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PAPT I. THE BEG=AL GEOLOGICAL PATTEh1NS ()F TRE

HELGELAND NAPPE conpLEx.

	

There has been little detailed wnrk niti jrH t

geology of the Helgeland Nappe Cemplex with the

the various works by Gustavson (1975, 197r -t, 197tt,

Myrland (1972, 1974) and Kollung (1967) fr ether

works from the beginning of the century by princtpdlly

Rekstad (1902, 1910, 1915 & 1917) and a number of minnr

articles en more specific tepics. Thern is a pritni


difficulty in interpreting the neology of the ret

the complete lack of atternpts to praavide rithtar d I;*;

tratigraphy or a chrenostratigraphy. An n mnntil r th••

interpretation of thn existing map-shnets . 1:: 10 fl "


Mosjrten and 100.000 map-shects Pindal, Vnlflortir Itmt't-t•'

flesa and Vega provide only informntion rethardina r'•

and lithology dintribution. In some instannns tho Shtn'tftn


tions are erronesun and the lithologinal informati n pir

is either not in .gifficient detail or with ndn

	

itt1•11 ''•to enable more thnn pre1iminary mode tter nt rat

and structurn1 pattntrnn he establinh n

is necessary to n make i re-mnsping tand in± c±±-.± 1 i n r) f

the region. Naturally H-fere the cveral1 ni mlt:t lis tit ,t

and eients sequenne.; nan hint ecnstruct nar

model must be entabli•dvnl fnr the strat tt

mapping of the setan, ntarv senuenne tl„e/

on Leka (Sturt with othern), Terr:ik area (tlusrma gid fl i oilon),

Rtt,c1(.5y and Hultøy (Bang) with reconnaisance over nor



arnas by Sturt and Pamsay and by Sulfir.1:n11 r

connection with their rngivanal pronl nting

The metasedimentary rocks nhow conni r raLle na.

both in their lithologin characfer and in thnir

meLamorphism through thn area; their strain-:

variable on the areal seale. Thn cic,min.

lithologies include a rangn of mica-sehict buth j'c it

and semi-pelitic, meta-gandgfonng, ouar1,

developments of ind en-Y!n-

schists together with runflh nflnglmr.Prote. ln the main 1hn

mntasediments appear tn repregent shall m(----deL

mrlYinr sediments, thr,= in 4 J14-.

conditions pertainnd in indi, 1 by th, nenni(ir'rabl- demn

ment of braided stredm n on ka .-m' t nre

of sub-aerial weatheninn pLoriles dnnnl(d thn ngr !

the ophiolitic subsi rot In thenn snd1ment Miner denn1(

1
mnnts of ocnanic occur in uphi(

terranes e.g. in the Lnka and Terr7(k flmflIfl. Nt) 1 I •

benn recovered anyühein in the HnlInl nd HdrrnCn'oln onI

reliahle sedimentary nfrunfnreg arn infmnmnnt. Thn 112L-1-


nedimPnts are traditinnally agnumnd to hn nr Cdmhrg- (11

nlo hut this is based n inforenre and lithologinal cflmp:Irim

with other areas - ne dil ct nr,idnnne b ng ynt aL hond.

	

During the courne .)f InnesLi 0.0Licnn in the 1 thren


yearn it has hecome apparent thot CrOfl'/of 11y, ultrarmoric:;,

cialbmon and greenstnnen f t n ru ,T-, rn


renbered pertions of

1:117 E 1:
frdgments varying from virtna]ly cowp1rt

have now been recognised on Le-Li :)t



2 km. north of Serenskogen (U), Lyfer 1(1seuth nf Saun-a1n

Velfjord (U), R:7I'd":fy(lf G), HaltiLy (C) nnd In ih-

x)
island grnup (G P.L.) In the Fd tr.t- (liin. n v I

suggests an ophiolite affinity bannd en the nlr

MORB geochemistry of the greenn! ann. Frnm the '

regional geolegy and rock typen r e—nt furrber lii


fragments can be predieted en th 1:250.000 ret—

at Aunvatnet near Oppland; flesjYen; 2 km. eas' nf Grine;

Jengelvatnet in the snutheastm flilDFkt part of th,

in the island eemplex er Polvmr/Pinf.' )/

Brg!tanr/fysund and ronnrhIy at Kj t an in the re':'h

The signifininne ef thene all reia,v nt in 1


of a disembored enirinli to slab(n) hnn nonsic

raphic and struetural lmnlientrenn r-r the intnrf re

the 1:250.000 map-nhnnt Mnsjc'en, nnd mare rd


unravellinu the cerpll nted tenteno-niratlera':h:

the HelgeIand Nafra ex. a1'

stone/gahbre/ult= ic anneciat•ion reprer: n 1 :na nyhi.

