzson, 1979).

In the light of these recent discoveries, it has becone
important to the understanding of 4he regional geology and also
to the sszarcn for strata-bound copper ores to determine whelher
any or all of the Furulund Growp is inverted, Althouoh ke
locul litholenies and struciures of the schists were studied
extenisvely by Wilson (1900) and Henley (120.0), ang have benn
described in their regional context by Nicholsun and Hutluond (12a89;
it was deemed anprupricte to re-examine in detnil a small dree
with these recent discoveries in mind. The area cnosoan, nalnly
around Gikenclv, lies in the nurthoern oro-ficld (Fig.1);
lithulegies and early struciures were studied in the 20im.

below the contact with the overlying Sulitjelma Amphibalite Group,
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Furulund Group: Lithologies and sedimentary structures

The lithological succession has been described by
Henley (1964, 1970) and Wilson (1968). It comprises a
thick secuence of regionaslly metsmorphosed pelitic and semi-
pelitic sediments which are often calcarcous. These have
well-develeped schistosity and irclude thin hands and lenses
of schistose amphibolites. The wetamorphlic grade increases
from east to west ascross Sulitjelma so that at CGiken the
succession lies abhove the garnet isogred. The outcrops in Lhis
area form strips lying east-weet (see accompanying maps), but
thin and thicken along the outcrop due to intense nost-schistosity
boudinage. The upper 280m, were logged in detail up Gikenelv
as far as the contact with the overlying Sulitjelma arpbhibolites.
N generalised column section is shown in Fig. 2, and the
complete detailed coclumn sectien is included at Lhe end of the
report.  Note that contaclts betuween succrssive lithologies are

usually gradational.

The lower part of the succession comprises various
phiyllites and schists which are often celour-b nded. The
tunding, believed to represent bedding, occurs on ihe scalw
of o few centimetres and is usually paranllel to the regional
penetrative schistesity. Some horizons contain amphicole
porphyroblasls up to Lem. long, generally lying narallel to ihe
schistosity surfaces; these needles may show & random orient-
ation or garben structure, (Plate 1), or they may show a
nreferred orientation, lying pearallel to the regicnal pene-
trotive lineation. More rarely, horizons cecur witlch conboin
both garnet (1-2mm.) and amphibole porphyrablasts. There are
few horizong contesininp garnets alone. Intercalated with ihese
mebosedimenis are schistuse amphibolite horizong, usually
about 2 cm. thick, which are believed to represent tuffs
(T. Hansen, pers. come:.), These often ocour multiply, forming

tuffites abouut two metres thick.

Attempty to follow these lithelogies laterally proved
almost impussible fer severnl reasons: (i) hecause baudinane
cuts out horizons cusmpletely from place Lo place  (ii) althouuh

expousure is excellent, the lithelogical variations which ore
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Lithologies

Sulitjelma amphibolite

rusty-weathering phyllite, with thin bands
of quartz schist or normal phyllite

quartz-schist
ore horizon

garnet calc-phyllite

non-porphyroblastic phyllite

garnet calc-phyllite

mixed phyllites and schists, some porphyroblasts
of garnet and hornblende

garnet calc-phyllite

various phyllites, occasional porphyroblasts
thin quartz-schist horizon

variocus phyllites,
also brown-weathering muscovite-rich horizon

rusty-weathering phyllite, with thins bhands
of quartz-schist

mixed phyllites, with or without porphyroblasts
boudinaged and distorted tuffite

amphibolite, 1m.

various phyllites and schists,
hornblende porphyroblasts common
boudinaged quartz vein units common

light green calcareous quartzite, thin

tuffite

various phyllites and schist,
some hornblende-rich horizons
rare garmets

tuffite

various phyllites and schists, some
non~-porphyroblastic, others with
garnet or more commonly hornblende
porphyroblasts

(A HORNBLENDE (@ QUARTZ VEINS




regsonably distinegt in any one outlcrop are not sufficint to
enagble recoonition and cerreletion laterally  (1ii) the
lithologies themselves vary laterally so that even in gistinciive
hornblende-porphyronlastic horizeons, the porphyroblesis coan Lo
highly atundant in one part of the outcrop, yet totelly sbsentd

in anpther  (iv) outcrons often comprise wvertical shear Jointc
in which garnat or hornblende-rich layrers are very difficult

to recognise.

