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INTHADOCTION

1. Dese t ot d ta

ThoSulitjeleasountainalieon thsNorwogiaw•Swediahbordsr

at 67° 1o1N, 19 201 E. Thsyinoludethehighestsait in Arotio

Norway,Suliskongsa,1914a. Thsalops of thørrountainoareoovered

by extenaiveglaolera,butabovsthe900metreoontourvsgetationis

soantand duringthesueserthorookears verywelloxposodfor

geologioalatudy. Glaolationwaaoloarlyfarmorsextenainin ths

reoentpaat,withies-aoratehingandpollahlng,roohn moutonnima,and

oldmorainis widelytisibison theloweralopesof themountaina.

Thsaotionof thelesbas tendsdto maphasiss variationain relisfdue

to varriag hardnsseof thsrooka,and thiahaaprovedveryuseful

duringthefisidinvestigationof thogabbro. Thohighgrouwloovers

an areaabout12 ba.NeWby 10ba.N.NS,aatohlag approximatslythe

outorop of thoSulitjoleagabbro eamplox.

å olassio awsountof thsgoolorgof thewholeSulitjelma

rogioa wasgivonby Th.VOst(1927)and thsSwediahSulitjelsarogion

has rsosatlybøendeseribodby Kautaky (1952)aa partof hia

investigationof thoSulitjolaw•Salojaure rogion. Thegreaterpartof

themountaina,iaoludiag thoirhighost ammeilt,lisin Norway,and were

aapped nologinally by thoprossat writerduringthe surassre of 1963,

1964and 1963. (Soeeap in pooket).
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TheNorveglanpartof ths Sulitjolmaaassifoonsistsof two

arsasof highpeakeasparatodby a lovercolat 1200m, coverodby an

icetap-liksglasier. Thsnorthorn,aaller plartof themassif

consisteof threestaisita(heights1702m., 1688m. and 1798m„ froa

W to E, g.n. 54552),549521,556527)On a roundedridgerunningabout

2 km,SW-NE,knovncolløstivelyby theirLappname,Sorjagokkaor by

theirNorvegianname,Kokedaltind. Thesouthornmassifis highørand

aushmoreextensiveand consisteof thesummits(fromW to E),

Vardetoppon172291,,Stortoppen1830m., Vekma6okka1700m., Point

1717m,, Point1787m. and Sullekongen1914m. (g.rs,547481,553482,

5614871574492,388493,599484). ApartfromValumåtddcathen forma

ratherdisoontinaousridgecrossødby anowfieldsbetwoonStortoppen

and Point1717,betwon Point1717and Point1787andbetveenPoint

1787and Suliakongen.Therldgerunsin an areforabout5 km.

convexto thenorth,forminga vallof poaksnorthof thsmain

Sulitjolmaglaoier,vhiohVogtreførredto as Salajekna. Thø peak

Vaknaåokkalleato thoSW of themainglaelsr,separatødfroa

Stortoppenby a doepcbmvitha emallglacierfallingintoit fromthe

mainglasier.

To thoeouthandnorththeareaie boundødby lakem. To

thesouthlioøgaivann andto thenorththetvolakosøvreand Nødrø

3orjus,lyingin theeasternpartof thevalleySorjuedal,vhiohrune

dovnto theafromtheextremeNV cornerof thegabbrooutorop. To
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thewestthemontainsan boundedby a high,ratherinnular

depression,containinga numberof emalllakes,a groupin thenorth

ning knownas Småsorjus,anda grow furthersouthas Duoldagop.

ThewellknownSulitjelmacoppermine lie to theSW of the

Sulitjelmamountains,afterwhichtheyarenamed. Thenarest

settleontis at Ny Sulitjølea,whichwasusedas a baseduringthe

investigation.ihilsmoatof themineearson th•northen aideof

den valløy,Ny Sulitjelmali..up at 590m, in thsmouthot a

larn owm,about3 km.$ of theDuoldagoplakes.

Aeoeseto thesontala is simplitiedby theexianneeof

twoalternativefootpatheintoSwenn, whichare conspicuoualymarked

by theSulitjelmaTuristforening(RamblingOlub),whohan ineellently

quippedmountainhutsat theweeternendsof Laaivann(g,r,521460)

andøvrt3orjum(g.r.543552)4,Thetrans leavefromNy Sulitjelma

andgo to thenad ot theevewhøreth•ydiverge(atg.r.506483).

Theweeterntraokthengoesnorthbetwen thetvolakesof Duoldapp,

pasen sastof theSeåsorjuslans and overa passintoSorjusdal. It

runedownthesouthernsideof thevalleyto thewesternmndof øvre

Sorjus,and theneouthof thetwoSorjuslakeeandaorthof Haemeren

intoSwenn. The samitørntrackcroens a lowridgeintothe valley

northof Vardetoppon,gossup thisto theglaeler,andoverthe enow

colntween thetwoeassifeot theSulitjelmasountains, From the

othe sidsof theglacierit proende northdownthewideehallow



Fig. 0.1.

Geologicalsketch-mn of Sulitjelma.

Scale 1:100,000. Based on earliergeologicalmaps bySjägren,Vogt and Kautsky,and recent work by Henley,Larsen, Nicholsonand Mason.
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westofliserontorejo
inthewirstarntra*ksout

hofNedre

Sorjua(g.r.602563), A
t thoeasternendot Nødr

eSorjuethetrealue

paasanotherammtaiahu
tbalongingtotheSwedi

ahlaristforening,

Theøsntralareaof theS
ulitjelaasountainsiaco

sposodof

therookeof theSuatje
laagabbroocaplex.Ths

asforsallthe

higheatealts andwiththslraetaaorp
hiedarivativescoveran

eetiaatodareaof4%squa
reka.on thsNorwegiansi

deof theborder.

If,as Kautsky'saaplad
ioatos,theirieabouthal

fthtsareaoa thik

Swedishaideof thebord
ar,thisfigureagreeswel

lwiththefigur.of

65 squarahs,givenbyVo
gtforthearipaof theol

ivimr-gabbro.(Vogt

1927,281).

Theprinelpalrooktypeo
f thegabbroeasplaciso

livinws

gabbro,whiehapparala
thefieldaea aassive,y

elloasweatheringrook.

Saembandsshowlarge,da
rk,ophitiearystalaof py

roraneon weathered

surfaces.Korebasiega
bbroa,peridotiteeandpy

rozonitesalsopeour,

whiohnorsallyweatherru
stybrowa,andhavea characteriatioirregular

weetharadaurfate, The
rearaalaorooksconsia

tingofeose90%

labradorite,andin thsf
ieldtheseeanbørseogn

iaedby theirwhite

oolour. Inlocalindregionswit
hintheaosplez,andover

aa exteneive

arsainitaSWcornarth
epriaaryignsonarookeha

vobirenvralitiad,to

produceausivegreennat
agabbros,whiahstilldia

playsanyof the

featurnof theunalter
sdgabbroa,auchasbandin

gandreliotophitio

texture. Ina fewplasøsthegabbrohaa
hada orudirschistoait7



inposodupontttoyield
a ratborooaras-grainadaaphibolite,not

diaplayinganyobliourga
bbrofoatures.

Thestruotursandpetrog
raphyof thsacapin4fl be

dooperibedlate,

Surroundingthegabbroom
plextotheN andW taa sone

normallyleeethan10m,
thiok,ofmasaivehornfe

lseeiortheir

dorivativea.Thoreiaa
leoaa areaofhorafelse

doontaotrooka8 of

thegabbrooomplexonVak
nabsokka,andin thoc botwoonVaknaliekka

andStortoppen.

Assooiatedviththogabb
rooomplimareigneousbr0

00las,

Thereiea largeoutoropoftheollon
theridgeN of Point1787

,NWof

Suliskongen(g.r.590500
)andsoalloroutoropeat t

hooontaetaot the

oonploxinthevalleyNEo
f Sorjun6okka(g.r.56852

7),ou tbeDorthwd

sideof Sorjuadal(g.r.5275
55),noar8.4morjno(g.r.5

17533)andon

Vaknaeoldut (g.r.5,8444). Thess
rookohevea lightcolouredstrix,

vithan ignsoustexturo
,unuallyriohinbiotite,m

ndoontainpartiolen

ofoountryrooksofvari
edoomposition,nowthern

allyaeteorphoadto

hornfoloso.

Thoopuntryrookaourrou
ndingthegabbrooomplexba

veboon

asaignedtotwotootoni
ounitainthiathesis. T

heirnanomhaveboon

takenfronKautaky'sdivi
aioneofthirSevenappeacr

osathobordørin

Simden.(Soop.17). Thegabbroandthorookaw
ithvbiahitlieain

prinaryignsousoontaota
rsassignedtothoGasakn

appe, Struotwrally
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belovtheaorookelieeaphiboliteoandeehiets,whiohoan bo traoedto

the E intorookeaaeignedby Kautekyto tvenappee,thoVaatennappe

aboveand thoPiookenapp•bolow. In theareaatudisdtheroio no

øvideneoof a majorstrusturalor atratigraphioalbroakin thia

aequaneoeo therookahaveboengroupodintooneunit,whiphwillbø

teraedthePieake•Vastennappe. Renley(inproparatioa)demoriboa

thevetvoetrnotvraluniteae theupperand loverunit.

Ilwoughouttheregionto theøouthof thegabbrooomplenat

the oontaotof the0aeakand Pieeko-Vastonnappoela a horiaoaof

aaphiboliteacontaininglenaoaof aotagabbroieoharactor,andaleo

lenemoeiallarto theaotaporphyritieaaphibolitolyingat thetopof

tho Piooka-Vastennappe. The vriteroonaiderethiahorimonto

reyrseonta tootonienilangeformedet theoontaotof the twonappea.

Tho evideneeforthiaviewvillbe preeontodlater. Tho fieldnamo

"dioritiegnoise"vaagivonto thiaunitbetaumeof * auporficial

reenblanaebotwoontheastagabbrolenaesand a soarse-grainoddiorito,

and beause tbmof Vogt'sanalyaosfroathiehorison(Vogt1927,905-

906 analyen KXandXXI)approxiaateto theompositionof diorite,
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2. Historloaland ousresearch.

TbeSulitjolmaarsabasb
asnof intereetto geolog

ieteand

othornaturalhistorlan
sfortwomainrsaeone. The firstie,of

eourso,thoimportantdsp
ositaofcopperoriwhisharom

inedIn the

sottlementof Sulitjolm
a,thomond thofastthattheSulitj

elma

mountainaarsoneof the
highestmountaiamaasifs

in northern

Scandinavia. Tho oarly
periodof nologioalrøse

arehin Sulitjoima

is stsarisedln Th.Vos
t'sNemoir(1927)andho a

lsoprovidosa list

of publicationsaboutthear
ea. However,sineehieaosou

fttla ln

Norwegian,a brietsummaryof workwhioh
relatesto thegabbroopepl

ox

willbe givonhere.

A remarkableseitntiflostm
4yof thoglaoiereof the

Sulitjelmamountainewaamad
eas sarlyas 1808by theSwedishnatur

al

philosopher0. Wahlanberg,whooampedat
Virijaurein Swodieh

ascendodSuliskongen,and
produesda map of thopoaksand

glaciera. J. D. Forbesin hiabook
"Norwayanditeglaoisre

"

(rdinburgh1853)gavea soodaccountin tgiiahof Wablenbergtowork

(p.228..229).Ne conai
dertdbahlønberg'sstudyt

o bø oomparablsin

qualltywithDeSauseure
'sworkin theNontBlanea

rsaand farin

advanesof any otherslao
iologisalstudiesmadoin

Soandinaviaat the

tbat•

Tho firstpologiatto wi
sitSulitjelmawasK. Pet

toraonia

1875. Eo identifiodgabbroboul
dersin thamorsinobolow

thsaeuthen
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Sulitjelasglaeier.and
thereforeeuggestedtha

ttherewasgabbroin

thehighpsaksialthou
gha000rdingtoTh.Vogt(

p.3) still


intorprotodthesas eaw
ontiallyforaedofsehis

t".However,he failed

todimoovertheoredep
osits.Theorewasdis

ooversdshortlyafterby

Iapp.NonsFotter,anda
briefaoaountof thedep

ositsvasgivanin

1879by T.Iassanwhole
dthefiretsinersto th

eregion. Noanwhil•

F.svevoniusia1877fo
undgobbrosinsituinth

enorthornSulitjelaa

sountaine.Holaterre
turnedto SwedishSulit

jelaaanddesoribodthe

olivlim-kbaringrookeof tbatarea,ino
ludingthowaofHaasero

n,la

1896.

J. M.L. Vogtalsofirs
tvialtedMulitjolaain 1

877whilo

workingfortheNbrweg
iaageologioalausvey. HeasosndodVarditopp

en

andin antingsomoin(1890)giv
asa briefdimeriptionof tho

gabbroe,

etagabbroaandwephibo
litaahe sawon thisoneu

rsion.

"Alongtheroutelangva
nn(Mandas) Hankabakken- Vardetoppen-

thelangvannaohista[i
.e.furalundsabisti]

soemenos,atrikingabou
t

ENEandtipping aorthwards, wp toa hsightofabout1250aa
abovesea.s

lovel, thersafterfollowefirs
t•flassregabbro,and

laterthe


ordinaliraaseivsgabbrowhictissoseti
nesfreah,thoughsoatoft

on,

as forttwaapison theps
akof Vardetoppen,stron

glyalterod".

J. N.L. VogtvisitedSu
litjelaafrequentlyinau

bsequent

yearialbuthieworkwas
primarilyoonoornsdwit

htheoopporore. Hs

oamirtotheoonolusio
nthattheorthadforaed

earatioally,in

assosistionwiththein
jeotionof• largegabbrointrusion

;an idea

hissonItorolfwastos
ktondandolarifyin ti.1927senoir.

In 1892a systeatiogeologioalsu
rveyof theSulitjelaa
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distriatwasbegunu
nderHj.Sjagren,wi

th0. Hordanakjel
dand

P.J. Holaquistaot
ingasblaaeolatan

ts.Taeresultaof th
lawork

warspubliahadin
thoGoologiakanr

aingensflhisand
llagarofStookho

la

at regularinterva
lsoverthenaxtfowy

sare,thefinalises
ultsbeing

publiahedin1900al
ongwitha remarkablydetails

d1s75,000geologisa
l

map. Sjegronestablish
eda etratigraphioalsequenosforthi,var

ious

eatamorphieroolos
typee1nth.areawhiohla

omparedwiththese
quenee

proposiedby thepre
eentwritørin table

1. (faeingp.38).
He wasaleo

thefirottodenor
ibsthefoaailifero

uesarbleseaatotLås
ivann.

Ihereoanbølittl
edoubtthatwhanthi

sworkvaaooaplete
itheSulitjelma

areawasonøof the
bastdosøribadands

appedpartaot thøC
aledonian

nountainohala. Allsubaequentreae
aroherain Sulitjel

naows• great

debtto 3jegripaand
hisso-wortersfort

heiroarefulwork.
Th.Vogt

aoknowledndthis,d
edieatinghiaaseol

roa theSulitjeanaar
sate

Sjogran,butsinoi
ritle theEnglishsu

maryofVogt'sasno
irwhlohhas

bienmostwidstyre
ad,Sjøgrenteworkha

s tatubed tobeoverlookad.

th, nortfewyearaaa
wtheeontinuatio

nof geologioalaad

aineralogioalworko
n theoroedepoalt

a.Gjøgrenoonsider
sdtheoreato

bø "spigenetlo"in ori
gia1.o.tohavafor

sedfrosfluidapero
olating

alongplanesofaow
esent,whiloJ.H. L.

Vost,V.C.Bnigge
rand

C. W.Carstonsoons
ideredthestobosag

aatio.Intheprep
arationot

thelooalakeetof t
M 1$200,000nologlea

lsurvsy,G.Holanaa
ffped

thenortheraoontao
tof thegabbroemple

xfrmaShimorjuseas
ttothe
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Swedishborder. In 1921Ih.Vogtpubliabo
dhia firetpaporabout

Sulitjeana"CaSulitelm
akimenaegoologi"and in 19

22a gowern1sunmary

of thovorkhi expoundodla
t•rin hismemoir.

Tho publioationof Ih.V
ogtlenonoir"Sulitelma

feltetagoologiog

petrografi"(rhagoolog
yandpetrographyof the ,

,ulitjelmarogion)in

1927narkedtheondof theearlyperiodof rese
arohin Sulitjelma.

Vogtsameriesdand inte
rprotedtheworkof thsea

rlisrrosearohersand

addøda wealthof observationeof
hiaown. Re wasIntersotedln fow

r

najorinteroonneotedpro
blemasa

Themodeof origiaof theo
oppørorss.

Therelationshipebotwoe
nth•variousbasioigneo

usor meta-

ignsousrooks.

Theprogreasinregiona
lmetamorphianof thoFur

mluadschiata.

Ihe relationshipof thafo
asiliferouomarblesto th

sother

metamorphiorooka,and t
helightthisshodson theagsof therookeof

thoNonagian Calodonid
essas wholo.

It is fairto amythatth
saeremainoutetandlngpr

oblemein

thearoa. VogtoonaideredIton1, th
eorigiaof theore,to h

e so

importantthatit waa to
havea wholsvolus*of theneno

irto itaalf.

Umfortunatelythiewas no
verwritten. Thevolvaswhishwaspub

liehed

dealtoomprehensivolywi
thItoms2, 3 and4. Thlathesiaiaoonaernød

primarilywithItam2, t
hebasioignewsuarooks.

K. J.Realeyhaabeen

atudyingItsm31 th.prog
remainragionalmetanor

phismof theFurulund

sohistaand R. Nioholso
nhaaboenstudyingItem4

, thefoasillooality.

VogtoonsideredthoSuli
tjelmagabbrooomplexand

the



amphibolitor to the mouth of it to ber parts of ths sams intrusion,

Whigh had sill-like extensions to tho north~st into Swadint and to the

west and aouth in the thin amphibolits and greenstone layer which

persiats throughout the Sulitjillma area juat above the ors bodieø. The

southorn (lower) part of the intrusion and its sill-liks offshoota had

beem rstrogressimely emtamorphond and he aappida mmumte• of rman of

inoroasing retrograseive metamorphims withia it (Vogt 1927,282..283,

figam 71 and 72), this intrualambs oallød the "great Sulitjulma

phaeolite% On pit380, hs listed tho assemblagss obaraoteriatio ot

eagh sowt, eubdividing the aoner yet further into a total of fourtesa

subsones. Re sonsidersd that thase sonos roprasented a fanies-smuenes

and that they had formed undlm progressively diffmnt eonditions of

matamorphiem of the gabbro. Re ales sambasisad that this prooess

oegarred simultaasously with the regional metemorphime of the eountry

rooka.

It is probably best to uso Vogt 4. mm words to explaia the

asehanime by whieh it. thought ths intruoion formed (Waglish atary

477-478).

"1, Tim prming up of the magemmesses from the tmknown dipth

seems to bo direotly tionnseted with the folding dowa ot a mountain range

trough, that eanad a hydrostatie ries of the magma. this extimain

vertieal momment in thr Earthls orust la mainly of a flumrs-like

nature without vertioal fatalts or subsidenott of blooka. At the bottga

of the amustain range trough fractursa and absorptiona may have taken

plaes, but nothing dofinitely is known about this,

2. The strata intruded by tho maamahavo ban hated to a
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riaativslyhightaaper
aturswhiohhasbseafai

rlyuniforiaovorlarge

aroas. Withoutaateriagintoa
disoussioaof therelat

ioahotkvea

themageainjeotioasaa
dtheregionalaataaor

phisa,i relattoathat

apparsatlyexistalitm
ay he statodthatthsa

agaa,as a ruls,intrudad

atratathatworsalroa
dyheatød.

1h.aagesla undorthe
influenoeof theaonatalarang.atro

ss

whiohis oonsiltvedof t
a a ooahtnatioaof i loadaada pushingprassure

rsaultingla a partialrommat of thestrata.

Aa a resultof thoseabinda
otionof thehightaper

aturtof

the atrataandth•aoun
taiaraagsstroastheaa

gaate nabled to

sigrateas aa ladspead
iatmassalongthebeddl

agplaaos,oomiag larges

areasbeforstt flnall
yoommeto rest.

Owingto theprossaollo
f theaountalaraageat

rosstha

igneouseassesaay be p
ushadhortsoatallyover

sonsiderahleareasof

thoirsubstrataaftert
hetrorystalliaatioa

.Thisespaelallytakes

plam,la theaarginala
reas."

Vogtaddedsightanaly
an of gahbros,aaphibo

litasmad

ohloritiorookofroahi
s "phosoolite"to th.th

roeanalysesaadsfor

Sffigrea.Hø relatedt
hooceposttloasof thei

mrooksto Bowents(191
4)

and Andorsou'a(1913)a
yathettedataoa thesy

steasforsterite-albi
tas

amorthito,foratarite
atopd~orthits, foretsrit~linoenata

ttts-

anorthitsandhyporath
ens-albitnaorthtte.H

s notodthatthaaore

plagloolanriahrooks
oontatnedaoreaagoest

aaolivias,andoonside
rad

thatearlyorystallta
attoaof olivtaasadlabr

adoritohadoocurrtd,

followedby latororyst
allisatioaof hypereith

enøandolinopyrome. SO

attrihutedthedioritt
ooompositloaof theaap

hibolitosia theoffaho
otiag

aillaof thephaeolith
to a filtarprnstagmohami

aa,Walohreiond a

diorttioeagiafroaa orystalauskof inttia
lgabbrocomposittoa.R

e

gawila oaraftldeaortpttoaof
theataeralocapostti

oaof thoaphibolttea

in torasof thefaotss
-oonospt.Altoptherbl

iaamotris aa attaaptt
o



applytherelationsobserv
odinsynthotiosystemotoan

actualproupof

basiotgesousrooks,aadtt
te• tributetoTh.Vogtthatit

waswritton

inthesaneyearasN. L. Do
wsn'a"ThoEvolutionot thoI

gneousRooks"

(1927)whichintrodueedthi
eapprowthtoigmouspetrol

og.

InterenouwillbonadotoT
h.Vogt'ssemoirthroughou

tthiatheals,

andhisideaswillbe oonst
dondinmoredetallWheroap

,roprlate.IS

continuedas dirootorot th
oEnologiealInstituteofth

eNorvoglan

ToohnIcalVaiversityat tro
adholauntil1951,andundor

blni nunberot

diplonastudentewrotsthes
esonaspeotsof Sulitjelang

oology. Thilas

aremostlyeoncernsdwithth
oproblonof thsorsgensis

,andsodonot

conoernthisthsaisdireet
ly,althoughseseof themdes

oribethe

intrognaphyot theanphibo
litosassoolatedwithth,ore

insene

Paporeon thogoologyof th
eorodepoaitsverepablieh

edby Carstens

(1952)andKrauso(1956).The
oagnattohypothestatorthe

origlaof

theorswasabandonsd,as sv
ideneegrowfora conpleasequonoeofore-

producingevonts.

Thefiratmajorohallengeto
lb.Vogt'ssynthsaieeanefr

on

G.Kautsky. Et uhdertoo
kaa extensintprogreameofge

ologioalnapping

in thoyoare1945-7inSwe
diokSulitjelasandtheSal

ojaur•rogionto

thernorthtavbatwasaowth
oSarekNationalPark. Hepubliehedtho

rosuitootthiocorkin195
2. Inthtaareathemetanorph

iorooksof

theScandinavianCalodoaid
seoanbesoento bethrustov

e a basoment

ot granitioarohasenrooks
,anda tkinlaylarof Rrolithumso

neCambrian
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sediments,ina menaerana
logonwiththeHoinethrus

toverthe

Lewislan,TorridoniaaandC
ambriaaroeksiatheNW Hig

hlandsofSeotland.

lhemetemonhterooksaren
aoribedbySwediahnolegi

staas the"great

Sen nappe",

Kantskyoonaidersthatin t
heSulitjelmerogiontheSe

n nappe

eanhe fertherandividedi
ntothrtenappesWhin he e

alls(fromthe

haseupwarda)thePteskan
appe,theVastennappeaad

the0asaknappe,

To thenorthof Sulitjel
maa fourthnappeisprosentbe

twentheVanen

nappeandthe0asaknappe
,ealledtheSalonappe. fledeseribsesthe

ltthsloginof formation
ewithinthenappeeindetal

l. Heoonsiders

theSulitjelmagabbrooomp
leztobø tatnisivelatothe

higheitnappe,

the0asaknappe,theporph
yritieamphibolitesto thes

outhof thegabbro

soffileztoliein thsVaat
annappe,andthefunaunds

ohistebelowthe

orehorisontelieintheP
inks nappe, Thethruetsbetweenthena

ppes

formedafterthemainregi
onalmetamorphin,thougha

systemof lary

soaleantialinnandsysel
lan,inoludingtheLangvan

nantieliawhioh

foldatheorebodin,form
edafterthethrusting.Ka

ntskyalsoeuggesta

thattheSulitjeleaorebo
ditsformedfromore•-bea

ringfluidapermeating

alongthethrustat theba
seof theVastennappe,and

oltesthe"ea

nhelon"nlationahtpotth
wCharlotta,0ikenandPalm

bergorebodiesas

evideneeforthiepointof
view(p.203), He gives oorrelationtable

(p,206)showinghowhiali
thologioaldivisineeompa

rewiththoseof

Spgren,HolmonisteadTh,
Vogt.
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Kautakraimpenitantsug
gestion,thatVost's"Cu

litjelea

phnolin" ie in fasta basiolannusomplemly
ingabove• forastiosof

netamorphondlans,vi
tha majorteotoniebrea

kbetwenthetwobas

non aoseptodby thopresen
twriter(p.54) andovidsne,toapport

thtaviewwillbe produ
ndladuseouroe(p.28-

25).

Sines1931,bwken frmeUniversityCollog
e,Londanhaveboen

engagnlndstailnpol
ogioalworkinthseoas

talparn of Rorwayat

thslatitudeofSulltj
elnaandtothesouth. Muohofthegroundhas

nen aaolosloallynappedon•
nals ofabout1,16,000.Int

orinroPorto

on thisworkwan giventothe2latInter
nationalOnlogioalCongressin

1960(Rollingworth,WallaandBradahav1960
;Rutland,Rolmn andJon

ea

1960;AokomeanandNieh
olson1960)anda dotailedrnin of the

struoturaloonoluaion
sof theworkwasdolive

rntotheOsologisal

noletyofLondonlasty
ear(RutlandandNlehol

son1965). Thoworkso

farhasbeenmainlyatr
uetural,andhasahownth

atin thooentralboltof

thoCalsdonideo,thsast
emorphiorookahan mdsrgonepolyphan

nfornationina
4m4Iai.mannerto theaetanorp

hierooksof thoRighlan
ds

of aeotland.Rowever
,altbaushthodominantmo

n of defonation1n the

rookehasnen byplastionformation
,RutlandandNicholsonal

so

oonaidorthatisportan
tthruststruotureeoccur

(settheirnnoluding

dinuesionp. 101-102)
.
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3. Soo of the resont osearo

Thaareosatwmpit,bothto
thswestandsastof Suli

tjoima,

has suggestodthatthrus
tingpland signifiaantroloin tho f

ormation

of thispartof thoCalo
donisamonntainbolt. Thopresnos of a major

thrastin thoSulitjelm
aregioaitsolfwouldolear

lyupsetmashof Th.

Vogt'ssynthoolsof thogoologioalstruatursa
ndhistoryof thearoa.

It was forthisreasonth
atnow roasarahla Sulitj

oimawasandortakon.

Honloyboganworkla 196
2,and thoproant writerandLarson,of tho

Uniworsityof Oslo,in 19
69. Nieholsonand Rutlandhaw

sboonortonding

thodetailodrerkfromth
oooaatalrogionnoarFau

sketo Sulitjolea,and

paperon thosootionfrom
8o4#to aulitåslaala sho

rtlyto bo publishod.

Thswriterof this thnis was thinetorsfaaodwith
tho

followingprobleasvhonh
o oommonoodworkt+

WasTh. Vogtos"Sulitje
laaphaoolitonin fantono

ignoona

intrasion,or wasit two
ttarolatedgroapsof basio

ignous rooks,oa

sithe aideof & majorthnst plane?

If thiswas theoaso,wha
twas thoformof thasulitjolma

gabbrointrysion? Wasthoteanywalidityin
Th.Vogtlaetiffmatiation

intquonosandmotasorphi
sfattissanueaso ia thoba

siorooks?

Mmothothrustingof thspost+motaeorphisnatu
rspropossdby

Kautsky,or of thodisja
notiwosyner„(pro+ntamo

rphio)natursof tho

napposdosoribodby Ratlandand lliohdlson?

Hovwouldthothrustinga
ffootthitstratigraphio

alamusnoso

dotorminedby Sjøgrenand
Vogt?

It is hopodthatthistha
siswillprowidopartiala

naversto

thoasquastions.
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CHAPTERONE

Strat of thaCouat Sookal.

Theauthorputaforard
th.folloviagtntative

etratigraphioal

aohmartortherockesu
rroundingthedulitiel

aagabbrot-

tbapa (UpperVait)

Wsateraes usnoeat Juol Eastera utassS of Sorjualaart


(g)Oaleseilioategrou
pof Duoldagop.

(f)Nioaosouepaamalte
withaarbiobaada.

(e)Kyaaits-sohiatgrou
p. (41)Kyaaite-schistgrou

p.

(d)Caloareova

(0)Caloanowaamphibo
lite.

(b)Oraphittesehiet.

(a)Caloareouaaaphibo
lite.

Piseko...Vastsa (LowerThait)

(d)Porphyritieaaphib
olite.

(o)Sehistowarphibol
itogromp.

(b)Iatermittestthiaa
leampouequartalto.

(a)Purulundaohistgro
up.

I. fl.atske-VaateaNa
lasørUnit)

(a) Thsfuruluadsohiat
u •

Aa exteasivestudyof thsfuruluadsahistErcup
hasbeeaaade



byRonley. Thewritorhasthøre
forsbeguahisatudyab

ovsthis

horison. Homover,f
ortheaakeofomple

tensae,a brisfaosountof

thefaralundoohistg
roupisgivenhere.

Thegroupoonsistspr
odoainantlyofoaloareousaloa-s

ohlsts

ofvaryinggrado,aa
dosoribedbyYogt(19

27)aadBenloy. Thørst4 a

obaraoteriatisainerallInsatlaul
aamalhortions,produ

oodby neodlos

ofhorablendelyingi
na preferreddireot

ionupoasohistositypl
anes.

Renleybar deseribtel thoatmetureswithi
atheTurulundgroup,

Twoof

hiafoldtypa haveboomidoatifto
dby thewritarSanedi

atslybelowthe

oontaotwiththoseh
istoesaphibolit. groupinthsareanor

thof

Ualvannir2foldsonTr
Wtrondingmin 731LfoldsonN•Saxas

(Seo

tablo2).

Thorearesehistbon
daiathesohiatossaa

phiboliteborissa

abovethebruhuldgr
owpwhisharssisila

rin litholoc andstruoture

tothesataTurulan
dsohistgromp,but11.

amongrooksWhiohVog
tthought

warapartof thegro
atSalttjelaapbasol

ite,

(b) Hatomomis iteat the on t of

• sah

This1sa whltiehalpoaesousros
k,forninga bandup t

oaboat

3-4notrosthiokbot
vesathoTurulundseh

istandtheoverlyIn
gsohistose

amphIbolitogrottp.
Itlaonlyfemadeas

tof thostreasrenni
nginto

limaivanafrosOtsrva
nn,(ThsoutoropVeg

inaataboutg.r.550
451).

Inplaossrustyvaat
heringbande,about1 a

thiok,ovilivalenttothe

pyriteIsprognatedho
rlsoatomadfurtherto

theInst,000urabov
eaad



Fig. 1.1.. "Lensoid"characterof micaceoussammite.

\n/



- 19 -

bolowit, /thaaa elsavagoparalls1to thatof thsrookaabovsand

bolow,and in plassais olonly intarbandedby aohlat. Thsrogional

linoatton,txproandaa a ataral olongation,ocrourawithiathisuntt.

In dotallit oometiamaahowsa "lonaoid"structurs,alailarto tho

atrusturoafoundin thoaohiatoaoamphibolitseabovs(ftg.1,1).

(o) Tho sohiatoas boltto •

Thsloworoontaotof thiagroupoorropondato thsbaasof

Vogt'a"Sulitjeleaphaoolito",and thiagroupand thoporphyritio

aaphibolitsabovshe inoludodin bto opidotoflapkibolitssoaswithin

thephaoolito. TheoontaotrunaWNVto ES& aloagthsatiropalosenorth

of Lårivann,thsaaphibolitooforminghighgroundto thonorth,and tho

Pbrulundachistgronploworgroundto thssouth. Thsoontaotdipa

northwardaintothshillaide,aa oanbø olearlyaøoaforoxamplowhere

thoatreaarunningoutof Otervannhaa outa doopohaaa(g.r,533460).

Thssohiatositynoarthooontaotis parallelto it.

Lithologioallytherookswithinthogroupvaryoonaldsrably.

Nsarthobaaoohloritoaohigtbandaaro ommon. In thoOtorvannaroa,

throughoutthogroup,butaoropartioularlynoaritabase,oaloarsous

rookaocour. Ewatof Otorvann(g.r.537459) then is a handot lapuro

aarblsabouta isetrothickabovotheloweraohiststrip,butat thelake

grosnatonovoinedby oaloareousnatørialia mortcommonlyfoundat thla

levol. Thsgroonstonspartiolsoahowa WNW-ESZolongation,parallelto

thorogionallineation. Slatiar rookoars foundrathorlosafrnuontly



FIG. I•2.
DEFORMED CONGLOMERATE IN SCHISTOSE AMPHIBOLITE.

(Frankland)
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Sketch of vertioalsection throughconglomerate. Note that theproducedby flatteningswingsround the largeblock.
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in thøgroupall thowayoastfroisOtørvanato thoglacier.

Thegroupattainsitsgreatestthiokansoa theplatoan

imudiatelysantof Ny Sulitjelna. Therookahareare fairlyuniforn

schistosoaaphibolites.Howeve,northof Ny Sulitjelma,justwestof

thepoiatwhørsthetouriattrackscrossthsupporacchiststripthersis

a patchof songloaratiorookswith• calcarøoussatrix(g.r.502485).

Thesswersmappedaad describedforthowritørby R. Tranklandin 1964

(fig.1.2).

