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Abstract.

r‘tSu1itjeiria,Norwai,tners is a Irajor inversion of metaourphic

Ibu9rad2,bcneatn an invertedDut undtsruptedophiolite. The flysch-like

Furulunc scalst in which Le invertedisoyradsoccur is also inverLc<jana

the early iolds in it are downwardfacing. isociradscut across tIc

axial surfaces of early folds and across the schistosity. ifiese


relationshipsare explainedas the consequenceof metamorphismduring the

procressive develonmentor a larde overfold. q‘aeinverted limb or the

(-)V.nrCC.H i= recarled ar a rreaor, thick, dently-dinnina shear-zone,

senaratinathe --mer-crade, Part of the Caledonianallochthon

from the hioher- sade unoer Dart of the allochtbonabove. Te association

	

slfraticra*fc' dnwarHcfacinc of syn-schiEt

	

and rracorehic invem3inn is by the nroer sive

0,,7eloonentof the e ear- zons. It is aagoe:-tadthat tne preeenceof JC)

snenr-zones is a coim le:ihsre C Or32t:LIC beltb lorf;e:3dy cof,tinert.o

cs

Ihtl 	

a cD22er di trict n the CalcOoniar.

beit in Ncrway at 57 N, 15° E, closo to Lïe internationalberer with

Sw-2deri. area ha-3 beer the site of research for :reretnan

l7f yeara, fthe srv wr)rk beina- descri±ed in a Mameir of tne Norecia

Geroa nYcY by Vrn* (1927). jo wo, 3 nioneerinc piece o'

petrolocica research, incljdinc a remarkable accountof a sequenceof

procressiYe recion,s: rtamerphic znnes in relativelv hcryxieneoua

oacarecua relitea, thn Ftrulun'l schista_ Voot recocniaed that thn

me-cancrpe c 7ov; ar a meta )rphic facies ---ie he

usinc JCi triancuar diaciams. he describeianotl;ur iacieu ser ns in t1r±

basic igneousrocKswhien overlie tne Furulunu bcjists, tne Sulit -kind
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amphibolites. This classicaccount of procressiveregiohalmetamorphi.;h

is deservedlycited in textbooks (Miyashira 1973, Mason 197b, Turner

1981). suusequent work (Henley1970) has improvedthe location of tne

garnet isoyrad,and shown that thiebiotiteanu kyaniteisojradsnappeg by

Vdyt are uJe to changes in ruck cmnpchitionratherLlanmetamorphicqrade.

 shows the position or tne arnet Isograd in the part of the

Sulitjelme area where it has been accuratelymapped. It cuts across the

lithostratigraphicalunits,as Mason (1978)emphasised.

Vacit not only described the metamorphic facies sequence at

Sulitielma,he also put forward a petrologicalmodel to explain it. He

suocested that hcat had been supplied to the Furdlundschist fram ahnv0,

	

frd- ths- amr»dhc1iteswhich ware part ns a

ian P-m- thic intrucjor., hdat wa derived rr th-




cnnso]ida:ionanl onclin^ 0E the hasic mad'daof tLe nhacolith,which 1mi


fon.,u1cy nany oi1s'- off intrUIOn. Ihe metamcric facics*sxlienc(:i)

tns I»?r

7_ f Its

	

bo .•-

that tde “etrirphie at SuliTsjeCraare 1:wert

150le (19hC,)u shuwn that tde Sulitielrraanphihclites and tne

otler basic roos of Vcgt's phacolitnare tde upperm.anbersci a deforne

but.undisrdoted ophielite. Pillowstructuresin tde amohlholitesand the

arrancementof the di`Ferent units of the oUiclite show that it is

predaminantly upside-dcwn (Beyle et al. 1979). Geis (1978), who

dis-usse Beele's work with him in 1977, cointedcut that i` t:necontact

"s• amphihnites and the F0rdlund schistwere a:Eo

inver8cd,the ocodrrenccnf ths ccpoer ore cculd bo explainedas folcanio


exhdlot.ignon an ocean flocr,divine ri.sete cre-hkurUesof the Cyprur


type. K1rK & Aa:>on(1981)have since shown thet an whoie of tnE•Furuldrei
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sdhist is inverted, and that the earliest foldsarc downward-fadina. It

sesns likely that the stratiarapnicalinver ion, presenceof the ophiolite

and inversionot the metamorphic isonrads are geneticallylinked in sdne

way.

Proot tne isojracsare inverted.