materials is that they forrnd an tlu) tenifl ti nf ln

spreading reuhninru thun r'1±nnliti part

crust of elther the rajer LIrc! Onean er nr n I

hasin related to thts ucean. ln either instnnne they in

compatible with the ennnntially nhallew marin -tnI in I

continental metaserIrTentary rnek anneciaticnn f!!:

are new A ti Leka, hreiv kn west cr

south of Saunvatn, Yelfjerd, 1r and Halr',Y,


primary sedirentary eentacts are tn hp ebserv-1

	

x) V.C. - virtually complete, fl - ultramerrte n l'enInIt:

morfic undiffbrrntiatod, C Cabbro, P.L. = P

MORB geochemistry.



parts of the ophiolit in nuhnt rato and 1n ovorbiiso priv„1

sequence. This lattor Pan nern, at het

to rest with profound unconformi on t rcs;

ophiolite fragrren t . Thus, for the fi;tt t i :to i rhin


reglon, it is possiblo to hodin tho t tsk of est

a viable stratigraphy frr thr metasoa;,,entt

the base of the SLIC:Co`;fli on in CIPJ1?-11

Well preserved fosnil woaterina prefiten

in the ophiclitic nuhnt rato boneath the

spi te of their subneipten I dcformation trpl  

Leka, Pttc1t7 and The prepenpc r f a 1chr, in he:


fosnil weatherino prcfl In, and on

plwis with Ordovini hyt ird-sfroam r?epPnits fdrt ddnitr.

sub-tropi I i /nrmi-a rid cl t hts


et a1. 1981) .

ThP

sidprabie dif ferencon ea the reciont 1 spalp frrm cont isns'

fluviatile conu]orncrate drminated brt ,c1 stretn dopr i t


on Leka, ShalloW r:;Vrir`i' 1 im,,n tone drnd; ted

Torr,elk, Velfjord and t conalem,p,j,•,, (nr 


dominatod nodinut !; is the Cr roi n arct . T)

detai led mappind of th nki Croup Irkt roveain flr


exi.stence of a connidorthb, palano-ro 1 ir`r at the

The regional variation i i t hn banal nediutent

be a reflection of sunh pt 1 aer-re Imf, thnuch in

shore to continental tant rapid 1atorat flp-




chandes can also be expeptrd to have nitjnif oann .
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It is obvious that the ophiolitic substrate was (xpos

at various levels in the ophiolite pseudo-stratigraphy prim

to deposition of the cover sequence. This is presumably th

result of and interplay between two factors:

a) The depth of pre-Skei Group (and its equivalents)

erosion,

and b) The pre-unconformity structural state of the ophiol,

fragments consequent upon folding and faulting.

For example on Leka the immediate substrate to the cover

sequence (Skei Group) is gabbro with dykes and in pnrt

sheeted diabase dykes with trondhjemite; at Bindalseld it

is pillow lava; at Breivika gabbro with dykes; at Lyngstad

and Velfjord ultramorfic cumulates and on Rødøy and Haltøy

it is gabbro. Further on Rødøy it is possible to distingui:

major folding of cumulate gabbro layering, now cut by the

unconformity, so that the cumulate layering may make virtual

any angle with the unconformity.

A feature which distinguishes the ophiolite fragments

the Helgland Nappe Complex, from those further south, is the

extensive preservation of ultramafic rocks. These are

dominantly thick cumulate sequences, though later intrusive

phases and deformed residual upper mantle peridotites can

also be distinguished. The ultramafic cuMulates contain

major zones of chromite-bearing dunites (Leka, Terrilk,

Velfjord, Rødøy). The chromite may be present as banded

ore, disseminated ore or may be in part podiform. Although

no major area of high concentration has yet been identified

one is in the type of environment where major podiform deposi
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could be expected to occur.

Thus the immedi al n carapai

the region would appear to h(

with an unconformable or Pa 1aeoxoi c cover seuu-r Th-

latter by corre]ation hying aUtastt tainl y

Silurian age. The pre-ungenfra mi y Fidi nri


substrate impl les that the ophiolitd (s) had

to orogenic deformation prinr t.o gpl i f t and dc.

It wi 11 be recalled from thn cb,nnripl of dne

Ophiolite (Sturt and Thnn 1978,  St urt et_ al. 1g

that the ophiralite had been cbdu(g ni 'u JO centa rdd,•

prior to the i ntrus cn cf tbd Wits Kar y Igstr

and the depositicri of the Shut hayn Croup ret

The 1 at ter are of certainly Up;(dr Ordovi cian ayd it (

though they probablv ext end cbd.:nlwa into the n I t I-

Ordovician and upwardn into thm J,iinr Si I urian. 1d 1


importance in our discussion is that tble ocean ifl (d !

of the Torvastad (irn' :p that con fo ditti v cap tr»


had been subjectpd to pol yphasa 1 de fern ticr, and

into the high temperature parL of the greensch t

prior to t iii nf the Sbgaendshavn Grogp d I t•


earlier than emplacempn t of the Wes t Karmtly IHre

I f the Scandinavian (aphiollt ns reprosent disr -dt'd 1 1 f,1

one great ophiolite sinb i.e. ef the scale cf dbe (ds in

Ophiolite they can thun nd as dart nera


obduction onto ccn tinen ta 1 crus t fairly early

timen. It is very diffitcult to hr pl-ncise rert.; t hd

timing of ophiolite ebduction though there nr t flat

( .;,!Ii, 1 if,.)
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reasons which demand or suggest an enrliest Ordovician

timing: -

The Støren ophiolite appears to have bonn nhduct,.,

prior to the upper part of the Arenig, ba!;edon the

age of the basal deposits of the unconformably ovyr-

lying Lower Hovin Series.