fjuartz velns are very common in this part of the succossion,
nccurring in the necks of bouedinzged amphibolites, the guartz
boudin scars often being flattened subsequently, and @s bouding
or frlds cross-cutting schistasity. Therz is evidence for thelir
intrusion 4t 2ll stages in the tectonic history. Thegse deloroed
quartz veing aflen ocecer togelbher forming distincuive onlits

perhaps Zm. thick, which are lIntimotely sssocioted with vory

hornblende- ur biolite-rich luyers, amphibolltecs and melasedinenty.,



Non-porphyroblastic nhyllitec paés upwards without bhreak
inta Tine-grained rusly-weatlhering rocks, whleh are cosily
erodeg and farm the bose of a 150m. waterfell at Giken., The
rusty coluur is due to weathering of contaolned pyrite. Some
horizons are hlack and contaln gragnite, others lake the foarm
of grey and rusty h:nded roclks, which may have snall (<A M. )
parphyroblasts of garrel lying in thin Joyers. This rugty-
weathering horizon coen he traced readily to east ond west,
altnough the thickness varies coensiderably alaeng the oulcrop,
aresumably due to later exlension and boudirace. Within these
rusty phyllites are several fairly dietinctive psammitic bands,

approximately 24 m. thick.

Nbhove the rusty-westhering phyllites lie generally non-
porphyroblastic grey phyllites, although occssional pornbyro-
blasts of garnet and/or hornblende do occur. This group of orods
is knopwn to Tarm virtuslly the entire cliff featurc abuove the
pridue wt Giksn, but rapidly thins eastwarcs su thel at the
eastoermmaost part of the study arca, it bas virtually disaopearod.
dhen traced westwards, it agoln forms cliff features which have
not heen examined in detail due to inaccessibility. Withio
this unit is a distinctive marker bond of light-arown weasth-
ering guartz-biotite schist, which is about 2 m. thick ot
Gikenelv. Tt can be traced wristwords intermittently, of ton
occurring as twa or three thinoer bands, the repetition pussibly
brought aboul by egarly minor isoclipal folding. 1t hes not

been rocognised past of the river or west of Leirolven.

Garnet cplo-phyllites lie above this group, and at
Gikeneclyv sre interbeddod with 'nurmal' phyllites. This unit
is very distinctive, and ocuesionully contains hornhlende as
well., However, correlocion of individusl units scross Gikenelv
wos not easy, parliculerly @s the river wos lmpassable in 19481,
and the correlotions are tentative. Thege beds sre colour-
banded, pussing greduzlly from a light brown-brey Lo dark brown,
and Lhen abruptly to o light coleoer cgain, indicating the
pussibility of graded bedding (Mlaete 2). The yarnats tend Lo Le

more sbundant tovoards the darker layersg.
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Plate 2 Detail of colour-banding in garnet
calc-phyllite, Glastuncs

These bands pass upwsrds into phyllites which may contain
norphyroblasts of garnet and hornblende, but not generally
the latter alone. Above this lies another bond of guartz-biotite
schist whieh can be traced with certainty for GUC metres cout
of Leirelven, but correlations elsewhere are tentative. It is
very similar both in hand specimen and in thin section to that

already degscribed.

Rusty-weathering rocks lie above these phyllites, forming
the uppermost part of the sucucssion. These are very similor Lo
the lower rusty herizon, containing bands of graphite-rich
phyllite, and alse more psamnitic unites, which weather and crumble
very guickly. 1In addition, & competent and finely banded unit
(M ete 3) outcrops on the east of Gikenslv within the phyllites,

forming & distinctive unit.

Spme schishose amphibelite layers nccur, bul are less
wall developed than in the lower part of Lhe succession.
(luartz velons cceur regularly throughoot Lhe upper hundred mstines,
and often vccur ags boudineg up Lo a mebtre thick. The tligtinakive
gquariz-vein unils of the lower part of the SUCCESS1ON were nol

present. .



Plate 3 Finely banded unit within rusty-weathering
phyllites

Below the lower rusty-weathering horizon lie Dmudfnmgmd
amphibipnlites, termed the Kjeldvann meladolerites by Boyle of
These are now distinct lenses, forming upstonding hillocks
such ag that found south of the road at Giken. QGrain-size
variecs from coarse to medium, and at their murgins they are
of ten altered. They are geochemically dissimilar to the
Suliljelms amnphibolites above (floyle, Kollung, HMason and
S¥yland-Hansen, in press) and have begen shown to cross-cut
beddiny over a wide area. They are therefoure thought to be
a teformed sill-like intrusion.