The variatioawithinthevaitmaybø øøonby oonsidoringthe

sectionthroughit at Otervann(fig.1.3). Bølowtheban of the

amphibolitohorison,in therurulundashistaouthof thelakos,thareis

a thinsonsabout3 netrethiokof sohistwhichhas booninprøgnatedwith

pyrito,andalsocontains• vøinof asbeatos. Thisis thosastorn

•xtansionof thecreahorisonwhichis ninødin Sulitjolsa. Inprognation

by pyritsis fouadjustbelowthobaseof theamphibolitnto the eastan

faras thoglasier,sometinsoin onøthinband,in othørplacesas two.

Bowsver,orssuitableforsconomioexploitationhasoalybsønfoundfor

kn or so oaatof Ny Sulitjølea,aadworkingof allors eastof Ny

Sulitjelmahasnowonsed.

Thebasalbandof thaaohistoseasphibolitegroupform a

barrierwhichdansup thesouthørnlaksof Otorvann. It oonsintsof

achistonanphibolitøøwithsalcanonsvelaswithoutanylination,and

ohloritsschist. Northof thislonacons tholowersloa-achintstrip,
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whiohhaoa bandof ahearedpegmatitelylagin it,parallelto the

sehlatosityand theoontaota. Northof thiaooneaa thiokerhorison

withratheraoreaaateiviteaphibolitos,containingauehoaloarttous

natertalaurrouadingelongatedfragaltata,produeinga NW-trending

liantionwitha gentl.plunge(e*øatrueturaloverlayin pooket).

Thsrei* a parallalelongationof needle-likehorablandea,Ther*are

alsothinlaperaistantlenasaef aohlatand quartsits.

Th,upperaohlatatripim garaetiferomp.lbegarnetsahow

tailaon theaohistoeityplanosparallelto thelineationwitiohoeourain

therookabalow. The aohiatotteamphibolit.groupto thenorthctontaine

rathermoroaaasiveamphibolites,thoughsoesbandaare atillcaloareous.

Handaof porphyritieteasaiveaaphibolitoappaaralao. Theroare atill

bandaof ohloriteaohlat. Sotaiof thoaerbibolitiorooksareemposed

of nweerouselongatedpartiolsa,andmay representetrittehedoonfloaeratea

or agglosteratsa.Evontuallytheanalve porphyritiobandapredoeinato,

and thitreekaars thenaseignødto theporphyritioeaphibolitsgroup.

(d) The tieate te.

Thiaunitia oharaoteridedby bandaof naseiveaephibolite

alternatingwithbandaof eoreaohisteataaphibolite.Vogtdemeribed

thiarook-typess "spidote-aaphibolitewithoutellnosolaite"(p.303)aa

followet- "Oathsplateaubetwen Wy SulitjelmaandVardotoppen
tvodifferonttypesappear. On. la coarasflaaer-gabbrovithrathør
largefelaparfrageente,and theothera fine-grainedanddark,elmoaft
blaokanphibolito,in whichon*oansoaroelyaseanythingbuthorablende
without• lene".
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Kautaky also desorina thia unit (p. 67•75),and gtv's it thø

nans "porphyrin-aaphibolita", whinhas bnn adoptod in this account.

Ths coarse-grainød banda contain whin patchn which art øtthor oryatals

ot følapar or pandosorphs after folapar, ast in a flargrainød

saphibolitio aatrix. 1n orystala appoar rntangular in th. notiona

søsn on the rook surfaoo. The banda of thla rock do not show any

sohistoaity or follation. Tho ratio of snts.phonooryata" to "gromadelasa"

varime fron band to band, somo bands oontaining more thaa 50%of the

intaphenoorysta, aa satinatod in the fiold. Ths masain banda vary in

thioneas from about 1 • to about 10 n.

In the sast, on tht "nninsula" of rook projnting north

botwen tho Norwøgian aad 3wodish branohn of tho nain Sulitjalsa

glaolør, dykøø of fino-grainød aphibolitio naterial wore found outting

ths porphyritto anhibolits (g.r. 555454).Kautaky dochoribn abtenr

dyn* aa charastsriatio of this fornation in Swøden (p. 220).

The outorop of this unit csans abruptly to the woat on tho

planau wat of Varntoppen (g.r. 513485)although to the sast it

quiokly noomes a thick band (about 500 notroa on Vannokka). The

lithology is rnarkably unifora froe tho nat to the sast of tho outorop,

so it noms unlinly that the disapnaranoo to tht west oan bø thø linit

of all the original lava-flows. It ampas aors likely that ther unit haa

been out out notonioally by thø thrust mon undør the 0aaak napps.

this theory is aupportn by tha frequoat prønnos of lønns of ths
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porphyritioamphibolitein thebaøøof tbødioritiogosisa.

Thefinsagreinødbandsehowa sohistosityparallslto ths

bandaof mor*massivoamphibolite,andalaodisplaya linntionof the

horablendoneedloswhiohis paralld to thsliantionin thøoshiston

aaphibolitebelowand thsdioritiogneissabove. Ooessionallylenaoa

of aohist,withlargøgarnets,arsfoundamongthiagroup. Thøbanda

of manive porphyritieamphibolitsfrequentlyshowboudinage,andmore

raroZybandaof massivofine-grainedamphibolitohaweboonsoonwith

thesameatruetars.

In a fewlocalitiesto thseast,oa therookpromontoryla ths

glasiorandabovethosliffanorthof Inivann therporphyritio

amphibølitesare ast-veinedby lousooratiomaterial.

Conolusionsoonoo thelitkolo of thøPieska-Vastonna

Thspersistamosof thoregionalliantionot thefurulund

whist up intothepredominantlyamphibolitiorooksdesoribildabove,and

thoprmase of thetwosohistbandsof similarlithologyto ths

Turulundgroupsuggestthatall thøserookabolongto thesameseqaense.

Thopronass of intesalatioasof sohistandmorerarslyof quartsitø,

whiohlieparallslto thelititologisalbandingin thsamphibolites,

maksoVogt'stheorythatthse rooksropment thsbiumof a large

motamorph000dgabbroiointrusion,extrimmilyInlikely. Theporphyritio

appearaneeof aomeof thsamphibolites,and thoprimaryfragosatal

obaraoterof somoof thorookain theaohistossamphibolitogroupalso
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makethiatheoryimplauaible.

On thefieldevideneo,thowritorregardatheasrookaaa

estamorphosedvolonioandhypabyaaalrookawitheodimentary

intoroalations,andpetrographioalevidensewillbebroughtforward

latertoaupportthiaview(aeoalaoKautedqp. 67). Thereiano

evideneein thiaaremfora majoratruoturalbreakat thebaseof the

•ohistoseamphibolitsgroup,aa Kantakyauggesta.Thelonsing-outot

aonopartaof theaohistomeamphibolitogrouptotheeaatintothe

Purulundsehiatgroupmayropreaenta faoleaohangsfromvoleanierooka

intheweattopelitesin the•ast.

Thoamphibolitierookaarethersforerogardedin thinapeolat

aa thsstratigraphioaloontinuationof thePurulundachlatgroup. flq

nowlieabevathePurulundschlat,butno aedimentaryatruetureahave

boenfoundwhiehmightthrowlightontotheoriginalway-upot the

aequenee.SinsethePurulundaohlatinturnoverlieafoaailiferous

liantoneaofOrdovioianage(Vogt1927,p.481,Kautaky1992.p. 27 35)

apparentlywithouta struoturalor atratigraphioalbroak,allthsrookm

of thiesequeneeoanoonfidentlybtameignodto thslowerFalaeosol•.

Ihsrookaof • Piseke-Vastsana nor of theSulitelna bro
112.

In thsvalltywhiohrunanorthfromtheSulitjolmamaaalfinto

NodrsSorjum4aureoeourmetrigneousrookawhiehthowritereonsidera

alaoropresentpartoflautakylePieekeor Vaatennapploa.Theyahowa

markadoontraatinlithologyandatructurswiththeeurroundimgroeke
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(seemap in pookst).

Theyoonsiatof amphibolites,someof Whishshowdistinot

ophitiotexturein hand-specimea,alongwithmorslsu000ratierooks.

Therooksare bandød1andsometleesthelimooratietyposoanbe seen

to veintheamphibolitee,butthe oharaeterietie"porphyritieamphibolits"

typeis not asen. Thebandshavsa prodosinantNK.SWstrikeand dipNWO

anda lineationis delvelopedalongthestriks. Thisis in earked

oontrastwiththerookssimenhigherup thseidesof ths valleywhiohare

veryealeareoneashistsforeinga seriesof einorolosura roundsvea

moreoaloareousrookewhishmightbe tereedaloareoussemi-pelitesor

lapireearbles(g.r.550539). To theeaatabovetheamphibolitiogroup

ie a thinbandof earbleandtalonohiast,(g.r.601550)andebovethis

agaietheultramaflorookswhiohforethemountalaHammeren.

Eastof Hammerenthersis an ntensiveoutoropof verypure

yellowishearble,eappedby Kautakyan "marblewithgiodnranitsveine",

in thsYastennappe. Å meallareaof theregionwithamphibolits,

ultra-maflosand marbleswaamappedSW of Ramesren(g.r.559541)by R.

rrankland,withthewritermakingthestruoturalobservationa- a

reproduetionof Trankland'seap la fig.1.4andgivessomeideeof ths

oomplexityof thisregion. It oannotbe saidthatthestruotural

relationsof thevarioesroolostyposin thisarmahavebeenworkedoutland

thswriteris followingKautskyin assigningtheearblesto the Pieske..

Vastenmappe.
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Bstwoonthaamphibolitogroupandtho rookaabovooeoursa

thiajunotioaunitwhiohwillbo donoribsdinmorodetalla littlolator.

Thsoanteotia noarlyhorisontalin thasouthbut runaatooplyd
ownto

Sorjuajauroin thonorth.

On thoseantyowidonsooo farobtainodfromthogorooksit ia

notposaibloto oorrolatothomwithany partioularunitia thoi
mmasnoo

to thesouthof thogabbrooomplox.

Junotion ta.

(a) ThoDiorit Onsisr.

It ahouldbo omphasisodthatthinnamowasgivonbooanasof

thoappearanosof therooksin thofioldandhas no anstio oonnotationa

whatover. thounitis foundiaa oonspiououmbandfromweatto eant,

withitsoaatornsmtromityoonesalodby thoglaoisr. Itnthioknonn

variosoonsidorably,fromabout100metripain thosktronswosto
f the

aroato about350motrosbolowtholowarsommitof Vahmasokka
. As a

unitit is oharaotorisodby

Thoprosonooof lonsosof coarso-grainedamphibolito("diorit
o")

ooapoaodof largeorystalaof horablondoand folapar,

The prossnosof woll-markedlinsationof thshornblondo

orystalain thoooarso-grainedlonsosmontionsdabovoandolno i
n tho

finor-grainodpartaof thorook. Thorookswithia thsunitaro all

amphibolitsaland noarthooontaotwiththogabbrosomoof thoooarrol-

graintdlanstashowtheyollowweathoringWhishindioatesths pr
easnooof



FIG. 1.5. FOLD & GRANITE VEINS IN THE DIORITIC GNEISS, g.r. 521491.
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unalteredpyroxøneeandolivineia theiroorsa. Theoontaetof thia

unitwiththegabbroaompla ie a gradationalonøaadtheaotualline

drawaon thaaap between"eatagabbro"and ndieritiognelaa"ie rather

arbitrary. The oontaotwas bakenwheretheaaphibolitseaeomedtobø

berginningto ehowa all•dovelopedsamadmryaohlatoalty,althoughwsfl

withinthearsaaappedaa astagabbropatohosof rookwitha diatinot

asmondarywhiatoeityand lineationof horableadeawørefound.

Oa Veknallokkahowswer,thersia a patahof horafslaand

igneouebrsoolabehaen thedioritimgasiseand unaltøredgabbro,but

unfortunatelya anowfieldobaoursetheoontaotwiththedioritiegneiaa.

Thegnsieson Vakaaokkadoeanotshowquiteao walldsvelopeda

lineationaa thatfurtherweat,aad thøinryooareoaaphibolitioleam

are largør,butotherwiasthen is littlevariationla thelithology

froesaatto weot.

Oranitevelna,nowverydeformad,are foundin thegaøieain

onelooalityin thswasternpartof theoutorop. Theocarae-grained

gasiaafragnantssnoloasdin th.graniteweinaahowi bandingwhioh

olearlyforeedpriorto theinjeotionof thegranite;it oanalaobs

asenthatthiabeadingwaa earlierthanthepridaelnantfoliationof

thegneiaa(figa.1.6,1.6).

Thedioritiogneiaaunitlisaon theextenaionof the

contaotbøtweentheOasakand Vastennappee,mapplidby Kautahyin

Swedøn. Thereaeoastorasauaingthatit rapresentaa jmnotionunit



Fig.1.6.
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botwirentheGasakandPløske-Vastonnappsaarsaa follows-

Thovariationia thsrooksfoundia oontastviththiaunit

aboveand below. In th. wat thedioritiognoissliesabovethe

aohintoseanphibolitegroup,whileto theoastit lieeaboveporphyritio

amphibolite,whiohstoadilythiokenaeastwarda. /n thiesxtrageweat

marbleaandnionoua pwasmitolieaboveit on thegroundnowbsing

mappedby J. E. Larsen. Proosedingmultwards,it is owerlainby very

deformedgraniteanda patohof woryoontortedoale-silioaterooks,

thendeformodandamphibolitleedgabbroandfinallyon Vaknakkka

hornfelasand ignsotsbr000les. Whilswariationain faoissof both

nota-igneousandnetureediantaryrook•osowewithinthoJulitjolma

aroa,it is feltthatthoseobangesare tooabruptto be explainodin

thiaway.

Th•stronglimationdovslopedbrithinthounit. Itinis

parallelto thelinsationsdevelopedin thoanphibolitiogroupebølew

and in thsTurulundsohist,bdiereHenleyhasexplaineditas due to a

"Immogonolesstrain"moshanian. Howevor,northof thedioritiognoiss

in thewat tho linsationobangssitaoharaoterbeeoningthodown-dip

minerallineationandormulationfoundin thoDuoldagopregion,andao

linsation000ursin thehorafelasaand gabbroaabovothsdioritiognsisa

to theeast. Tho verywell-developsdlineationin thedioritiegnelse

unit,oomperedwiththorathorrarislineationin thesotagabbroain the

gabbrooompleraboweand thalisawell•developedlineationof ths
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asphibolitorookabolow,ouggoatathatinthsaoroska,onlikotho

Furalundgroup,atrninduringthoforatioaof thoD2linationwas

nothonogonoua.Thodioritiognelarhorisonwaaa sonoofconoontratod

atrain,whichiatantanoaattooallingitthohoriaonofsonont ofa

thrust.

3. Thsdifformooinatruoturoin thorookaahow andbolowtho

dioritiognalso. Thodominaatanallaoaloatrooturoin thorookabolow

thodioritiognoiniotholinatioaaontionodabovo,butthsoohiatoin

thsashiststripsalsoohowa variotyof anallaoalsfolda,whiehoanbo

oorrolatedwiththoasquonooofotraaturoadfloribodbyHonloyin tho

Punguadaohlatgroup. Intherookaabow at Daoldagoptheroisa well

aarkoddown—diplinoation,plangingNWyaralloltothoaxasof P2einor

foldain thosioaosouapaanaits.Whilothosofoldamaybooorrolated

atruoturallywiththoP2phaaoof foldiagin thoPurulundsohlat,thoir

atylaiaquitodifforont.Purtheroastthohorafoloospoonabovotho

dioritiogasiaanoarVIMmaookkaarsnaaaivobutahowa bandingwhighwaa

foldidbefortthoaltorationof thorookotohornfolo.

Itograt oontraatbotwonthorooktypooabon andholowtho

dioritiogasioamaksaitinponiblstosotinatothodiatanooof tratal

of thoapperunitrolativetotholowsr,aa thiowouldroquiroa

oorrolationof aonopartof thoapporollquonoowiththolowor.

(b) Ths Inoti t eouthofNsdro

Thoutrookaarsrathoraildosimpon,and0000pya layorabont
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3-10me.thiekbotwunthoamphibolitestentativgyasaignadtotho

Piosks-Vastonnappo,andasoortedrooksof theOasaknappo. Thoyorop

outnoarthoodgi,of thelake,andla thobodsof seallstreaasrunalag

downthosidosof thevalloywat ofHeamoren.Thoyarssostlysioa

aohists000asionallywtthgarnota,butiloatinsarathormoropaammitio

roeksaresies. Oa thesoalsof thsoutoroptheyshownoanusual

dogro•of deformation,norarothoynorostrouglylinsatodthanthorooks

abowoor bolow.

2. • t).

Thistathounitofmotaaorphierooksintowhiohtho

Sulitjolaagabbroooaploxhasbeeninjootod.Tronth•zadiehbordor

inthesastto justvoøtofVardotopposthosouthernoontaotof tha

omploxiswithdiorittognoiss,althoughnuohof thisoontactis

hiddanbenoaththeglaoisr.Thoonlyosooptionso farøsanim tho

all aroaofhorafelassoatheridgsouVahmattokka,nontionødoarlior.

Anothorpossibleareaofnotaaorphiorooksisthosouthornpartof tht

Suliakongonsuatak(soosapinpookstg.r.398478)butthishasnot

bosavisitod,Motasorphiscountry-rocksaroamentothawostandnorth

ofthegabbro,withonglyonolithologioaluaitboingtrandsontinuously

froaonoaroatotheother,tho11qmalte-sohistgroup".

TbsrookasurroundingthotwialaksaoalledDuoldagopare

ourrontlybeingstudiodbyJ. £.larst for• Diploadissertationin

thoUnivorsityofOstloandthosappingof theacksla thiaareawasdono



Fig. 1.7. Currentbeddi in uartziteband in calcareousam hibcditeJ
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by hia. Rovenr,thelithologyandstrmotursoftheregioaare

ormoialtoanystudyof theasighbouringgabbrooomplen:andthswriter

la thsreforsofferinga nntatireintepretationofthieregioabasedon

a week'sintensinfieldworkwithLarmen,aadnuntroueobenvationsmaas

nearthsgabbrooceplexonotheronasione.

Theatrustursin thsDmoldagopragionappeantobøaynforeal

(fora detailninterpntationof thsstrmenresn fig.2,11),so that

therooksoutoroppingnesrth.lakesarestracturallymppermest,andth.

followingtwequeatteisband oa thissasomptiont

Thereisalsoonepleeeof evidesethatsugnatsthatthe

nqueneefortheGaaaknappegivenoap, 17maybe thseormotwayup

stratigraphisallyta solitaryobasnationofourrentbeddingfroma thin

quartsitebandjustnorthofthenortherneontaotofthegabbro(se.map

andfig.1.7), Cornlationeaofarman withtheinquensednoribedby

Kautskynorthof Sorjaejamrealsoindioatethatthesequeneedeeeribod

hersisthesamewayup. Kautskynattidersthatthoyariationof

partiolssimeinthehighly-meterrphondnaglossrateat thebassof tha

Gasaknappe,overlyingsuppossdbaseematgranitiogneies,indleatesthat

thesegmeneehe dessrinsintheGasaknappenarthofSorjusjaunis the

Thslithologisalmaitswillbsdescribedasbefore,fromthe

lowestupwarda,
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us bo ite.

Thessrooksitreseenin oontastwiththogabbrosemplecaloag

all itsnorth-easternboundary. Theyinoludeamphibolittsand

ealoarsouasohietsoftonwithpodsof oalo-silicateminerals,or of

carbonates. Theyusuallyhave• woll-donlopedsohlotoeitydoveloped

by thepreforndorientationof thomioaaandamphiboles. Thisunit18

indietingnishablefromunit(e)and thetwohaveonlybeanimiked

differentlyon thomap booausetheyare separatodby a welI-definedband

of grapbitieschist. Thoyalsoineludoa whitoquartsitebandabout1 m.

thlokwhiohwasdseeribodon p. 31.

Gra o eohist.

Thisformea woll-dsfinedunitrunningfromtheoomplexrogion

southof aaMiterlin in theeast,to thegabbrooontaetabouti km. eouthof

thewsgsternendof øvreserjusjaure.It is composodof mioe-sohists;

typioallywithquitsabundantgraphite(enoughtomarkpaper),butalso

inoludesaohistawithoutgraphite,butwithporphyroblastaof kyanite

andgarnetealsilarto thosesesnin thekyanit4-sehistunit. The

achistosityplaneaot thosohistareusuallyst•opand thekyanitesmay

showa preforredorientation.

Theouteropia dispisoedby folds,whicharenotsaolly

recogniadin thesokistitself,buteanbe diatingulabodin the

surroundiagoalo-eilioaterooks. Theywillbotdesoribodlater(11.545).

Theoontinuouslineof theoutoropia apparentlyinterruptsdin the
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valloyvostof Hasooronby thothruatuparatiagthsPIA~Vaetsa and

0aoaknapposla thisvalley. Rovevor,emposurohoroaboutois notgood,

and elsewhorothobandahowogroatvariationsin thiolcaoss.Hovover,

graphitiosohlatsoortainlydo notappoarla tho gorgoontby tho


stroonla th•bodof thovelløy(g.r.389549)thougitthoyappoarvithin

100a. on thosastornsido. lbovostornsidois rathormarshy,and

graphitioaohistaarsmot disonforsomo250a.

Thssohiotstripis thormallymotamorphosodat itsoontsotvith

thogabbrooomplom thogabbrosnoarthooontastat thispointoro

oomotinsaoarlohod1n graphits.

(o) no am bolits.

Thisunitrommblosthativoonaouthof thographitioaohist,

buttovardsthenorthUtopatohosof impursmarblob000milmorip

oonapionowo.It inoludommohistandamphibolitohorisons,ono

partjoularlYIlasaivoamphibolitohandformiagtholinaof hillasouthof

øvroSorjusjaurs,Likothosehistand oaloaroomamphibolitoto tho

southitdisplaysalinsation.

(d) oanota soml" to.

Thos.rooksformtholevgroundbotion th.trsSorjam

(thiaareahas nothimininoludodon thomap)andaleoths lovorpartof

thovostormalopoof thovalloyvostof Hammoron(g.r.580339)whorothoy

shova complozfoldadoontastviththooaloaroonoamphibolitssabovo(in

a strooturaloonso). Thoyvorsdistinguishedfromthooaloaroova



asphibolitegrouplathefieldby thoirsuohlargeroarbonatsoonteat.

Theyshowa auohleesdistinetsehistosity,andare soratobodby


a hommor. Theyinoladeloassaof rolativelypareearblebutmoatly

oontainson eioa. Somsbandearsoomposodot fraguntswhioharsrather

soreoarbonato-riehisa alightlyaoreaioasoolseatrix.

Atthispointinthesecinassthersisa breek,eausedby tho

twoSorjuslakesandthtareof thogabbrosztendingtothewasteraead

of øvreSorjua,Whiehdividestherooksnortheadsouthof tholake.

Thocountrynorthof thstwolakeshaaonlybøreavoryseaatily

rsoonnoltered,butat thoweateraeadof øvroSorjusthekyanitssehist

groupisseennorthof thoaraof thegabkroocaploxrsforrodtoabovs.

rurthertothoeast,thokranitesehistgrompliesnorthof the

ealoareoueseaiespelito,butnodetailodstudyof thiaregionhasbesa

sade. Inviowof thoinvorsioaof thesegmeaoson thewesternsideof

thevallsywestof Remalarint,(geologioalasotionfig. 1.8) andinlight

ofreoonnalasenestothenorthof NsdroSorjos,thoplaolagof the

kyanitssohietgroup imediatelyabovothooeloaroomesemi-politegrow

austbo troatodwithrearve. Ihepreseatproposalisthatthearaof

thogabbrehasinjeetedtherelativslysoftoaleareoussesistelitoso

thatthislithologisalgroupisnotimeenat thowostoraendof

3orjusjaure.

(e) The teaohist

Thisgroupisonsof themorirohareoteriatiohorisona. It
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tendetohaverosiatederosionbotterthantheoaloareovagroupaso far

disoussod,andformea lineofhillanorthof theSorjualakos,coming

intooontaotwiththeaabbroooeplexweatoføvreSorjumandcontlaningin
oontaotwiththooomplexuntilittaloetamongthooomplieationaof tho

majorthrmethortsontotheeouth. However,throughoutitaoontaotwith

thegabbrooomplathewidthof itaouteropnarrowaprogreastvely,and

ainoethedipethroughoutmoatof thleregionaremoatlyateepor vertloal

itaseeethatthisnarrowingrepresenta• thinningof thegroup. The

groupooattas aorogathoborderlatoSweden,formingthepeak

Alnejalosjakaa,andcorrelateewiththorookaHautalqrdeaoriboaae

"ateurolite-eioaaohlet"lytnginhisGaasknappesequenoo.

Therosklaa oosrsogralattmleaothiat,usmallywithgormeta,

andpowyhyroblaataofhyanite,Whinhtakotheforeot priemaoftenwitha

preferredoriontatioaporallelto theregionallinestion.Porphyrobilasta

of staurolitooaasomettomalsobereeogniaedinhand•epooimenby their

yellowoolour. Contaotmotamorphieoffsotauponthisgroupduetothe

gabbroarsratherrarelyimenlnthefield,butsometimeathekyanito

ashiatalteratoa finergrainod,aohlatoserookwhishleruety

weathering(e.g.a etripotthiarookoeoleraaaa aoreena croupleot

estreathlokinthegabbroaorthotlake933taSorjuedal(g.r.316342).

Thereie a atrongreablaneebotweonthiarookandthe"aehiatoae

horntols"ocourringbetweentheYurulvadgraniteandthegabbrooomplex,

anditeseeethatmoatof thorookein thatetripmaybe regardodam
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oontastntasorphosedkyanitesehist.

The kyanite sehist Je diatinguiehablt to the west of

DuoldoiloP (J• i. Lareen t ss. map), and also sty be aorrelatsd with a

thin atrip ef kyanits bearing eshist whish 000ure south of tht leno of

Purulund granito whioh forse the narthern alope of tobbertoppen, weet of

the gabbro (N. Wilson pers. ooss.). The group im lithologioally wery

eimilar to the loweet ataurolito sohiat ia the lialdoain esquesee to the

south (Søgren, Vogt and Henley). The N.8 entions giwen by Vog%

(pl. XXXVI)aloo oorrolats these two staurolito sohist horisoas.

Lareen's and Wilson's work will oertainly throw morlitlight on this

oorrolation.

The other sesbese of the Gasak nappe søqusae. aro seen in tho

struoturs at Duoldagop, lying in tbe oore of the synfors. They oontinse

round to ths north of the kyaniti soldat group aorth of 4orjuedal, but

hawe not yet been aappod in detail. On the astorn sids of the Duoldagop

synforei they appear as an lawortod soquns, bolow tho gabbro and

Pundund granits, dipping steoply north.eastwards, while wat of the

slaforai they are alleost wertioal.

(f) Ni sota te

8jggran dosoribod this unit as "blaok rusty sohist" and Vogt

in a oopy of Sagron'al map of Duoldagop, (p. 88,fig. 24) oalla it

"ndrke fyllit" whioh litorally translated is "dark phyllits". Larsea

refere to it sinply as "fyllit" (pers. oaes.). Tho rook is i flaggy
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nioaosouspsammits,v*ryfinsgrainød,oplittingøssilyalongwell

definødplanøøwhiehsonetinesshowcrandations. It wathersa

oharaetsristioruntyeolour,and eontainsoarbonateriohbandswhioh

wsathøroutprofarentially.

Asoolatedviththehorisonarspersistentbandsfron1-5n.

thiek,of rolativelypurenarblø. ta thsNoldagopregiontheso111

nostlystratigraphioallybolowthepeanmits(andthørsfonon theørnit

aidøstmetnrallyaboveit),butnorthof Smasorjumthemarbløis found

•nolosødwithinthspaanaits. TowardstheSwedishbordarmarble

roplaoespsamnitsentirsly,and thisgrogpoanbø correlatsdwiththe

lowerof thetvonarblshorisonadssoribtdby Kautøkywithinhis

staffirolitsgeohietgroup.

Themicaeøouspasamitshasproveda veryussfulstratigraphioal

narkørhorison.

(g) Cale-ailieats of Duol

Thøssroskeareverypoorlynpossd in thsoorsof the

Duoldagoprinforn. Thisiøa lowlyingars, eoverstiby glaeialdsbris

and ths tvolakes,andthørooksareonlysen la thsbedsof a fev

stress. Hørethøyappearto bø bandødeale-silioatsrooks,withouta

narkodolsavago. In thefewexposurøsstenthørsarsno narblobanda

or pookets.

Correlationo.

ThsprineipalroektypessurroundingthsgabbroemmNbuchems
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nov beendaeoribad. Partof thsintørøstof theNE Sulitjelmaarsa is

thatit is thegroundbetimantheSulitjelmasequanos,regardeduntil

rreontlyOA a oontinuousstratigraphtosequeno.of rookewhiehhave

undergoneregtomalmetamorphiam(Vogtandajegron),andtherooka

deseribedby KastahyaorosatheSvedishborder,vhiehhe regardaaa a

pileof thrustahøsts. It haabon atatedearlie thatin theNE

Sulitjelmaregioaontyoniemajorteetoniodisoordanoehaøbeen

rsoognised,and thlais eorrelatadviththebassof Kautaky's"Ossak

nappe". CorrslationavithInthetvostruoturalunttaaripshownin the

acompanyingtable(Table1). Whoreonagroupin thtasoqusnoeoanbe

eorrelatedvithentaintyvitha groupin a previousworker'ssequanos,

theeontaetsof thetvo unitahavebesnjoinadby a straightline.

Sjdgrennumborødhts unitsfromthetopof theeequeno.downvarda;the

upperaostunttain hia sequenoeaneonlysaenin thasouthand west.
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CHAPTERTWq

ThøS turoof GabbroCon x.

Dotailødnappingof thobandingandoontaotsof the

Sulitjøleagabbrooesploxbasrnalø4 scethingof itsoriginalfons,

andof th•døforeatioait haø vadargonesinoøoonsolidation.Contrary

to theopinioaof Th.Vagt(p.464)thegabbrois notoonoordantwith

thelithologioalbandingor thesohistosityof thsnountryrooka. This

is wellillustaktodby thegraphitesehiststripin theNE whiohruns

iatothsoontastof theoomplex. Thsorossouttingastursof thø

oomplexeasalsobø atenby itsprogrøssivetransgrossionaorossthe

kyanitsachistgroup. The iaolatedpatahof gabbrovostot Duoldagop

whiohhas bon sappodby Larsoniaalsotranagrosolvowithrospootto

tholithologyof thsoountryrooksand sonssintooontaotwiththa

adoaosousposaitsgroup.

Thedttailednatursof thscontsotsof thegabbroomplex is

wellilluatratsdin thsvalleySorjusdal,in theNW partof the oomplsx.

Iheoontaotof thegabbrorunsaloagthonortheraslopeof thisvalley,

butit.attitudeand dirsotionareweryvariable. On thshill

iondiatolywestof øvroSorjos(g.r.538350)it eanbo aøøaooveredby

a roofof horaføludaehistswhiohfornthotopof thshill. Tho

foliatioaof thesonistsoutsidetheaarrovbandof saasivohornfelsis

vertioaland is alsoatpørpondloularto thøplaneof oontaet. Purthør
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to thewietnorthoflaks933at theboadofthevalley,theaoataatia

apparengyvortioalandoonoordantwiththoaohistosity.Neroa eareen

ofhornfeleoanbs seenrunningintothegabbro(g.r.316342).

Oa thobedof thevalloythereisa largeraftofhornfela,

nowquitomassive,eurroundsdbygabbro(g.r.334344). Itliemalonga

aontinuationofthetrondofa largoseroenwhiahinaludesthegraphito

aohiatgromp,anditimpossiblsthatitmayrepreonta foundered

portionof thatsormin. Thersarosxtenalonsof thegabbrointothe

oonntryrookaaleo,themoetapeotaaularnamplebeingthewids

apophysinwhiohrunsnorthfromthomainpartof thooomplasat tho

wsatornendoføvreSorjne. Anothorpointwherethedisoordanoeofthe

gabbrooomplinciseøenieon theridgenorthof point1787,wherea

norounofhornfolaruneaoroasthegabbrooutorop(g.r.598508),butbere

theeituationisaomplisatodby thspreanosof ignousbreasiaa.

Thegabbroaof theaomplexahowa diatinotprinaryisoons

banding,producedby variationsin theproportionsotthemainminerals

prenent,inpartionlarbythevariationof th.ratioofplagioolassto

ferromagnealanminorals(sesp.58). Itisnotatriatlyrhythmio

bandinginthssona•thatrogularlayerswhieharseariohedin olivineat

thebaesandlabradoritenearthetopaanbedistinguiaked.Bandafrom

1 oatoseveralmetrilathlokehowdifferentmineralproportionsfrom

noighbouringbande,produoinganappearancerathorlikestripal

mandstane.Thisbandingiavoryaimilartothatdosoribedin theNewer
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0abbrosof 3oot1and(shaoklet
on1948)butnotreallyItkethon

ors

regularbandingoftbøgreatla
yerød.IntruslønststuthasSksør

saardor

BMs towhiabthøtøre"lbrthuloban
dingsIsstrIotlyapplioablø.

In

thlsa000untthenowoonitalt
øre"prInarybønding°1111bøu

sed.

ThøbandIngat thegabbroisdI
soørdantwithtbøoontaøtsof

tbøoomplem.Thlswasobeerv
edIntheoztrøno118ournerof th

oarea

studIsd,soroasthaSwadishbor
dsr(fIg.2.1)andalsoIn thev

allOY

northof Vardotoppms.As tbø
bandingdisappsarwabout100s.

fromtho

oontaat(øøøp.41) It iønotpossiblotodeanstr
atodisoordanøøat the

oontaotItsølf,butwhøreit fi
rstappsarstbabandingmakes*

highangls

withthsplansof aontaot.

Bandingiswellaarkedina sonerannIngaorossthsomplez
in

an approxinsto1y8-4dirøetIo
n(fIg.2.2,1.3). P5 gabbrosnorthand

southof thtssonsshowfarlos
swolldawolopodbanding. In t

hswell

bandsdsone thøbandIng10wortlealordipa
stsoplyI. Airthørnorth9

bandingisalnootentIralrabs
ent,anda fwesoattørødobssrv

ationsat

inolinet surfaossIntherogionof lake
933Insorjusdal(g.r.520540)

sbowno aløarpattørn. Ts ths
southof tbøwellbandødborls

ons

obsorwationsarsføwørbessau
ssof theeas*Itsnatursof thega

bbro,and

tbøinsommlbllltrof thohlgh noustaIn ananatts andrldgøswhIobforn

thlapartofthooonplor. hus
hobserwationaas thørøarssbo

wbanding

noarhwlsontalor dippInggon
tlyaonth(øøøstruaturs1overl

ør).