The little to non-deformed trondhjemites, of 5111

fidmalms drill-cores at Kvitne, which cut two clpav;19

in phyllites correlated with the Naudandevoll Mica

Schist (Dictyonema-bearing i.e. Tremadoc) givn U-ph

ages on zircons as old as 485 m.y.(Klingsponr & cnr, 1‘

The metamorphism and deformation of the Torwtst

Group on Karmøy is highly significant as the only nrn

phase to which this can be equated is rinnm7irkianf)--")

i.e. at apProximately 500 m.y.

In the Helgeland Nappe Complex, as defined by nnst.n;

(1978), continental crustal material as a substrate in the

cover sequences is not known. However, reconnaisance invef.

tigatiQns indicate difficulties in defining the western

boundary of the Helgeland Nappe Complex, and in the writni::

opinion this boundary is something which requires re-

investigation. Indeed to the west of the traditionnl werd_n!

boundary, of the Helgeland Nappe Complex, there are cover

sequences of rather similar lithology to those within the

Helgeland Nappe Complex which apparently sit in svneline!-;

on a sialic basement - though no detailed invetignf:iens ha-

been attempted on such contacts. If this is the ense we may



be looking at a tectnno-stratigraphic piln in

basement appears only in the uprer part. Tc thin

added that there is very little mnde Tal inhormohi

from the region of the 1:250.000 wip - nhnnt Namy .! T1, ! I h


the existence and form of the groat- ha ment culf

which is traditionally accepted, in the thimanns ar.

best uncertain.

Of interest in this context is the unit jr

eastern portion of the ?rtesjitten 1::50.00 0 man-

to as the Susendal Nappe. Hpre metaredivenhary

reminiscent of the Finnmarkian/Snal ao t

are present benvath rocks iden!if

of the latter (espenially Kflli) murt at least in pJlt c()1-1-4.1,;.

with the metaneditnentary cnver-n 1 onn within iln]c1.I ann

Napne Comnlex. flowe sr, it ih diifino' at ti

state hcw far nueh correlating ern he anntified in ddtajl

the stratigraphie cnncc»s taf Ihe Seve-E;Ali are in a f

flux. 01-1 ef differei hetwrien the 12111Old 1 i t


raphy and that ef the co';rrnecjitnimcs in the Helenland r

Complex in the ahunaance nf voleanio rneks, of

arn affinity, in the nu. Th- re fer thin


not yet

The resultn nf reennnai t studies on tler ti t r

stratigraphy of the HeIg21, -In NT1pr ,, CcinrInx 1

that several malor thrunt napp-e rct prenen'

confines of the Mnsilaen 1.:2'30.n00 vair-rheet, anH 1::ne


been suhaequent17 reided. Thin ean he dernonntri'

ccnnideratien nU barerent-eever relaticun i.e.
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sub-strate.to unconformably overlying cover sequence. In

many cases ophidlite is both overlain and underlain by

metasediments of the cover sequence. This is impossible

to interpret as a natural relationship and only two nossiblr

explanations are permitted:

That the lower contact of the ophiolite is a thrust-

plane.

That the ophiolite fragments form the corns

of recumbent anticlines.

Our studies to-date favour the first of these possibilitirs.

This is well-illustrated by the apparently one-sided naturr

of the unconformity, well-exemplified in the mappinq of Husmf,

in the Terråk area. In the latter a series of thrust-slicns

can be distinguished with mylonitic soles. These slices conta.

mainly gabbro and in one dase also pillow lava capped by an

unconformable cover-sequence, and pach slice shows the same

stratigraphic polarity.

At the present state of knowledge it would appear that

at least.3 major nappe units can be suggested in the snction

from Kollstrømmen Bridge to Tosenbotn. These are in ascendin'

order: -

The Breivika Na e. This comprises most of the area

mapped by Husmo, and containsa series of slices as indic

above.

The Osan Na e. This contains a thick sequence of

metasediments i.e. limestones, calc-silicates, mica schi

and metasandstones in which the internal stratigraphic

patterns have not yet been established. Whether or not
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this is a separate tectonostratigraphic unit to (i)

is not certain and a limiting contact to thp Bretvikd

zone cannot yet be drawn.