Betwcen 1976 and 1978 a tunnelwas cut frah tne western end of

Lcmivahn north-westwardsthrough the Furulund schist, tne Sulitjeitha

amphibolites,tne Vaknahelleren schist and the varied rocksover tne

overlying Skaiti Supergroup. dhe turnel cuts throuahthe garnet isograd

surface, providino a cpntrol on the three-dimensionalattitudeof the

 Ths icfle.ra

is mr'red hy t aHryararcr of p:mandine-richoarnu

ncr-»vroblastsin sdhistswith the asEr!"age Ouartz + mu?coYit.T,+ bio-i's

+ oIloodlase+ enidn'e+ AlTondine afloarerhIvform* by the

dtion musdevttd + dhIprite = alA3r.chr,r + E 0.

	

.-phdSrF crlv visih:dc and the ic:)qr

LE 13caiec DDLI an; in

7t»19). a cr:y- e

parL

re'Lallarisa b. tha: Lie garnt:t13.))ra surtade is

witn garnet-benringsd:z iYilgalede 4,1rntt.-:reoschists.

Lic line of tee tunnel,as se3wn in Iiq.2., LncrIsrao s',.:rfacedips

less steeply than the amphibplite/schistcontact,and does not corresh.ond

with any structural feature, such as a thrustor fold-hinge. It is

thouaht that the loer apparentdio of the isoaradsurfacealong the line

tinnel is dce to the directionOf the cress+Jection,and thet the

trec dir)pf the isoaradis steeper tdan that ef thc do-tadt.

Vaknahellerenschist, shaen at thr N?..;end c' the orms-sedtien

in Fi2.2., is cut by the turinedand 1 es in thc hinue-zone of a njer
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syncline (Bcyle et al. 1979). In the tunnel this schistcontains

cornyrohlats of kvanite,which are also founiat the surfacP ahove the

line of the tunnel. Because the kyaniteporohyroblastsare less cortnnn

t'.1anthe corresponlinccarnet porphyroblasts near the garnet isograd,it

is not fossibleto locate the positione: a kyaniteisocradas accurately

as tnat ot the garnet Isograo. hemevei, in tne surface odtcropof Lne

Vaknahelleren schist, kyanite porphyroblastsare not foundeast ot the

ltne of tne tunnel,althouah the fteld-relationsnipsare complicatedby

the presenceof post-fretamorpnicfaults. The kyantte isograd 1n El.g.2.

has been constructed on the assumption that the tunnel Ojts the

Vaknahelleren schist just ahove the isograd,which is reasonablein vie

of the field relationshihs. If the darnet isocradis nrojectedN'v a1ond

the seofion,thp distancehxsS:weenthe garnetand kyanite isocralsbecomei,

upaccertah1vnarrow,and the hend sho,znin ttiecarnet isooralhas been put

in to make the soenindrore reasonable. It has the merit fluref1ectit7

ifl thcr C ç.c elts-rer tte isochadsaen west tne ti1 ir

dest tha- tne fr c!ai et Sslit:

1s inveitehl. cod:Irmeo. It is certalh tn.n-

L:WjS crhsur it i rajiondi. Dia cern lsociad.1

peah :raip:adnortd o: mxidutihsoy Cbeift::r (1i7),

Ifl å osttion wnicn irnilesthat it csJlqesesistw.artsround tde ophic;ite.

Andrei 3on & Lag.2rbladhava reportedmetartorofic inversionfartherscuto

in the Sændinavian Caledonides,and regionalsynthesesemphasisetnat the

higher rappe units of the Sændinavian allochthon are of higher

metamorphiccrade than those below (Gee & Zachrisson1979, Ku3lin3 1982).

In the presentstate of therefore, it SPenE meeferableto

assrae that U-vi inversion is recional, and thereforea nroduct of a

1arce-sca:etectonieand thermalnrocess rather than of a local orocess
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snch as heating bv intrusionof thP cabbro.

It has also been sumgestedthat Barrow'smetamorphiczones in the

Grarcian Fighlands of ScotIandare inverted(Chinner1966). Laroe--sca;e,

remioral invercitanc,of motamorphic isocra snrfaces have also been

recordedwiletlyin the Himaiayas (e.g. Arita )c183,Bhattacharyya& DaE

1983). Suctiinyersionsare generallyexplainedby models of the ty2e

developed quantitatively by Oxburgh & TUrcotte (1974), involvingthe

tnrusting ot iarge siab ot 110Lt21-rocs aLovL tpoier, folIowed by

11-100x,»Iebetntrina1relaxatton(rtg.3). Sdchmcuels, incauolng veraiotJu

ireditteuto allow for the Inputot neat by fricrion02 the tnrustsurface

(e.g. Gra}larl& England1976) requirea rajor thrusthorizon near or above

Une Invertedisograds,and at Sulitjelmatbcra is nu such horizon (Bo/Ict

et al. 1984).