In twoloaalltløsin tbøsollband
s4gobbrosappsrentmwssis.



Fig.2.3.


Possiblecross beddi " in rima bandi


(g.r.621506).
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outo"in tho bandingappoarto indisatsa wayup,suggestingthatths

gabbros"young"noilaumwds(fig.2.3). Howsvor,thisovidono•is in

direotoonfliotwiththatprovidadhy thoirontomagnouiumratiosof tho

forronagnosimininorals,whiohinorsananroesthowellbendodnOnoto

thesouth. riguro2.3showwthsnatursofthefloldsvIdenni,andit

is osideod thatthomtnaralogioalovidonooofwtyup ismon

roliablo.Å poseibl•oraforaalatructieroforthimgabbrooomplomiø

illustratodon thoItsSnotioninthsmappookit. Thigfitstho

otimmidbandtaftPwilterngaitowellsbutitamainbasiois the

variationofompositionofthoforromagnosianmineals,soitwlll

bo ditiounadinmorodotailtn obaptor3 (2.72).

Thiovidonosforthooriginalfornofthooomplarsoan

thsreforsbssumaarimedasfollows

Indotail,thosontootsof thogabbrooasplasan disoordant

withthooriginalboddingof thisoountryrooka. Thoyoroalsolosaity

dissordantwiththosohistosity.Dut#anVogtobourved,thorol••

largosealstiondoneyforthisohiatosityofthocountryrooketorun

paralloltotheoontaoto.

Tbapriaborybandingandignsousisminationofthogabbro

oomplosarodiroordantwiththooontaots.

Thoprimarybanding19alsodisoordantwiththobsddingof

thosountryrooks.
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Thusit oanbøsøønthatt-

Thoorost—outtingnatttroof thooa
mplosønditsrathør

irrøgularoontaotsasanthotitha
snotthorelativolysimp1sstruot

ure

whiohønabløøitto bødinaribods
aa batholithmill lopolithorotbar

suobSørn. 1fs Dfle mustbø giwomtotbøintresi
on,Daliytetørs

"obsnolithsImemsthshat. (8øøLnly"Ionotas Booksandthstløpthsof

theforth"1533.p. 105fora disaussionofthisnenø).

issumingthsprisary igraoushandingtohavebøømnew

hosisontalwhonthøintrusionsol
idIfied,itisapparon$thatthø

bøddingofthooountryrooks,whi
ohmakess highanglewiththeband

ing

in at løasttwolooalitiøs(figs.
2.2and244) MUst øirsm4harsbeen

til~ fromthshorisomtal.

Thøigneousbrøooissassooiatødwi
ththogabbrooomplez000ur

nost1yasømallpatohsasttbøcon
taoto0partioularlywhorosornmeo

f

oountryrodkrumtntothsgibbro
. Ilowownthørsisonølargoaroao

f

br000iaon thoridgenorthofpoia
t1787. Tbøbreoolasoonsistof

fragmontsmfoountryrook5nowmot
amorphoøødtohormføls5iman igne

ous

1ooking,ottonbiotitniohmatri
x. Thøfmtgoontswaryinøiøøfro

sa

fowossatimøtrostoentralmotralaoross. Omasi
onallythøYshow

diattnotolongatiosovflattomin
g.

Matørialsintlarto thenatrisof
thebr000titshasbøømsimon

voiningtbsgabbre5anditalumer
easonabletosonoludsthatthøywo

rø
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formed after it ooneoltdand. In son localittn two generationa of

brnola wore ann, one nining the other.

The P

Oaly ons oontaot has bna observed batwen the nata aaaa of

tho Puralund grantte and the gabbro napla (ftg. 2.3), but voin-liko

offahoota of gratite do out tho gabbn conplex elanhsro. Tho granita

waa therefon probably intrudad alightly later thaa the gabbro.

The aain intrusion of the Ivralund granite just Wof the

gabbro oonplex is a leassehapedbody. It is foliated, and the regional

D2 linestin hma been lapoeduponit. In the thiekeat part of ths lena,

the oentrml parta ot the granito are leaa well foliand than the margins,

and have a welldevoloped augenteaturo. No oontaot horafalas have

brenfoandeurroundlag tha grantte. Th4,granita lana haa bean foldod

in the Duoldagop synfora, and the struotanelioneadon it will be

deaaribihd aloag with thon of the Duoldagop reglon.

Ithaa not ben ponible to detarmine th41 rolatinagia ot the

Puralund granits and the igneoua brseoian.

0 la

At the NWoontaot of the gabbro 000plaxare a nanberof anall

intrusionewhiohaneoloundsiallarlyto the Furaluad graatto on the

nap. Nownr they an diettnetly riehar in dark ninnala than the

granito and nay raprosent a affersat ybass of aanatto aettvity. They

nin the gabbro, but thdrirage nlationa to ths granItt aad ignsom
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FIG.2.4. DEFORMATION OF THE SW CORNER OF THE SULITJELMA GABBRO.
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br000lasarounoortain.

Tbødsfornatlosofthegabbrooonp
lawasøtudisliadøtailla

tbø51oornor. Horodatommodbandodgabbraswitbi
ssaslonalbandøof

olivintob gabbrouslissidskitoshow varlotyøftypeaofAeforation.

Manyof theasallaoalostruoturo
asom innetamorph000dadlnontagyrooks

oreduplioandbørøøineddltionto
enallfoldøandfaaltsthørstaro

boudins,oftanebowinga rotatias
.TbødontaantnodoofdIformatio

n

bonveriøbyfrasturs,thmfoldøb
oinsdrartoldsassooistodwithabø

m

Onoofthenorssaftobandobusboo
aløssedcmeribm. or øø

(ftg.2.4).

In tbøaboarsessithogsbbrobeabo
oanotamerphammtto s soaros

srsinødampldbollts,tbøasallaoal
obandingoblitaratodanda arudø

foliationpars1101to thodirosti
onoftbøsboardowslopod.boartho

øbasrsonøøtbøsabbrodisplayoona
llsoalofoldøandvolisofpossati

ts

oftønfollowthoelboarplanøø. glookaofgabbro,atillfortbømoo
tpart

motnaorpbosodlatosroonnotosabb
ro.butrolatiwolywadoføresd,000mr

botwoontbøobsersones. TbøresultoftbøøbøartngONMO tohavobossto

prodaosanowsrallettonatoninana
pprailnateLyS4 dirootion(fig.2.4).

å linaatiosappoarsonsanoourfas in tbøshearplanootandisparall
ol

to tbsamosofnanyof tbøfolds.
ItalasruneparalloltotbøD2 Iln

oøtion

inposed.upontbødloritiognøiøsto
tbssoutbandtbøAuulundgranitot

o

tbønortb.



FIG.2.5. GRANITE CONTACT WITH GABBRO AT G.R.533503.
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Neartheoontaotwiththog
ranitethegabbroisparti

onlarly

stronglymetamorphosedand
diformed,aadhastaktaon

follatioa.Å

largeseal.akatohmapofa
amallpartof thlrgranito

-gabbrooontaat

abowsthenatur.ofthest
ruoturessøeniathishoris

on(fig.2.5). Th.

ooataotis farfroabeingt
hesimpl.ourvedsarfasesh

ownoa thipmap

whencoasidn4 ia this taS1. Å eisalardetailsdmapof• lemm

dsforadpartot theaout
hwasternsormerof thesom

plesshowatho

displaosatof twoeadieg
abbrobandabya asdimaali

ndsinistralshear

dir.otion,andaomeof the
assooiatedstruetureewhfa

høredevaloped

(fig.2.6).

ihsintansityof defonnat
ioninoreaantowardstheson

tb-ineat

andon theaouthsidsoft
hsvalleythehighlydofor

modgabbroamerge

imperooptibLyintothedio
ritiegasiss. Thoregionneartheoonta

ot

betwosagranitsaaddiori
tiagnetssahowaon th.mapi

nthewestis•

somplexsonewithlonassof
meitagabbro,graniteandoale-silioat

srooks

oaughtupina testoniaamilangs.

To theeast,theblocksof
undisturbadsetagabbrobso

oms

larger.andun-ntamorph
ossdgabbrobecommcommone

r,matilmatually

thoshaarplanø"oftenwi
thvoinaof pagmatitø,aret

haoalypartaot

therookmasswhiohhavoun
dargon.anyamphibolitis

ation.Itisstriking

howtheveinsofmor.basi
ogabbroaseetoresistasp

hibolitiationfar

bottorthanthipmoreplagi
oolaseriohvarieties,soth

atwherethemaia

partof thegabbrohasbet
enmaphibolitindtheyremai

aas boudinsor bands



FIG.2.6. SKETCHMAP SHOWING DEFORMATIONOF BAN

GABBRO AT G.R.536502.
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wøstborIngIntheirobars
oterlstiorustymannør.

Inthsrestoftbsoosplt
utthefloldøvidsnosfordef

oreatloa

oanbs reenIn theattlt
udøof tbsbandIng. ItIs

dlffloulttoknow

thsproolasorIgInaldlpo
fthobandIng,batkn tbsS

ksergeardintrusion

WsgerandDeorsitinatetb
sorigusaldipsinthsloy

erodsørløstohal.

bosa0°-30°,tbølattørva
lasonlybølngresobedtwr

ydloasto tbø

oontaotwitbthøbordørgr
oup(WagørandDoer1939,p

.61), k poselble

wynforwaletrootursfortb
egabbrooasplosbøøalrea

dybesadasørIbø4

(11-4inotiontasappOoks
t). IftbøsesomptIonsoo

nsernIngthonodsof

foraationofthobandinga
rsoorreot,tbsoomplamwa

sthavoundorgono

foldingendpartialtweer
sionafte oonsolidation.Tbssela

ofthø

•ynforslsdisplandrala
tintotbsaxlsafthmlat

srofthotwa

unformaoonstitutIngtho
DuoldagopstruotureW oftbølgabbrooosplez

(p.54),butitrasybothe
tthotwostanturøsarøre

llatedto ønøanotbir,

in somøwaythatiønotol
oarstprosont.

TbsIrdsrprotatIonof tbøstrasturøsInthlo
theototobassdto

e largsextentontheworko
fRonly (pers.owom.)en t

heContraland

SoutbørnSulltjobaaaroso
. Å suraryofhleoonolusio

nssonoørniag

delformstlosisehownInTablo2. do resognIesetbrøiswainp
ham at

rookdeforwatIonwhtobho
berwsDi,D2andD31emud

tarsoolatiulwitha

oharaotoristtoetyloandealantatIonofa
dnerølguotursa.Tbssem

uonoøø

of doformatIonandmiewor
phiawhodeoorlbosdo notd

ifforgreatlyin the



TABLE 2
Summa of StructuralHisto of the Three Units

Upper Unit 
(Gasaknappe)

(Renley1966)

Lower Unit

' (Fieske-Vastennappe)

JunctionUnit


D1 Developmentof fine grained D1 Developmentof fine grained
schistosefabric (S1). schistosefabric (S1) possibly

with foping on axes trending
240-250 (F1) ?

D2 Plastic flowage (homogenous D2 Homogenousstrain.
strain)with minor folds
developedwith axes trending
parallel to the directionof
flowage (F,).

F2 folde are F2 folds are :-
1. tight 1. isoclinal

on E-1 axes
with good axial plane
echistosity(S2).

D Minor open folds developed
3 (F3).

foide are :-
3 1. open

on E-W axes
axial planes dip S.
with incipientaxial
plane cleavage.

on E-W axes
with good axial plane
echistoeity(S ).

D Several phases of minor folding
3 in differentparts of the region.

In FUrulundSchist :-
F3a folds are :-

open
on N-S axes
with axial planes
dippingNW.
with axial planar strain
slip cleavage.

F3b folds are :-
open
on E-W axes
with axial plane strain slip
cleavagein peliticbeds.

Brecciation& chloritisation

Disharmonicfolds which are :-
on N-S axes
open
with axial plane strain-
slip cleavage.

pen symmetricalfolding on N-S axes with verticalaxial planes (formationof Baldoaivesynform?).
4 Open large scale folding on approximatelyE-W axes to form Langvannantiform.
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OasakandPiøski-Vaatonna
ppøø.

Deformationintherookso
f tbøPlooks-Vaatonna

Tasdaforeatioaof theroo
kstathsPisake-Vastomnapp*pouth

of thegabbrocanplaxiae
assatiallysisilartothat

desoribodbylionley

intheturulundsokiatof t
heoentralSulitjalaarssi

on. In the

Turuluadsablatisdia.te
lybelowtheasphibolites

,andinthesohiat

atripavithintbeamphibo
lita,foldsof72and7311,aty

leanddirootion

arsaøsn. Inoneoaseaa73.foldis
MOO foldingaa 72 fold(g.r.

,42434). Ibøaaphiboli
tadoaotdisplayfolding,bu

ttheaorsfine

grainedbandsshova markø
rdproferrodoriontationofb

orabløndeprians

parallalto thoD2linaat
ioa,andthareissoesboudi

nagoof thoaors

maasivebands,viththoax
eaof thsboudtasalonsat

adin thosaas

direction.D struotureaaronotsoenin
thefloldatall,butaany

1

garnotsfraathsgobiatho
risoaaabov"S"shapedtrai

ladisplayingaa

sarlyfinecalad fabriois th.oore.

Ther•laa localanoaalyta he D2 linsationintheWyS
ulitjelas

laraavbishwasnotedby Ho
alsyandisoonfirodin th

oprosontatudy.

Th*lineationobansasin tr
endfroaL-111toNF.41‘andf

roarunaing

approxiaateZyalonsthast
riksof thesohistositytor

unningdownthe

dip. Thlaanomalyisprobablyas
sootatedviththeDuoldas

opstrastars.

Nortbof autivanntbeliae
atioatrandaapproxiaatel

,yNrsg.SW,butisalaost

borisontal.

therelalittleevidenoeof
faultingaaopposettolov

angle



FIGURE 2.7. THE NY SULITJELMA AND GUDRUN ORE BODIES.

(g.r. 493476)
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thrustingonanylargogroalswithintho rookoof thoPloako—Vastonnapps.

lionloydossnotdosorlbsanylargosoalsfaulto(thoughthePuralund

sohtstgroapd1oplays•zoollontjointiag,wolldesortbo4byVogtp. 116—

136). Howaveriquitoa largsfaaltsoporatostheor~bodyof tholy

SulitjelmsminofranthatofthonowabandonodOudrunminsto thoeast.

Th*throwofthsfaultlaorossosdownthodlpofthoonr.bodywhioh19an

olliptlomllonaolongstod8.4,andooneordontwiththeaurreunding

sohlets, Whilotho na1noro body1adloplaoodby thofau14,& lotor

1nprognationbypyr1toronsup thoplanoof thsfaoltbotsn thotwo

bodtso. Thefault1svert1oal,and1totrond18roughtlydownthedip

of thoshast—liko oro-body (fig.2.7).

Thadoninantstruoturosoen1n ths gnsisahorlsonis thevirry

wolldovoloped11naatlon.Thosobåstosityoftheflnegrainsdanphibolito

botwosntha1Irnsmtof ooarsorgrainislmaterlal84~ tohavodovolopodat

thstwentthraasthis11nostion.Sonsof tho lonsoo showan sanSer

foliatIontwhloh1sorom owtky thasohistoality.Thissaybs a roliot

of thaprimaryhandingofthogsbbro.

Poldingis notasuallysoonin ths junst1onhorlsontalthough

thersarssam isoollnalfolda1n oalnilioaterooksmappodolthsinthe

diorit10gno1saoa tho southornsloposofVardotoppon.Thasohaveazo

parallelto thsD2 llneation.

Thaprovalsnosofths11noationauggoststhatthsfornationof
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thsdtoritiognolasøslangowasa D2evon
t. t000rdIngtoflonleytba

D2 linaattonropritaentaanspiaodsofhomogonoulibulkdafornattonof

thoPurulundaohtet. Onthisintorprotationthodiorittogneløøhorloon

toa sonaofoonoontratodnovanont(soop.23.
29). Thørolativolyriati

gabbrooomplezwasunabletoparttoipat
ointbabowogainousdofozwation,

anda aoneatthobasoofitboommeoonvortodin
toa tootontanolangeot

anphibolittorooka. Thtottoosnotinplythatthorohasboonø
great

awountofmoronontof theOmak nappsrookorolottvwtothoPioøko Paaten

napporookilsatthoer01111 outtingof litbolagiosigroupaandtho

taposaibilityof oorrolattonbotwoongrou
paaboveandbalowthodioritto

gasiaaaredIffloulttoszplatetunIns qu
itslargssoelanovanutt

000urrød.

Thanorthornoutoropofthothruathorts
on,southaf

Sorjnajanre,haanotbotatwreatigatmlin
verygroatdotail.

t G•

Thepr000atatudynonfirnoHonloy'somolu
stonthattho

ooquonooofstruoturalwrontain theGasa
knappoisalrallarto that

obsorvedin thaPloake4aatonnapps. Thetnjoottonofthegabbrooonplez

roprosentsa oloarlydafinødovantduringthoorogony
,andthestudyof

thoatruoturoain thosurroundingrooksis
thørsforoolarlflodby • atudy

of thøstruoturatn thegabbrocoaplintt
aelf,andin thoaoesof

hornfolooaaurroundingit.
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1. Strsoturesearli oottomof ths bbreø 1

Thaatraeturoawhiohaoateartai
nlypra-datetheintruaionof

thsgabbroomplexareana la theranolithaandraftawhioh
000nrlathe

gabbro. Themat apeetaeularot thasearstobø me
eala Sorjuedal,iaa

larr rattla thegabbroat thsbottom
of thevalleywhiehia•roamedby

thøtouriattraektoSorjaajan
n(g.r.534544). Theroakaiath

iaraft

arehard,fiaegralaidhorafsla
sa,butainorfoldeoaabs immaia t

hea

(tts.2.8). Anotharraft000urala theinous
breeolajuataorthof

potat1757(g.r.596506). la th
ispro-herafslaboudiaageeanbea

ffis

(fIg.2.9).

laaaeertatapre-iajeotioastruo
tursa000uriathehorafela

surronadingthøgabbre. Thøyerøleeaentaialyprøstaj
aettoaia thatit

taaotalwayaoloarla thefield
whotherthaatruetursameartheo

aataete

of th.gabbroformedpriortohor
afelalag,orhavebelialapondoa

the

horafelaslater. Oftaaexuataattonof thiaeatioa
aoaahelp,but

aometiannov thiaøvtdøaøøeaabøambigmoue.
A fairlylargesealsfold

lahorafelasanours aouthof the
aaallpatehof br000tasoa Vakaa

ttokka

(g.r.557465). Thørearealaof
oldainhorafelaesaearSiamorj

us

(g.r.513527). Notimoughprs-
gabbrostruotureehavøbeeaideat

ifiødto

mak*poaalblermaygoaralleatio
nabouttheirgemetry,butitmaa

olsar

thatat thetiaaof injeotioaef
thegabbreoomplath.roekahad

alree4y

uatergoaea eoaaiderabloamonatof deforaat
tea.Aa thipD2 struaturiusare

laposodoa thegabbrocomplos,th
eprø-gabbroatrueturøøarieaasig

asdto



Fig.2.9.


Pre—hornfelsboudina,ein raft on ridge N of oint 1 8 .
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Nealey'sD1 deformationopisode. Thorøisa possibilitythatseveral

episodeaof deformatioaocourredpriorto theinjeetionof the gabbro,and

thattho evintadesoribedas D1 by MenleyarodifforentfrouthoseWhioh

prodnoodthøpscegabbrostrmotares. Bowever,at the•omentthøtormDi

is appliedto any etrmoturesclearlyearlierthantheformationof the

mainlineationand schiatosity.

2. Strnotnrealaterthantho bbrocom sx.

Thøseviiibø desoribedfromtwodiffsrontarsaa.

TheDmol

Thisarea,romadtwosmalllakøøwestof thogabbrooomplex,is

of greatinterostin any studyof thsstrmetursof thøNE Sulitjelma

rogion. It showeanomalomefeatursecomparodwiththerestof ths

Smlitjelmarogion:-

Thesohistosityand boddingshowlargesoalointenssfolding.

Othørlargescalestrmotores,smohas thslangvannantioline,involve

rslativslygultisfolding.

TheD liaeationstoopeneon a NW trend,andrmnsdownthedip

of the schistosity,rathørthanalongthsstrike.

Vogt(p.87-94)proseatsa detailedacoomntof thedeformation

in thiaregion,basedon Sjogrea'smapof Utbologisa. bil.hia

interprotationishighlyingnious,andexplainsthopatternofsurfaoe

ontcropsquitewell,theminorfoldahø postnlatesdo notocomr, Au

attemptis madohereto provideaa interpretationmorein acoordwithths
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astemb

Pts.24.0 Poldlagoffo
llatioaofgradito.

Plig.2.11 Paralloifold
axesaratlinaattas.

Lambortognalsreaproj
ootlaa(loworbeeidephø

re).

• normaltofoltattoswarfs

poloofpaat otrolotbroughfoliatlo
s

x P2foldasaa

o lisoatioss
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fialdovidsnos. Thooboorrationsdemoribod.wor
omadowithJ. E.Larstn,

who is studyingthoaroawostof thogab
bro,but thaintorprotationiaby

ths writor. Laran is oontintingto workon thoaroa,and it aaywellbo

thatho willsodifythooonolusionsreao
hodhoreft.

In tbsmioacsouspsamaitsandkya
nitoaohistgroupsainorfolds

oaa bt r000gnissd. Thoaxsoandaxial
planoshaveboonmoasursd. Tho

ama lioapproximatslyparalls1to th
eD2 litaationandthoreis a woll

devolopodaxialplanssohistosi
ty,whiohis thomainsohistosityo

f tho

sroa. Thossfoldsart thersforstormod
72 and thoaohistosity82. Tho

wavolegthof tho foldais of th
aorde of 5.10ae and thoyars rowoalid

by the proforontialwoathøringof ra
thoroalearsousbandsin th•psam

mito.

Thoolosursof thsfoldin thogranitowasalso
studiodin soma

dotall. Tho1131111of thefoldiagof thofolia
tionof thogranitslios

parallelto thoaxasof thor2 foldsand thsD2 linsation,as is shownby

the istmDirses(fin. 2.10,2.11). Tho folddooshowover,rotatotho

D2 sohistosityandalsothaaxialpl
anosof tho72 foldsand is thers

foro

rogardodas laterthaathomainD
2 doformationopisodo.

In theohannolof thostron flovingintothooastornDuoldag
op

lakafromthosouthpostD2 fold
rarssoon(g.r.521496). Thoashavo

almosthoriaontalaxestrendinga
pproximatolyfe.W,anda ponstrativoaxial

planosohistositydrrolopsneart
hohingoo. Thoymaybo tormad73. folds,

as tboyrofoldthsmainD2 sohisto
sity.Theirago rolativoto thom

ajor

foldin thegranitais mnoortai
n(thisis tormodY3b).



FIG.2•12. INTERPETATION OF THE COMPLEX FOLD AT DUOLDAGOP (BLOCK DIAGRAM).
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Theearlysynolinetraoeillnetratedon theatruoturaloverlay

is basedon thoolosuresobservedla themicameouspeammite,but the

prøoisepooltionof theaxialtracein theoentralDuoldagopregionis

onlyinferredduito thøpoorexpoeur.in thisarsa. Thoarlaltraoeof

tholaterfoldof thegraniteis mappedin thepositionsof greatest

ourvatureof therefoldsdsohistosity.Sokryver(1966)oneationsthe

validityof thismothodof plottingaxialtracesof minorfolds,butin

majorfoldaof thiskindno othersethodof plottingtheaxialtrao*has

yet been putforward.

Fig.2.12illustrateethointørpretationof theDuoldagop

struoture. /thaabeendrawnin perapsotive,roughlyto soale,thetop

surfaceon theaketohrepresentingtheprosontgroundaurfamr. An

offshootof thegabbrooomplexocourringwestof Smasorjusis shownjoinød

to themainmassundertheearlysynform. Thisontoropoonsistslargely

of amphibolites,butvitha littlerelativelyunalteredgabbrovhiohin

thiaseotionoloselyresembltsthemainSulitjelmagabbro. The joia

belovgroundla purespeoulationbutaightpossiblybø oonfirmodby a

gravityor magnetioaurvey.

In theregionnorthof Smieorjus,thereis a ohangoin the

direotionof thesohiatesityfroma N.SstriketoaoroNE-SW. Thishas

not beenatudiedin aay dotailbutmay bø a struotureof thesamoepisodir

as thelatemajorfoldat Duoldagop. It is vellseenon thealopeof the

hillnorthof Smasorjus.



FIG 2 13 
 F  fold, S. of Sorjusjaura g.r. 567551).

LookingE.

LV
faxial planar joints.
/

1 I
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South Sorus a

Tbøothørartiahtterothootruatu
roaaurromadingthegabbro

oomplinthavøbeenstudisdis sou
thof Sorjusjauro(ontbøsztrsas

north

of tho aap). Theoutoroppatternis notso oom
plexborsas at Noldagop

- tbø lithologioalunitsstrikaD.
sWandthosobistosityis approni

aately

vortioal. Thabeddingis noreor løøapara
lls1to thaeahistosity.

TheD2 linationasemsto bs in a
•iailarattitudsto that

•bservedronadthsfl sornr of thegabbrooomplexi.ø.noarlyve
rtioal.

A latørsøtof foldsharsbøsnispond oa thssa
rlysohistosity,

produoinganotherlinsationplun
gingnatly wsstwards(fig.2.13). Thoss

latørfoldsshowa spootaoularsorisaof olosuresin
thooalearooussood"

politswiøstof Ramaørsu,whishar
oaappedouton tholithologioalnap.

Thøyare alsoraponsiblsforth
sdisplasamentsin thsoutoropof

the

graphits-sohistband. Thommfoldsassaslailarin styl
eand dirootionto

ths r foldsat Duoldagop,butaoredot
ailødstruoturalworknuatbe

3s

oarrisdontbsforothisoorrola
tionoaabø anythIngbuttontativ

e.

Conolustoas.

Thecountryrooksof thogabbrooomplønhavsundorgon
opolyphass

deformation,thoasquenøøof ovontoblaingsiailartothatdas
oribodby

Honløyfortherooksin thoDeld
oaivoøsquentm. Ihogabbrowasistrudtwl

aftørthefirst(D1)ovsat,tho ø
videnosforthisphaso(orphass

a)of

deforaationboing•trnstureaiøe
nia thormallylastasorphoasdsnol

ithain

tho gabbrooomploz,and in thona
rrowbandof bornfola. Deforaationaftin
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tho intrusionof th.gabbrooomploxhaa impoasda conapirmonalimmation

on tha aosntryrookaand thomormde
formodpartaof thogabbrooomplo

m,

and thisD2 phammiof deformatio
nasomaalaoto bo thophaaoduring

whioh

tho "dioritiognolos"horizonass
ociattdwiththobassof thsOssak

nappo

was formoi.

NinorfoldacoaxialwiththoD liantionoanbo noogalood

bothwmatand northof thsgoabro complex,andaro termodr21 In tbo

Duoldagoprogion a majorsynfon la thoughtto bo aosooiatodwitht
hoso

miaorfolda,andto havoboanrof
oldodlaterwitha diffnat azialplano,

to forma oomplombasim-ahapodstruoturo.
Northof thsgabbrooomplom

a laterastof minorfoldaon E-WaxmohaarofoldildthoD2 str
uaturoo.
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CgAPIIRTURSZ.

1.

ThsSalitjølmagabbrooaaplssiaa laysrad.basioignooms

oonplezwhiohbasandargonoostoneivopost~nolidati
onaltoratien.ta

thiaebnptorthoprisarynineralogyoftbsoomploswill
bodisoadundsni

alsetheohangnbroughtaboataftørsonoolidatioa.T
h000obangioero

ta ohrone1eitsa1ordorp-

Doatnioorsarlypootmageatioalteration.Tboforna
tionof

kolyphitiobordora,browaborabloado,oloudingof folo
parsoto.

Cataolaoisprodasingstrainoffuotaandgranalationof p
rinagy

ignovaoaineralsassooiatodwiththoDistnurturalovon
tinthe

sarroundingomatryrooka.

Anphibolitiaationof thogabbrooomplawsonteporarywiththal

oataolaals,orilnodiatokyfollningit.

Thoprinaryniaoralsinthotalitjolnagabbroomplosar
oia

apprezimatoordorof abanglanoolabradorits,augits,oli
vino,ortbappress

andpyrrhotito.Thoroisi variationinthooonpooi
tionof tho

forronagnoolanninaralofrondifforentparteof thogabbrooonploz,

whiohhalpbosnatadioduoingthoslootronsiprobo-Prgyomigaion

niormanslyoor.Thofivophassaliatadabovoaroprai
ntthroughoattho

oomplox,andallfivoaropassoatinnoarlyallthouna
ltondrooko.

1n additionvorynanyofthoothorwisounaltorodrookso
ontains onall



FIG. 3.1.
1. Igneous lamination of plagioclases in specimen T138.

x 20.

2. Plagioclase grain 3 from S174.

- tf-

x100 approx.

Pericline twins.
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anountotbrownhornblonds,T
halstatusofthioninoralasa priaary

oryotallIsationproduotoras a produotof post
-oonsolidationaltøration

isnotontain. Thawitterfavoursthss000ntivi
ow,whilsVogt

oupportodthofiret. Thsrolativoproportionsof tbø
ainoralphasos

varygraatly,oftonwithina shørtdistanos,anditiathisa
insral

variationmkiehprodnonthsba
ndingdasaribalinohaptor2.

TharookootthaSulitjolnagab
brooomplosere"ounulatos"sa

dotinøAbyWagor,krownandWad
aworthin19606 Thsfioldovitionoofor

thofornetionotthobandingot
theomplezbrthasottlingotory

stale

hasalroadybsenpromontod(p,4
0). Tosturalovidonnfororystal

aoonnulationoanbo sooninnan
ythinsostions.Ignoonsland

astionof

tabalarfolsparsispartioula
rlywollshowninalida1138,fig.

3.1.

Thorehamboona littisintaromulusgrowthatth
.pligioolaamorystals

indloattihyslightaonisdwith
a aorooodioda. Thiegrowth,whilo

groatorthanthatdosoribodby W
agorstal,inthiouaulativoga

bbros

fronthoSkaorgaardIstruelon
,lostillprobablysnallonought

ortha

rookstobodesoribodas"orth
oounulaiss"inthoirolassitioationsobens

forounulativorooks, Thootheroonmonounalluaainor
al,inutditionto

plagioolasoisolivins,andwro
monoearsalmotoundaaoismul

usninerals

in thamorsnatisrooks.

Thoplagloolassoryatalaarsta
bnlarinhabitandinthin

sootionporpondioalartothsplansof igandslanina
tionhavsa

rootangalarappoaransoabouti
ss.longandkas,soross. Cumulus

olivinsappoarsam slightlysma
llorgrains,usualLyronndod,P

roggentLy



FIG. 3.2. CLASSIFICATION OF ROCKS
Plagioclase

LABRADORITE ROCKS

OF THE SULITJELMA GABBRO COMPLEX.

Based on mineral proportions. Modes determined by point counts.

X Norms of analyses in thesis.

+ Norms from Vogt (1927).

0
(31

X ' •
ic.
0 X± +

0
Q

/. OLIVINE +

GABBROS •

MAFIC OLIVINE "7(5)
icS)

GABBROS

PYROXENITES

DUNITES PERIDOTITES

Olivine

Pyroxenes



- 59 -

tbøariginaloliviaooryatalahav
oboonannulataiby poehiconoel

idation

deforsationandtbsiroutlinomodi
flodkytbogrowthofkølypbitio

kordoreso thatitisnotpoosibl
sto ditorainotheirortginalohapo

.

Oulauluswroroms, bothortheand
olino,foaaotunpypristio grata

a.

Thsintoreaslasollaaggrozonsfor
s larg•oflitioorystala.Therup

havøbøønfomadinthinosatioaup
toabaut1 on.aoronandintbs

fi•ldup toarroralona.aoroos.
Thøtatormanluspyrearanalsofor

no

gralasfringingolivinø.Plaglo
olaasapparontlyorystallialfrast

ho

iatornalusliquidontothaorna
lusorystals.

1ntbianoommtthorookehavsbra
taolaasifiodby thorølativø

abundanoosofplogloolaso,olivta
i,andTyrozonooplusbrownbornblø

nds,

in a000rdanoowithtbøsobonsshow
nin thetriangularfliagrafig.3.

2.

On tbisdiagratbøao4esof 21up
soinonoofunnotamorphosodrookofron

tbøOnlitjelaagabbrooonplesarø
plottod and r000loulatodto100$of

theoaaponantoin theoornorsof t
bødiagren.19 afthroorookowor

o

oollootodby tbøwritørandtwoar
efromtbøMarkorslidaoollottion.

Tbømodooaroliatedinappondim2
imaarsbammoioapoinfr.00untoof

2,000pointoforsochopeoimen.T
bøoproadofthoplottialpointoaa

fig.3.2givn an indioationof th
avariationlaminoralocapositio

nof

thorookeof tbøgabbrooøapløs,b
uttbøfigurnabouldbøtroatimiwi

th

oaution. 1nmanyoftbørooksko
lyphitiobortaroroundolivinsare

wolldavolopsi.Themoduthavsb
øønoorrsotodto allowforthiøan

d

to roprmat ao olonlysepoosiblotbøorigin
alalsoraltanpatitioa,on



thoammetIoneoonooralogtbøforaationofthokolyphltlobordars

whlobaroglen Inohapte4, p.97

C.I.P.W.normiofrookasnalyedby thewrItorandof tbø

analywasquotadbyVogtaroalsoplottedoafig,3,24 Intbøtwoeamm

whum analysolrookabavoben polatrome4odtbøtwooorroopeadlag

polatsaroJoInødby doted Ilaø. Itwillbo sen thattbø

oorroopiarlonoolanotwpx,good. ThlaIsprobablyduotothofaotore

nontIonodabow,aadalsotoaanylingorrorsaamostot thoyolatassats

woropørfoundononotblaeotiononly, nonseroproonst


woightporentagosofnineralsofbypothstiosloaapooltion,butfor

gabbroawhiobaropretloallyanhydroasandooatalawanoralawitk

alnilarspoolflogrovItle,andwithohanioaloomposItIonsabouttbs

sanoaa thoøøof thoC.I.P.W.ompononto,tbødifforonebotwoontba

normandwodoøbouldnotbøgroat.