(iii) The Tosen Nappe. The bhse of this unit is defined

as the lower contact of a series of small ophiolite

fragments now present as impersistent lenses. In spite

of the impersistence of the ophiolite lensps the lower

part of the lithostratigraphy of the cover sequence is

instantly recognizable by a persistent and extensive

majer conglomerate horizon whose clast content is

dominated by ophiolite derived material (gabbro, gahhro

gneiss, diabase, greenstone, trondhjemite, serpentinite,

epidote nodules, and occasional chert/jasper fragments).

This horizon can be traced from Overbygd (Husmo and

Norgulen pers. comm. 1982), across Tosenfjord nort.hern:1

of Finskjærodden and thence to the north-west of Nord-

fjellmarken. On the Bindal 1:100.000 map shept this

horizon is shown as Hetrogeneous Hornblende 5-,chtsls

and.on the Mosjøen 1:250.000 map sheet is denoted ds

unit II. Small lenses of ultramafic rocks hdvp been

observed beneath the western contact of this enncilomert

at Sorenskogen and to the south of Tosenfjerd (Mjelde

and Michaelson pers.comm. 1982). Recent work by

Sulfidmalms geologists shows mylonites to be presenL

close to the western contact of the conglomeraLe on

Tosenfjord and these will be important in precisely

locating the nappe base. It is obvious that furthnr WOY

must be carried out along this contact to search for



ophiolite fragments and for mylonitic rocks allowing

for the definitive positioning of the thrunt plane.

The most spectacular development of this cenglomerate

is seen in the river section at Nordfjellmarken where

an easterly-dipping sequence of conglomerate dominatcH

clastics at least 600 metres thick occurs in the sectic

east of the waterfall. Whether this is a trup thickne

or one repeated by folding has not yet been determtned.

Exactly how the ophiolite fragments-at Snusvntn and

Velfjord tie-in to this nappe base has not yPt been

established.

There are indications that the Tosen Nappe may hd-

to be revised into two Or more separate nappen:

a) West of Barstad, near the split in unit II, speo-

tacular blasto-mylonites are developed from the

metasediments and similar rocks to these are encountert-

more or less along strike, to the east of Nliardfjelluldrk.

In the latter instance it is of interest to note thaI

the conglomerates at the eastern end of Markavatn havn

a very different provenance to these describpd above.

Conglomerates of similar provenance are encountered an:1,

in Tosenfjord just to the south of Tosen where the

Cable comes on land. These latter conglomerntes are

sepatated from the ophiolite dominated conglomerates

and assoctated sandstones, near Bjørnebekk, by n hiqh

strain zone in psammitic and amphibolitic rockn which

often have mylonitic textures. This upper or eastern

conglomeratic unit can be traced northwardn ns far as

the southwestern side of Langfjord where it in misiden-
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tified as 'hittrogeneous hornblendii hi

1:100.000 map-sheet Velfjord. This mis-idca  


character1zPs both conglomcrate

consistently referred to unit IT, on thP itrin

1:250.000 map-sheet, frem Ltnufjotil to flyit

b) Taking these features intc considerati n ast

'unit II' is simi1arly

map-sheet a et higher narte may hr preseni

area centrPd on Lancskardnascri.

It is ohvious that much work must bp donp

those reconnaii inc results. They pr( h(t.


first basic frariviworkfor establishinc models nit

the straticraphy pf the recion but also for it's !:11w1

dflvelopment and thc distributinn of Tptamp:H

Let us nnw spcculate on thn recional

inpiied via thit It can be neted th

western part of the 1:2(10.000 map shecT Mosjilan, th-

lished and prnjnyti'd

cover sequyncn:: il.1 havp a stratigraphic

towards the edst . Thn n rojecked nphifllikes 51

of this , v ja con dt 5̀:1!i lin f t


of 'Pnit 8' and nIIt.1T', on the other hand

have a straticra i pclaiity or facind fo',,11r;

If this is corriacd-it ',nnijjdimply thai thn Ml I :1

prepcseT in the arau shcaJt bi

throughout the Hulinaland Nappe This

the nappe units occur In i complexly felded str. -11 basi s.

whose axial tracp contre; on Lanuskardnasen. if this is tb-
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case it would demonstrate a repetition of stratigraphies

in a series of packages bounded by thrust planes. This

naturally has considerable consequences for -inystraia-

bound or stratigraphically related mineral deposii. It

will only be through a detailed investigation of thn

tectono-stratigraphic patterns that the true form and

distribution of such deposits can be established.

11
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PART II. DETAILED TRAVERSE ACROS THE MOLDVIKA PROSPECT.

A. General As ects.

It was requestedthat a tectono-stratigraphic nsnosnmen!

1 be made of the zone, on the northern shore of Toson Fjord,


across the Moldvika Prospect. We decided to make a logged

section from the main granite/metasediment contact 250 m

north of Kråkhaugen to the metasediment/diorite complex

contact just SW of Dagslaatt; details of this traverse are

given in Table 1.