n- cbi-c sI.c,ab-zorein

, (e718.-th If .e;

ar (Boyls ste-J2btreci

tae b lt re1on an ^=; -cn_DEI-Igifa:or ne WhiciJUlL

sbeab-ze:,•tLlisCJSSSCh2re tetfn- incerfeb:lnr 11rr. Evic,enceir

sditytrfCL iacrureuatior i. tin2 ire„juent_.n.Inu-rEnItneattun ant

	

rx_rx_;.=ya,d2v.v.13; 1n tre,Eur1na SC IS:, antItie of

any mijor tolds, althougn ranor tolds are carimon(Kirk& Mason 1964).

Tnere is also evidencetnat the overturningwas progressiveand reaatively

slow carpar2edwith tne deve1op-tentof rhe retarnornicfabric,becausethe

early forldsare downwardfacinhrelativeto the penfltrativescLictosity

and he lineation is nartly syn-kineciaficwitInthe m-ay.-thof oarnet annl

hornbien,f7c.Porrhyrnblats (tienlriv)Q7n).

A shear-zene.,mod6i to accnunt for tne invers inn.
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The shear-zone was initiated in the thick Furulund sedinents by the

propagation upwards of a thrust in the crystanine hasement (Fin.4a). As

crustal shortenina praceeded, the isograds were rotated (Fia.4h).

EVentually, as translation on the shear-zonc increaned, the isoaraas

hecame inyertl (Fin.4c). The model saneets that thers shauld be a

chanc;e: in tho din of the isonrals acroe the hdundarv or the shear-zans,,

and oarhaps the bena shown on tne map (Fid.1) and in the cross-section

(Fig.2) reflects tis. lherrr was rr•re sharines in t-ec relativeic

incaupetent Furulund schist tnan in tne Surtjelma amphihelites. flie nodsi

tmpiies tnat during defornation the rate of v:iigration ot tne isograds was

slow carpared witn the rate of shearing.

1Le Sulitjersta area dot:es rse,arssunt a zone 0: åtane in tectuLlå

style fraL brittle thrusting in tie east of fre Caleåonlan oroyenio belt

to plastic foldin in the west (Nicholson & Hutiand 1969). TeliscLanga is

explicardo if thern is a rader olastic shear-zons urcsent. Ths shear-zone

th, i= ecr.•- yr ne a:r ahs-enns

o r r r. t.

rT j.

c")`:

A shalar chanac in stvin and --on.annnnic drat: occure i',1-

Caoio!...das ar tlis 1(, ?el. II in tlererors

su:*jcaaea that a, tIne srlear-zone ace provides a raDre

piauflijle exanation tor ipetas,orpeac inyersion thah a therdai relaxatior

model, ana tnat it sray be applicaole to orogenic pa:ts forx.:c LY.;

cy.7ertnrusting daring continental co lisaon in general.
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FigureCaptions.


Geologicalsketch-mapof the northeasternpartof theSulitjelma

miningdistrict,Norway,showingthepositionof thegarnetisogradafter

henley(1970)and tnelineof thetunnelmentionedin thetext. Theheavy

line indicatesthepartof thetunnelshownin thecross-sectionFig.2.

Fig.2.NW-SE cross-sectionalongthe tunnel,showingthedositionof the

garnetisoaradsurface,and of an inferredkyaniteisograd.The tunnelis

the heavy horizontallineabove the 700m level. Vertical scale =

111 horizontalscale.

Fig.3. Thermalrelaxationmoielto accountforthemetamorphicinversion.

TI<T2<T3 , isothermsin sedimentpileabovecrystallinebasement.(a)

Tnrust propagatesupwards fran crystallinebasementthroughoverlying

sedilments.(b)itax.pnrinJshotrocks in overthrustblock above 000ler

sediments. (c) Isothermsrelaxaftertnrustingto yielda localtherrnal

inversion.Notethatu)ethrustliesin or abovethethermalinversion.

Fig.4. Shear-zonemodel to account for the metamorphicinversion.

Isothermslabelledas in Fig.3. (a) Thrust in crystallinebasement

propaqates upwards throughsedimentsas a shear-zone.(b)Increasing

deformationin shear-zonerotatessedimentsand isograds.(c)Continuing

deformationin shear-zoneoverturnssedimentsand isograds.
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