Wbonthøøøreerwatlonsarsbornolaralad,whatdoøøfig.3,2

obøwt Itappoarothatonlyonoof thedetørnInad,node oorrospoadato

tbaompooltIonotyorldotlts,andthatfallslaanoictranyartof tbø

flolde The Itnona thatolivinoandprtern• dldnotaoounalaio

togothørtalargoquantItloa,napt whanplaeloolaewaoaommulating

aloo. ThIswouldouggootthatduringthoorystallisattaaoftbo

omple olivino+ plagloolaso,wrozen + plagioolasoorolIvInø+

pyronno+ plaglooleoworoorystallising,andettlIngtoforn nuah

of salea orystalo.



Thsoanwonostroaktypoisolivin
sgsbbrawithabotit10$

olivino,570plagloolanand33;4,wrose
ms. Rookrwithovar80%of

ayromenss,olitinoandlabradart
toalsoosour,butnonobaisbimiafou

nd

w1tbnermithaa904ofthessoospo
nsatsaltberby Toatorthoyrosen

t

wrIteri.s.tharearsaodunitat
pyrosonitooar"anarthawitn"

(labraddritsrooks)intbooamonl
yaisooptoinsagesof thosetorms.

ThorossoafordesarlbingthsroOk
sottboSulltjelaaoemplaz

as 6abbrosratbortbannoritosiss
uootallystatodbyVogt(p.284)A

-

"Insp1toof tbofaottbatalltho
ssrooksoontadabyporatbans

I bawsaountodtbonaoolivinogabb
rosandnottusolivineneritn. tosi

byporathonaiøfoundlanotiooab
Lyanallorproportionstbandiallag

emøtt

of4enthors18onZya alautotram
iprosont.ThoboundaryIntwasstb

ø

gabbrosandthonoritasmastinal
loasosbe motats sonowbatbigbør

byysratbanooontenttbanisproso
ntbaro."

Whilsi towspoolneasdo showuore
ortbotbanoflaopyrommto,

tbAsstatsat oortalgy514elgoodfortbsaroat
aajorityat therooks

of thogabbrooønploz.

AawassontIonødsarlior(p.41)s
narrowøsnojustinaldatbø

oontaatsoftheoamplomisnotban
deml.ThissonsIssottonobsouro

dby

eistamorphis#butatowstrositroo
kaan prallInt tbey04.1 to berstbor

trootalitisgabbros(s.g,896,115
8,139). Tbessrookoarsnottina

arainødandoannotbo saidtorapr
osonta obtllodsarginto thooanpl

as.

ThotwoobusloalanaZysospertomm
odoa tboasrooks(appoadla2)mrs

ditforsatframosoaaother.Thio
nlyftasgratnednarstnaltaolosfo

und

isroprosontodbyapooliwurT134
.Tbislaa flasgralneddoloritior

ook

with granalarplagloolaso,olinopyros
ono,groonandbrowaborabloados
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formingby alterationof thepyroxenstabeadantorsandappreolable

spatite. Theroekwasdeseribedin thefieldas• horstsleandwa#

oolleotedwithlaa metreoftheoontaot.Ithaeno4beenobentoally

ana1yøwtd,buttheproseneeofapatiteasa najornineral,andthe

presønnenearkyof 4 einilarrookwithpyreconeriebpatohn(whiokair

be fragnenteof partiallyaaelnilatodoeuntryrook)auggestthatit

shoultinotIntregardedass eanpleef theparentalmagesoftheoenples.

2.

1. lAng1221ggi.

PlagloolassiethenoetabundantmineralintheSulitjølna

gabbrooonplex.Whenapparsettlyuneffeatedbysirtamorphinite

ompositionvariesintherengeAnsorkt75.Theoryetaleareslightly

soned,theborderehatng ananarthit•oontentup toebout5% lowerthan

thseoree. Conplitxtwinniagiseharaoteristioof theSegioolan

oryatale,andduringsoutinepetrographieexaminatiosof thinasotioneof

thsgabbroitprovedpeesibletoperfacmplagioeleasdeteeinatteneueing

axtinetionangleato thetwinplame inCarlsbe&elbitstwineandthe

tableinTrliger(p.102). Thealpharefraotiveindicameofenee

plagleslaseewhiekhadbeenesparstedaapoetereweredetnainød,ueing

theteebniqueoutlinedinDatr,liøeisandzusesen,Velts4,p. 131.

.§2t1g291 ilesshb





86 (unalteredportion)1.5606+ 0.003 64 4

86 (altersiportion) 1.5606+ 0.003 64 4
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and T1 .

115.




Chomicalana ees of 1 oolaseafrom

If±
sio, 50.65




56.80




1.1631.93




27-46




2 3 0.00Y.,0



0.14




3
Pe6 0.24




0.07




Ca0 14.07




9.71




Na,0 3.88




5.53




inel 0.05




0.08




Tt02 0.07




0.05




Total 100.89




99.17




Pro rtiona of cationaon a basia of 2 0 .




Si 9.163




10.197




1.1 6.806




5.810




Pe3+ 0.0




0.019




Te2+ 0.036




0.011




Ca 2.726




1.867




Ia 1.360




1.924




K 0.011




0.017




Ti 0.009




0.006




klbite 33.2




50.5




knorthite 66.5




49.0 Roleoular%
Orthoolaae 0.3




0.4




Albite 31.9




49.1




knorthite 67.8




50.5 Weight %

Orthoolaae 0.3




0.4




1.5640




1.5569




(calculatod) 1.5670




1.5608




1.5706




1.5654
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Siaglea alohaRa. Mo




894 1.564o* mo3 71+ 4

8152 1.5665* 0.003 77 + 4

8174 1.5577 + 0.005 8 ;t 4

n44 1.5419* 0.005 67b*4

T202 1.5630 0.003 TO + 4

ThehighvalusOftheanorthitoo
ntontofthokplagioslain

from$152ineoonfirmo4by thøCarlsba4-albits twindotentnatioa.

Omooepareto4plagioolanfronsp
eolmon394wasfnliyanalyent

obomioally.Theanalysio,with
a oaIoulationof thsunitoo11oontonts

isgivonintabls3,aloaywitht
boanairoisofplagioolunfrom•

motagab'Iro(1115).å Univorsals
tan,ataelasiSon wwømadsof tho

p1agtoolamsinthovorylabradlorits riohgabbro 8174. Crystal gratas

worostudiotby thoRittmanasom
alwithiamadthehulsrovRethett, with

tbsfollowinyrosultaI-




Inb2Let
~adaia(aassaing

tsaporstereoptioi)



Albito


klaA.

AN,


ka61

Rittmana


 Albite ka6, Rittmana




Aolinoå Ana #




Manobaoh





 Albito ita6 Itittwat




Porioline Aaø




AlaA.
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La Çostpositin ^It

4. Albitø An4,* rødaroV

AltA. An..oo
A1160

An6ø

(Detørettnationamarkød* aronotveryavourat
o).

ThetatmAyoforystal4. slsosh
owødthattbøpøøttioneottbøp

rinolps1

vtbrationdirsotiomlayasar
ørthetarvaaforplagloolasola

tbølow

•traoturalstate. Ysliasobtatnødtor waris32°,81°,79e and8319.


thlaauggestsa ovapoøttionaboutAn6,forpla
gloolaøølntbølow

atruotura1state. Thepørlolinetwinsorewintr
ahapødattheødgeot

thaorystøl,andmayvellbøer
formationliaslIsø.Sseftg.3

.1.

diftstosteter Imans woraaadøotseparats4powdar
sla

Cutpcradtatton,sadthsvalue
softhssagularemparation,

r = 20030+ 20(z20)-4.0(Tai)abi B 20(ITI)-20(200

(3mithandday1958)weriedøte
ratnød.

21241bia




(Lowstratitarsstate)

596 1.002 0.822 69

56unalterial 0.882 0.870 65

porfloa





$6altered 0.314 0,848 66

porttoa





38 0.653 0.836 61

893 0.771 0.848 63
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It tbomightyerontagoanorth
itoobtairedbyohealoalanalyolef

or496

(67,8%)isusø&on thofigurirsin
SmithandOaf(f4C,i p.749#fig•2.

p. 754)thovalue lioveryolos
sto thseurvotbeyObtainodfor

r"

sgainstoompooitioninlowetrua
turalotatsplagioolanos,thisse

rve

waoplotto4largelyon thobaaisof
dato fronanalysø4plagloolasafro

e

tbaStillwatorandSkargaard.Iay
oredbaolointrasions.ThaI valan

alnolionmar thslwetseparatursourrs.

Thsplagioolasoshavaundergoasa
ltoration,ovaningabbros

whishrotainthominarslogyandt
ealsreofprlearyignsonsprelp1

44W41.

Cloadtngisalnostunivarsallypr
easniandthesnallemourtof iro

nand

titanlumappeardagintbeobasin
alanalynisofS96waywellpartlyb

e

froeanolvadortin theplagloo
loas.Theoloudingisdustoninu

to

spooksofars. Somatinesthesoarerodlikewith
a markedprafsrad

orinntationintbooryetals,somo
timosthoyarsgranular,snA

•amptisimthøyari rodliksbutr
oninrandaadirsotions.Sanygr

alas

arostrainød.It basbodinmont
ions4alroadythatsomsporiolimt

wir

lamollaomeybndumtostrain,bu
tlnadditionoloarovidanosofst

rain

is soonasstrainhadowabetwow
norosoodpolarsandinthoblintal

bito

leasllaswhIshosourinnanyaost
ions.

Thstataon plagioolasscesposi
tionarnalsnosystenatis

variationinthigabbrooomplox
.lionoofthodataisvoryaeour

ato

howsvor,anditnaybsithata systonatiovariationszists,buth
annot

bonndotsotod.
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2. Plivina.

Olivias io charaoteristio of ths roon sf tha Sulltjalama

gabbro comples. It is fouad in all tbø unaltand rooks although in

scom it ia only prossat in aaall ammata. In a faw thia notios it

haa bosa pendosiorphad by a fina talo minsnl and magnetite but it la no%

ønn altornto serpentina. In most notion it is found aa larg.

iffigular or tabular grains, often surrouand by kskyphitio borars of

hrlaratnne aad an asphibolnplatel Intergrowth. Than han bna

studin la detall, anå ohapter 4 ia davond to thas. fl olivias often

ontain orsonwhiohan fillød with pustlas ot on. Strala andowa

are often visiblebetwenorosan polars and the original gralas han

ametimos bmin bronaup into a numnr of essllør wataa.

Tho olivins is oolourina in thin antioa and galna La han

speolasa. Onalpionally it showa mill-dovslopsd {101:, (010} and {0013

partiage ao that ths graine s bø alatekaa for pyronas at a first

glann. Attaapta wersans to astelt oryptio layering ia tha gabbre

oomples by lookiag for variation la ths ompositioa of Oas


anhod trin was that dassrind by Toder an Saban (1957) iswhie

olivias mapositiotat sn diterainsd froe the 4130 spsoing ia the orysta

l•ttim. 4130 was found from aa olivias powder by essauriag tbø Bragg

angls of ths 4130lt la the powdarpatteraia a f

X-ray diffnotasenr, usin quarta as an intaraal standard aai Co itt

radiation. The variatios fouad aers s11 0 as onaly oliviass from ths
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aarglaal trootolltis £101øø sad thø apper part of the laysrøa aorta

wer, szaatarl. Tho soopulto whioh wor, obtatall oa tbø two opootaos of

tbø eidirdao whloh werø analyøø11ohmeloally aro givra la tøblø 5. ka

attrapt wre aløø aado to detormlao tbø ocapoottioa ot oliviaø by

aompariag SS optioal azial aaglø 22, uoing thø Uaitørsal istaøø. Ishis

motbait was aløø aboadanød as tbø aagloa wopo forad ts 11ø vory oloøø to

aad it was aot pøøalblø to flad affioluat maitably ortaatod grain

for asourato drlimidaattoa. At 1t was oonoldorod at this stagø that tho

vardatloa ima rolative olight (ea tbø batte of tbø deray datø), it was

thought that lattroot aøthoda of stImatiag 2V wooil net bo amffieloatly

aroarato to dfloot it.

la tbø oal it waa deoldsd to inwestigats tbø vartatlat ia

oliwiao opapositioa by isaaa of the olootron-prObo aloromalyøør,

dstoradadag tbø oaapooitiomo of tbø ollawasjør forreagantaattlanals

at tbø saaø tbas. Oltvlan froe 11 speobrama of roøkø frae diffornt

parts of tbø gabbro omplfwa wimo rtaddød. Tbø fall rualta of tbø

adoroaaalyola ara liatød la appeatir 3, wItkadisaanioa of tbø

anaraøy of the rooalte. Table 4 dtves tbv vflulta ts tbv revi lat

forutorito aad fayallto oompoøitlona, after oorrostion bavo hnalisto

for vartou øystamatio ørrørs ta tbø analyols0 atloh aro diagawnd la

appastiz 3. The wrItir would liko to mekaøwlsge børo tbø aosistaaøø

of Dr. S.J.B. Rad awdMrs, P.K. Maimaør tbø Mataral øistory Musom,

who pørforart theo oorrootioas aslag aa I.B.M. 7090 orepatsr.



FIG.3•3. VARIATION IN COMPOSITION OF OLIVINE & ORTHOPYROXENEIN THE SULITJELMA GABBRO COMPLEX.
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Phrn of thaanalysodol1vindoearefronthemarginal

trootolitiofaoiseandareappreciablynoromagnasiantbanthosefron

thelayersdserime. 011vinesfrontbalaysrordserieshavebaanlletsd

inorderof /noresaingirlmaoontont,anditoanbø seenthatthere1s

quitea markodvariation,fron20.8to48.6moleoular% fayalite.ra

figuro3.3tholocationearashownoftbespeoinena1nshlobol1v1nall

wereanalysedalongw1ththefayalitecontentsofthsolivinsineash

•pooinonandalootheorthaferrosilitooontontof theorthopyromeunder

thefayalitooontentlabraoksts,Despltothofleidevidenoethatthe

bandingofthegabbrocomplez"youngs"northwards,thoolivinesbeoome

moreironriobto theaouth. Thieanomaywillbe disauseedinmore

detailwbonthevariationinthaotberforromagnselanminoralebaaboon

deseribod.

Detnninationsweromadisinthecoresandbordersof large

ollvinograinsinaneespeo1nenetodotootsnysoningthatnightbe

prosent. Relativelylittlesoningwasfound,andthat1salwiyanornal

les.vithr.1noreasing,andMg deereasbegoatvards(table4). Å nore

dstailedexaminationwasnadeofthesonlog1n theolivinefronspoolnen

396,inoonnootionwiththeinvest1gationoftheketyph1t10bordere.

(3,4ohapter5). Tooolivinse(3152and$96)werefullyanalysed

ohomioalty(appendis2)asa ohookon thaaosuranyofthaeleotronsprebe

analysis.Theoaloulatednolsoularocepeeltionearogiven1n table4

foroomparisonviththoleleetron-probevalme,and111oanbe immnthat



TABLE4.

Electron-robemicroanalserdeterm1nationsof olivines
lietedin order
fayalite.

of increasi

facies

Fa

15.6

17.0

molecular

Po

84.4
83.0

ro ortionof

No. of
Mar inaltroctolitic

T158
396

determinations

3
eee chapter4

1367 18.9 81.1 3

L eredseries

3152 20.8 79.2 4
T206 21.7 78.3 6
T204 24.3 75.7 4
T12 25.2 74.8 3
T150 25.4 74.6 3
T74 36.0 64.0 3
T101 43.2 56.8 4
T191 48.6 51.4 3

Zoni in olivinee





Fa alite contentein coreandmar in

Core Margin


T158 15.4 15.6
3152 19.7 21.9
T150 25.1 26.3
T101 43.8 44.2

Additionaldataon 2 olivines

Chemicalanalysis(seeappendir2)

T152


Forsterite 82.0 79.5
Fayalite 17.8 20.0
Mn S10 0.2 0.3
Ca22S104 trace 0.2

 4

d130 2.779 2.781

composition on
thisbasis Pa20 Fa22

2V 87o
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agroomantisgood.

3. ClinOwnIons.

VogtdesoribodthsolinopyrononsoftbaSalitjohmågabbro

omples aa"diallags",prompablyboammiai
thas• vorywelldaroloped

{1C4 parting. Itisanaugitooontainingan ap
prooiabl•anountof

titanian(thoughnotanffisionttoawritdo
seriptionasa titanpagit.)

whiobgiviroita faintpurplishooloarintbinsartion.Th
ograinsaro

ophitioinhabitandlittl•sonsd. lamolutioaislias appoorparallol

to (100)aphasisingthsdiallagaparting
.Tbayshowstraight

•mtinotionbstwoonorossodpolarsanda loworbirafringomesthanths

surroandingaugito,andaraprobablyortbo
pyrorøns.Theaggitoalso

oontainsarsolvodplatosoftranolusontorø
. Thimsliointhe{100

and (110haandisandtøndtobe rootangal
arinoatlimswithtbsiodtamof

thorootanglosperiallolandpørpondloula
rtotba (0013dirootion.Tho

augitshasaxtinotionanglosup toshout40
0insastionsin thspriaa

rana.

Thovariationinthsoaspositionoftb,oi
lsopyroxonssfron

difforantpartsoftbsgabbrooomplezbasb
oonstudiodbymoansof tho

elootroorprobesioroandystr.Ilffioultywasexporiano
edwitbthe

oaloiladatorainationsinnanyspoolaans,dasto a laokofroproduoibilitY

of standardooantingratos,andsorelati
velyfowaosoptabloanalywi

worsobtainød.Thwasarslistodasaoloo
alarproportionsof

olinoenstatits,wollastonitaandferrosilitlialongwithtbs
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FIG.34. VARIATION OF PYROXENES

Diopside
Hedenbergite•

f

( Variation of Skaergaard
pyroxenes (Muir,1951;Brown,1957)

Enstatite

Ferrosi I ite
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orthopyroxenoanalyssalatablo5. Infiguro3.4thsompositionoot

orthoandolInopyrozonsoarsplettodona oonvontionaldlogran.Tw*

palroof pyrozonosoosalstingla thosamerookarojoinodby llaso. /t

oanbo 000nthatthovarlationInthoollnowrozonslo lessthanthatin

thoolIvIneandorthopyrozono,saInlybiscaussofitsrolativolyorallor

iroaandnagnosheoontont.Tholrontomagnoshisratiovartosla tho

sanswayaothatlathoollilnosandorthopyrozonos.Tbøollaopyrozonso

contalnbotrosa0.5anel2.2wolgkt TI02andup to746 £12030 Tho

fullanakytIoalresultsarsglvoninappondls3.

Ophltiooryotalsofolinopyrozonsmaysomottmoosatirolgy

oncloosplagloolasolaths,shloharodlatlatiramallorthantholatbs

formingthematapartof thorock,asohownInflg.3.5drawnfran

apsolmonT76. l'hoorystaloars000asionallygranulatod,so thatwhatwas

onooa largsophltloorystalnowoonoIstaofnumaroussmallcrystalsbut

retaInsitoorIginaloutllas.Thoollsopyroxisisfroquontlyassoolstad

withbrownbornblondo,andbasundorgonsaltsrationtofibrousasphlbol.

In thomotagabbros.

4.

Thiorthopyronasprossatlathorooksof thsgabbrooospbut

ocoursin than diatinottoxturalvarlottois(fIg.3.6)

1. Cupaulusorthopyrozons,ocourringasatumpyprImmatiogralao

oftsnslthorsolutIonlanollasofellnopyrozons.ThioloonlyfoondIn

thonorosaftorooks. SonstInotthogralasabow slightpl000keolom.



FIG.3•5.	
Ophitic augite from S152.
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IntsrounulueorthowrozonswhIoboftonman
tlemiolivins. It

Is sostotisdiffioultto distInsulabfroathoorthopyrozonsIn tbs

kolityphItiobordors round thoolivinsbutususItyoonsIstoof largo
rgraln,

sadfoness muonwidorbordørto thoolirIno.

Thsortbopyrosno1n tbskolyphltiobordo
rs.Thisionot•

primaryminora1.

ThsossolutionIsaollaoofolInopyrozo
naopposurparallolto

(010}butar,onlyfoundiatypo1. Thoorthopyronasoftsaalso

oontalins•rsolvedplatosofaroabellarto
thosoobserred1a tho

olinopyronna.Inmanygabbroeortbopyrorn 1s aboont arvory raro.

Tbs proportionsoomstoinoroanwiththoto
talproportIonof forro-

•agnoslesslasralsinthsroek. LIkstbsotborprbuary miners114

ortbopyrosonoshom tbsOffootoofdoforaatIonaftsroonsoll
dationas

strainshadoweorbontorgranulatodorys
tslø.

Blootron-probamioroanslysissbowodthssammltrondof ir
on

onriohmont1northopyrozonssss inolivinsosndalinonrozonss,sndal
so

distingulabodoloarlythothrostosturalv
arlotissof orthopyross

doserIbodabovo,by tbolisdifforontoalo1
unoontonts.Cumulus

orthopyrsionewasonIyprosont1nopsolm
onT191ofthowssolootodtor

analysls,but1nthlaspoolmonthosolla
stonitsoontontofthooumubta

orthopyrozonolommobhisborthanthatof
thoIntoraumulusorthopyrozne

(toblo5). ThsmajorItyofthsanstysse1ntablo5 areof intoraumulus

orthopyrozone,butaborssnalyoosaroavallableofkelyp
hitlo



FIG. 3.6.
Texturesin ortho iroxene and ore.

orthopyroxene

apatde

2. 3.

	

1. i 25 T191 Oumulusorthopyroxeno.

i 65 T12 Orthopyroxenemantling livine.

	

3. x 25 S174 IntercumuluspyrrhotLte.

olivine
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orthogyronnothosoarollatodalongs14s.Inalloses thekflyphitto

orthopyron basonlya fraotIonofa peroontofthswollastonits

omponsntWhoreasthoIntaraulusorthopyrosonmbasovorØ.

Tbøoompos1tIonsof Intorounal**orthonrossesshawsbtsnt

plottodonthsoonwontionaldiagraminfig.

5s.

Thoorsnineralof thoSulttjalasgabbrooomplia1s gyrrhotitt.

Itwasdsteminodby adootrourrobo miorossalyals(tb.resultsofthose

dotornInatIoishavenotboenocwrootadandsooanonlyboregardsdas

ooml-igantItativo)andby br1oforaninatIoninrefloottatlightof

polirbod thin motions. /t oflen showsa Ststinotintonamalusbabit,

foroxasplsinspoolson5174,a labrinlorltenlobgabbrofrontbøloyersd

serlom(t1g.3.6). Thoothoraoossoogyninoralto apatIte.

The elsotrowprobe dataos ths1rontomagnsoluaratlosofths

forrawagnmassaInoralsmakst1$oloarthetin saltiontotheralsary

layoringv1salsintbs8.14 thoSulItjolosgabbroconplosdisplaye.

eryptio1aportng.wagorsoiDoor(1939)awftsintwyptiolayor1ngaa

boingdisplandinthslayarodsortesofthoSkaorgaardIntgualon1n

twowaysre

1. By thevarialonta thoopapoottionofminoralsWhlobshow

oonttnnewovariationbrtsa twoor morsondanosbors,fromhighør

teporatursfonms1ntboIoworpsarlIororystalliadeportionof the
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intrusionttolow•rtapørstnr*for
mshighørinthointrunion.

2. By tbøappoarenosanddisappøsran
seatpartionlarlevolsin

tbølayerødsørtøøofa niasraløpø
øiøø.

Cryptiolayeringof tbsfirsttypsi
sdisplayodby tho

Sulitjølnagabbrooasplea,thatof
tbøs000ndisnot. Infig.34 Iho

oonparisonoftbøtrøndsofoonrci
tIonvariationintbøBkaorgaardand

Bulitjelmaintraelonsshowsthattb
øvariationinompositionisfar50141

narkødatSkangsardthanstSulit
»Ina. Inbothosawstbøtrøndis

frosnornnagnøøianminenlattonor
eironrioh,andthistrøndappears

in

wanyotkerloyarsdgabbroe.Lata
itedironariobawatontbøBulitjol

na

soal,isfaroonnonsrthenntriess
irononriobsøstoftbøSkawrgaardt

ype.

Tbørsoanbø littlsdoubttborefo
rø,thattbørookswithnore

ironriokninsralestSnlitjelnaor
ystallIsmilaterthantboøøwithnor

n

wagnssianninørals.Tbøfaotths
tthenootasspolanoliviesst

orthopyrozsmsandollsopyronwass
tBuilt»Insoonefrontbønargina

l

trootolitisfasiøsoonfirasthia.
Itisonthisbasisthattheany-n

p

indioationsfronthsbandingsemni
ntbøfieldarsrojnotød.Roweve

r,

tbøpattornofninsralvariationin
tbølayorødmins isnotsimplytbat

thealawralboomm nor.tronriobt
ø tbs8. Torwiamplø,tbønineralain

thegabbrefronVsknaookkain tbøø
rtreaøsonth(loworleftoffig.3.

3)

aroapproviablyløssirenriebtban
thon intbøpyronnit•frontbø

sunaltofSullskongon(esntrobott
onof fig.3.3). Butfieldovidønøø

unggøststhatthobandingatbotht
bsasplas dipsgentIyoris
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borlsontal,anathospeolsonf
roeSuliskongonsans froea h

igher

sltitan(1914a.)thaathat-
froahiceankka(about1600m.)

. Iftbo

•truoturspropondøsrllerfo
rth*gabbroomplez(3 9 stotionlaaap

pookst)laoorret,tbsdiffn
noo1naltitudsapproahasto

lyreprosontn

tbodittersno•in"stratigr
aphloal"lovol1n tho1ayorsdgsbbroom

pla

of thotoospoolaøns.Itnom
s possiblothstthohaprossiv

osouthfea*

ofSuliskongenydisplaya y
ortIoslsoot1onthroughmaoho

fthogabbro

sonples,butovontorosohthe
footofthisfam 50*14bequito

diffieultfOstofaouatataso
rtag.

3.

Effsotsdastoosrlypostoon
solidationalteratIonof tho

gabbroosp1oslooluds

C1oadIngofplsgioolass.

roanatiaaofkillyphttiobordorsroun ollvlas.

(o) rowastiosofbromaluniffla
nds.

Tbmflretba bosaadsquatolgdIonsod 1nthoontionon

plogloolan,sadthoanoadis
thesubåntofthenostoheip

towofthis

thsels. ThsforaatIonofbrownhorabl
ondew111bs disousailbero.

Thorobarbeonoomodoubtwho
thorbrowahorabløndsforan so

a priaary

tgnsas prosipitstoorassaaltorst
inproduotofolinogyrnamsft

or

oonsolldstIon.Altorstloswo
ald1nvolvetbsIntrodustla

sInto

ollaopyrozonsof soda,titanl
aandpotash,andtheremovalof

silloasnl

11». Browabownbløndo1sslsofoun
d1nessooIstIonwithorthopr

conow.



FIG. 3.7.

Toxtura: re13tinntih1.23 nf

bro  Asn llornblende
clitiopyroxene

border.

3
x 1,40 ? 5rwt b:rflPiJP wtb tt-3 t5 Pr,at

2. x t5 TIal Bruwn hornb1;3ncte?ormin.;rL ry..t pyrrhotite.
x 420 T101 Relationahip between briwn h:rniende •irtkelyr.htticborder.
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Tegtgløse5 goetdeser1ptlesøf 1teplooeb
roiosebensanåoptioal

propertios(p.289..220).

Tbebrownhoreblendsmostofton000uresepat
oboofrInglag

pyrozeneoryetaleanaserImeroundorsgrat
as(flg.3.7anaf1g.3.6,

drawing1). Sonettmosthobrownbereblondegmwø withitso

orystallographieexieparalleltotbøosatleoftheol1nopyr
oxene,ant

withtheaoplan..alaoparallol(fig.3.7)
. Itsosuroas largegratne

1n tbegabbropegaat1toeoesesionallyfound1
nthegabbroeenplestla

whioh lt oftenenolooseplagisolasseatpyrezeroor
ystals. rook


(T172)wenfounasonsistingofbrownbasubl
onto,byperetheneant

labradoritoonly. Itotosturoresenblolthatet• hornfoloand1twes

fosatlaaaareawberobornfoleosendlipae
usbrucoiesareoommen. Tho

hormblonasweeseparatotfromtberookanaan
alyood(tablo10). krown

hernblondoefrondIfforentpartooftbegebb
rosenstlesdordsinaffind

theuseof ths•lootraurprObemIeroanalyser(eppeadir3).

fig.3.7,drawlage2 and3 ehowtherelationbetwoonbroem

hornblendoTheingpyrnene(intbleoaseor
thopyreans)andthes

kelyphitioboraorof theellvino.Thøbrow
nhernblontoappeerstobo

oontinuouewithtbøoutorampb1bole-splae
1latergarethborderrelindthe

olivime. Thiesuggeotethatoomebrownber
nblondeat leastfornedat

thesanetineas thekelyphitieboSereando
lsetron-yrebodatswillbe

g1venlator(ohapterd)whlohouggestthatth
immefornotbysolii-stats

reaotionaftwrtheoonsolidatiosof tbøgabb
ro.
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Thoforaatioaofthobrowaborabloa
doocoorrodbeforotho

omphibolitioatioaof thogabbroomplozalwogoboarpl
aaosaalinthøST

csoien. Thogrom horabloadoformsdby thisaphiboli
tioatioa

000asioaallyhaabrowahorabliadoin
itooorlitreao browahorablendoio

aoverfouadoantliagyrsonhorablo
ads.

Thoinforsatioaoomorpiagthotheoo
t oryotalliaatioaoftho

browahowmbleadomuybo osarind,s
sfollowwsa

ThehorabloadshogaoatZirins4lin
eRInniessithma

iatoromouluohabit.

I%iafoundingabbropogmatitovolo
o.

It•newatoboossoolatodinseaoth
iaosotionowithths

formatioaofkolyphitiohordonroma
doliviao.

ItisaoatIodby thogrowshorabloa
defonetduriagtho

motamorytdooof thsgobbrooomplox
.

Th000oboortatioaoouggsetthatthof
ormatioaof thobrowa

horabloadsdain froma latestagoin thooryetallioatio
aof thsgabbro

omploz. Itssidualliquidwoootillyromatan
iwaowogrogatodiatovoim

to forathogabbroyegaotttoo.Pos
siblyiatheoonoolidntwaporisst th

e

oomplotmotioa botwoonolivinsandplagioolasoprod
wootthokoliyphitio

warginowhiloroolduolfluldporwma
tiagalonggralabouadarisoaltorod

omollpatohooofpyrozoaotobrowah
orableds. Theohosiotryoftho

brownhorablendswillbodiocaumodl
aappondir1 whoaitisowaparodwit

h

thogrooahawabloadofoundia thoao
temorph000lgabbroo.



NU. Z1.8.


Cataclasticalterationof abbroa.




1.




2. 3.


 i 25 T68 Ftaotureaccompaniedby alterationof olivineto talc and magmetite,diaruptingke1yphiticborders.

 i 65 T168 Localieedfracturingof plagioclase.

 i 65 T151 Shearedgabbro (N.B.plagioclasecrystalsare outlinedin thls drawing.)



ItisintørøstingtonotehørethatHors(1951)ooneldorstho

browahornbløndoof thøBaltimorsgabbrooompla,Maryland,U.S.A.to

havsformedIna doutørlooploodewithteepørstsrsal about 800°c,

whøreamWilltass inhisorlginal a000unt (1886)oonsidøredIttoboa

produotof prtaary orystallisatloa.bornstr Kes goøø rurthør and

oonelders tbøuralitiøsdgabbroswithgma bornblønditobø prisary

ignessuproduotsor tbsreult ofdinstørloalteratIondurIng000llag0and

rojeotothssuggsstIoathatthoBaltInorogabbro oomploshaøboon

notssorphosod.ThøoomparlsonbotyøøntbøBaltInoroandSulltjolna

gabbroosepløns willbø disounød Inobaptør7.

4. c 1

Veryfsw rooksbavsbooncatinød lnwhlohthørsIønot

ovidonosforpostoonsolidatIondsfornationofthooonstItuentmineralit.

Strain•ffsotsandgnnulation ofmisørals havoalroadybseindosorlbsd.

Smallshoaraonøøruntbroughsanyofthegabbros,showing little or no

dtsplaasaøst of tbønlaøreloon eltherside. Thøyarsmarks&br

rartloularZytinsly groand niasrals andsonetiosby altørstionot

pyrons to fibrons ampblbolosandofolIvInstotaloantnagratlts(fig.

3.8,1). Sønørooksdisplay nore mrsørs deforsatioa, 01111withoutths

appøaranoøofnewnlneralphsaostandbavea oanpletokygranularteaturs

wttb olotøofolIvinsorwrouns grain reprosontingtbøoriginallargør

orystaleofthosoninerals.Onslooalltywhørssushoffsotisaro

partimularlynarkodlathsool(g.r.553513)sharolonslASouterPIrdna.
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FIG.311

1. Sheared gabbro, as eeen in the field (g.r.552513).
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orystalsoanhossonon tborooksurfaosint
bsfiold(fig.3.9,1).

Catasolaotiosityaltsretgabbrosarsalsofoundneartheaout
heraoontsot

withthodioritiogneissoaYardetoppon,Sto
rtoppenandTakn000kka.The

moststronglydeforastrookoboomeveryfin
egrainsiandarsdeeoribnias

gabbrewilonitas(fig.3.992). Tboyarofoundnoarthooontsetsofthe

oamplazta thonorthandwest.

Thsastoniehingthingaboutthisoataolasi
sisthatitham

000urredwithso littioaltorationin tbømi
noralspeoisspresont.The

gabiroelyionitsinfig.3.9oontainsi littisbiotitoandgron horablendie

butnanyoatsolastioroakssbowolivino,ort
hopyromenotolinowrozoneand

labradoritoonly. Binosarashingpromotsetherateofrsationi
n

experiemntalsystenstowardsanoquilibriu
nassablageønditsanbe

laforredfrontbaprosonooofkelyphitiomar
ginathatolivinesat

labrodarit•weronotinequilibrisaithone
anothersoonoftorthe

oonsolidationoftbsgabbrooomplez,seasfs
otormusthaveprennted

roactionooeurring.Twopossibilitiesaro

Whontherookswereorabo4,tbøtemperatu
rewasrelativolylow

so thatrsaotiosratimsorooo elowthatapp
roolabler000tiontowordaaa

equilibrionasaimblageoauldnot000urinth
etimoavallsbio.

Whontbarookswarsorushodthayworoini dryoondttion.This

wouldslowrenotionrato oronathightenporatursoandproventtho

formationofhydrousphaaneaohashornbio
nds.