The lithologies although, in many cases, not particuhlt

distinctive can be subdivided into a series of logahle unit,;

with a number of moro distinctive marker horizons. With

the exception of the quartzose migmatites at Moldvika, con-

taining scheelite-bearing scarns, which lie in the core of

an F-3(?) antiform, the other units all appear to be two-

sided i.e. in lithostratigraphic continuity; and hence

major repetition in terms of folding are precluded. The

entire sequence has gone through fairly high-grade metamor-

phism i.e. high in the amphibolite facies and, in

of favourable composition, migmatitic anatexis has occurred

with the variable production of neozomal material.

The rocks have been polyphasally deformed and a minimun

of three major deformation phases are recorded in the rocks.

The latest or F-3 folding is responsible for the ohvious

macroscopic and large scale structures and hence controls

the major disposition of the units. In the enguing text

fold phaseswill be referredto as F1, F2, F3 etc; deformati

phases as D D2' D3 etc where F1 and D1 represent the earli
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phases which we have 1 r) r  r, 1 i nh in 1

The D3 deformatinn prrlests a netra -rfentat 1

slip foliation (crenulat inn einarage) tErtich

the axial planns of F3 minor fo dn. Th2 F3 f(,) t t •


further be logged intn thnne w1 th n, V or M pt

which allows distinctien het wenn lintb.; r(nd fo hifl


Considerable retrogressinn nf hifdltuf terrrferatgfi,

asserrblages can be relatnd to the 0-11 def•-ers

possibly later phare of folding 1-4 gan he rrte2:

in the calcareous rocks at Dagnlaat t, thictigh

pen it i nn in con trel hy prt— ist ing

F structurns fold thn (L t i ri ab le fn I

and parallel to their axial plante) isa marked r n titt tro

crenulation-schint asi ry (n2) whi (-11 strong1y tf t-- •

previonn layering (no) ft,1 i t -i(at (111). The cht

folds arn relativnly nrd 1 1 s t runt •tent; and ds n,•t t


have significant influnnee on t if,, eyera)l

units. DL1P to the hi-n Ingree nU t ranspcsitft 5 li. h'-I lt

D2 and n very ffitle infornat inn wan found re(ta trut

structfure, excapt tnr thn pennt rativn f oliat i (ft ) whit

is para 1 lel c.))- sub-rara 1 t 1 i thologio binding (flo) .

Zones can be distingg hral whyte thtt pre-D3 totint; wnre

obviously of ccnsidn 1,1 frut i t ijn as Fi faldr cre 1d lte

found t.hat folded rid el erad fermed ryl-

sub-mylonitic fabrien. rtlt.h•al,tit ne raier f011.t

D2 gnneration ware Cin n!1t he scale nr thu•

this does not preclu-e thnir txr. tenen or the

scale, but on the bastE: of prennnt inforration
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possible to comment further.

It is difficult at this preliminary stage to mnkr

precise statements on Ihe timing of metamorphism relative

to deformation. The peak of regional metamorphism, howevrr,

appears to consistently pre-date the fold-structurrs (P3)

and foliation (S3) produced during the third phase of

deformation (D3):-

Al2S1.05minerals are flattened and oriented in the

crenulation clearage (53) and theY are extensively

pseudomorphed by white mica.

Large diopside and hornblende crystals, in calc-

silicates, are frequently folded, broken, augoned an('

boudinaged as the result of D3.

Already formed boudins, as the result of D2, Of

calc-ilicates and amphibolites are folded by F3 fol,

The migmatitic neozomes are partially to strongly

transposed by D3 structures. The precise dating of

migmatization relative to D2 has not been possible tr

establish, at this stage, though itappears to overlai

this deformation phase.

The general structural aspect of the seetion is one

where the high-grade mineral parageneses relate to

the S2 foliation, which is consistently folded by

F3 structures or transposed by 53.

Thus it is possible to propose the following preliminary

model for the timing of the main metamorphism i.e. that it's

maximum expression was pre-D2, syn-D2 and post-D2 but pre-D3.

Ignoring for the moment the innumerable minor bodies,

sheets.and veins of granitic rocks it is possible to see that



the metasedimentary lithologies pcsucseed conbi, ilc

variation in internal competence diffra

quite marked influence on thP dv f nvviiticn

deformation, particularly 021 extenti vn basdin,pfc c;

more competent horizons is a citara etistio st rs•g

style. As the result of steep dislyah du;

folding, the 02 boudins have stegply plunqing lcuu axes

except near the crest of larger

be one of the reasons fnr the atpar Ster

lenscidal form of the schcelitfl-1;Parts,;ealc-silie

ucarns at Moldvika.

R. Minnr granitic bodies.

Within the profile minor hcHion fifgranitic r;

a complex series of relatiom;hil;:; in tlin poiv;l:H! ntrl:


tural evolutien, and extrpmely variable strair-s'

to be observed in thesp rooks. This is dependent u;

number of factors:-

ThP orientaticn of (Iran e1) hge ;

respective stress-fields during the differ

mation

Th2 pcsition of emplacement (•f iranite

deformation timing sequence.