At the contact with the amphibolites ogour keroltophyrio
breceias, of ten asspcisted with chloritic breeccia. Thoese
tectonic brececiss heve been studied by Wilspn (1963) whilst

investigeting the nature aof the countact. In places, the

[4

i
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Junction betueen the Furulund Groun and the amphibolites
appears te be tectonlec, bub in one pluce, a thin luyer of
nurmpgl cale-phyllite, with some garpet parphyroblasts, lies
above the rusty-weathering sechists. Close by, rormal calc-
phyllites pass stralghb up into Lhe amphibolites, and the

contoct appesrs to be stratigraphic.

UDocurrence of ore

The ore wsocurs both massive, and as porphyroblastic cubes,
often distorted and usually found in association with breccias
at the contact. The main ocecurrence of massive ore lies ahove
the Giken waterfall, some 20 m. below the cuntact. At one
loeality, the ore cuts across banding amlmost at right angles,
although more generally it Torms two or three bands sub~parallel
to banding. This may be brought about through isoclinal folding.
That this horizon has been worked in the past is shown by a

number of old mine workings, now disused, as indicated on the mafe

Lithologies in other areas

Reconnaissance visits were made Lo neinhbouring areas,
including Hellarme and the western end of Lomivann. At
Hellermo, the schists are strongly banded, some horizons
being black and mica-rich, whilst others are light-coloured
and rich in quartz and feldspur (Plate 4). Although the
banding repeated every few centimetres, and some baonds
looked graderd as far as variation in mineralogy was concerned,
no consistent way~-up evidence could be found. At Lowmivann,
wihich lies to the east of the garnet isngrad, ouicrops are
clean and freshly exposed due to a drop in water level brouoht
about &s part ef a hydro-eleciric project. Exposure of non-
porphyroblastic metasediments ig excellent, with units obvipously
graded, and thicker than seen elsewhere, being up to two metres
thick (Plate 5).
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Plate 4 Banded schists at Hellarmo

Plate 5 Thick graded units at Lomivann,
younging direction as shown.
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Structural History

D2 Event

The Furulund Group has been subjected to polynhase
deformation. Generally, the penetrative schistosity lies
parallel to the banding, anc both dip at about 20° to the
northuest due to later (D4) folding of the Langvann Antiform.
Locally the banding shows tight to isoclinal 5- and Z-folds
to which the main schistosity is «axial planar. They were
assigned to a D1 even. by Nichalson and Rullend (196%2) and
their terminology has been adopled widely. However, a recent
appraisal by Boyle, Kollung, Mason and S¢yland-Hansen (in press)
has shown that these folds are coaxial with and belong to thie
same deformation event as the major Vaknahelleren syncline, which
they have assigned to D2. This latter designation will be

adopted in this repaort.

The axes of these folds trend between naorth and west
in the Giken area, pluncing between 0° and 287 (see Fig. %a).
They are best exposed within the garnet calc-phyllites, in which
they ocecur abundantly, although since axial directltions lie
almaost parallel to cutcrops, they are not always determinable,
and sections viewed are usua2lly very obligue. Flame-like
structures are sometimes develaoped, thought tao be due to
subspguent flattening. D2 structures are also developed to
a lesser extent in other lithologies, particularly in the uvpper
part ef the succession. Typiecal fold structures are illustrated
Plates 6a-6d. Chaotic folds occur fairly freguently im thin
(1-2 cm.) schistose amphibolite bands in the lower part of the
succession. These die out rapidly laterally and their signif-
icance is nut understocd. Thst pressure solution has occurred
is illustrated by cutting out of parts of fpld limbs against
guartz veins lying parallel to axial surfeces, aned by relics

of transposed bedding/frliation (Flates 78 and 7b).

Althounb evidence uf early folding at Giken abounds at
outcrop scale, wilh amplitudes of @ few centimetres to a2 metre
or so, correlation of individual folds aover a wider arza has
proved difficult so far. Correlation of individusl synformal

structures seen in oputcrops all along the upper part of the



Plate ba Typical =arly Told development in garnet calc-phyllite, west of Gikenelv.
folds plunge pently westwards to the left and slighlbly Into the photooraph.
Facing is downwards and to the north.

-2
s



Plate &b Flame-like structures in D2 folds

Plate 6c

D2 sntiformal closure, east of Gikenelv and
looking west. This closure has been refolded
during D3 - see zccompanying map, gric ref.
-34 0400y 1 018 500X.