Thiexistenosofmetneorphiamtoamphiboli
tofaolosintho57



FIG. 3.10.

Data on the Mg0-3102-Hp system. (Bowen & Tuttle 1949).
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oornor of tba omaploz, moolatod with ehoaring of tho gabbro (soo p.

auggøsts that aome deformation at loaat oodurrod whila tbø gabbro was bot.

Ths motion soon in some frasturas s.

olivina watorvapour• talo + magmotit•

may alao givo a olus to tho tomporaturo at whieb thmyformød. As bas

baon statad oarlior, tba altoration of ottris te sorponttna bas not hoom

obaorved, althougb tho possibility romaing that samo sorpontine may bø

prosent along with tba vary fina grainød talo. Rowevar, asumaing that

gorpontins haa not formod, and that the reaotions in tbø magnseima rish

phammt from the gabbroa oosurrott undar oonditions oomparablo alth theso

undor ableh the rosotiona 000ur in the iream.froø ayatem Mg0m8102m020,

limits oan bo ast in a oruda way to tho tomperatura of foraation of tho

oraoka, ualngBowan and Tattle's (1949) data.

fig. 3.10 ta a traoing of howon and Tattlo's tamperature and

prøssure diagramp ahowing the two cmrvøa raprflonfingtbø maximma

stsbility in tho Mg0m5102mfl20 ontas ot talo and saspontino.Por this

phasso to bo prønnt at all an siene of tba stlioa oenponont ovor the

stoiohlontrio proportion for forsturito must bo prøsønt. It ia sesset

that this is suppliod by tha bnakdown of tho fayalita oemponont in the

olivino.

Premtho diagra it oan bo soon that tbø lower Usit ot tbø

posaiUs taaporaturo rango over * widø variation in prosaura is about

5000C. Tbø oppor limit inoreaoss with proosuro botamet about 750and

850°C.



Themefigurosaustbe treatodwithroserew. Tho aseumptiona

nade ars verysmeping. the fayalltsoontentof theollelnsoinnotbø

siaply regardodas deomposingto providecillos. Strlotly•poakIngths

rolevantdatashouldhø quotedfromthefouroomponentøysten

Mg0,,W0.43102-1120.As far aa Utewriterle awarosynthetiodataon thle

systenis notyet avallabls. In auoh gyatenan additIonalwarlable

appeareduoto thaeffootof tho chenioalpotsntialof orygenou the

oxidatlonstateof Iron. But bearingthiaIn nind,it seensfalrto asy

that ths formatIonof talofrosolivIneIs not ocapatIhlowiththo

orueangof thegabbroat a temperatureof 600-7o09C.

Prof.h. Q. x.Butlandhaspolatedoutto thewrIterthatit Ss

possiblothattheamphlbolitIsatIonof thaSW cornerof thogabbrooompla

smy havesoourrottalongprrezlatingfraotursplanas,shlohwouldprovida

easyacom forthefluldswhlohtookpartia theinotanorphio

roorystallIsatIon.Thlswouldponalta oolddefornatloaphasebeforsthe

notanorphlen. Whilethistheoryaoocnntafor thaobservodfloldand

mloroaeoplerelationatthoarItorfeslathatwithoutanyfurtherevIdanoe

to •upportIt,it shouldbe •llatnatodby Booanterasor,as it introdueas

furthøroomplexItyintothepostoonsolldationhistoryof thoSulltjelna

embbro,whlohwouldhaveto 000landthenbo roheateddurIngthoD2

netanorphioevent.

Thewristorproferstho thsorythatthe estaolaelstookplaoe

whIlethogabbroompleutwasat111hot,andthooomntryrooksworO



andørgoingroglonalmøtamorphIonto am
phlbolitsfaolem. Thlismoamethat

tbø oataolasisof tbøgabbrooanbø oo
rrelatedwIthHonloy'sD2

•truoturalovant.

5. t ti t b I

Tblai. t verywidoepriadprommm. Tbømajorityof spoolmoom

oollootødfromtbøgabbrooomplexdlop
ldysommamphlbolitleatIonof

pyredømmi. Tbø torm"nralitIsatIon"hasboanappl
lødto desorlbstbø

altøratIonof thopyromnmsof gabbro
eto flbraosarwhiboløø0havingboon

firotumedby WIlliamøIn 1386of tbøg
abbroain thoBaltheorsoomplax.

It bas boonumml000asIonallyin thlaa
opount,an in a dimorlptiveaønsmi

It la aa appropriatstorm,altboughthoro
arodifførenoøøof opinionon

whetbørtheproommeIs to bø regardød
am a dmitorloor metamorphieone.

Thø wrItorpreføratbømorooumberaam
tørn"omphlbolitheation"in that

thlooonvøyøto tbøroadørmorooloar
Iytbøamaning;altøratIonot

pyrozonøøto amphibolosloadingIn tho
mitImatøoaøøto tbøformationof

amphlbollts.

Tbønosonolatursof tbømorøor loøawa
phibolitisodrooksfroM

tho gabbroomplos prnontsdacmeprob
le, as s largønunborof

spsohoonswhiohhadundorgosøvariousd
agremsof ampblbolItiaationhad to

bø olaosIfiød. Tbø followingsobmmepro
nd mosfulfortbie?urposø.

Thø rooksaro olamdflødon thobasliao
f

TbøproportIonof pyroxonssaltorødto
amphibolø.

Tbø dogrn to whlobthaorIgInaligneouatextursI
s rotalnød.
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Thosoobowanapprootab10dnrooofalto
rettonot pyrozno to

anpbblolo,butpyroaonsrønstnaaaa gro
atorproportIonthan10%of tbø

førromaarnetaantsørala.

1.215dattalk,

Idgmthaa10%ofthsformaanooturian
owalsrønalaflimalterad

pyroseno.Tbørøskrotatnattaophitt
oteaturo,tbøaaphiboln

pinnidcmorphtnathoortginalWilharas ando1lotas.

Tbeaooroatapblbol~plagloolaaral
inossisitorooko,wilebdonot

sharroltotoPhIttotørturo.Thoyoro
ottlloloarlitroandtaranrooksof

tbøgabbrooonplan. nvidonaofortbton
gybøaamoosionallaraorollot

plaatoolasslathsholdnaoonplostatnni
ngwrovoatnoomsoasoonorølytba

looattonwhorethoapsolongwasoolløttled. If no øvldonso of fornatton

fromtbørookaof thøgabbreoonplazla
furthougna,thøasocaltal

torn"aaphiboltteMlausful.

Th000nloodtatliotIonoan Inportantaanagyofthosountry

poebasuppggatngthoBabbroomploraro
naphlbolitn.Itproved

PoloalblotodlatIngutabsetagabbro
isasphlbolitoofrontbøotbarelanoot

05111111•

Innanythtnantionsof amphlbolitta
ødgabbrotwoornora

vartottosofaphtbelsoaaber000ptoo
d. Bothtondtoboftairaratnint



FIG. 3.11. AMPHIBOLITISED GABBRO S6.

ChloriteClinopyroxene

Green
hornblende

Cummingtonite

Iddingsite

Talc

65 $6 In this thin section,threedifferenttypes otalterationof olivinemay be seen. In the upper left it hasaltered to fibrousaummingtonitioamphibole,in ths lowerright to magnatitsand tale, and also to a brown iddingsiticmaterial. The peeudamorphsafter olivineat the top left areeurroundødby the reliotsof kelyphitioborders,indloatingthat th•esformed beforethe amphibolitisationof the olivine.
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andflbrons1ntholøssmaphibolItimodgUbbros.Orthopyrommais

roylamodby anoptIsalIypositivooolourlosoamplalbolowithoblImes

szt1notIonbotimonorossodpolars,andolInourozonsby anoptloally

nogatlympalogreonamplabolswhitobalsobasoblIquoortinetiou.In

matagabbrooonlyonsamphiboleIsprsssnts grafaahornbliandoin ooarser

aggingstesthanthofIbrousampb1bolosof theimpb15olitisodmabbros.

Thisoftonoontalnoamallblobaotquarts.

SometimosolImmoisitsgromsattheIntorfamibotwoonmaybibols

andplaggloolass.Itlsusnallymyrmokitio1nbabitanditsappamranos

wasdasorIbodbyVogtasfollows(p.302)

"ThoollnosoteltoIsnotfoanddispersodthroughoutthe
plagtoolasobutbasa veryobaraoteriatisocourronosatthaoontast
botimomplagtoolasoandbornblondia.Rørsltformablistar11ks
olImosolaltoindividsaleblobeitomtbiborablondsaudbaysthoiroonns
yartagalnatthop1agtoolaso,so thattbeygirotbsImummademofhaving
grosmIntotbatmlnerale Thowboloappooranosvsrymaobrosallsthe
ordisaryplagloolamrsquartsmynakIts1whiobgrowsblistorllbsinto
potashfoloyar.TheollmosolattsbaogromaagmamakitImillyalongwiths
oolourloimbirstringsatsimoralwhloboansoaroolybodotormInad,but
obIobI masumstoba albitsiblobresseparstmldurIngthsformatiosof
ollmosoisito.Tbeproport1oaofoliassoisItoisfalrlymaall1andoanbo
satimatodat2%."

AsVogtobooroodtbaformatlonofthIsollnosolsIto18

aoompantodbydamalolfIoationofthiaplagloolaso.Th1sobanamsla

oomposIt1onfronaboutAn6,to An50.55.ThoolondingdIoappoarsbut

goodalbitotwinatagromaInotboughoomplemtwinsbsoomararor. Tbe

obanmamaybo illustratodby oomparingtheoomposItlomofthsanalymed

plagIoolasofrommotagabbroT151ntable3 witbthatofthoprbaary

lensousplagioolumofsposimen956. Oftonnumsronomaallorystalsof



TABLE6.

Summ of mineral c e due to am hibolitisationof bbro.

Unaltered bbro

minerals.

Plagdoclaee(An65)

Clinopyroxene

Clinozoisite
Orthopyroxene Cummingtonite (Quarts)

Secondary----
orthopyroxene

Olivine
Greenhornblende

The arrows olgy indioateobviousreplacements;traneferof variouschamicalcomponentsbetween phasesmust aleo have occurrede.g. transferof silica into olivine,or of magnesiumand iron aut of olivineto form orthopyroxene.

Minerals a ari in Am hiboliteoram hibolitised abbros. met bbro minerals.

Plagioclase(An50_55)

Pale green hornblende



plagioolaswhollyorpart17rørlastbsorig1nallarn lathøpbutitis

unontslawhothsthisisdueto rooryata111sationof tbøplagioolaso

duringanphibolitisationortoostaolastlogranu1atIonsimilnto that

desoribsdintbøprslousnetionofthiaobaptør.Tbøplagtoolas

grals oftondisplayoultostrongsoningøndthstroutørrbesapprosh

ondosisinompoaltIon.

011~ 1snon øsn altøringdirootLyto ssphibols.tanyof

tbøwephIbolltiesdgabbroodonotoontainanyol1vinealthoughIt1s

prøsent1nallthounaltsrodgabbros.Thealtørstionofoiiflnsto

orthopyrozons1sobanuinnlyso itsoes probablsthatearlyintbøproom

of anphibolitisationolivInoaltøredto orthopyroxøns,whioh

subsquentlysltøredtosph1bolø. Tbøohangs1n tbønlnuralson

spb1bol1tIsationarøsuweartsd1ntable6. Thøretotørturalsidants

thateshibolIthstion000urrødaftørthefornationofkelfyyhttio

bordørsroundolSvins(f1g.3.11). AshasSøn statodsarlin(p.76)

gron hornblondonantløsbrown.

1nordørtoStorninowhotherornotanphIbolitiostionsasan

IsohomIoalpross, a ssolan (S6)trontbøeastornøndofthovallsy

of Vardotorpon(g.r.5417,02)wasexamanød.Tbiooonta1nødstrsaksof

stagabbrorunningthroueunaltorodgebbro. 1.1g.3.12shom

pbotographoftheoutoroyitwastakenfram. TbeamphIbolltisod

portIonsof thesysinensør, outsay frontbøsaltorodportionsby

nuansofi disondsaw. ThetwoportIonsworstbøngroundunt11thøy



Fig. 3.12.


Am hibolitisationof abbro.

1. Outcrop from which the analysedspecimenS6 was taken.

The darker stripeeare amphibolitisedgabbro.

2. Outcrop nearby showingrelationof pegmatitevein to

amphibolitisation.



TABLE7.

Am hibolitisedand unaltered ortioneof 56
com arisonof chemicalanal ses.

Unaltered ortion Am hibolitised

SiO 18.55




• 47.79TiO2 0.33




0.32
19.44A1283

Fe 0 0.76




19.51
0.65

Fe83 5.62




5.58Mn0 0.10




0.08Mg0 10.14




10.13Ca0 12.24




12.24
Na,0 2.42




2.42K b 0.16




0.14
H20+ 0.80




1.98H20- 0.00




0.002




Total 100.77




100.84

Recalculatedto 100% of anhydrouaorides 1-





48.34sio

4

2TiO„

9..96d




0.32
A1 0 1




19.7323Fe, 0.76




0.66
Fe0°3 5.63




5.64Mn0 0.10




0.08
Mg0 10.16




10.25
Ca0 12.27 12.41




Na 0 2.43




2.45
1(28 0.16




0.14

ortion
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pasoodthroutha90øoohadovsandana
1ts1obesloally.The rnalts aro

givonIntablo7.

Itoanbo goonthatforallnajorasId
oo,tbødifforonon

botwoontbøtwoanaly000aroof tbøsan
oordørofnagnItudomustho

anatytloal•rror. TboonlylargotlifforønosIsInthoporoontagoof

220 drIwonoffabovo105°C,whIohlsblabo
rlatbs onphlbolItlatgabbro.

Itlo latortotingthatthorelono oli
gnifloantalffornosla tbø

proportIonsofaelaandpotaoh,as nay
hiboloooontalaoonaidarablynoro

of tboaooxIdstthanyyrozsaso.Itoa
abo oonsIndo&tbatintho

fornatIonofaphibolonotonlyprozo
nobutanapproolabloanountof

plagtoolasiwaaropland.

Tbagroonbornblendaoftbototagabbr
osisdlotInotlytafforoat

Inohmaioalocupoeitionfromtbabrown
bornblandofounaintbøunaltorod

gabbroo. Tabli10 amparee tbøcompooltionofbrownhornblnan withtbø

oonpooltloaofgreenborabloadofraano
tagabbrospoolson1115.Tbø

signifioanosofth000rosoltaandtbar
osultoofapsetrophotostrio

dotsrmlnationsofaboorptIonopsotratronth000hornb
londsoarø

disokuumdlaaypondlaI.



FIG 41 KELYPHITIC  BORDERS TO OLIVINE IN SPECIMEN 596
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Cl!

li

Thø kelyphltiohordøresurroundi
ngoltvtasorystalein ths

othorwtøøsnaltørødrooksofthø
Bulttjøløsgabbrooaapleshavebø

øn

montiomodsovoraltheøøalroag
y. Vogtgaina gooddosoriptto

sot the

reaotionrlasofvarioustypess
urroundingolivine(p.388-.398

)ob8tos

oarstaltodrawa dtattnottonbstwonrseottensso
nseprodiaøetby tbø

reaottonof twosolidphasoeend
thosoproduosdby thorøaotioaof

ousubasorystalsandintøromw
aluorosidualmagaa(tousethø sodøra

tematoolog,of14agørstal.).

"Kolyphttioborders"tnthtsa00
0unttøthitnas•givento tbø

røaottoasonsswhiobVogtasori
bøtttoooltdstatoromettoa.The

yaro

øssilyrøsognIsableanddisttn
otfrostbøhYporwthomsrtaoproa

antbY

rsookloaof ollvtaslelthsegma.
rtg.4.1 shows a photemlorograpbof

kelyplattiobordørsiathsapsol
anwhtob bas bøønetudiodbyflanoof tbs

løstronsprobøeloroanslYsere

The innorborderoforthopyroiø
ssusually doeøtøteof qutte

largsgrataswhtobrsaaorosstb
øoboleståttsf tbøbortiorands

ayortent

aloagitfora dtstenøøseviraltisastbøwidtb
. haritly,thobordør

oonsistsofsli orthopyresaspriasswiththstro
sszelperlinalonlarta

thsplansofthøortbølgromme
oltvinstaterfasø.Tbøorthopyr

ozszets
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usuallyoolourloøø,butinonøortwoapsolsonsdiaplaysslIght

plimobroiam.

Tbønarrowm18410bordorofamplitboisalonolanotalmayø

pr000nt. ThoampUbotohaaa shallaroompoultIonto tbatlatbøotter

bordor,andindIvIdualorystalaozteadaoroaabotlm14415andoutør

bordørs. It11,palegrsøn.

Tbøoutorborder1nan IntergwowthofaphibolsandopInsl.

Tbøøp1nalformalanall,oolourloøø,Iøstroploworawil1k.bodlosroughly

porpondIoulartothelaterfaoswitbplagloolam.TbøIntørgrowtkshown

in fig.4.110ooarsørtbantbaavorage.Ia•mmo•pimalmonetbøsphwil

ls oo finsthatit oansoaroolybosoonatallevonundørtbahIghpown

of tbømior0000pe,whlobmareaplalnwhyVogtdlanotdfloribotbøopinøl

phasoIntbøontørbordøralthoughbø daaorIblidoa tbaamaøpagøof tbø

menolropinølinInalrphltioaargInefromAndopon,in tbøLofotenIslanda

of horthørnhorway.

TbøbordørsarøfomndInmanypartooftbøSulItjølmagabbro

oomplex. Thøyarsosoner andbottordonlopfulintbøwatornpartof

theoompløztbanla tbøimat,andtendtobøbat dovelopo4intbø

margInaltrootolltiofaoløø. Kelyphltlobordøraof thistypoarip

oonmonlaotbørgabbrosIntbøCalsdenIanmauntaisobain. KoirphIt10

bordørsroundollwInoappøsr1n tbøtroatol1looandpøridotitonan

StirøyIn tbøTraneregloa ofNortbørnXorway(Rieny andSturt1963,

SturtandRameray1985). AnmeanpleframtbøSoilandgabbroInX.Iøsnag



is flguredinBarth(2n4Edition1952)p. 272,andonefromRiap
irim8.

Worwir1aHatob,1o11samdlolla(TwolfthSdition1961)omp.
316.

Kolyphitlobordororomado11y1nosaroobsofigarod1aBr‘gge
r's(1931)

olaaaiosocoustof thobirporltoaofmouthornNormay. Thowr
itorbaa

ozamknodoimilarbordm fromthslimat/rgabbroiaAbordoomahlrie(Watt

1914 ilmarl1923)andtboybrooalsoboondimeribodfromthogabbie
m

oomplanaatSaddeRomso(Roal1935),Inaoh(Woad,Sadaoblw
atabandSalt.

1961)andBolbolrlo(stowart1946). Examploaframbar/oignoomeroobs

fromothorpartsof thoworldaroalaoammoroms.

Controvornbasarloonoverthoorla of thosobordora,

r000ntozamplobeingaaorgunontinthooorrospondsnosoolmammof

"Waturo"beltwoomWoodom(1965)and01Waraand.Stovart(1966)om tho

rolatiomof thokolyphitlobordors1athogabbrooomplososta

Abordoombiroto thaprosouroatiblobtbaoomplarstorrotal
liasd.

XolyphitiobordorslaelivImigabbrooarofroquoatIrroforr
odtoao

"ooronitsom.Imthisaosomatthimmamobeanotbosaund as itla

applisdtomotamorpbtoroaotlombesdan goaora112(shana1945,MurtW7

1958). Tba argunatsinthl.ehaptorapplysololytoorthepprozam
o-

aaphibo1*-spimo1ooroaltosubiearofommdourreandla
golivimenrata3.s

inbasiolaoomaplutoms.

X bo

Inordarto obtainmoroopoo1flodatarolatingtotboformat
lom

oflagyphitioborderat• dotalledstudywaomadoof tbaoomp
omatiommof



themtneralphanaprønatuoingtheølactron-probeX-rayimiøsion

mioroanalyøørintheDopartmontofIllaørdoeyandYotroloay,Cambridge.

A røoontaccountofthødøetignandopøratioaof thipinstzsent,witha

doseriptionofmothodoforoorrootingthsmulto heabøongivønbyBasti

(1964). Forthioa000untit ioouffioiontto otatothatthøinstrant

onablosanalyumeto141matioforølamontowithstemioabors of 12ar

morøon a vorysmallvolmas(approxinatoly1 mieroaoubed)on theoarfaos

of • poliohodopselmonooatodwitha thinlaysrofa oenduotiaamatorial.

/nthointørprotationof thsroeultoitohouldbøborm inmtal

thatthøaoøursoyofa dotorminationinoreammewith

Thoatomionmaborof theanalyoodslomont(fortheollmonte

disoussodhørø).

Thototalntaboref mountomadointheoharsotorietio

Ieradlationfortbøølemat.

5. lhsqualityofthopoliøhofthsspeolmonsurfam.

Othorfaeteroalsoaffoottbøaoouraøyof anangyois,buttheøø

liotodabovoarothemostimportsatoaøøwhiohmayvarylatheanalysas

quotodinthisthoois. To omn•idøøofthoaboolutoaeouramyof tbø


rImalte,itisprobablyboaitoquertoRøød(p.265)t.•

"Atproantthofigurousallyquotodfortheaoeursøyof

olootronsprob•mieroanalysiois+ oftheoonoostrotioammurod,for

roasonahlylareasomoontrstionnT.on thaa10%say). Aøhasbflaahown

horo,improduoibilitiøøoonsidorablybøttorthaathisoanbsaohievait

butit iodoubtfulifbettørabooltitsaecursoiøsthanthiooanbo obtaiA"

sapøøiellywheaoorrootionearolorge. Aoeuraoyioaloolooswhea

amalywiagamallgraina,anåwhonthoaroaanalyeodisvoryinhomogomouø."



Tholestsaatoasoappliespartioulsrlytosonaof thoanalyass

quotodtathtsobsptor.

Thøkelyphitieborderslaøissinan896werilstadist.Tha

ollvtassedplagtoolaosfreinthisrookhavsbosafally*asZysod

ohomioalty(tabl*3 andappøndix2)anda bulkroakanalystshasolso

b***mode(appondis2). Thønodsofthsrooktssloogtesala appeadtz

2. Alnostallthaorthopyrosonolathasods1snolyalatsta tho

kelyphittobordør. Thetøra"gynploottts*uestiiaupondia2, andlstøP

la ehisohaptorreførstoboththaateldisoadoutorbor4oro.Thatotal

of orthopyrozoneandoymplootitøgtvos* nossureofthadavolopesatof

thsbordsvol26666ofthsrook. A pollehod,ooppøroestodithtasootioa

wesusedforateroamlysto.

Alltharesultshavsbon oorrootodfordesd-kine,baokgrouni

radistioa,absorptioaandatakionnaborhy handoaloulatioaaothodo

d000ribodby Røød, PhofluoresassoorrootionsitranoglIgIblo.

9.1"

Thaoltvtasgralaswersatentnottindotalllaanatteaptt*

datootanystainguhtabmightbo prosent.Thtswouldolsartybo slight,

sesthagrainashowno pøreaptiblovaristiontablreringenosla thta

soottas. 8as*gratasdldshowi slightvartattonlaireaoontsat

betwanoor,sadnargiatsoa oortasof potatanslyssaforiraavøromato

alongltaatraversoolasolootodgrsino.Thovartattoawseoonparnbleta



FIG.4•2. APPARENT DECREASE IN IRON & MAGNESIUM IN OLIVINE

NEAR CONTACT WITH HYPERSTHENE.
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magnItudetotherandoevmriatlenoftheeount—rotsof theinetrument,se

fiveopuntingporiodeoftenatoondasaohworospontoneaehepot,andtbø

standarddeviattlenof thooomatevaeoaloulated.Thleenabledaaerror

tobo quotodforthoøxldøporeentagoderIndfroetbøcount.srate,but

thlofigur•repreaonteonlytherandaaørrorofoountIngandd000nottake

intoaosounta greatnumberof souroenofsystemat1eerror(appendir3 and

Reod1964). Thibreoultoareshownon thograph(fig.4.2). Iteanbø

eeenthattherelee eignifieantdoorease1n thoproportionof lronat

dletaneeeleøøthen04 mn frontbeoontmatofol14nevithortbopyrozene.

Å eiallartraveraovasnadeporforningpointanalymeefor

nagneeimnontbeeaneorystal,seoloomse pooldbleto tholinetraverad

for tron(fig.4.2). Fiveoountingpertodowereagaintakenat eaoh

point,buttheoount1ngthasvaeIneroasedto100seoonde.Thsapparent

soningsøonødtobe sizallarbutemallerInwaountto thateeen1ntho1ron

1.e.a deersaae1n themognesIonoontontwithin0.5mm ofthoboundary.

Buttbørandonvariation1ntheoountnatoformagnøø1unlasgreaterthaa

forIron,aoIt1sunoertainvdtøthertbøapparentdoorenee1asignIfloant.

Thenoasurodellmeaoontontswero




ag 2




0.18ne. 39.92+ 0.29

0.48mm. 40.50i 0.38

0.88mm. 40.56+ 0.24

2.88em. 38.60+ 0.39



AttomptsworemadotodolootvariationsinNi,CaandMn intbaolivino,

outthayworsoalyprosontla tramaquantitios,andno approolablo

varlattonmuld bo søsn. I%maybe thatAlinorsasasnoortheoontast

withorthaTyrozono.Alwasnotmsasurod,butthoproportionin

orthopyroxonsisverylowin4ss4so itwasassumsdthatolivlasalso

ontainadverylittlo.

Thosignifioansooftholowvaluosforironandmagassianassr

thoboundaryisamosrtain.It ispoosiblethatthoyarsduatosmno

proportyof theinotrumint,althosgbthodiatanesof somoof tholow

roadingsfromthooontaotwiththoorthopyrozonrulasoutthopossibility

of thavariatioaboiogdustoinsimasodabsorptioaof oharaotoriatio

Xnadiationolosoto thecontant. Notallgrainsshowodthodoornaoin

kg andP. towardsthomarglabutitwasdatestodinothsroInsovoral

travorsos,andoatwowidaiysoparatod000asions,(Deoembor1964and

Novembor1963). Onspossibilityis thatthoapparsatdimoreaosissaused

by a doorwassinthosmoothasseof thaspooimonasthoolivino-orthopyrox-

onoboundaryIsapprosobod,butif therolasush& variationitsouldnot

bo soonundorthoreflostod-Pligittmiorosoopo.Thodsortassmaybo

oonnsotodwitbthemigrationoutwardaofMg andPsin thoformatisaof ths

holypbStiobordors.

Theuniforavalusefromthooontroof thsgralasuggosta

molmoularoompoaltionforthsolivinsofforsterito93.04,fayalito17.04.



FIG.4.3. LOCATIONOF ELECTRON-PROBEANALYSES IN
TABLE8 ROUNDA SINGLEOLIVINE GRAIN,

Spinel analysesmade here.
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Orthourromenø.

PoIntanalyntof theorthopyrozønswersn
adøat ninøpoints

roundthønargInaof oneollvinegrain(f
lg.43). Thøø.are givonin

table8. Analysime7 and8 woreenadøat thøømmipartof thonarginb
et

at difforontdietanoøøfrontho oontaotw
iththeolIvIne. Ths anairsal

weronads at pointowhlohappearedto be
msoothin reflootedligbt,anå

olearof arook•andlnolusionaIn trandi
nittidlight.

Tbø analyan arøveryslmilarto oneanot
hør,tbøtotalatendinå

to bø • littlogrisatortban1004. Tbaman analyalswa.rosaloulatødto

givemolocularproportionaof theønd-nø
nbørsonatatite(83.0.4),

orthoforroalllt.(16.74)andwollaatoni
ts(0.S).

AnphIboø.

Analyøø•werenadoat ølxpolntoroundthøoontaotof tbø

oiivins graln.(fIg.43). Tbø analys weremadøin boththeniddle

and outørbordør,andtbøomapositIonof t
hetwoborderoappøar•to bø thø

sams. Itwaanot possIbløto naksa oompleteanslyolsas tha Instrument

willnot detwatassodlunor watør,or tå
taioxIdatlonstatøof Iron. Thø

partialresultoaro llatodin tablø8. Tbøunitoolloontentswer*

ealoulatedfrontbøpartialanalyalaon t
habaal•of 24 (0.0R)nsaumini

thatthe amphibolsIs • hornbløndø(table8).

Tbø analyslaof thlaphamiprnontt4øffirørsproblas aa tba

worrlikisIntørgrowthaaroonly3-5adoro
naaøroøø. To obtain•



TABLE8.




Electron-robeanal

Orthopyroxene

sesofmineralsin kel hiticborders




1. 2. 3. 4. 5. 6. 7. 8. 9. Mean

sio 55.5 55.7 55.9 56.1 55.0 55.4 55.8 55.2, 55.5 55.5Fe02 11.9 11.6 12.3 12.0 12.2 12.0 12.3 11.9 12.0 12.0
Mg0 33.3 33.9 33.4 33.0 33.6 33.2 33.6 33.2 33.9 33.4Ca0 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.1 0.2

Total 100.9 101.4 101.8 101.3 101.0 100.8 101.9 100.5 101.5 101.1




Molecularcompositionon thisbasie:-





Enstatite83.0% Ferrosilite 16.7% Wollastonite 0.3%




Amphibole







A. B. C. D. E. F. Mean




sio, 45.8 46.5 46.3 45.8 45.1 43.5 45.5
.(1,6 16.6 16.8 17.3 19.1 18.3 19.8 18.0
Fee 3 5.1 5.4 5.3 6.0 5.4 5.2 5.4
mgo 19.4 20.3 19.8 18.0 18.0 17.7 18.9
Ca0 11.2 11.2 11.2 11.0 11.2 10.9 11.1

Total 98.1 100.2 99.9 99.9 98.0 98.1 98.9

Recalculatedetructuralformula,on thebasisof 24 (0,0H),assuming
the alkaliandwatercontent,andtheferroussferricironratioearesimilarto thoseof theanalysedhornblendefromT15.

si
Al


Al
Pe

lig

Ca

6.00
2.00

o.8o

0.58

3.71

1.57 )

8.00


5.09

Spinel

2. Mean

Structuralformulaon the
basisof 2 0




1.

SiN
A1,01

1.4
67.9

4.2
68.5

2.8
68.2

si

Al

0.6
15.9 16.5

PeO j 15.2 13.1 14.1 Pe 2.3




1430 16.1 14.7 15.4 Mg 4.5 7.0
Ca0 0.5 0.6 0.5 Ca 0.1






fl
'

fl 1~I

'111

t'

+44
'1N

fit,3111 t

.stkk



94 •••

prelImimary Indioation of the difførenoes In onosntration between tho

spinol and ampbIbole phassa in tho sympl•otit•, X~ray soannIng pioturna of

• small ana were made (fIg. 4.4). In then pioturn, tbe intonsity of

Illumination Inoreasea witb the oonoentratIon of tho analjnd •loment.

/n fig. 4.4 the analynd sloment and tho typs of IL.sraftatIon und in the

analjeis is wrItten under saoh photograph. Aluminiun and Iron are

oonentratod in the spinel phaso, and ealoln and eillosn in tbe

amphlbole. No oonoontratIon of magneslum oan bo enn.

In the quantitatin determlnation of tho spInol, the following

pr000durs wae uesd. The ourrent of the elootron nas wmareduon to 1/5

ite normal value. Thie inoressed tho •ffootive power of tbe eliratron

lønna, and eo redused tha aise of ths ana analysed. Unfortunately It

doorneed the numbn of oonats obtaind for any slament by 1/5, and

prodund i oornsponding reduotIon in tbe noursoy of the reaultu.

WhIls in the previon doterminations It bad prond suffloiently aoourate

to losate the •leotron beam by eye, vlowIng the epeo1men in tranamittn

lIght, a ditlennt method of InatIon was used in thie mase. The eleetron

heam was sonnad along i line aoroes part of ths aympleetIts and the


Intensity of the ailleen i« radistion wse monitorsd. The poeltion of

the slootron nan was noorded se the re000rdlnato on oathode ray tnba,

and the Intenelty of tbe siltoon EmradIation as tha p.opordlnats. Thle

produon petlerm of the type shown in fIg. 4.5. Diffsnnt areas were

soannod In this way and whon tbe SI intoneIty noorded on the eples1 worme



FIG. 4.5. LINE SCANS OVER SYMPLECTITE.
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approaohodthøbaokgroundvalusthebsamwasfinødin thisposi
tionon

tho lizisoan,andAl,Si andligdotormitationowersmado. Thontho

positionof theelootronbeamwasreadjustodit nooessaryto mi
nimiso

thsCa intønsity,andIrsandCa dotorminationsworsmads.

Eronwiththom,proosutionsthotwobostanslyne inoludo

smallamountof oaloiwmandsilloom(tablo8), Thounitoolloontonts

havoboenrooaloulatodon a basisof 32 (0). It oanbo ssenthatthors

is an intoossof silloonandaluminiumlonsabovo16,suggostingthatt
bs

SiO2in theanalyuisiø duoto "oontamination"fromtbøsurrounding

amphibolodusto lsokof rosolutionby theinstrumnt. Tbø iromand

magnosiumaroalsodefioiont. Thismaybo dusto inamouraay
,

partioularlyin thanunamolumanaiyols.

Cal lat of t bul oom iti tho 111 løotto4

In ordorto omaparsthoobamistryof thobordsroit is

neesosaryto knauthooanpositiomof theamphibolo øpinalintsrgrowthe

In thisoaloulation,thømiddlobordørhasbooninoludedwitht
ha outor

bordor4

Thevolumepøroontagoof spinalin tbasstwooutørborderswas

ostiwato4tromtha Xerraysoanningpioturosshownin fig.4444
Thlm

aluminiumKg ondoaloimaKgpioturoswhiohgawothobost"posi
tive"and

snogativs"inagooof thsspinolphasoworstraoodanda oompositotrasing

basodon thooswas uesdto •stimatothoproportionof tha
surfaes of tho

thinsootionwhiohwas oomposodof spinel. Thø Ca igploturssuggests1
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a asalloraroaof oplool thanthooompooltotraeing,andthoAl ILK

pioturoa largorarsa. Thooonpoisitotraoingwao pointoountodat 1 ra.

intorvala(N.B.fig.4.4io roduoodto aboot2/3thofaisoof thooriginal

soanningpioturoa). A totalof 2,941pointowao oountod,yiolding

volonoporoontagoin tbotwapl•otit•of opinol 10.0%, amphAbolo 90.0%.