The relative visccsitv contrants bet-,

and hast-fccxs.

The pnt:-nIngicil featuret; of the prc.n. i al


their grain-size and mica contents.

1)
The term granite is employed in the Peneral penne
granitic racks.



1
111
111

11
111

111
11
il
11
11
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e) The variations in local strain redimes.

The combinatien anl interplay nf thnn. fd-',

distances produces an aigfl-ently b

structural stylcs. However, it is unshilde hy dn' 


partionlarly by employinn strain-e1linn ih nnncrn.n, 'n rn.

such patterns but this inoFten a Yery I nn=ing


Alheit it would appear tha' the minor granitic hr,dIns hn».

the follewing general telatInnship:-

Pre-02 granitos. These have sflYnral nen,

can be scen from eress-cutting rnIttinnnhH

variably bedr thn Sa f liation, anl th-y . 

and/or houdin- hcth D2 and Dl str-

D2 hiqh strain znnen the qrnni.ti(

reduced to small platy lenses and penuri

stages of disrup'Ics funm lensnn

clasts in the myInnitin folati.‹

To this set of in'ulcinns helnhq lea

muscovite granite nheet.swhich ntnen re h r

associated muncnvi.'n Irina lan.n-

contatn muscovitn b)os Hp tCI 10 t .tu

often contain srcrah c and IriahIn

tourmlinn. Tn onn instanne snr11 cn7n

beryl were cbserved.

Syn-D2 graniten. A =ber flf

observed pard11-1 'n P2 fold axial 1,Itnfn

many cases hear an T feliatinn a:


affected by D2 hondinage. ,S=P of these

also observed to hn 7nuncovi n-h ni-

tl 1!:

1.1(111('



- 9 -

small needles and cIwJ ors nf ticurm3 I I t

noted.

(iii) Post 03 grani f-o . Innumerab3e ttran

of variable cemp ,.13,n and texture w

by the ful 1 sequence of D3 strains wt,vn

fine-grained ap1i t.ns with anearoddal

medium grained rnnks ta

terized hy a 1ow to vari able mica. .

(i-v) Syn 03 granites. These granites form ra

and net-vein onntp1exes whieh thnuoh nut t ria :


are stin affecteh Ivit 1 te D3 and pos

In rare ca ses (111,r. ' ) t he arani ohne t

part involtand in F3- foldt: t he!zt apophygi,g

P axini n13ren 1 flrF3 str'fctnr,


the ezsenkial syn-teet,nin nature nf

This suite ar rrniriiv v li. ivo sinaularly lew wi vn
con i on .

(v) Post 03 orani tns . Drdne, minr oranito star a n::
tbrough D.

(-1:1(1shnw vorv sIns

defornati en an,1 inn anrtrentl:„. post D.

The laron qrnrvHirnritn tin I whih cuts the :i:•
130111P250 ni north ef Er1J-11.11rten onw.pri ses essen

rocks of wndium grey et:I,,tir and in of modium tt
It appears to be cnrapeend fl F cptartz, grey-whi

(albite-olionglace) : nn uLVen .ith

sulphide. Foliatdro develenaTent: ia variable an
ranges from 125 - 000 sob-vertical disnosi fl.TI:s•

granodiorite truncatos the n:e tased ments and als,



1
1

1
l

il
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the P3 structures an i t cuts the nerthetn Mf g s ;
Antiform. It is diffionst tr Hssess,

ffimensional traverse, how far the foli fl fl'n in

represents a primary granite flnw-st riin t fsf If.

it is a resultoof pest-crystallicati 1 teferm.stian,

cutting pegmatites, hflweser, arr, rema!,11,10 fl,-

mation structures wh*h perhars favrsars thn

possibilities. The granedinri ts aisn s-ntans

	

It is perhaps of interest, at this s'tagfl, ntn t;t,

these observations, madn en thr granitic rocks th2
profile, with resneo. +ca the s elitn r

Moldvika. The McIdytka ttlito hearing sals-s;

are apparently foldel hy the An

scheelite grains in spc(ilmen aro eften in

and large cryntals can nnmetimon
11.»:‹ in

form in a steoply dinptssod grenglation etrlitcnn•

imply that schnefite rineralis itinn was onsen

On tho other hand, at Ne. 8 shnwing, snttat larn
havo apparenny grown as porphyrohlast nross ttse flis H

crenulation cleavage, imply ng pnst-cle 1 I ;

The major granodiorite hedy tra tne eant, ht5na

the Moldvika Antifrarm anr: ;

When these ohservatinns are viewnI ttn:-

highly unlikely that the schflelire i ri

the emplacement ef th2 granndinritn. Tts 1.2

logical to consider t.hit the stt tli' rancralts

assiciated with one tr mor2 nr the ear];(,r (Pre

of granite rocks. The most iikely canIi „a es


muscovite-tourmaline hearing V;Ini
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The Ma'or Granites.