Flate

LI

(el

D2 fould exposed
bank of LGikenelv.
in bottom left-hand corner.
west - grid ref. -34 150Y 1 018 450X

in joint face on western
fNote elliptical closure
HPhoto taken



Plate 7a Pressure sglution effects in D2 folds.

Note cutting-out of banding against
boudinaged gquartz veins. Photo taken
west, 180 m, northwest of Giken

Plaote 7b Transposed bedding, 120 m. WSW of "late bc
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Flates Bec & Bd D2/03 interfereance patterns, west of Lomivann
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garnet calec-phyllite cunnot be correlabed with each olber, ner
is the significance of a Leautifully presceved syaform in o
graphitic horizeon just below the contach with Lhe Sulitjelma

amphib. lites understood.

Evidence of D2 folding in the Lomivann regiocn has heen
limited until recently due to lack of clean exposure. A drop
in water-level as a result of an BHEP project has revealed fresh
gputcrops showing outstanding interfercnce patterns between
D2 folds and later (03) structures, s exemplified by Plotes Sa-d.
Note that the gcale of the folds is grester than seen Lo the
west at Giken and that the fold in Plate Ba plunges yuntly

eagsbtuwards .

The symmetrical repetition of the lithologies hetween the
two rusty-wesihering schilst horizons could be explained by a
major D2 antiformal overfold when taken in conjunction with
the predogminance of S-folds in the uppermost part of the
succession. However, Lhere are then great problems accounting
for the huge thicknesses of more 'normal' phyllite. bensath,
which this authaor belicves is neither felded en a major scale,
nor centainsg slides. Tectonic movements ot the Furulund Group/
Sultitjelma amphibolite boundary wre thought to be insufficient

to cut cutlt such a thicknesse.

D2 fuld uxes are plotled in Fig, 3a, and form a great circle
af the samg orientation as the axial planar schistouity. This
could hsve been broughth by differential shear within the

g-surfaces , which are plotted in Fig. 3b.

The main schistosity is accampanicd by o linealion trending
northuwrs t (Fig. 3¢ ), formad by the intersection of micas with
the fpolded bonding. This is nearly, but not guite, parallel
with $he main D2 fold dircetion. The hornbilende porphyroblasls
often show a preferred orientation parwllel to this lincation,
Both pnarnets and hornblendes show iInclusion trails lndicative
of growth during or afber the devolopment of schistosiby,
many have retated during growth, and are coensidered by doyle et al
to e partly synkinematic with D2. Suhsequent flabioning of

schistusity arcund the jpurphyroblasts is esssigned to o luter

-
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paurt of the same ovent, and sppears to he synchronous with
houdinage nf gquertbz veins, hornblende porphyroblasts an
amphibole-rich beds. Local variations in dip sre probably
caused hy howdinage, pust-schistosity folds on putcrop ascole

being rare in the main study area.

Flate 9 illustrates minor tinht Folds which have Bren
picked nut by meathering. These are discontinuous but obviously
cross-cut the earliest folds, and have been assignad by
Wilsan €1968) using the terminology of Nicholson and Rutland (1969]
ta 02 alung with the Flattening of schistusity around the
garnels, feing the anly fulds that he recognises in his DZ2.
This aubthor sugyests that they may represent carbonate vein

material, uriginally cross-cutting banding, which has been

folded synchronously with the parliest folds, and they are

therefure not sssigned to separate event.

Plate 9 tWeathered-out' folds, cross-cubting, but
nrobably synkinematic with D2 folds of banding.
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D3 Event

Although peost-gchistosily olds are not seen at Giken,
folds of various sbLyles and abtitudes, with associsted well-
developed cleavage, have been described from the near vicinity
by Wilson (1968) and essigned to D3. Pressure solution striping
typical of these folds is i1llustrated in Plate 10. They are
well-exposed at Lomivann, causing the interference patterns
described above, but evidence of this event can be seen at
Giken in the garnel calc-phyllites in &the form of a wmarked
cleavaye crpas-cubting the DZ Tolds. AL one locality east af
and abaove the waterfall, there is evidence that the D2 axis aof
Plate Lo is folded itself, reappearing with associated aore
lower down ihe hill. Further west towards Bursi, kink folds
in the rusty-westhering phylliftes produce a striking cross-

cutting foliatien illustrated in Plate 11.

l.Later Structures

The northuwest-southesst trending Langvann Antiform and the
north-south trending Baldoaivve Synform are both attributable
to D&, and it is the intersection of Lhese major folds which
produces the present outcrop pattern. Late-stage Jjointing is
well-developed, and at one locality, the joints are folded
(Plate 12).