Spoeifio gravitioaof 4.14 and 3.09riimpootivolyworoasonmodfor thotwo

phaotts. Thosowrrodorind frowtheoaloulatodmolooularproportiono

and tho figurosin Doer,flowiaand Zumonann(Volust.5 p. 61,andVoluno

2 P. 296). Onoeagain,itwao asond thatthoaloPhibolsife•

hornblendo.

Promthisdatathoomapooitionof thovaplootitowao

oaloulatodao followo (wight poroontagoo)

8102 40.0

£1203 24.6

Totalironass Po0 6.5

Ug0 18.4

cao 9.8

"Total" 99.3

at of t

To makstho oomparisonof tho oompositiono of tho bordors

•asior,thoohomioalanalyaosof thooliviaoandp1agloolsoo,andtho

eman#1ootron..proboanalarnoof tbøorthOpyrosonoandsymplostAtoerO

ast downagainhnrn
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si02

Al02 3

Olivint

39.4

0.0

Orthorwrozons 3,mulsotits ilakloolas*


50•7

31.9

55.5

.

40.0


24.6
Total
irønas POO 16.7 12.0 6.5 0.2

M40 43.4 33.4 18.4




040 traos 0.2 9.8 14.1

Ratio




MgOstig0 + Pe0 0.722 0.736 0.739




(TheA1203vains1n thsolivIneansZysis1saddadto5102,assappe
nalw

3).

ThevalussfortheKgOtågO + Ps0ratiomakea latsmagaatla

ortginforthekelyph1tiobortlersas propond k/ Rers (1951)andWslon

(1965)smommling1ynnilks17.Thsre1sabundantsviasnosthatlats

magastimflulasaroeariehedin 1ron rebativeto tbølear/yoryetalliend

phsess,whorststbserthopyroasnsanaknaylsstitsbordors bavemnohthe

sans MgOsig0 + PWOratlo as th.olivins.

Itømmenamostlikrlythatthabordersformsdby ehnelnal

rfletionbotreanolivingsnaplag1oelas.inthssolldstato. A .1npls

tootlonwillbe oonsiderodbeirsmakingthefollowinganamptionss
e.

Thsprommtkrap1sotiteunrthopyroansinterfacwirspresent
sthe

or1gina1 1ntefaøø. Thlslermonabls ontastural


grembi (f18.4.1). Itfollewathatorthownsen formedfrseollviss,

andsymplartitsfrenplagloalan.

Themobilsslanateworøirtinsndmognosilaa.andtoa mmeh



snallorextontoaloium.Stlionøndalmainiaaweropass
lvo.

3. Tbiroplaomuntofolivin,by orthopyrorønsanåot plagtoolaso

by symplsotitotoakplasoatoonstantvolusø.

LotusfIrstoonotdorthsaltørattonofplagioolassto

•ymplootito.Wø oanosloulatsthaoompositionwhiohari
sostrtromanå

magnosiumare addsåto thep1agloolauanalystauntiltho
wo14ht

parantagoof8111oaAropstothatinthoaymplostits(40
%). The

MgOsPo0ratioiskaptatthasamsvalusastnthsolivin
o.Thisgivas

thtsresultI.




:3102 40.0

Al203 25.1

PWO 5.0

1140 15.4

Ca0 11.1

1fwo asommothatthlooompositionshangotookploosat

oonstantvolmasthersisaninonaseinth,apsoifiograv
ityoftho

symplootitoovorthatof thsplagtoolasøby 21.714 Thoassummtspootfis

gravit/oftbøaymplootttowhiohwasusedinthsweightpe
rogstago

ocapolittonoaloulationwas3.20. Thooomposittonofthøplagloolaso

suggestaanøstlaatoofitøspoolftsgravityat 2.72(rmo
r,Rowtoanå

ZusamanVoluma5,p.137). ThisofigurosgivoanInoroaninspostflo

gravityof 17.64. Thusthsworkingbypothostsasoountsforthoohango

fromplagtoolasøtoesap1ntitsquitswoll.

Rowstartdifflaultinartseitththoaltorattaaatoltvin
oto



orthopyammome It is poolblo te obtaln a olose approxlmatima to tho

oomposslfloa of tbø orthopyrozone by IntbtraetIng re0 and140 la tho

approprlate ratio (Iurtb7 1958). but tbis Indloatos notblagnorothan

tbat tbø Kg0 s (Mg0 ratIoø ars almllar, aø bothphoolvi00101ab


almoot entlroly of tbø thrms oceeponont. 1.0, Vg0 and SI02. Thø amaseptIm

of oquol volus roplaosmint MOS Into onsre diffloulty eb orthowronn

and olivlms of thoøø oenpoeItiono havø almost the samo øpeolfie gravltioo t

andyøt tbm pootulatod loøø of Iron and wmgnoalunrusanaa reduotIoa is

tbø maamof tho ollvine on oonverolon to orthopyroxone. TbIo prodooøø

roduotion of 28%ot this ortglnal volumo of olivIne on conversion to

ortbopyrmumm. Ia epootams 596. In whleh orthopyroxøns oonstItutøø

94% ot this rook thls roanotion in th. total volumø of tbm rook


ot GODO 3.8$ when tbø kalyphltlo bordere forasd. Thers lo no toxtura1

vIdenoe for øuoh a rsdaotloa.

If tbø asytin of mianl volemo roplaeomont la retalnød

diffloultleo ams onommatorødøver tbø obtwalutry et tbo borderø. It

boomeas nossory to asmaso that sillste mal abataa Walle mobIlo madnot

oaly diffast sormso the bnplamstInnampffigamstItooontsot but aoroos thm

øymplootIto-plagIoolmso ønd bryorotbonø-ø11vine oontaota. Thls aommo

tallkaly tO bemooshoorrmlis vlmw ot tbø relatInly soniag of


olIvlao MadpIagisolaom,

Ia ispito of tbø volume diffloultIn t tbø writor ooneldsra tbø
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eimplediffnsionmodeloutlinedcarlierto be themeetplausibl•for the

formationof thekelyphitioborders. Feeof thekelyphitioborderein

theolivinegabbrosoeoupyas largea volumeperoentageof therookse

thosein 396, Speoimen$396ie fromneartheoontaotof thegabbro

complex,andpartsof thespecimenhaveundergoneemphibolitisation.It

may be thatthiemelesapytextureswhiohmighthavearisenfroma

volumelchangewhenthekelyphitiobordørsformed. It asemsmostlikely

thatthe diffusiontookplacein an aqusouefluidwhiohenteredtherook

alcmggrainboundariesandpermatedtheolivineandplagioclasefora

amalldistanolon eithersideof theinterfaos.

The thsoryproposedhereforthsoriginof thekelyphitie

bordersneybelsummiedup at followeI—

Theywereformedbyreactionin the solidstats.

A sinpleproceesof 2—waydiffusionacrosetheorieaal

interfamebetweenolivineandplagioelasewithironandmagnesium

diffusingintotbøplagioclase,anda littlecaloiumdiffusingintothe

olivineexplainsthechemioalcompositionof the borderequitowellbut

oreatesvolumedifficulties.

Texturalevidenoeeitedin tbøpreviousohaptersuggeetsthat

theyformedbeforetheD2 deformationepieodeandthesocompanying

anphibolitisationof thegabbrocomplex.

The formationof amphibolefrasplagloolessindioateethat

watermusthavebmenintrodusiebenthebordereformed. The exteneive



devoloymostofthobordesmoarthooontsotaof tbogabbrooomple

ommemetstbsttklowotormorhavoboondoritsdfromtbssountryrooks.

It wamprobably the tranmporttosøstImmfor lonm aarmemthmolivime  

plaglaislan iaterfan.
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å briefnoountwillha gimenoftbøpetrograpbyofmadhunit
ta

thistratigraphioalaspinosonp. 17.

i.

(a)

TbøpetrographyofthmPumtlanåeehlatarempbaabeeaatudis
ain

detail briefmemaaryefblareaulteisgivenherø. Do


00nOideltthenainsehistenfabrietehaveariam auringtb
aD2

deformatioaepiøetbandthereforeanignatmethenataeahlatosityeurfaoe

ae 82. Tbømrowthof thmporphyroblaatninsralaganietandborablende

etartedbeforeordaringtheD2epieda,ao thattbeireerawe
onetimee

retainansarlierfinømtrainedplanarfabrie,whiahhetieei
gnatøøS.

Thiea000untlaooneernedwiththeneitamtgnøonarooke M.ehliø

abovethe"Ultlarlgromp. It iaauffiøienttoaeytbatthehandaof

garnet-eloasoblatintheeobittionsphibolitømroapdiapla
yalltbø

futureedasoribødbyøenløyin thenainpartof thethruban
d.soktat

gratp.

(a)

Ontytwoapetelamefronthismattweretakeaforemanisatim
ain

thiaaøetion.Bothareflam-gralmedantldieplayi weliddi
veloped

atthietoeityarleingfronpretirralorintationefaSiaflakee. One



FIG. 5.1.

Micaceous ammite and achistoseam hibolites.
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 i 65 U49 Plagioclaseaugen in micaceouspeammite.


 i 140 548 Schistoseamphibolitewith late chlorite.


 i 65 559 Calcareouschloriteschist.
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spooimon (348) is a quartrausonitrayidoto-oro assenblegs. Myidolo

taksi tbø form of sabhødral yriamatio porphyroblasta. The othør apholmen

(1349) iøsquarts-biotite-hornbløndroaloits-olinswrialtssaaanblsgø•

Tho horablønds syysars as primastio yorybyroblastsp with tbø o-azos lying

in thm plans of sohistosity. Caloits form lonsos para1lel to tha

•ohiatosity plana and olinssoisitaappoars mrar the edgme of tbaøø lønsøø•

Thørs ars augon-likø matsorysta of plogioolaso shout 2 nm• soross• Thims

show oosasiomel reliot yo3rsynthstis tlinning, butnot suffloisnt for aa

aeoursts oompositiondflormination, though thøir low R.1. suggests that

thqy aro mors sodio thaa thø oligoolaas found in tbø sohistoøø amyhibolitss

sbovo• Thqyhaws ainnim inolusions of olinosoisits, museowitot biotito,

quarts and bornblønds. Tbmsohistosiqy søsøya round thas suggoting that

thqy may be prøssohistnity futurn (fig• 561,1).

(5) •

The rooks in this group disylay aø mwohvaristy in thin asotion as

thøy do ia the fiell. Manyars salommtlioats rooka nyosed of spidots,

quarts and plagioolass, wr sohists oasyssad of ohlorito# •pidoto and

quarts• Trus maphibolitos do 000wr intorbandød with thøsø othør

varistiøs. Tbø syhibols la usually a gma bornbløndo, tbaugh it iø

sometimøø rathør pals• Thø oarbønsts ainarals are vory shundant forming

lamesa ond patmhøs in rooka throttgbout ths growy• Both oaloito and

dolamits nomato bø yrosent• Ths tszturos of ths rooka srø also very

varlablo. Sometims hornbloado formø large yorybyroblasta with a
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preferrodorlentatIonparallø1totbeDi llnootion
.Manprookearo

bandstwithamawoaleareouebenderioberisopidotso
rollnesoleIto

altornatingwithmoreborablealiriohbands.

PlagIoolaaelaastberreroanånotoftentwinnedbut
mineariment

onafow graInaausgeotthatitleol1goe1asewitboampeoiti
omAn20.25.

1nonemetion(T216)largeangenofpotaabfelepara
refounda1ongwith

rolletmotaorystoofplagloolame,ahailartothosofo
undlaths

porphrrItloamphibollto.Thomatr1zof tberook19
oblerltesehialt sni

it oomeefromjuatabovetholowersoblatband,to th
eeaatofOtarveme

(g.r.53646I).Inthilarooktbeoblerit.growsin t
hoeohietoeityplanee

1n a sialiarwaytobiotiteormusoovItsInthopolltos.
Intbe

amphibolltoeltmgygrowatrandaaanglesto tbeeoh
letooltyplanee

(f1g.5.1,3). Chloritogobistaarenanalkyfoundma
r tbebasoofthe

aohIst000naphibolitogroup,or lwredlateliaboveth
epelitiobands.

Lateoblerritoof tbahypeabown1nfig.53,2 Isfou
ndInalltyposof

rooka1ntheSulItjelmaregIon,lludAullzmiwitag
ebbroefromthogebbste

oompla. Itimemetohavsformotturingslatopbaseofretro
grede

møtemorphima.

Thopartioloooesa1nsomerooksfromthosohletosa
mpb1bollte

groupInhandopeolesnor onthoouteropoannotbe ob
servedin thin

wootionunlessit laIntbøvarlatiomeintbopropor
tiomooftheminiera1e,

ThoprneneeoflImseteneeandpelIteeInthaashis
tossmaphIbolitsgtiwap

ehowethstpartof thiegroupformsåunelorainlimen
taryoonditione.Many
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rooka, lin tho ohlorlto aohloto, are diffloult to anign ølthør a

odImantaoy or an ignotum ortgia, whIlo It immooItkoty that maphiboltne

oh su 849 (flg. 5.1,2) any be noto-tgnnua. loar ths top of ths group

nadoubtod asta-tgana rooks rummobling the porphroltto amphlbolttoo

000nr.

(a)

Two mata typn of sook oan bo znognInd ta tho group. The

ooarn gralan "porpbyritto" rooko oontaln two tifftfflat asablagn,

hornblado-plagloslon-qmarlonpidotosbletitofonangthogrounnan,ant

ollsonolaitnnoovinsplogtoolantnpsoud000rphadteroeloto

plogtoolan. SonotImmethe plaglooloa pbammoyoto suroln (ftg. 5.291).

Whonthog do tbøy an etronglg øsnot, and tbelr oorn nay bo ao oalolo as

Angjowhonao tho plagt,olon in tho groundna and mar tbo Ingos of ths

phenoorpsts bao a ompoøttIon of oft30.35. somo ot tbø rooko do not

ontata hornblabdobut hawo a vory ugh proportlor of tho posudanorPhs

oftsr tbø plagloolon phonooryste and a natrix ompoon of olInnototto,

nunowtto, quarts and plagloolan. Ia somo notiona ohlortntø quito

abundant and appoan to hnos fornød latør than tbø othmenneralo.

Thø flar gralnød omphlholInooontst of the bornbloade-quarte  

plagloolan-opinto-blotito ammeblags. Somoshow roltet ophitto toztan

and nonolonally reliot pyrozon to nos ønnowend by grøon borablono.

Tbnø an aloo bruooeratio lown of fino gratnn rook with littlo

bornblønda but matgy anpond of granalar ouarts, plailiocion and Potak

folopar. Thno may bo notanorphoon aotel Innu tooko.



FIG. 5.2. Po itic am hibolitss.

relict hornblende with
plagioclase clouded cores
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 z 25 U24 Relict plagioclaselath in porphyriticamphibolite(outlinesof small plagioclasegrains amitted).

 z 65 s144 Plagioclasealmostentiralyreplacedby clinozoisits.

 i 65 U76 Amphibolitefrom rocks S. of Sorjusjaure.
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P ø

Ogy a fowthinosotionsofthoeorookshavobooncusainød.Tht,

inoludøpolitos,smphibolitosandoaloaroousoohista.Thpyoontui
agruAn

bistit•andblegrsøn hornbleadowitha rathørlowbirofringonoe
.Tbø

plagloolasoisløosoalolothanthatis tbøsapbibolits*southof tb
s

gabbrooomplox.A rcmghdetorminationbasotoathoneximassystri
oal

sitinotionangleoeuggløstsa ocupositionabowtAnt2.15.Bousoftho

grainoretainmorsoaloiooortis(uptoaboatAn25).

Thsrookshawonoobviousrolisttørturamoomparablo witktho

auta—phsnoorystoof thoporphyritioophibolitogrowptoonablsthoir

prraotaraorphionaturotobo disoovorod.

2. J U

A roprosontativosamploofspoolmonsworosollootodon a trovøres

aorosothødioritiognsinapproaohingthosumit ofYaknaokkafron
tbo

• Alwootallfl.rooksf*onValcsabolcka obow signaof satamlasio.As

thstopoftbødioritiognolosisapproaohodthisoataolasisbøoass
onors

andnorsintenøø,andevontuollyproduomeo foliatioa.The upporpart
of

thedioritiogmiss oonsistomuuntialkyof tsetonisodasphibollti
nd

gabbros. Thotwopr000ssossoomtobaysgonoonsimultansousli
y.loar

thetopofthsdioritiogasisabrownhornbløndolasonotinsofowadi
ntbo

corosofgroentbothroplooingthaforronewsianainoralsof thoga
bbro



FIG. 5•3.


Di tio lasandasmoolgtedrockm.

matrix of finely

ground

amphiboleEzp

relict
pyroxene

1. 2. 3.

x 25 T228 Dioriticgnmism(outlinomof p1agioa1ammgrainashown).x 65 T231 Cataolastioallydmformedbrownhornblemdsgnmissfromnmarthmtop ot thmdioritiogmelmsumit.
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(1a rookaas daformedas th1aIt 1ø not posaiblsto da
termInewhlolt

mInerala partIoularamphibø1øgrain1s replaoIng). The brown
hornblønd,

may Indloatethatthoonfatof foraationof thodtorltiog
nstashad alrøød,

oommonaøddurIngthosarlIøetatageof post-ooneolI
datIonaltieratIoaof

thogabbrooamplex.

The spooimenfromthø trawers.moottypIoalof mowtof
thøøøfram

the reatof thadiorltiognø1øøhorlsonis shownIn fi
g.5.3,1. Thø

appearanosof thadiorittognsIosIn th1nsootIonoon
fira,thef1014

obtarvationthatthisunitIs a tootonioaolangeof boo10Ignsousrooks.

Å ohamioalanalyalswaa perforadon a symoImenfromthohassof thøunit

(T2224appønd1x2) whiohwas takonfroma ooarar-grainsdlona. It doss

not rewomblsthøgabbraoIn oompolationbo1ngnotioos
blyrioharin silloa

and IroaandpoorerInmagnea1a.

S Ne

It wasstatodtearliorthaton thasoaloof thooutoro
pthasohiat

whIohformsthe junotIonInetwaathaPiookas.Vaøtenna
pp•roakuandthe

0asaknapperooksin thetallq I of liaausrønshowslittløeignof

tøotonima,ousthas tho 11matIonand lonsoidoharaotørobworvød.1n tho

dioritiogosIso.

It 19 1mpoolablsto ganarallaoabwåtthspstrogrsphyo
f thiethiS

sohletbøndaø onkythrn apeoiasnafromIt havebeirnbroughtbaokto

øxnainøin thingootion. Ona (T270)is a rathørfintagraInødquarts•

biotitei.plagloolaa.aohistwIthgarnitporphyroblaste.Tha othør
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wPewillsaw(U43,044)oonofronthoS shorsoflectroSorjus(g.r.586561)

andarevorypeouliar.

043lea graphitiosohistwithorystalsofpyrit•whishhavobesn

brokenup andstreahsdIntolensaalongwithquartsandblotite. Other

loneemsontainquarts,blotIteenduntwinnodplegioolaso.Tbøestrft

aterialbetmwsthølonaesisvoryflne-graInødeohletwithgraph1to,

btotIte,auseowltoandquarts. theaohlstoeityøwoøpsroundthomlaeral

lenost. U44haaa patrisof thographittosohistsurroundIngrod-like

amme aboutlon.Indlanotor,•longatodparalloltothoD2 llasation.

ThøøøersoonpoeødofgranularquartsandblotIteflakosinrandas

orlontation,withate~likoorystalsof oordIerltoandporphyroblastsof

garnstandolinoso1olto,whIshappeartohawegrowalatorthaatho

dovelopmentofthofabrioof thsrook.

Itlonotpossiblotoundarstandthe•ignIfioanoeof these

poolnenewithoutostene1vefurtherstudy1ntbil ares.

I

(a)and(o)

TheroaksfromthesotwogroupsarodesorIbodtogetherbscausøof

theirgroatrosemblaneebothin thsfløldand1nthinseotion. Droadly

peaking,throerockawtypøøoanbedletIngulshod,oaleareouseohlots,

enph1bolitesandsaloaroousrookswlthd1opeIda.

Theoaløarøomsehietshaveminøralaeasmblagoasuohasblotltr

quartesplagloølase opidett+hornhlende.Stasoftheloseosleareonsrodks



FIG. 5.4.

Calcseilicate and uartsiteband.

sieve textured
hornblende a -

aw qk

.

-




1. 2. 3.


 i 65 T42 Biotits-plagioclearquarts-epidote-hornblendeschist. The biotiteie darkgreen.

 i 140T195 Quartsitefrombandin calc-eilicategroup(a). Quartsgrainaoutlined.

 i 140T55 Tranaitionbetweenpelitic(bottom)andcalcareous(top)bandain calo-eilicate

rodc. Hornblendehaabeenehadedto dietinguishit fromdiopeide.The datk
coloured,highrelief,grainsare ephene.
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havsalmandinogarnetratherthanepidote.Bothepidoteandgarnat

000uras porphyrob1astewhiohappeartohavegrownafterthedievølosuent

of themaineohistossfabrioof therook. Thsbiotiteisgreonmadthe

plagloolasehaaa ompositionofAn25.30andehowaalightnormalsoning.

TheamphibolitsshavegreenhorUbloade,plagtoolass,quartsant

olinosoisite.Theplagioolassisstrongkysonedwithoorosau saloioas

An butthesdgehaseaatoapproaohthocampositionoftheplagloolasela
40

the osloareoassohist.

Thewast11~rieb rooksoontaindlopside,plagioolaseandquarts.

Theplagioslanseonstohavsa ocapositionaboutAn40,butinsosothin

attotionsthødiopsido-andesinsasesmblagoappoarstobebreakingdownto

hableado-olinosoisitraltgoolan(fig.5.4).

(b)

Thopelitierookasurroundingthegabbreoasplomaroofgmater

intoratthautheoaloareousrooksinthattbaalmainosilloateminørals

antgarnetsinthesgivsaaindleatioaofsovoralphasosofmineral

growth. Asa fewthinsootionsfrenthohornfolsoeanåignsousbroeolas

alsooontataaluniaosilioatenineralsandgarnstswhosstszturesmaybe

oomparødwiththeseintheoountryrooke,itiapossibletoshowthat

grevfflaofsonomineralsprommidsåandotothørssuonshml,theinjeetioa

of thegabbrooomplea.forthanonent,howover1thoseqnnesof

niseraleinroOkawhiohshowaoøvidenoeofhornfelsiagdueto the

injootioaof thegabbroompleswillbø doseribsd.



FIG. 5.5.
Gra hite schist ou and calcareoussemi— lite.

garnet kyanite

c 0

1. 2. 3.


 i 140 U13 Relationshipbetweensillimanite,garnet and biotite.


 i 140 U39 Kyanite porphyroblastalteringto muscovitein graphiteechist.


 i 25 U79 Iticrofoldin calcareouseemi—pelite.
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Tborooksfromtbographiteaohietgroupar
enetalnyegraphits

hoaring. (Thographit•boaringrooketendtobareau
sualsiøøimohse

entacovitrquarta—grapbitrylegioal
aoo).Amsomblageoeushasquartm-

ylagtoolue-rmuroovite•bietitnkaan
dinnIumineollteatoooeur. Some

rookaoontalaatourolito.Twealwaineei
llastomineraleareprmientin

thegraphitesobletgrompandotherpelitt
orooks istbe111$aulittelma

aros,kyanitoandoillinanite.killiman
ito000ureintwodifforent

habite,asquitelargepriematioorystalea
ndasvoryfino"fihrolite"

noodlee. Kyanitoandgernetformporpby
roblaste,kyaniteoftenbeing

partiyaltorodtomuseowite(fig.5.5,2).

ag. 5.5,1illnetratotherolationehiysmeniaa
thinantion

of eposhmeit113betwoongarnetaadthotwo
formeofeillimanit•.It

afloarethatpriesatiesillteanitsgrewbef
orstbogarnetthlohonelomes

itandtbsfibrolitioeillImanitolatorse
itovorgrowebothgarnetend

tbø prienatioeillinanite.It alooovorg
ronbiotite.Thorolationship

betwoonkfanitoandoillimenitein thisroo
kienotolearaa kyenito

appoareaaioolatedyompkyrobleetenotmoolatodwithaillimanite.

(å) c t

Therookainthisgrouywhiohwereexamins
diathinsootion

tarmedouttohoveryaiwilarin theirmins
raloyytotheonle eilleato

groupe. Tbøyoontaina higherproportioaofoarbon
atemineralaand

ammoegowdmonsohows dearseatotosturt,of
themioas.

å •poolmen(U79)wastakenfromthooloeur
eofoneoftho



FIG. 5.6. anite schist ou .

staurolite kyanite
1.

mica

garnet fibrolite

2.

i 10 T284 Microfoldin kyan1teach1at,showingfoldingof micas and fibrolite.
i 10 T48 Atoll garnets(matrixomitted,but internalassemblagesin garnets

shown).
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peasibloP foldsdisamardonP. 55. Mioro-foldsoonldbø r000gnlast
3a

foldingthabtotttoboaringbandeina diopald~qaarterglagloolassrook.

Thobistitohaarsorystallimmtsimosthsformatiaaofthsfolds. 1nthe

hingsmofthsfoldaitshowssnaztalplanarortontationbatfarthordown

tholimbeitratatasanortatationparallolto thaearposittonalbanding

(tig.5.5.3).

Thiminoralmfoundin this gromyarsatn11artothosoof tha

graphltosohtatgroup,noopt thatgraphttodoasnotocoar. Kyanito,

otaurolitoandgarnotocouras porphyrOblarts.Thesamstwoformsof

ailltabanitoarssson,althoughfibrollt*teoanottarthanthaprienatto

varisty. Latomusoovitotsabandantinsamossottonsaasootatodwith

silltaanito.Thelargaporphyroblastoofkyanitswhishsftenlts

oriootatotyaralloltothoD2 linsationoanbo imantobe daformaland

fraoturmtinthlaasottontandarsusmallyovargromabyflbrolitis

sillImantto.Pig.5.6showsa kyaalt.sohlatfromUs Dnoldagopreglon

(g.r.528505).Å bandrtobinbywatto,stourolltsandfibrolltopaaros

romnda misrofo/d.Thitafoldformodlatointhooryitallimattonsequenos

ss ttfoldoovinthobtotttoandthetlbrolito.Thoothorakotobshows

somsatollgarnotsframthokyanitosobistgronyolosotothaoontastatth

thogabbrooomplez(ger.568540).

(r)
Thossrookaareratherfino-gratnødpsammitmswitha granularar
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mooalotatun ofthoquartsandfolopargraiaa(bothplagioolsooanå

potaohfolapararofanad). Smallopiontodflan ofbiotttoand

ausoovitoltoparalloltothsoloavalgo.Morsshaninousbandoofflatain

prtomattoailllaanits,mulawwosaloaroausbandaopidote.

(6) G •

Th000rookawillnotbodasoribod,boro. An aosountof thoir

potrograitywillbe givonby Laroon.

Sembia.

Thoporpbyroblastminoralsinthopolitiorooksoanbo divittst

intetwotypeat thosoonobaø8yanttoandotanrolltowhtohorystalliest

at thosawotinsoroarliorthanthoforaatioaof thørtalasoittat000

fabrla(82)sta thosoouohasgarnotandoptdotowhiabtonåto oworgrow

tbomatafibris. Blotitatwassovito,quartaandplastoolasomakony tho

malafabriooftbarookt thoaahta000tton079thorotosvidans that

btotttonorrstallinå aftortboformationofaa73 fold. Ylbrolitio

sillimsnits everna garnot,btotits,kytatte andotaurolitoandsoanot

havearyetallisal vorylateinthsnquataaofainorals.lummovttoand

ohlorttoofte appoartohowogrownlatortbaathoformattoaof tbomata

fabrioof thorook. Thooaloarsousaoaaablageoobowthat dloyoido

dowolopsåao a rogionalstaeral butlatoraltorodtaoomoopeotanoto

hornbleads.

Å detatlatdosortptionofphom ofgresthofintamorphis

alnoralalarolattoatopham of defonation. andtotbøinioottoaof



tbogabbrowillbe pootponoduatiltheyetrograpbyef thehornfelemo

immodiatolyourroundingthegabbrooomplexheabeendamoribed.

Thewaximaaamilmoryhiogradaofthsrookaamme tobo fairly

uniforaiatheoontryrookeof thsGaseknappoaurroundingthogabbro

(nogleettngthohorafelaingtuoto thoinjoetioaefthegabbrooamylox).

Ia thspolitiorookathesammblegoaquartmityanitemtattrolitinamoovitr-

plagioalmm-bietitsandquart trbietitosylagloolame


otimtobavobesaatablethrouglumtthoaroa. Plagioolaselaeqmilibrima

la Shograwatmasstondstohorea ommositioaAn25.30.

Itappoarathattheoonditioneofmøtemorphiamoorreepomiodto

thialsandianaphibolilmfaoleaof7yts ?uranandVorhoogen(1938).

Ifthemirlyformatioaofkyaniteaadtbelaterforeationofeilliminito

arøi guidetoa obmiminthoomeditimmofnotamenhioaÇoillimialtooaa

hardlybosaitlto havegrowniaoquilibrimawithallthootherainsrale

lammetrooka)thontherewema ohangofromeonditimmoorrimpoadingto

theotauroliti"martssubfaolosto thoommareopondingtotheaillialnitov,

alaandlaseMbfamiee.

2gaest•

iterafslonarefommtiatwedifferontoituatioaammelatmlwith

thogabbroelmplez.Thsyforaa narrowaomeroumttheeentaotoof the

ooaples,aadtbsy000uraopartiolesiatheigammebrooelas.Bethtypts

ohowevidonosofaoteorphimato thopyramashorafolafaoloopbatthe

yartioløelathebroodasehow.a widorrangoofvariatioalabulkroek
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amposit1on. Isthtssoottoaon1ythooontaetbornfolemsøf thogabbro

omplos itoolfw111bo dosortbod.

Tbønasstvohornfolasofoundnsarthooomtaoteofthogibbro

oonylosand000mpionallytasonol1thslathogabbrosshowa varlotyof

mlestalaasanblagos.Theoamonastars

oltnourozono- plagisolas,+ quartssblottto

ortboggronne ••• olinawronas e plagloolaso+ quartss biotiti

orthopyroztas ylagloolus+ quartz2.btotite

Thsoorootshavoa granulartinturaandarsfinsgrainod. Tho

plagloolassvarios1noaaposttioafraaAa65.70laxonolithatathogabbro

to An5.50iasonooftbohornfolsosfranthooontaotauroole.

Caloarosuohornfolsos000ur,withasseablageosuokas olinopyroiens

(d1opaido)-quarts-oalolto,butas thosoarsmorsostens1volydovelopodta

thoignoousbr000tasthøywillbo desortbodthors. Aluninoushornfolsos

oontains1111man4tsand*yanttowhsastlioasaturated,orsplaølwbøn

undorsaturatodwith9111oa. Tbospinol1atbogrosaforrtforousvartsty

plsonaste,andtaon•thlasoottostortmnodbyorthoayrozonoandin

asotberby• oolourbaisspinol. Scapolltoiøalsofoundinean,

horafslaso.

$amoof tboborafsleøølavsbeenalterodsinosthatboreal

motaworphloa.Thaydonotshowaltorationocayarablasiththodouterto

ordior17postoonsolldattoaaltorstioaphasoin tbøgibbrooanplezttsolf

(øø.y,57)battbsyto showtbøoffootsofoataolasts,andot



FIG. 5.7. Horntelees.

cummingtonite

Ce)




1. 2. 3.


 x 140 $26 Relationsbipbetwmenkyanite,prismatiosillimaniteand fibrolite.

 x 65 T111 Garnetiferouscataclaatiohornfe1s.


 r 140 $100 Cummingtonitebearing %etabornfels".

WilLØ

sHlimanite
kyanite
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anphlbolitiontioaof prroxanoo.Å horafolawhiohhasundorgoni

ostsolislaloshowaiafig.5.7,24 Aophibolitiostionhsolodtotho

produationofoummingtonitoframorthoprreonotondofgrøsnharnblonds

franolinoprrozono.Clinon3isitoappoaroin thaosloaroonaharafolumot

aså•lnandinogornotinpolitiohornfoloostovorprintingthohorn
fololo

tosturs.

Whatlightdo thohornfoloosohotonthosoquonos of growthof

thsA128103pollaorphs?Twosissoimasoalysarsfoundtooontsiaboth

kysnitoanisilliaanito,826and5107. 3illinsnitoisquito

dorslopodinthosolitat000hornfolostripS£ofnnasorjuo,butwhothorit

formodduringthothozsalistanorphion,or duringthoouporimposoilstor

ngtonalointasorphisaisunoortaia4

Spoolmsa3107and$26arosuffisiontlyintorøstingandornoial

to thodatingof tholidaasion of thogabbroomplostobodosoribodia

detallø-

1121. Thiooomtsfram• largs 11owwoothoringzonolithlathogsbbrof

sear itenorthoraoontsat3 of lako933(g.r.517542). Itconsigits

moot17ofquertsgroinoina uossiopatterat butamongthoosorograis

of rutiloandofthiprimatiovaistyofsililasnits.KronlisapPoinre

so lonaosoflargogreitawithinoluoionsof rutiloandsa000misions1

suallorrotalsinthoquartsnossio. Itshowssoasaltorstionto

nuosovito.Priosstiosillinanitsshowo• tntlater to proferrod

oriontationinthoplaasofthoKyattits lonsøø.Kyssitotonotfoundia
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oontaatwiththepriematieaillimanite,eodirootevidenoeof thetine—

relatiomaof theestwenineralslenotavailable.

Theeignifinneeof thiespeelmenlieein thepreanesef the

kyanit.iaa monelithinthegabbre. Theearroandinggabbrotenet

asphibolitiset,althoughitshowssemeoataoleatiodefornation.This

mosnatbatitleanlikaliythattheawaolitlroarystalligedafterthermal

setemorphiss,1,e.itsiameanlikekythatthekyealt*growafte the

intinatemef theoomplea.Thekyanitsinolusioasarslemeae,andnet

vsinaiandtheenalloryetalsof kyaniteinthequartaitstondto000nr

inatreaksparalleltethslenses. Thereieno fraoturingof thequarts

mogaienearthelenese. Vbileitnuatbeadmittedthatthisevideneeie

allrathernegative,itsame probablethatbyaniteorystalliesdbeforeor

duringtheintruaionofthegabbroomplex.