A brief traverse was made into the main developmnnt of

granitic rocks eastwards and into Tosenfjordbotn, whore Ih•

rocks can be examined in a combination of good road nnd

Coast-sections. These rocks were found to form a series

of intrusive bodies of variable composition and texture.

The variety of rock types was found to exceed those

shown on the published 1:100.000 map-shebt Bindal. The

plutonic rocks vary from hornblende bearing tonalites and

quartz diorites, dark-coloured monzonites, and a variety of

granodioritic and granitic types. Intrusive contacts are

well preserved in a number of cases and from those and

evidence based on zenoliths it should be possible to

establish a fairly detailed intrusion sequence. From our

brief inspection it appears that the more basic varinties

are invariably the oldest in the emplacement sequence,

and appear to exhibit the greater degrees of deformation:

On the basis of this brief two-dimensional traverse it is

not posSib1e, however, to comment on the form of thosi:

intrusive bodies.

The Dioritic Rocks.

A number of preliminary observations were made on the

diorite complex between Dagslaatt and Tosen. This intrusive

complex contains rock types and intrusive phenomena, in

part, quite unlike those observed in the rest of the

traverse. The complex is made up of a variety of dioritic
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(basic-acid) and more acidic rocks with a complicated serier

of internal relationships. At the localities visiled the

host-rock is a foliated biotite-hornblende dinrite which

contains xenoliths of more basic gneisses. This is fairly

coarse grained rock of relatively uniform appearance and

is variably to strongly foliated. It is the subsequent

intrusive history, however, that makes the dioritic complex

so distinctive. The dark dioritic host is cut by a myriad

of 1ater,post7fo1iation, minor intrusions of dioritic and

more granitic character. These form a bewildrrinq plexus

of highly zenolithic dykes and sheets which often have the

appearance of intrusive breccias, net-vein complexes and

less regular intrusive bodies. One unusual frature is the

presence of xenoliths exotic to the local rock complex and

which presumably have been brought up from depth. The net-

vein complexes are remarkable in the abundant evidence for

melt-phases of different composition having utilized the

same conduit and in some instances for the co-rxistence of

two imiscible magmas.

The net-vein complexes are made up of fine-grained dark

(hbl)diorites, pale diorites and variety of mnre acidic rock

types. Most of the basic rocks are occurring in net-vein

suites elther as:-

(i) Where pale diorite internally net-veins dark diorite

and where delicately fritted margins are nften

preserved between the two phases. This implies no

long time-gap between the phases and allows for only

two possibilities:

111
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a) That the first melt hnd nnt complidieh

lised prior to the inntess ef the

or h) That the two melts weJ

were intruded simultan nsly.

Either dark on pnle dinrito interndfli

by fine-grained ncidic sto nrial, wh;ch

independent net-vein cemp in the fo


diorite.

Comidinattens of (j) nnd (ij).

The actdic rocks often show wn 1 1 maslci fl' wF

viscous flow during their empla nt.

On the peninsular west or 1)nqslnnt 'lynn

spectncular diorite bretteia t ar( lo be ehe

cehLtin a groat variety of ign( xenolithn, wbiHi

otten exetic to the eemplex, hornIflr, 11  r

in goo(1 evicl.enee fer (lfln ro r i fl in thene broott

Cfflfl is prcbdbly denlind hore with magmns whimi

hiubly pressurised fla phn

The rocks cf this dicritc h ve sou

ntiributes ef thn di=ito/ ingnite suite

n charncteristic lato fliTi tate of hatholi1Plc

E. The Moldvika

It would appear r phot 1111I

the Molvika scheelite sl v-Ing i . Peier yones

eastrJrn flank of a feld; irP1f d Hlts suiui

and Sivertsen of Sulfidndlm. i t wns dr ided • . (7 !t- fl

this structure, in prortle and to nscertedin 11- IhIn

the relative age of its development.
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The lithology in which the sn11(,eli :;11(.)wh-I'L;efleur

hun been termal Minulatitin Pcammittn Cnrinnen in Tihlr 1,

This lithology is flankrH beth nafiL nnd

the Striped Gneisses (,1-Park 11(ined Crenp) n(1 im

be a one-sided formation, implying reprtitinn nf tbr

Striped Gneisses. Thc hnundary hrt rn thr

quite dintinctive and thcrc in a trannition

some 20 m in thickness. The heundaries hre Inn t

level on the map and projected inland accnrdina

features on air phet.n, It in chvicnc' 1.


houndaries be mat ,d in hdtail an thn pn!

appedr to occupy horizflus which edn hn Inndt,1

to this contact.