Plate 10 . Pregssure-solution striping, 03 fold, Lanivann
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Plate 11 MWink-folds in phyllites, producing a
marked cross-cutting fabric (D3)

P
=1, 0

Ty

Plate 12 Folded joints, Giken, looking east
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Cyidence for the wiy-up of the Furulund Group

Defore detailing the results of Lhe present study af way-
up structurnes in the Furclund Group, 1L is appropriate &n putline
pvidence glven by previous rascateh workers fer the woy-up of

Lhe suocession.
a) Reglonal

Early workers assumed that as the Furulund Group was bounded
structurally above and below by different strato over a wide area,
(the Sulitjelmn amphibolites and $j¥nsta Group rospectively),
the succession was coentinuous ond upright. Nicholson and Ruiland
(1969) confirmed that the schisls occocupy the sare pasition in

the seguence reglonally.
b) Local

Fossils occurring towards the base of the Furulund Group,
and at the top of the SjﬁnsLﬂ Group below, were originally
reported by von Schwalensee, working under S5jogren in 18948,
Vaogt (1927) produced the First detailed map of the occurrences

and illustrates one colony, pessibly the bryozoan Dianulithes

ietropolitanus of mid-Ordovician age, as bheing upright (butbt see
' iz 1 =

alsn Spjeldnaes, pers. comm. in Wilson 1971). The area was
subsequently mapped and the stratigraphy re-interpreted by
Nicholson (1966).

Geis (1978) suggested that the whole éequunce in the area
might be inverted, giving cxamples of inverted graded bedding
Both in the schists and in sedimentsary layers within the
Sulitjelms amphibolites. He also citus exsmples of inverted
graded bedding in Wilson's thesis (1968), which the lutter
found unacceptable as the gracing could not be substantliated

in ihin secition.

Recent resenrch by Boyle has denonstrated that the
Sulitjelwa amphibolites camprise a scguence ot pillow lavas
and undiffFerentiated valconics (termad the Otervatn Veolcanics)

and the Mieljerpakte Shecoted Intrusive Lomplex, which form,



Logethber with the Sulitjelwma Gahbro Complex, the wpoer part of

an ophiplite complex (Boyle 1979). Woy-ep epvidence From the
pillows has shown that whilst those to Lthe north of Lhe Vakna-
helleren Sohist are inverted (Fig. 1), those wun the south side
are upright, thus forming the lower linb of a syncling overturned
towards the south (Boyle, Griffiths and Fasan 197%).  Thus much

af the Sulitjelwa  phiolite 1s inverted.

c)y Ccunomic

The Sulitjelma ore bodies are massive sulphide depuosits
composad dominantly of pyrite, most of the cre bodies lying
at or just below the junction of the Furulund Group and
Sulitjelma amphibolites. Various hypotheses have been put
forward to account for the origin of these ores in an wpright
successiaon (see Wilson 1973). iHowever, if the top of the
Furulund Group were inverted, this would suggest a more satis-
foctory exulanation, thalb the pyrite-chalcopyrite ores were

of the Cyprus volcanic exhalative type.

Now way-up egvidence for the Furulund Graup

a} Field evidence

Younging directions have been postuluted from graded bedding
wiich is particulerly well shown in the B2 folds of the garnet
calc-phyllites. Tiis lithology has been trocec for wmore than
three kilometres to the west of Giken, and grading is well
exnosed in lecalities extending over tens of meires. Grading
has bpen observed also in thick units at the western end of
Lemivann., Younging direstions have been used in conjunction
with locally cross-cutting 02 schistesity to determine the

direction of tucing of the early structures.

The value af the concept af facing hecame apparent fram
Shackleton's (19%7) work in wnravelling the structures of the
Iltay Mappe in the Dalradian Supergrousp narth af the Highland
Boundary Faull. A Fold is saild to face in a direction normal
to the hinge, aleng the axial surface, and tuwards the younger

beds. If this direction plungos down the axial surface, the
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(a) ()
Fig. 5 Upwerd and downward=faclng structures
(a} Upw.rd-facing feld, facing tocwards the north
(b) Downward-facing fold, facing towsrds the south

structure is downward-facing, but if it is up the axial surface,

the structure is upward-facing (Fig. 5).