Thieie hørafelsofemalavelitisemepooltiessoelleotedfraa•

largesaresofbaraføleaneelatedwithignsoas bremptaa,jeat111of the

daisorjuelakee(ga. 516529),Thespeoinsawasoolleetedaboutdia,

awaytrantheoontaotwiththegebbre. Thethiamationinolndeeemes

amphibolits.

Themaiapertoftheseetienooneleteprodeminently ofquarta,

plegloolsal(Å46ia theeorea,innelarlyammid)andblotita.The

bietitehaas deouseatetexturo. Inthianatrizareveryirregelarly

ehapedporphyreblastsofateureliteandkyenite,andmainameofeillimanite.

fibrelitiestillsadtafringeabethkyaniteandprimaatioeillimenite.
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Ia onoplaes,kyanIte,fibrollteandprionatiosillInaniteoanbe seen

togsther.Therolatlonahip1sohownlafig.5.7,2.

It1saotpossibleto stateboyonåarganentthatthekyan1te

fornodbeforetheaillInanite,buttbeirrogularshapeofkyanItoorystals

suggsstethattheymaybe partlyhrokendown rherneths

orystalsrotainthelreystaloutlines.

Inpartaofthoseetiontharshaebeensonelatesetsgogrowth

of nusoovItsanåollnoso1sIte.iloosseoryninsralsareapatitttalore.

Thlesoetionprovidsothebeetevidenooforthoor4orofgrowth

ef theA12240,pelynorphethathasbeonfounå. Itistentative17

suggeetedonthiabaidethatXyanitegrewbeforetheintrusionoftho

gabbroeamplez,thatprineatlesiilinaitsgrewduringors littloaftor

thoIntrusion,amåtUatfibrolitle81111nanitegrowafterwardo.kn

obviessalternatIvetheorylethattheXyan1tograwatthetismof

injootionof theoomplex,andbothgensratioasof91111nanItolater.

Dutit isdlitleulttosxplsinthstatureeof thenineraleontho

aesunptiomthatkyan1togrewaftørtheintrugionofthegebbrooonplex.

Thostripofbornfolsrunning511fronSaaserjusfrcag.r.

521521to 539510betawenthegabbreomplesanåthoParulundgranitehas

usdergonspartIoularlynarkedoataolasie,andaleesensregional

netanorphlam.Th1sbespredmoot01111nanitssohistewitheseasional

patobeeotlseealteret1hernfols,andotherpatoheerosablIngdefornot

br0001as.
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Doth fibroltte aad prtuostio atIltuanin ars preseat. The lattir oftoa

abows • prøførnd orteatatioa parallol to tbø proaouaost D2 llneattoa

ebiøb hale boøa tspøøsd pa thte strip. Speakara 15170to partioularty

romarkable ta that the aillhasnite osoura as aucia-likø bundlme of ftbrop

•loagatøk papalls1 to the D2 llasatioa, aad partly altørea to nuaoovItø.

Tbø basal settoaa of s uadle of tbø fibros gtosa s rathar iadtattaot

mintral poøttivs aouto kisootrix figurlo oa ozaainatloa bøtwisa oroøøø&

polare la sonvegsnt light aad la a prlaa søøttela tbø ftbrea abør

ezttaatIoa peseItIoas lytag withla a appead of about 50 uallør ortbø—

øøøpto Illattaathaa t undør orømmodpolara. Thlø seggøø0 tbat the

auga arø forsøk elf ftbrøø sf ailliaaatt• Itth abast, but not quito tbø

aas ørtømtattosp tbø laag azta of tbø øluatør belag alaøet parallø1 to

tbø razoa øf tbø alillaaattø ftbrsa. Thte ss imaftraed by taktag aa

Xrnwayøøøttlatteaphotograpk ot oeø of the spa t nolllattagabst tbø

asøø af tbø ftbris tel werreparpoadtaular to tbø Xffirt17beam, The

mult wea ø pbatøgrayk iattaøttlat• ia limmøtør betuma aa øøøttlatlea

plootnraph aal a powdar ykstøgrapki, tbø apote emearlageut tat, rtaga

(tti. 5,8 ad.lksoy, Lipma oad Vaostør fig. 128.2). Tbø røpøat

Matame alpag tbø triazta sernyeada approttastøly to tbat ta

at111aaa 4te.

It miumealffteult to explata thta prefenød ortoutattea st

tbø allltaealto ftbra it øøøk grøw ladepostmatly. It some aørs ltksly

tbat tbø mputare peadumørpha, but ikbetbør aftør Ipaait* ør i atagle

laegø aintal of atlltaatts to timpøøøible te pay.



Fig. 5.9.

Variaticnir matrix corntositionroun a xenolith

in -.VneousbrReflia.

Photographby C. Halls.
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Thslooationofthsesrooksletbsgabbroousploxbesalroady

boesdosoribod(p.5 ). Thsyshooa rwmarkablovariotyofsosttirP1dbi

tozturos.Only• brisfpotrographloaeorantof thoswillbø glvonhors,

as theyaronotdirøstliyoonoorsodinthonalntopleof thlsthssistbet

thrydosorramaredotalladattontIonis thofoturs. Althoughtbeyaro

probablylisata zrooks1/4andformodslightlylstortbantbøgabbrooomplia,

thøyarsdasorlbodintblsohaptsron tbøoountryrookabsoausotho

partiolseintheawaybø omaparødviththohormfolooswOlehhavojust

b•ondoondbod,andtborsisa possibllitytbatthorooksawa oholsmly

hoveformodbynoltingoroonatryrooknearthesontsotsof thogabbro

omplos. logt,inhisnomoirsontionothsoxistonosof ignaousbr000lae

intbø"groatSulltjolowsphabolito"(p.146). Rowovorttbøse000urla

thsonphlbolltosinthoupperportof thoPloskraiaatonnappotand

probabLyoorrospondtotbølouoporstionotvolulagof tbsporpbywitio

sephibolltogroupnontIonedbrisflyonp.2;ofthissomunt.

Tbøigraous br000lasoblohwillbø doserlbodborooonsistof

rathorroundatfragonts,frou1 om.tosoosralnotrosaorosainon

apparoutlyignsousrooknolirtz.WhIlo000sslonallythar,lseomo

svidonosofpostoonsolldatlonaltorations,hothofoatsolaelsandof

sephibolitisatIon,ou tbsoholothorooksrotalatholroriglaalIgneous

obaraotor.Itnaybothatthsyhavoboonprotoot1,6from 1,014

oonsolldatiaadotornatloaandnstasorphlenby thoboentslausandgabbre

ohlohourroundthse. Tbønatrizwatørlalofthelgenasbrsoodas



I eous breccias.




1.




2. 3.


 x 25 S182 Skeletalgarnet overgrowingbiotite and quartz in igneouebreccia

matrix.


 x 140332 Anthophyllite,biotiteand quartz.


 i 25 5193 Possiblerelict ophitictexturein hornfelsxenolith.
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oonsisteesosatialkyof plagloolase(An35-Aa65)potaebfelep
ar(alesroollas

or orthoolometoftonpørthite),bietitsandquarts. Itlououallyooarso

grsimed,thoblotiteflakooboingap to2 ma.long. Thofelspareand

quartstondtobogranulawithrathorirregulargralabound
aries.Ia

oaothinembotioathersarsaterogrophisIntorgrowthsbetmonq
uartaami

plagloolase.Inadditioatothominoralsdosoribodabovs,a
lmostall

spootmoneoontaiavortlargosholetalgarnaterystala,overg
rowingtb.

otharminorals(ftg.540). Apatitoiseaabundantsommeorysinoral,

andinonosaationformee majorsonetitusat.Orsloaltt ;realentin

irrogulargrains. Onothinsootiemoontaimedoordiorito,so
etlyalteratt

to thamisaosousosbotanooknownaø"plaits".Iaomes•pso
lmenopotasb

folsparisnotabusdaat,andtbematrixsatortalmoybo doeo
ribodas

"troadhjomits".Thootbortmaybedemoribedasgranfteoorg
ranodloritom,

althoughthalroaapositioaloverymariod.

InthofloldItisoftonposeibleto r000gnisothattho

oompositionofthosatrimaltersinthenotabourhoodofi ma
nolith;foir

•zomplea pelitiosonolithsaybo ourroundodbymortgarnotifesouosatr
im

matorial.

Tbømonolltbototheigneousbr000lesarsbornfoloss,andall

thotyposzsoognlmodinthooonteetaerooleof thogabbrooom
plosappsar

asmonolitbsintbaigasoasbrossiesaloo. Thegreatestvartotyof

zonolithaim intholargoaroaof igna brosotooatbaridgoI ef

p1..1787(g.r.590500). Reroamongothers, oanbeømmajmn quarts
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monolitho,menolithaoampoaluiofredativoIrparomarblø,withalnainous

andaill000mabandatannzonolitbashowinganota-ophitiotozturat

auggootingthatthayweroonoogabbroo.

Å mashorofoaloarsousmonolithawor•foundatger.593505.

Thmywororolstivolylargo,4-5 ma.longand1-2m.aorosa. /n tho

monolithaoaloitoandquartaromaiastablotogother.ThoanolithsarlD

bandod,manoboodaboingriohinoalaito,aomoindimpainoandsonoin

grosoutar.Plegioolso(aboutAn70)oanbopon partIyaltsrodI.

aluspolito.Miaroolinoandblotitoorofouniinsomobando,anåaoomory

apbonoioprosont.Å meallermenolithTwarbyoontaimodwollastonit•la

thooomw. Å thinsootion(rie2)righttbroughthomonolithwasstudion.

Thanatrimmatortallotrondhinitio(qutertrplagioo1aso-biotits)buttho

plagloolanhaaammmumualIyhighanorthitooontont(monodnornallyAn61

to An70),antpalogromaonsta1mofsooeslaryhornblondoareprosent.

Thooutormootpartofthomonolithia• quarto-diopoldo plaaloolaao(nm74)

anomblago. Thomiddloaamooonoistsofdiopaid~apolito-ooloitowith

nymokitioolinssoialtoanda littlsgroonhornblondo,whioharlsprobably

immonnaryminaralo.Thoooroofthøzonolithiaoomp000dofwo1laatonito

only.

It iethoughtthatthoproduotionofwollastonitointhoonall

monolithbutnotimtholargomayho• rooultofdifforntPrainrwswf

CO2at thotinoof thersalmalamorphiam.1n tholargs,oaleitsnok

monolitho,thopartialprountroofCO2inthooontroofthamonolith
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wouldbo approolahls,whIleInthoanalleranolItheCO2oouldosoape

intotheourroundIngIgnoonamagoa. TbørimotIon

oalolto* quarts wollastonito+ CO2

losonsItivototbøpartialprosouroofCO2(RarkuranATuttIo1956)*

Thsupporlialtof otabillIyof oalolto+ quartslo600,Cat• partio2

prossursofCO2of5,000lbø/Ia2(0.34kb)sad7700Cat40,000lbo/ta2

(2.76kb). Tbøtotalprøsnroatthotbsooffornationoftbøbrnolas

wasprobablwhighorthanthls#butthoproportIonof tbøtotalprosours

ropr000ntodbw tbøportialpromørsofCO2iotoknown. Thobigher

tonporaturolaprobablynoarorthstomporatursoffoluotIonof tho

br000las.

ItappoorsthattheanorthltooontontofthoplogIoolasola tbø

natrixmatorialof tbøbrnoIsrlsooapproolablynoarthooaloarøouø

renolltba.Onøopsolsonfromoloøøto tbøudgoof tholargozeolItha

showsourlousslost-tosturodplagloolamwitha otimp~ItIonabootAn70.

Tbmwoontalaglobularinalualenaofquarts.

ThøbrownhornblundsbøarIngbornfols2179,fromatiobtbø

analwoodhornblondowaaosparatod,alsooonsofroms blookinthaIgnooua

br000la. DrownbmiadenduappearoInsovoralothoropnlmonsalso,

Inoludingsonefronthooolbotwoonpt.1787andSullokongon(g.r*

597492)whioboentalapatobsowhiobrosonblothopwrozonitsfoundoa tho

suanitofSuliskongen(opooInen2191). dosohornfolsoohawoboonfound

whiohshowpooldålsroltotophltlotozturso0whørstbøoriginallargo
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pyrozonao bate boon ropland by amiegatoo of oquant graina, and naay of

tha plagloolam laths havo also boon roplaoat ia i oinilar way by seil

yraina, although otbors opparontliy rwsain marooryotalliami (fig. 5.10).

Tho hornfolo aloo oontaia oubstantial weouato of biotits, ang tho

plagioo1amo ohowspatoby irrogalar naleg.

81111manito waa found in a romarkablo opsoinon fraa tho patob

of ignsoas br000ia I of emimaorjus(fig. 3.10) (Speolmon632, g.r. 516532.)

Thia opsoheonoonaiota of a vory aluninona anolith in a troadhjealtio

•atriz. Tho oor. of tho zonolith is rather ooaroor grainal tban ths

outor parta. Tho oebor part of tho zonolith la typioal pyrozami

hormfole with plagioolaso (etrong11 sonot, outor portioa abont An2c),

quarto, pl000broto ortholgroas sS ors. thimisner plat oonsisto of

tboaammblaisbiotito-staurolitenanthopbyllitecerdieritrgearts.

Largo garaila grow la thia, ani aloo yristio gratas ot sillinanito.

Doteosa oozdiarito and qvarts a narrow rnotion rte 000naa. It hao low

binfriagno• and • lower R.I. thaa tba ettarta and tho oordiorits, bet

the rha is too nazirowto obtain an intortewona figaro. Tho antbophyllito

000mr* in nthor irragelar prirnatio graino, and the ataurolito forna

onhadral to subbodral oryotala, saao svon whoging tbo obaraotwrietio

"oroos" twino.

Tb000rdioriteentbopbyllitseguartsaramiatioaissa

intoratiag ons. i000rding to Fyfo,Tornerand Yorbooganan ansablago

of thin kind is obaraotariatie of tba bornblomdm-bornfolofasios, for



- 124 -

whiohtheirtyysmaisplotsthogranttsaursolo
satOrifflirvt,dosorlbot

by Bøkolain1919. Iathopyrozonshoraffisfaolosquarteueordio
ritomi

bypørothørswouldbø otablo1aatoad.Thsdivis
tonabrarawithths

retottoa

anthopkylltto onitatttimoiltos 1120.

Ia thooasod000rlImUlbørstttounlikelythats ohango1n

a•tosorphtsfaotooappoorswithlathsthiasost
ioa. Itassesprobabls

thattbøroaotioatoartvonto tbø loftby a hig
hobantoalpotoattalof

wator,whlohølghtnu artsolooalLyla zonollthinigasousbrimela.

CondUmrito-anthepbyllitosossmblaøø,harshosareardødfroathørsal

aurooles,forncsaplobyTilløyta1939tranXsa
idjankandBotallaok,

Cornwall,butwhonthøysosarona stdosoalstbøoompooltimaoftbø

roobabasbosaaltondbymotaamatiopr0000ss
o.

Sentilat hasboonsallbørøto iadioatotbøvariotyaad

potrologtoallatent ofthoigarnisbr000tas.Thøissodoofformat
toa

is notobvious,butttuu vorylikolythatthøsaallaroasof

fringtagborafols,sue asthatonVakaaUkka(g.r.558465)ortblitbY

Onisorjus(517534)nighthavoforeodby Isoalro
moltingofsormnisot

oountryrookby thswagiattobsatofthsgabbzuo
omples.Thoostønølvo

arøsoftesomsbr000taoathoridgoI ofpt.1787,beimmer,meons

ualtkolytohavoforøstinthtowely,walorait i
snorolya rolativoly

thlaobsotoverlytagtbibgabbrooeplos,foreia
goflythoorsstoftbø

ridgo. fhistsby noasønsispossiblo,astbøfootof t
haollffssast
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of theridsohoenotboonvisitod. Butthsbrffixdasdooutoropovora

vertlanlrougaofoane500a. ornoropsotbøshat souldhavoto bø

foldadlaoonfornItyølththotopøgrapby,orolsobø vorythiok.

Alternativo/y,tbøbr000tasIn thissztenotwoarinasoyhe intnaintwith

thsgronitionatrizroprosontiag• trusaammatnoroor lossoontazinst
sd

by thsfragentsof osantayrookithassoounalatod.BatopeoulationI
s

usolooswithontmoroøvidenostbanlaavallabloatprosont.Whatis

roquIrødlodotallsdnappiayof thonorthernolopoøofBullakonawayand

ansztonolvoprogrs ofanoplIng,buttbøarøaiorasotsandonlyoloar

of ønooduringlatoJnlyanddugast.

Itsas thatinson,opoolsønstaltaandInogrnoaftorthe

oonsolldatIonoftbsignoosobrøools,andthshornfolsingofthexonoll
tho

In It. Tbasholetalbabitof tbsgarmotoleditfioulttooxplala

othorwiso.Thattbøganst isaboandlsowooobookødbya ohaeloal

analysiaofa yornst(appøndix2). Thisgavo rooaloulatodoanpooltlas

as followwP.

Aubsandina 64.8

snarattite 2.6

Orosselar 2.3

Pyrops 27.4

BpssoartInø 2.8

.9.9112111"

La thlsohapier• potrøyraphlodøoarlptIøsofthorookswhish



surroundtbøgabbrooonplozhaltboongivoninordø
rtodaastratsthat

I. Thørøhavoboonooweralphaøøøofainsralgrowthin
thoreglonal

motamorphiorookasarrouirliag the gabbrooaaplat.

2. Thooarliøstphaøø,tbøgrowthofkyanitoandatau
rolito

porphyroblaste,pr000dattbøintrualonofthøgabbroomplaz,orpo
soibly

wasoontonporarywithit.

Itbaabooaatuamod,followingUnIty,tbattbønai
nsobiotosit,

(82)displayntibysootoftbøoeuntryrookafoimoddariagthoD2

deozwatioaoploodø,andthøroforoaftortheintr
usioaof thegabbro

oonploz. ibiloopoolflopotrographioovidenoofo
rthisasomptionhao

notboonprovidøditoxplaistwooboorwationawol
lte.

Thowerynarrowoontaotauroolsroundthogabbrooa
mplos.

Purthor out, thoIna namaivooontaistnottaborphioansublogoshawoboola

oblitørstodby thølatorrooryotallisationduringandfollowingthsD2

deforaationoplaedo.

Tbølargoitaaleoomordanoobetwoontbøoontaatoof
thsgiabbro

oomplataadtbøoonatnrooksohistosity,notødby
Vogt,

In additiontbøinpositionoffoliationandlialtati
onoatho

gabbrøoanpløsitoolfmoolatel withtbømitanor
phimaof tbøprInary

ignoomasossablagootoarephlbolitntoupportathoo
upzostionthat

sztomalvorumaystalliatioa000mirroddariagandaf
tørthøM2opisode.

TbøispooitionoffoliationandlinoatioaontbøAt
rulundgrania

000nsrodduringthoømmoopioodo.



FIG. 5•11. SUMMARY OF MINERAL GROWTH IN COUNTRY ROCKS.
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Itisaewpossibletopresontanaoseantef thedefonation,

minaralgrowthandlatrusintin theOasaknapperoolcaoftbaIS8slitjobea

arsaderingthsCaledenianorogeny.Thistagiveninftg.5.11,iswhioh

tineisraprenntedastbehorisentalaxie,andthegrowthofmetenerphi0

minoralsshowniabarsofvaryingthiokneas.Poroaaperison,Menløyee

eyntheeisofdataen•ineralgrowthin thssameualtlegiven,(fig.5.12)

basødlanalyonhiaobsorvationoin tbøBaldosivenratonaST ofthe

gabbrooomplex.Itshoaldbe aotodthathisoenolusioniforkyaniteand

statirolltsaretonZytontative.

Onetitiagaoomparisonof thatwodiagreasdoesmakeolearis

thattbeintrusinsof thegabbreoomplexforns& well-difinedevinitin

tbøearlypartof tbøstrnoturalandotemorphlesequenoe,whiehmakm,it

eastørtodeeidewhiohmineralsgrawbefort tbemainD2otruoturalsvent.

Itwillbesosatbatthetwoashemesagrseinplaoingthemainpmwthof

tbaalaandinoamphibelitefaeiesminorale,horabløndie,alnandine,apidote

sadfibrolitiosillimanitsaftertbieD2episede.Detoneimportaal

differesseisthatRanleyregardethieasthsolimaxofwitamorphien.

Porexample,hehasobeornal"8"ahapedtrmilsingernetewhiehoorrelato

witheZootron-prasdatarainations,sbowingthatth•ooreeof thessgarsta

arefarnoremsagansemriohthanthsirmargine(HartoanåHenley1966).

Thiaba takaaasevidenntbatthogarnete grewin i prograda onvironment,

althoughbøpointsontthatotbarnplanatione arspossiblo.These

obeermations,hownr, arefronrookuintbøPieske—Vastunnappe. Tho
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compression
Formation of
early fine
grained fabric
(schistositySi).

Penetrativedifferential
movementsgiving rise to
the present main schist-
osity (S2) and mica
lineation. Movement
possiblyW to E. Hornblendes
oriented. F2 tight folds
with axes trending E-W and
axial planar schistosity.

Open assymmetric
folds. Incipient
axial planar
schistosity.

In addition there is a later D episode of open folding, not shown in the diagram.
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rooks In tba Gank nappo do not givo suoh oloar svidonoo of vilneral growth

during rook dsformatIon. Tba preant wrItsr, on ths otbor hand, bollown

that knalt. and ataurollto wen presontin ths oonatry rooke before tba

Intrusion of the gabbro oomplox. AdmIttedly, the teitural evidenosfor

thle is not irrsfutablo, but tho alternatin is to ngard tho kyanito

and otaurolito fomnd in tho bendelsea sa the result of oontsot

notamorphian, and the knalto and staurollte In tbo country rooks away

from the gabbro oomplaz as dus to lator rsgIona1 notanorphien.

If it Is aseund that kyanito and otaurollts grew before the

intrualon of tho gabbro oomplem, two ponlbIlitIos artee. Elther tba

rooks underwent two phasos of almiuglinommu*Sbollto faoles metworphIen,

tba firat to knatts grads, tbe scoond to sillnanin grads, with a osol

Intervening during whIoh the gabbro waa intruded, or ths gabbro

waa Intrudod into rooka undergolng amphibollto faolos motanorpHom. Thø

wrItor prefors the noond bypotbssis, partIy booause of ths slailanty

betwoon tba Salltielma gabbro and tbs daselk gabbro os Sør*r(8tart 1968)

for whioh tbers is mon positles evidnos of intrualon durIng emphibolits

faolos notworyhlme, end partIy booauss s mumber of onereationa oan be

omplataat by thla btypotbaolo. Then an

1. Tba mansaal dogno of doveloymont of keIrphltle margin and

brown hornblendo, whlob oaa be oxplaind If tba aurrounding sountry rooks

were hot,bythe long tIne avallable for daterie resotIona to 000urwhIlo

tho oomplat was at olsvatod temperaturn aftor consolidation.
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Tholooalrwwiltlasof thscountryrookatoformignsous

bromoias. Iftherooksnr. alrsadyhot#1øøømagmatioboatfromtha

conaolidatinggabhroocwp1szwoultbø røsuirsttomelttham.

Thotranaitionfrombrowntogron hornblønda1nrookmneartho

topof tbødiorltiognsisohortaononVakmairsokka.Ifmovementoommonood

om thøthruatplanøahort1yaftørthooonsolidationof tbagabbroosaploz

whileitwaaatillhottørthanthsoountryrookabrownhonabløndømight

forminit43ly,andoommongrøsnhornblandslaterpwhonthatamparatnroli

betoamøolosørto theregionalvalus.

Tbs1nveralonof tbømøtemorphioaonøøon thaalopøøI of

LamivannshowninVogt'smapof themøtamorph10sonsa1n theItirmlund

soktat(Pl.xrxxx).Th1aobaarvationhaaboonoonffmodbyHanlsy. It

aanbøexpla1not1f a maaaofrelativelybotrookwaathrtuitoverthm

000lerParalmmdaohlata.ThIsauggestioawasor1g1nallymadoby Pror.

R. W.R. Hutland.

Allthiaaboaldnotbeltakontooaeriomaky.Itdosaa•ma

likely,however,tbattharøisa difførnasin th,atrnoturaland

metamorphlohistorinof thoPlsakø YaatanandOaaaknappoo.



The outline of the map in Fig. 71.

the pocket of this thesis

has been added.
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CHAPT).11511.
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Sinøøit is Th. Vost'solassioacoountof theaineal


assomblagssin theSulitjelasgabbrota termsof thafaolosoonooptthat

nadøtheompløs femouø,nowthatthowritorhasrnordat hioowa

obworvationsit is appropriatsto np/sin whyVogt'siyathøøteis rojootød

in thi•woount.

Thøbroadoutlineof Vegtlisvime oonoorningthegabbrooompløz

was givenin theintrodustion(p.10-13). Table9 I. ooptodfronhis

somois,sndshowsthedetailødfaolønoquenosof ammablagesbø moogniood

tn the phaoolits. lig.6.1is a nprodnotionof hisfigurn 71 ønd72,

showingthønotanorphissonøøas ho boliont thøy000urrødta the

phaoolito. Vogtrøgardødthsnetwoorphiofseiøssørtosta thephaoolits

as reprosontinga sorissof alneralammblages approxiaatingto ohwaioal

squilibriumin scoordanoswithGoldsohnidt'sainørslogtealphossrulø,

altboughbø rsoognisødthotoquilibriumsightnotbø attainødin sithør

thø faoløøarlos in thephaoolith,ør thatin thetutulandsohiste

(1).374)

"Inboththøssintriøøan sppresteatioata roaohoito muillbriun
oonditiona,whiobheøøveroouldusida høveblisaoampletølyattainød. Wo
havo sorisewithnoøtlyinpurontnoralfaolas,whioharsonabinødwith
gradualtransitione.0

It tø littlediffioultto fathomtheprsoiøøintrusivoand

netanorphioøsquenøøhø savisagotfwrthoaøbbn battbasammat



Table 9.


Sulitelmafeltets metamorfe gabbroserie (hovedserien).

Krystallisasion

fra magma




Postmagmatisk


Hornblendegabbroer

metamorfose


7


(Diallag)


Anortit


Albit

Grenn

horn-


blende

Klino-
zoisit,
Epidot

Epidotamliboliter

uten substansforandringer

8 9

I

Grennstener

Metamorfose med ekstralcsion
delvis SiO, og

av CaO,
til slutt Na,0

Klorit-albit-fels

og klorit-skiferOlivingabbroer

1 2


Olivin


Hypersten


Diallag


Anortit


Albit

Brun
horn-

blende

5


(Diallag)


Anortit


Albit

Grenn

horn-


blende

6


(Diallagl


Anonit


Albit

Grenn

horn-


blende

Myrme-

kitisk


klinozoisit

10

Albit

Grenn

horn.


blende

Epidot


Klorit


(Kvarts)

I 1

Albd

Aktino.
litisk
horn-

blende

Epidot

Klorit

Kvarts

12 I

Alnit

Epidot

Klorit

Kvarts

13 14

01iv in

Hypersten

Diallag

Anortit

Albtt

Anonit

Albit Albit

Grenn Grenn
horn- horn-

blende blende

Epidot Epidot

Litt klorit Litt klorit

Albit

Klorit


Kvarts

Klorit


Kvans
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wrItor'sinterpretatIoaawoldbo oonothinglikothis

Thogabbronageani Intrudad1aaucummivopulsoo,whilo

rogionalnotasorphianandmountalabuildingdadomastionworogoingon.

Thøoarllootlatrualonotnairmformula thiasill,juatabovo

thoprosontooppororoharloon. Atthisotago,notamorphionbadoaZy

roaohada lowgrado(oblorltligrado)andtheoillwasnotasorphoandtoa

obloritoboaringgroonotono.Looalmotasonstionaltoroditto • oblorlto 

albitsrook.

Moroeagaawao1ntradodaborothlsaill. Arnowthooountry

rookawarsbottor,andtbedoloritosworonotanorphoeodtoanphtbolitoo.

flnally, groatIntrualonofgabbromagna000urrødandbulgot

up tharoofofthoaill,aothatltbooanoa "phaoolito".ThIsprodaood

oomplafoldIngof thaloountryrook%foresraplo1nthaDuoldagoproglon.

Tholowarpartof thobulgowaoestaaorphandto "bormbløndesgabbro"(tb.

rookadosorlbodssnotagabbroslnthiatboals)whilothoupporrealaffil

botter,aothatthoprinaryIgneouaminaraloworolasgullibrIma.1n•

thinbordorroundthstopof thaphaoolito,thoaountlyrookaworo

convertodtoborafolon.Thoostatnrookoworønowatthoirbighost

tanporaturø,tbestabloamnblago 1ntholuntluadaohlstbolagquarta 

ollgoolaorshorablo lotlto.

Vogttboughttbattholafluxofgabbronagnanightbe ampoolatod

withthoInonan lntonpøraturslathoazantryrooko,andtbattbe

•agaatioboatof thoouog000lvoiniootionaholpodmotanorph000thonow
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solid and 000lør rooks la tbø phsoolits bolow. Tbna bø oonsidørn tbø

phsoolito to n in truø sønso symaøstonto.

Thowo1s one nven lmonannny in hit sonuntof tho

differantiatioa of tho gabbro omplos. 119naoribod tbø nriation la

ths Pedig ratlis of tbø førromsønnan sløsrala la tbø unaltorod gebbros

and oans to ths oonolusion that thsnon følspathia gabbros sonta1nn

moro nagwelan ninerals. Tbø prosent writor would norlbo thls

oonoluøion to inanquat• øsnpling. Unfortunately Vogtgan no lniostion

of tbø part of tbø omple hisspeelmena oano fray so omparisen witb

tbø data in this anount la inponlble. Bø dooldoi on this basis that

ths unaltørød gabbros wørø ths rookø in tbø pbaoolite whlob woro nost

enriohod 1n sarly orystallnad ompononts, following 3. fl. In Vogl's

(1922) sobema of difførontlation of ignsaul rooks. Tho noro sillosous

ignsous racks fraa tbø lower parte of tbø phasollto wero more ønr1obsd ln

"natmaagna naponents% Thio amans that ths rooks bø oonsidand to bø

intrudn last of all orystallion from the parental nagn, and tbs rooks

be oonslderød had ban intrund sarlior orystallInd fron magmaswhiob

had undørgons differontiation. Vogtonroane this diffioulty by

suggosting that tbs nagmain tbø early sill would bø non suneptiblo to

differontiation by filter prnaing than tbat whiob floodød into tbø bulga

of tho pnoollts. But sunly non 1n 1927 it nust havo boon oloar tbat

tbø rønne is tbs oasø. Extrano orystal fraotionation difførøntlation

la obsornd in largs basio intruidons, whIls thia ealls han nore untform
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okomioal amdminsnlogtoal oompositioas.

But Vogt's inantous soquonoo moat bo rojøetiul om tba basta of

ob•orration of tho rooka thamoolwa. Tbo prmant r000aroh oomffras

Kautaby's oonoluidon that Vogt's phaoollto lo la fast two difforent graps

of basio rooks asparated by i majmrtbruat horison. Tho roallaatiom tbat

orogeny and motamorphlomare oaaplom proommos Involvisi wrous opladoo

of daformatioa and muohgroator longtho of timo.than wmaroallat1 whon

Vogt not• hia masoir, also makm•hie thaory more implasiblo.

Vost's obsorwationa of minoral assemblagoo amdoompooitiomo

howore aro asourats and if hto tboordos aro rojootod it Ss noommary to

explain bia oboorwationo in somo othor way. Tha maln purpoos of this

ohapter 11,to do thio.

1.

Vog!'s map of tho amaltorwl gabbro outorop aes quita wall

with ths moro dotailodampplagdonofor tbla actemand. Tba altorot SW

oormør of tbø gabbro oomplor waa mostly aosigawlby Vogt to tho horablato

gabbro sono although i omall portion wao put into tho opidots emphibollto

soms. Thea it oan fair17 bs aasmaol that ho rogarad tbø mstamorphlwa

of tbo gabbro oceplox ao having takenplao• undor difforont PT oontlitiomm

(oorr•spondlng to ths metamorpbtofaolme of bio sonia) 1n diffsront parim

of tho o0mplex. Tho prsont writor on the otbør hand oonsidare tho

dlaffiront motamorphioaamemblagooof minoral• in tho SWpart of tbe

gabbrooomplosto havo formod undarmuoh tba immuloondltions of
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motomorDhloa,oornapondingto fyf•,TurnorandVerbooson'salnandlaws

amphibolitofaoloo. Tbaoquilibriumasublar prodnoodb,notanorphion

waaan amphibalitowithplagioolauofomptuationaboatAn30,groon

bornblon4oandolinosoialto,androoksapproxinatingtotbisomposition

arafoundintbo81,oornorofthogabbroonaploamar thooontaotwithths

farulandgranite.Vogtnappodtbnnaspartof tho•pidotosansbibolito

sono• Tho"hornblandogabbroo"(notagabbroo)withandwithout

olinosolaitsandwithvaryingplogloolasooompositionsthowritorrogarda

ao rookawhiahrsprosontpartialattainantofsquiltbrta,thopartioular

aosaablagewhiohonuro baingdatoninodby thoavallabilityof wator

duringeioteaorphisakiby thodogrosofosSaolkeiowhiChocourrodduring

thoD2ditormationapiaodo.




Mootofthodioritiogosinborisonwasaloonappodby Vogtin

tbshornblondogabbrosons,althoughitowastornondfallsintohia

spidotoamphibolitssono. Thsgranotonasonoandsoneof ablorits—

albitorookaraonlyfoundwootoftbooroaoonsidorodinthiaa000unt

(fig.4.1). Å. thodioritiognotosoonoiatanalalyofoataolatioally

altorodandraphibolitiostgabbroo,it iasiallarto thorastagabbrooof

thoSWoornarofthogabbrooonplos.




Thorsias gradualtiorassodownwardainnotenorphiogradoLa

th000unita,whiohisdisplandby tbopolitiobandaIbloh000urintbø
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sohlotomil aaphibolltsborisoa.ThogarnstIsogradintholoworofthos,

bondsorosen tho haalnoarOtorrana,thoaohlotsI of tholakoholag

garaottre, whilothemotothowootorogaratiforome(Eonlayporm.

oomm.). Thla1ssimp17thometonsIoaupwardaofthtprogroadvsInorsaes

la motemorphioaradooboorrodtathoParaluadsohletI ofLmetrann.So

roomatwmdtbyEsalaystrns withVoatthattholoworpertaof tho

"phaoolIto"showon 10.1•41~ 1naotagavhle arado upwards.