The dips of feliili( n P1,-"Si/n?)arrr

ncrosn the structure 'fi ati fnld-nlcdaa-en,


crenulation cleaYagr h«irn a cenntint nt(

across the strueturr nnl is axial planar tn the

macroscopic foldn. Th,) impl i.nat inn la inn Ihat hr ut ru'


in ensential on Frfell which It(fnlaiinj a netni

(So/SI/S2). The F winnv frldn WflYn flkiHifH n

respect to thoir in proffle i.n. flfl 10


werr folds with S, M or Z preftles. An can be

Fie. 1 as one traver cs from 111111te SS1t;thr mi t

connistent S profilen ;Kt the cnnf(leltand


Peter zone showings u ,li thry chacee fer a rb.(t

to M profiles ji.ndf r-:flns thrc


scheelite showin9 an 1 cenststently thronnh the (

the striped gneinsen. This nhows that thn mc' 


71.-~
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an antiform. Indeed whon vt wnye (in1 i r.ft otlf fhin

investigation we ware un,sg,ire fifha aaniarn

showing and on the basis of t ho suat ure we:

predict its position to w i thin 2n in . This I:ireti ••

was checked by ultravink:t the

located and marked in the :• ; Lv T

series of samplos cn leeted for  If:!-;:t7 . The F mitn

structures have vari ablo plunno, and at,i,car trfft-t— nr,'

incongruous foldn in sensa rf P.iss.e..: and ::

They thus do noff or(:t.o: i a re1ib1r I1i 1.77'

of the overall strunt.nre. An intfrotv inn of At 1.1

3402 indicaten thnt thrt Hunfte in i•roLd nr•nt tn to

north. During thn etennral travorse Lynninor fo 1±t st

considerable plunrto vari ation and a ritnfljnr of it

non-cyl indrical folds Wel'n encuftnfpftni. Tht

fold plunqn at depth is noti li :di In tr• to-• consf -1H1 atn„.

scalp , and the Mi fintat i C H;(1nlin i li (' nue i ssos • ! I I


expectpd to re-OCCUr to hp nort h.
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CONCLUSIONS. 


It is now possiblp to afthn-pt the establi:

regional stratigraphy within the HeIghland

This is dependent upon thd i ut rprntatlon ot r pfli i

and the unconformably nverlying nnver seguene!

results of this work indicate thdt there are )-

least four major basernnt(oph nlite)-nnyer t

whinh dre developed thrnunhnut the fledn'and

This naturdlly preduces a series of repetitin=

btholouj.ral units within a vertical stack ant w II h-
highly sinnificant in producing repetittens et

mineralized hnriznns. Internally the nanpe

nnmplex of deformatienn and thrre majnr epine 

Onfermdtion prnducing folds and fahricn hatte hied!

YnC()irli7vd. The peak nf thtatamorphinm pre-ddte-




(pj) deformation phase.

The Moldvika scheelite deposit pre-dates the P 

defnhmatinn and indeed it is folJed by a larne

the Mdldyikh :gttiforzt.
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STPfTTGPAPUIC LOG - NF/FW 7.J.CNGP 7

STAPT

UNIT

Gneisses

or

Dande'd Group

AT GRANITE CONTACT 25Cm

LITHOLOGIES

.110m

P
P

f
i

en

P

Biotite-Qz-Plag Gneiss
Diopside bearing calc-silic:ttes
Garnet-Biot-Qz segrenItinn
Imnersistent Calc-sildrt!/ChLitYti

Deformed hasic sheets




Migmatitin

Dsammitir

Gnr,isfls

Psammitic migmatites with
occasional quartzite and
thin pelite hortzchs with
calc-silicates. Schnelitn-hring

scarbs hoth close to NP and




nn





SW margins





Calc-silicater

aneisses Varied GrrIP Dnarntnitiren.,Inses
Dark .Q2-5iet Gohist

enartz-Piot gneisses-with edlr-
silicates ard psammites

" Grrup Striped Riotitic migratites with
calc-siltrate layers

r:

Biot-Gz dominated gnei'sses
schists with (!b1:::1ant.
werphs iLtoi AL)S10,(zillin
and/or kyanite): tio!


amphibolites.

calc-silicate bands and lenses
Thn

Schist croup

-Y
Dark banded hiotite cnemcb with

Striped Gneinses

Pusty-weatering


Group

Rusty-wbathbring quartzose gneirses,
migmatitic in part.
Rusty Biot-Schist w. A125i05 pseudo-
morphs.
50m thick garnetiferoub an hiholite

250m
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plaq . unei_05
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with prominent Im white mmible KA

band.




111

11 ZOSP
Quartzneo ene iit(tes ttn rtmb 1 y

miemat th hnnde nU


rusty---w-ntet intt sabist

and sd 1 ---tt i 1 icate

, a 11°^111; Mnrblett , 1 11

gncissee , I e-s ol


and ainphi bo I i tos

ense Midratites

nr Ta 3

bett: thnt
flinni 11P Complex re: ttbt

in 11‘71! II

tr-torit rit

rel:It(t '.ntl t )ti



me j dea 9101a aa a a a a 111111dlli gin sa
h.s1

amea

SSW

DARK
BANDED
GrCUP

NNE

OUARTZOSE MIGMATITES DARK BANDED GROUP

`f\\ \-\

3

F3 ;:id zrzt:Rs SeG

; OC.Fn