Field evidence west of Giken has shown that D2 structures
always face upwards and to the north cr northwest (PFlates 62 & 13)
At Lomivann, northwards and downwards-facing structures occur,
such as that illustrated in Flate Ba, but some feclds are
southwzrds and upward- facing. These data are metually consistent
if the former are envisaged as the product of refelding an
inverted limb of an earlier formed structure, then the latter
might be envisaged as being the smaller and upright limb of a
minor fold on the parent structure. On the other hand, if a
consistently northward- and downwaroa-facing structure were
subseguently refolded, then this would result in some northward
and vpward-facing structures. It would be interesting to see if

this pccurs on the other limb of the Langvann Antiform.
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"Plate 13 View up-plunge of a downward- and northward-facing
Z-fold, Gikenelv. Photo taken egstwards.

Plate 14 Photomicregrapih (X22) of graded sediment From
Jakohsbakken., Younging is towards the upper LHS
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Cvidence in thin section

Obviously, the validity of the resulls depancs on the
ability to gubstuntiate In Lhin section cvidence of yrading
as determined in the field by colcour-bondino.  To Lhis end,
an orientated thin section (W 1656/00) was taken Lhrough a
gurnet cale-phyllite at right sngles to schistosily, nearly
bu not quite perpendicular to the banding. Grading was not
apparent by eye either from variation in mineral proportions
or from change in grain size. A guantitative nethod of deter-
mining the latter was attempted therefore using o Hontran
Videaplan, u semi-automatic image anal,ser, intowhich system
was ingorporated a petrolooical microscope. An area of the
thin soction 0.58 mm. X 0.46 mm, could then be pre jected onto
a televisinn screen at a magnificotion of 1:487, doundaries
were traced around all complete gquortz and plagioclase grains
visible in the frame, and for agach cgrain the diswelier of a
circle of egual area (dr) was computed automatbically. The
mean and gtandard deviation for dc were determined for that
frame. This was done for several fremaes, moving acrass the
section normal to schistosity, and the rnsults plotted in Fig.
Juartz wnd plagicclase were used under the assamptions that
(1) they are original clasis whose shape has been wodified
by solution and cvergrowth during metemaorphism to produce rod-
shzped grains and (1i) there was anly gne peak af metamarpiisny
(tienley 1974). Previous atterpts to distinguish between the
two minerals using the potassium rhodizonate staining method

were wunsuccessful, and abandonad.

The resulis indicate the existence of graded bedding,
yeunging being towarcds the left of the diagram, in agreement
with the dirsction determined in the field. One cycle occurs
over a distance of chout one centimetre, this acecording with
the width of the colour bands, dc varies in value between
0.009 and 0.09 mm., averaging about 0.030 mm;  the change in

value for d, across one cycle of a centimetlre is U.O2 mm.

Although these results are encouraging, several factors
should be horne in ming when using this method: (1) it is

essentially o bwo dimensional exercise only (11) the numper

6
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of yroeins countad per frame is small and varies, the numsber
gften beino reduced by the pregsence of cowpsrelively large
garnet porpbyreblasis, hence standard devialions are large,
(iii) spme bias is introduced insofar as lorner groins are more
likely to be partially out of view, and will not be counted.
These limitations are nutl considered to invalidate the overall

conglusion.

Further evidence of graiding was found subsequenltly in
thin sections taken ffrom samples from Jakohsbokken, to Lhe
south of Langvann (A, Goyle, pors. comm.) and From Lamivann,
A photomicrograph of the latter (Plate 14 ) shows a sharp
boundary breiween the coarser-grained and guartz-rich base of
one unit and the mica-rich and Tiner-grained top of the unit

below. The planar fabric is thought to have formed during D3,

Conclusions

Field evidence along the northern shore of Langvann and
at the western end of Lomivann indicates the presence of graded
bedding and this has been confirmed by messurement in thin
section. The relabtionship between younging directions bthus
detoermingd and 02 fold structures shows ithat Lhe Furulund
Group is downward- and northward-facing near the tap of the
succession, This implies that the wpper part of Lhe Furulund
Group ws2s inverted prior to the D2 folding episode, and
suggests that the stratigraphical lnversion was earlier than
the formation of the upword-facing Vaknahelloeren Syncline.
The structural evolution is thus mure complex than that

envigaged by Boyle et al, (in press).
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