Iathosrphibolitiorookalt1snotpoosiblotodonmat the

Inoreammiamotomorphiogrado orm117,butifthoplaaloolas•


oompositIoamelybo takoaao• arads 1ndioaterth000doshowan lasess

upwardadamotamorphIogrado. It lapowodhloboavorthatthowardatioa

la plegIoolaosoompositierialube daøtothovaryingdocromeof

attainematofohmedoalsquIlibriumiathoporphyritioemphibolitos.

Vostdidnot r000rdthoproompoof ohloritralbitorookow

ohlositisanartons* smetofdy Sulitjalms.Tho preasat wrIter fiade

thisodilaviowof thoquitoabmadaatohlorltoaohlatanoarOtøriumat

whiohwoaldhsvoprovidodovidomostasapportofhiathoogr. Tho

okloritnlhitmrookshodosurdbooarothosewh1ehformaushoftha

gaaapolathooopporoien, whAohthoalnowssall"klor1t".

"gramatase" air* the oblorltio aaphlbollta fomatIsdiatsly abwrathe

oesholiwome Thøss rooksfallboyoadthsseopootthlaaoomine,eal ta

faotsamhoiaglao1adal ia * iotailal atadybyM.D.Wilsoaof tha

Ualvoroltyofkanshootor.Thoprant sprite wouldmakstwoasellte
SOMMiliftbe
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ohloritiorookshowever

1. Therois abandant ovidonosforlatsstagoforamtlanofohlorite

1n manyof thinrookaatSulitjelma.Vostobeervedthlm,anddinserlbed

1t as a diaphthoresisofohlorit•tobionte. BothBenloyandtho

presentwritor havefound1a5oorystalliewlohlortim1nrooksofmany

Undo (oes114.5.1foresampls).

IntherogionnoarOtervann1tnmybo thatduringthsmainpost

D2motemorphdoevent,a highohomloalpotentialof002dcmtothe

presenoeofnerb1es,andoarbonatortohrooke1narnearthebasto rooka

o5ah111,04ohloritsratherthamamphibols(mm Pyfo,TurnarandVorhoogon

1959p. 220).

£2112a•

ThuaitiaposeibletoamountforthefaoiessoquenosIffiloh

Vogtdecoribedby a numhorofad hoehypothem,in linswiththepreerat

thoor1esof thonatureandhistoryofthebasiorooksofthofl Sulitjolma

ragioa. Indefeno*ofVogt,however,itianomomarytoim41thatuntil

Kautaki4o(1952)invest1gationof thoSul1tjolnafflealojaureregtonaoroee

thehorderinBwodenno one oons1deredthatthebasioigneous rooks of

the Sulitjelmareglanweronotonsintrusion.BothJ. B.L.Vogtani

SjBgronssalatohaveregardsdthmaasallpartofonstatzustaa. Th.

Vogtmm alin whenrautaky gavea firetacaouat ofhisoesolustomai,


andwhiloho attattted that a littislooalthrustingnøyhavecmourrodst

SuLttgalaa, hodoniodthatithadplayed• majorroleinthegaologioal
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hietoryofthoaroa. Purthozooretatthamootaommalblopartoftbø

6abboooamploatfitoSWooroor,owaygrwbal tranaltlemoambo øøsm

botwoøa soblatosamphlbolttoaaddIorltloisoolso#aaddioritio tuØ

aoaolotagibbro.Itwaooflyvlattat000rsramotoaroaroaoltaatho

ommaltridieotfakoo4okkathatdastratolleffialsolnikyto tboproant

writow thodiffetanbotlesathogaibbrooosplaspropørsawltheanorad

amphibolltaobtohnow1511atrooturaIXTbolow ite



, 9.

694
Ly

Raie

Narvik

4- IRå

FIG.7•1. CALEDONIAN GABBROS OF NORTHERN NORWAY.

12•1 21.E

4

70*

o,

aVa

I

-4- + .4-, -- + --I- •

il ®Kiruria
+ + + 14- + + 1

' BA LTIC

v?•1
+ + + + + + + +

C.) SHIELD

+ + + + + +

0 100 2,00

- -

62.

4- +

4- +

+ +

+ +

.7° _



- 138 fl

CHAPTERSZTEX,

Com arisonwithOtherAreas.

1. C

ThoOnatjolaagabbrooomplozisonsofontrallargogabbroto

or nørlttointruaionaoomarringinthanorthornpartofVorway.

7.1abowothsloostiongofsamowhiohhavoboond000ribadintbO

litoraturo.Thøyarofronnorihtosouth,tboeollandgibbrooanploz

(5ot),thoVaddaooonplaz(Va),thodonjagabbroawap1az(50),thatEngon

gabbroowsplox(4y),thoEaladdaritalddogabbrooonpliez(2a1),thoWina

norito(R&)andtbmSulitjølnagabbrooomplaz(80). Thiolanoton

•zolnairoliat,battbasoan allboatocanplawaswhlohtavefeaturooin

ooneonwithtbaSatitjolmaoonpla. Tbeiroaroalsommoroasanallor

aaphibolitiointrualonawhlohhavsohaitioalafflaltinwithtbatargi

intraaions(Poalis1921).

ThetwwlargetintrusionearotbaSoilandandIgnganoomplozoa,

whiohfonamaohof tbospootaoularooaatlinsofVorwaybotwoonTromaiand

Hannarfont.ThieSoilandoonplaztothabottørknownofthotwo,partly

booauaoitlatboaor.a0000siblo,andpargybasanaoitbasanoolatid

alkallasignowasrooka. Itto notonoatnglointraotan,batinolados

baotorookoofdifforntagoa. Onthoiolandofa4à ta tbenortbarn

partofthooonplazSturtandftwany(1965)havonoogatol throodiotInsi

phaasoof intrusionoftwoloignoatorooka. Thofiratphasoof intruste

foraodtbalargsBrotolkbotngIbbro,andsoeurrodat t thononotias



as the oarltost fold sowassats (P1). The aallsr Maawtkgabbro oawplaz

formod botwasa tboP astP2moverats,whilotho rooka wor* undsmgolad

ragianalastamarphimaata Ilto ftess. (sturt1966).

botwom dtffersat optøodøø ofdeformattosta ths P2 foldiag

pbaso, nort~, pyrownioa dtorttes, lamoogabbros saddtorltos woro

latradad.

It lo the Easvlk gabbro whiabdisplaystbø most otailarttla

witk tbe eulltjobaa gabbro oaaplaz. KeiiphAtte marginsarsfeet rommt

oltvlass, partiallarlytatboolivim-rlobtame4olltsswbtob000tr ta the

oomploa,aat tbors la ogyi »OrTOW thersal awolo. la tbts sumbe

oaa be sime pamulmaorphaoompond ot pyrozsas borsfols faoles atwals

aftwalsamllsamybibolltsfastaialaawals. itlaaadiasimphibollta

faolnainarals alsogrowafter tbaborifslstag.Porstompls,almandlia

darastoarepooademorphadir suusaatt., oplaol, byperotbe sad ors, bot

withia thoso psoudtworphothithamaal Werals havabosapartly

roomitttatod toalaamdtao. The oaaplexabowsdtstlaat banding, but tbis

tø of tho “Sulltjabea" ratber thad the Skaorgaard typs. Tho oro alanals

ta tbaBasirtk gabbro ero psadlamItts and syrrbotito, oftes latargrowa.

Otbarporto of tbodatlandcomplexbawoalaoboaawhadtod ta

dotell, but unfortmaatslyIlttla work bas basa domooa tho aatars of tbe

coataata so that lt le amoortala wklab phassofbalo iatruatoatha

aoaplemosWeribod maybolongto. Barth (1953)basgtwsaaa a000unt at
tbaIsynostaabbro omplemoa tho tslaad of Sellaad ltoolf,aadframble



a000nntittsoloarthatthobanatsg1softhoSulttjobestypo. Ontorai

hamgivona oarofulasoommtof tholaysrelgabbroson thoislandof

Stjorng(1956,1956,1963). ThoLtflaImfjordgabbrooblohhedmoorthse

hamthrosdistinstporidot1tobsnds at laalmostoamplotslynnalteal.

Olivinooossostobo stabloabovsthebaeoofthos000nåperidotitoband

awlorthopyrozonspralsolnatomoverollmopyrats,mothsttm thooppor

partof thooomplwathorookrarotathostriotloomosaorltoø. Ths

oomplszshoosno oontootaursolo.Bowsvortnmohof thaoonattyrook

surroundingthooamploz115dosorlbodss "gmbbrognotsr"andthlemayooll

bs an sarliorboadointzusionwh1ohbasboonpartZyanbibolltisod.

Oosteramdosonotdosoribobolyphltlomarglasromodolivimo.Thegsintle

dipsof thobandlnylathisoomploz1andttolmalAerwlnaturswaybo

indloatIonethat1t la latarIntruslomthatthoHasylkgabbn,bot

olthoufdotailodstmoturaldataitinimposolblotobe oørtatm. Soler

(1961)hasalsodameribodloyoredgabbrofromlitjørnk.Tharookrof

thsadjant økofjordponineasosroatedlodibyErauskopf(1996). Us

foorAintsroalationsofnaphoilassnolt•SathogObbrooomplailandslso

zonolithsoflimmitoso.lo dostdodthatthobestszplanationof thoso

fioldrolationsoasa proosasof "gabbalsation"(sio)byanalogywtth

grantt1ratIon,butinfairnoss11nmstbo addølthathohadmany

rosorvattonoaboutth1syloo.

TheIlyngeagabbrohashoonlossstudlodthanthoSotlamit

oanplsz,lorgolyboosamofthoaamntatnamstoszainothatitforms. It
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brlefanoustof somefleldrelatIoneandpotrograpbybesboongivraby

Duitai (1942) Aswollas gabbros,hefoundserpontlateedeltrsmaafte


rooke. Randall(1955)haswrIttesa Ph.D.dløsørtatIonfortho

UnIversityofllowesetleabouttbearesbutthsprosentwrIterhasnetyst

had thmopportunitytoramdthle. Partsofthøgabbroocenplexhavoboon

notamorphemed,andstmeprimarybandlngsanberosognleod.In111.

aomountBugg,alsodamorlbesa amallaroaofnorlteeandperldotItee

noarRan, on thalelandofSenla.

ThøVaddn gabbrooomplorwasdesorlbodbyVogt1n thøsase

memoiraø tbøSulltjelmsgabbro(1927). Itleelmllarto thoSulltjelme

somploxinthstunalterodolivinsgabbrosoverlieasphlbolitosohlah

•xtemdasa 8111-11keb04 amongtheaountarooks. VogtoonsideredIt

to be a syntootonisphaoollte,slmllartotbsgreatSulltjolmaphaoollte,

Ramen (1942)haeglvona sarofulfloldandpotrographis

amountof tbeRatewoddaralddegobbrocomplexonthedorwegtanaPlanieh

bordsr. He oomøttlaredittobe elmllartothsSulltjelmsoomplex. Par

example,ltleoharaotortarlby olivineboaringrooksemohas dunIto,

trootollto,harrls/toandallivallto,buttrusperldotItimarerami

Theolivineisvoryforeterltio.Inmostofthøomxpløxonly

olinoffroxenelafoand,battwepyromenegabbresappeharnøarthelower

oontaot. Rowevar,itauøeboemsIderodtbattbømlnaralvarlatleawasmet

da,toorystalsottlIngundørgrevIty,auttoa filter-proesIngmoobandue.

RlsmalsrossonforoomIngto thisoonoluelonaues to havsbeenthe
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indtettnotnatur,of the1*yoringby ompartsoewith1aykerodintrustam
m

raohasSkaergaartorRbmm. Theoemplethasbeespartymotamorphond

andiseatuatedoloestothehasalthrugtofthagraalSoewnappa.

Rausendasoribedtbmoomplataø • "Caledontanophlolits"andoossiderod

it tobe synteetonio.Ha drewattentiontothaextstaneoefseraral

suohmaesselatbønortharnSeandinsrlanCaladontibe,oitingasother

examplestbøRinanoriteandSulitjolmagabbro.

ApartfremthsSulttjolmagabbrotthilasanoritsmum ts

probahlythsotherCaladonianhate IntrustoninnorthernNorwmywhIshla

familiarto gngltsh.epoakingpetrologlets,i.ltwnadiesoribedby Poslis

in 1921inths3ourna1ofOsology. Thisoemplexhasthrsedisttnet

partse 

A ountralsoneofquartsnortte.

å marginalsonaofnormalnorttewhiohtsfsandat thaupper

øndlowørsontaotsoftba1ennhaped.mma.

Smallbosossandhendsinthomarginalsom whieharoomposed

of lharsolite,trootolltoandolivinsgabbro.

1a thsnorttsotheollvinesarsalwayertimmulbyorthopyroanweandtbsir

omepoeition(determtnedbyoptteazialan1es)ramainetbeeame

throughoutthemass. Poølleoonuldoredthatthsrooksofpartø2 and3

fenffiklbymagmatIodifferenttationby 00Temstionourrimaaudtbsttho

oentralwartsnoritøwairfllterpreesedfromthoorystalmushhofore

oonolidattonemsoompleta.Itoweverlaterworkby Poslte(1942)

rowealatthatthsnorttemasalieeon tbøastsof majorsynfoiseand
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i. probablytobø interpretødas synforsovørturnotitothemonth

(Strand,inHoltodabl1960). Tbustbøonartsnoritawttoh19now

suratundødandpartZyovarlainby tbønormalnorit•probabZyorigiaally

fornødaboveit in• laywredintruaion.Å smallnoritsnassliøsøn

theaxieofthøaynfonaatS‘rfjordanandisprobablypartof tbasams

intrusion.TbøRInanaritehaøundørgonspartialsaphibolibisatias.

Thøinvestigationaearriodoutonthasooompletwaarsvary

vartedinsoopeantiqualityandthe maattofdotailsdobatealand

minaralogioalworkdon,onthumissmall. Howevar,sevoralpointsof

oamparisonwithtbøSulitjelnagabbrocompløsoanbømentienødes.

Primaryign•ousbanding,ofthetypedisployodby theSulitjølma

gabbroocuplaxis oftonfound.

Olivinøi.prasantas • prinary-olneral,at leastatsonsstass

of tbøorystallisation.

1. Thetgneousrookshavsundergoneøsternsivsdatormationani

matamorphiewaftørooneolidation.

It ieintørsatingtoobsørvethatinadditiontoVegtandtho

prosentvriter,otherworkørshavedeseribøltbagabbrosina broadsøns

as "syntostonies,In theøaøøoftbaRaevikgabbro,tbeparallolis

øvenoloøør,inthattheintruatonissupposedtohavs000nrrødbotwsøn

thsfirstands000nddifornationspisodo,althoughitshoultiba rømmbarad

thatRansayandSturt'ø1.1andr2nm,nutnorrennendtntinnniththe

prøsentwritør'sDiand1)21 Donoofthsothørworkørsbaffispørfoamd
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but Itisreasonabletorsgard"synteetonlesinthelrseopuntsas

ImplyIngintruslonduringthemaindefornatIonandmetamorphIseof the

oountryrocks. Severalvorkersareatpresentstudyinglargebaelo

intrusionsinnorthernBoandlnevia,anditle likelythatfurther

InformationwIllsoonbeavallableehiohnayconflmntbegenen1

eonoluslonseuggeetedhere.

2. Jot can

/tlea remarkableecdnoldenosthatthehighestmountaInsof

eoutheruForwayshouldalsobe composedofbasioigneousrocks. A

oloseloaceountoftheeseseglvenby Goldsebmidtin1916,anda reoent

socountofpartoftbeareahasbeengivenby Battey(1965).Two

assoelotIonsofigneousrookehavebeenrsoognløst.OnsretaInsrellet

ophitietexturesandsomsprlaualredmralswhIletheotbersonsisteof

rookeehlohhavebeenreorystallIsedstgranulitsfaolos. BothhaVe

undergonesubesquentretrogreselvemetamorphlInalongshearmonesto

amphlbolltes.TheyhavealsobeenaltøredtomylonItsalongfault

pl8nese

Intheareadesorlbedby Battey,theophltioassoolationis

representedhytheBkilkedolepurplegabbro. Thlaconeletsofplarloo& 

ase(An40),orthopyroxenaandolinopyroxess.Theplegloolaue141

olouded,andthepyroxeneshaveexsolvedoreplatee. Pyroxeneandore

hawekelyphltiobordsre;thepyroxeneofbornblendeandgarnet,andtbe
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oro ofbiotIteandsarnet. SonettameIronoreIepargyconvertedto

creenspInelandplagloolaaeto soapolIte.Battøyconaiderethe

notamorphientobe "dynamio"in characterbecausotharookahavsismeloped

a esoondaryfollationandarecrossedby a serIeeot loranslenovemont

planes. Iteeenapossible,howaver,thatthøssrockasayhavsusdergene

qulteextremetemperaturesandprnauresbutthatrelatIvelylittl.

reoryetallIsationof theprimarymlneraleoeourrødduetoa laakofaa

aqueouemsdlun,aahaebeeneuggestsdlnthlssocountforthenon 

amphlbolltinedportionsoftheSulltjelnagabbrooomplex.Datthe

reoemblancebetweenthokjølkedolagabbroandtheSulltjølnasabbrs

cannotbe ealdto bo verygreat.

Theothergroupofbaelorockearstwo-Tyroxonssranulltee.

Districheon(1958)andDattey(1965)oonsIderthatthoyarea

netamorphosedlaysredIganta intruslon,butthsersumantsonthisare

notrelevanttothlatheele. ThsJotunheInencaapleanlleln a lars,

thruatnaes,butthisthruetispoetmetenorphioandunlIkethsOaeak

nappo. *rhIlethebasloleneousrookshaveobvlouslybsonbothdeformed

andmetamorphosed,tharelsno svIdenaeat thsnomenttooussestthat

theyarienotpre-teotonto.

3.

å mabor of largebaeloignsousplutonsarefoundIn tbø

Dalradisnrocka of tbaflRIghlandsofSootlond.It lanotproposodto

deaoribethenIn dotall horo, as susmariso oftbeirgeolostoalesttlass
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havebøeagalatbyRoad(1961,yy.668469)aadMorly0iaCates

NhologyofBeetlaad"(1965pp.243-245).It11,marristonttony thht

thenm14,geelovidaasetbsttbsyworislatradotaftørtba"OldørOranite
e"

bstbaforeths"SewerOranitee".

Sbeihlotom(1946)beedraeaattsatheatothsesIstaesof

prImanyIgneonsbanding,appørentlyinvorted,inonsof thatsIntrualo
as,

tbøBmatkyvaayloa.RtsNapysuy"evIdsnesisgradeilbøddingofoweigu
a

orystals,andse tbøbandingtoof thazolativaIyindlatinetBalitjabr
a

type,theprøsentwriterfoolsthisshouldnetbo takinaasa roliable

gu1da. Batthareisaodoubtof tbsstsøyattltudoof thaband1ag.

Tbe Intrustonspost—datatheoarkyfoldittruatures,butJobaseasal

Stewart(1961)oosatderthattbaywarefoldadby tbølatørDoyadtraoha
st

grouyoffolds. Rsadibonvar,whobsedonsamebrmaralt1nthaanat

sonmidestbatthesteøpbandingisa prinryfsature#andthaintrus1oas

arsessatlallfypoettsotosio.Ba basproduoodpalanagnetioøvIdeao
e

to sapportthiepolatofvisw(BlundallaadRoad,1956).

Theintataionsebowaanyof tbafeaturseseen1ntbøSulitjølea

gabbrooomples,Inoladingall davelopnlItstyphIttebordereandsølkø

asybibolltiestioaof theprtaarypyroxonsaadolivtaeboarIngassalblagia.

It taganerallystatedthatthaltaotaaorpb10aursolosoverprlatthe

regIonalmastaaorphtea,butPettoe(pare.ooea.)wboba.bsonstudytngtha

rookieeurroundlagthaRunt1yetemplen,boltes tbleasynetbø tbøoame.

Unfortunetsly,thsNowerOabbrosaravarypoorlyexpostid,ao tbatltis
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diff1oultto Invostigatothonatursofthoiroontaoto1adota11.

Homor, thøydonotoøømtohavothøverynarrowthsras1suroolosof tbø

SulitjolmaandMasylkoonplosos.

CzyptiolayerInghasboondisoonrodintbsInsoheaøø(Road,

SadashivaiahandSas,1961)andin theBolbalvisoonp1oz(Wadamorth.

StowartaniBothotoin1966). VarlationintholargoInsohnassis

oons1dørabloandsinploorystalfrastIonationdifforentlationosybø

oompliostsdbypartialaselallatIonofoountryrook. TbøvariatIon1n

thoBolholviooomplos1sverylialtod(olIvinoPa34.20,orthopyrozono

Ofs15_181,ollnopyrossnoiSs5Irs7Wo42 4ø487ø111o41)anditwasogy by

voryaooaratolabsoraldotornlnatIonthatWadsworthot al.warsablote

dotoot1t. Itwaathoirpapørwhighsuggestodtotbspresontwritor

thatItimaworthwhilolookingforønallsystemationlbsoralvariatIons

in thaSulItjablastgabbrooomploz. Tbeyalsonontionunpubltsbeddata

fronotbørworkørswhiohouggostthattbawariationin tbøothørdower

Gabbroo1ss1n1lar.TbayasorIbøthobandingandorypt10layoring1n

thoBolholsisocalplaztogravitatIvodifførentiation1nplaos, and

supportJohnsonandStowart'aoontentionthatthoIøsr Gabbiwoaro

partsofa singlolaysrodintrusion,whiohwasdaforrøddurlingtholato

foldingspisodos.

Tbusitappoars,assumIngthatJobrsonandStowartaroright,

tbatintbaSoottIshCalsdonidosas inI Forway,therswassams intresion

of largodifforntlatodbas10Ignoottsplutonsdur1ngthsCalodonIan
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orogoffiy.ThoNoworGobbawoar,probably not aa oloao in thaoto tho

sals OpisodsofdeformatIonandnotamorphimaas thoSulStjolmaandEasvik

gabbrooamplosoo,butthelystIllprobably prodlatotholast foldmonants

of thaCalodostasarogoay.

4.

ThoDaltkaorogabbrooamplenanland,U.S.A.,d1oplaysmany

liaturooSaoommealwiththsSulltjelmagabbrooamplexandthoImwar

OabbrosofSootland.It1abootknownfranW1111amegdoseriptIon(1886)

ot thoaltorationof pyronnouto flbronoemphlbolos,a proons whigh bo

nmnodsuralitimation".ThooityofSaltbaeroooworamuohof thooutorop

of thogabbro,andarposurs1snotgood,butapparontlybeforothooity

waobaSltrouniodwoathorodblookmof gabbroworkodtothoourfaoo,and

worousedbyfarnoreforbaildingwallo. Thoywerooallod"n1ggorboado"

andWIlliamowa*ablotomapthogabbroby thoir000arronoo.S1noo

W1111ans'aoomant,Cohos(1937)andDora(1951)hawolulttonpapersabout

thooomplør.Cohonmadoa struoturolstudy. HodistingulshodprImory

banding,wklohho attributodtoa flows*ohanion,fromonondaryfoliation

whlohho oonoldarodhodboonhap000dby latordeformation.ThodiotinatIon

waooftondiffioultbooauamthebandingandfolIationarsnoarkyalwayu

parollol.Cohosthoughtthatporhapothogabbro hadbotaistradmd

botwoonthotwoaajorphasooofmovomontinthiapartofthoAppalaohlas

sountainobala.

loramado* misorologlealatudyofthooomploz,haviagsimainol
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• •ostionthroughthooontaetexposedin nreaquoduet.Es fonaltwo

saklausoonoentrationsofplogloolamiompoeltIonat 4a7343aalAa64.70.

Thelarlationinompooltionsofollvins,orthopyrenneaadollisopyrozeas

le voryelallarto thatlstheSulltjolaaoamplactandtheesquonsof

aaphibolesforsIngfraethepirezensomamphlbolltleatIonis slailarte

thatilhown1ntabl.6. ButaerpontInefolnationfroaellyinehaa

ooeurrial.Rers,howsvor,rejøetsCohon'ssuggoatIonthattheoaaploz

hasundergenenetwaorphlaaanddeformatleaandøselbesallthoseohaagee

to dmaterlealtoratIon.Elsviewson thehorsblontloslstheemplez

havoheenasntionadalreek(p.77). Iteasseldersthsgranular

plagloolesrhornhlondsrooketobo thoproduetsofprlaarynaginstte

orystalllsaties,andglysotheaa nowroeknamo,"bejlto".Eleronene

fordooldIngthøserooksarsprbaarysee tobo thøoalelooaapositieseit

thsplagloolaso,andthaftetthatltshowsall dmvolopodeaaplu

talanlog.ThsprosontwrltørwoulddøeerlbsBOrs's"bejltee"se

eetagsbbroioaaphlbolltos,andtøndetosupportCohon'svleouonths

historyofthseamplex.

AnothorAppalsohlarpartlpmøtenorphoesdbasleIgneouøoasplez

ls thøCortlanitoomplox,Psøkskill,NewTork,whlohShandduerlbedis

1942. Esdsvolopsdnowt•ohnlqusof fleldInvestigatloswhishbø

eallød"phasepstrologym,whlehInvoltedthsnappingoforltloalnlanal

phasoewithlrthoomples. Nornblendslsonosuohalneral,formangla

larøøpolkilitloerystals1rseeeperteofthooonploz,Shandoonsidarsl
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this sinoral formod by solld state røsotion, but at a deutsrlo etage

ratbsr than during røglonal notamorphlaw.

Probabliy the largest dafonaød and partly aøtanorphoni baal•

Igneous onaploz 18 the Bay of lalands oomplaz in Nowfoundland (Coopør

19)6). This oompløs ls bandod and strongly dlfførøntlatuds but has bøøa

separated into a mamborof emparate ansi by post oonsolldatIoa deformatloa.

It woultt bø possiblo to multiply tho nwsbor of basts lgasous

plutons, partlally metamorphoøød and døfonad, by goIng to othør oronats

belte. S. of tbø "ophlolites" Itt the Alps probabZy ocaut Into thls

oategory. liostver, allnøø the ørltar bas not stuttlød thø lltørature int

the in dstall thøy oannot bø treatitd høre.

It is hspod that this aoøount of hroadly synoronnio gabbas or

norito plutons in tbø Calødonlan and Appalashlan nountain obains has

shown that while thøy arø far more inmunrogenle grenItøs thaa gabbros, thia

lattør ars by no soana rarø. Sone of tham, at least, salm 1120 the

Sulltjelna gabbro oompla to hawo høsn Intrudad whIlo the rooka war.

undørgoIng roglonel mstamorphiam, and oloøø in tbas to sajor deformatton

oplsodos In the oountry rooks. Thitaø synorogrtio oospløsøs ofton hawo

kelyphltiosarglas round olivinøø and the ritlativoty Indlettnot bandIng

whlob hatt ban desorlbed from the Sulltjobaa onaples. rhøy søse to ettow

løsø østraes oryptlo wartation than tbø omplostm la stabis parts of tho

liarth'ø orust, but thla say bø bsoattam thø orovnle omplaltss have beat

fraptentod, so that no single pieøøø showe thø warlation whish the or/ginal

oomplitz had.
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CHAPTER 


Conolasione.

Atthoondof thointroduation,thofourmainproblasawhioh

faoodthswritorat thoboginningofthaatudyofthoSu1itjelmagabbro

werooutlisod.Itlanowappropriatstosummaria•thsaolutionawhia

havs amorgel.

Vogt's"Sulitjelmaphaoolito"laa baaioigneousplutonwhiok

basboonthratovos• warisaofhasiomota-ignoomarooksamaoof whiok

aropyroolaatio.

TbaSulitjolaagabbrooomplozio• layorodintruaionof

irrogularfors,foldsdinto• vynform.Partoftheintrusionhasbsmn

invortod.Itdioplaya& markoddogrtmoforyptiolaysrisg,implying

esrteinasountofdifforntiationinplaoo. Thioprobablyossurrodby

fraotionationduotoorystalsettlingundorgravity. Attimesmagma

ourpontsworoprosontduringthooettlingoforyatals.

Thamainphaaoofmovomonton thothruotbolowthegabbro

oomplawoesurrodduringthoD2 dofovaationoplao&o.Thatiotosayit

wasoontomporarywiththomajorWormationoftheaountryrooka althongh

ansarliorphassoftoformationoanbersoogniad.It000unsdahortli

beforoorduringa phassofgrowthofminoralnof thoalmandiar

amphibolitofaoioa. Thusthothrustinglaoimilartonoitharthapoat•

astamorpbtothruatingdemoribmibytautsky,northoprommotamorphio
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syn-71tbrustingdesoribedby Rutlandandfflioholeon.

d. Å stratigraphicalschemetakingsocountof theprennee of tho

thrustis ccaparedwithSffigrenandVogt'øatretigraphioalaoteneein

tabls1.

c

Whilethalwritørconsidersthatthemajorfeaturesof tho

Sulitjelmagabbrooomplsxhavssemirgedfronthepastthrooyoars'

reffitarch,oertainaspeotenesdto be betterdoaoribed. koromineral

analyses,by bothtraditionalchemicelanalysisof separatodmiattral

conosntratosandby physloalteohniquesarerequind to oonfimethe

differentiationtrønds. Por thiepurposemoresamplesfronthshigh

ridgssin thointeriorof the Sulltjolnamountainsarsroquired. Thøre

is a needalaoformeasurementsof tbsprimarybandingof tbogabbro

complezin thesoareas. Tho igneon brootdasdosern furtheratudy.

Morestructuraland lithologioalmappingis requiredin tho

Sorjusjeursregionif correlationbetwoonNorwegianSulitjohasandtho

grounddesoribsdby Kautskyis to be oertain. MioholsontWileonand the

writerhavedonsa littleisconnaimaanoenorthof Sorjusjaurs,whiohraison

sericuaproblemsin etruotureandcorrelation.

Ths topioof tbø firstappendliis onlyrelatodto tho

Sulitjelnaareain thatthestudywaspsrforitodon analyesdhornblendos

fron tbsgabbrooomplez,but it alsoindloatestbepossibilityof an

Intereatinglineof mineralogioalresearchwithrolativekysimpls

apperatna. The oriterhopesto do moreof thista thefuture.
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APPFDIDIXO.

1

1.

Rsooutworkbasohownthatthointorprotationof thoooloursaf

manyminoralssanyioldinfornationoonarningthoslootroniooonfigaratien

of tranoltionnotalions tbøorystalstruotursbyuolagi bromOhaf

lsotronorbitalthooryknownresorystalfislåthoory(Durna1965% 196%,

BarnsanåFfls1964). InonanonøysookMoolour"meansthsImprosaion

giventothoayobyobangasinthointonsityof lightwithwsvolongth,

withina limitsdrangsofwawolongtbs(3.900..7.700 2)oalledtho"Tiolble

pootrna".ThiaÉsfinitionisnotsaffielontlyproolasforthostudyof

orystalliasnatorialsbyorystalfloldtboory,so ooloursarodosoribodta

tørsaof "absorptionspootra".Absorytionspostranaeurothoabaorption

of ratiationofiiffonntwavolongthspassingthrlugh• transparont

substanso.Abaorytionnaybeoaprossoelmatbasatioallyaatbølogaritha

of tbaratiooftbaintonsityofinoidont(I0)totranonittod(/)light

of • partioularwavolength.

Å *

å ylotoftbmvariationof absorytionA withwavolongthgivosan

abaorytionspootzma.Poreasparisonsbotwoonorystalsof diffornt

tbloknomaandapositionsa clifforontosprosaionofaboorptionSs

tiosa.Thisisthonolalestinetionoaffloisat, difinnt by the



FIG.Al.
A ratus used to determine absorption spectra.
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•quatiOU $A 

whereo thenolaloonoentration(mols/l000gns),t • thioknesøofthe

speoinen(cemp,).Inthiesomuntthospeeinenøesominedaroinnormal

thineeotionsoutforpetrographioozonination(thlobnas 0,03na.)end

arebothbornblendes,so thosbsorptionsA willbe compareddirsotly,

/nananisetropioorystaltheabeorptionspeotrunvarieswith

thediflotionofvibrationofthelightrelativototbøcrystalstruoture,

whichisthephenemenonknownas "pleoobrolen".It ieneoessary

thereforotospeoifythedirsotionofvibrationofthelightandthiøis

donebynakingmoosurementson lightvibratingalongtheprincipal

vibretiondirsotioneofthooryetalwhieharohero y after


thesorreepondingrefrentive

2. A us tec •

Theapparstneusodwasa minrosoopowithstabilisodlight.eoures

endphotasetrieeyspilmedevelopedby Dr.II.P.N.Renryforreflectivity

menaursmentsonoreminerals(BowieandRenry1964), Thealeroscopewaø

alroadyfittedwitha cubetageoondonsor,diaphregnondairrorfor

trnmenittedlight,ooan improvioødporisoopearrangeneatoftweplano

mirrorewassetup topesslightfronthointertereno$monoehronetorto

thesubstsgoairror(fig.A,1), A x20objøetivewesused,so thatthe

largerbornblendoorystaleetudiedsonsed a subatantialpartof the

fioldofview•



FIG. A.2. VISIBLE ABSORPTION SPECTRA OF GREEN HORNBLENDE T15.
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011 FIG.A.3. ABSORPTION SPECTRA OF BROWN HORNBLENDE T179.
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FIG.A.4. VISIBLE & INFRA-RED ABSORPTION SPECTRAOF GREEN HORNBLENDET15.
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apeotraofopoolnon115usingtbaCarysodel14riboordingspootrephotonstor

in thødepartantofChaniotry,CanbridtpUniveroity:H.bno41Totd

dosoriptionofthisapparataaforminaralegioalwork(Duras1966). Thin

inatrunontianotlinktatomeaauronontainthevioibloøpeotrunbutoan

øxtendobionmationintothoshort-wavslatarrod, Thospootraha

btainødaroshowninfullinfig.A94,andoanyaretwiththowritosin

røieultsin burnaaleotriedtodetemainotho•pootraof th,


hornbløndøinapøoinonT1790butfoundtbøory•talatooanallfortamt41

rosultstobs obtainød.

Thøobjowtoftbøtrisiswiththeroll•otivityapparatuawasto

Imaøwhotbørtbiøtimbniquonightprovidoa noennof daterniningablierptios

opootrainthovisibloapootnnewithouttheun of oaaplutandozponain

pparaturlikitbøCaryapootropbotonotor.Thioisbynenosnatbøfirst

attampttodartorninøaboorptionopeotrausinganadaptudystrographie

miorosoope,butit isoaliywiththaintroduationof reliabl•photonotri0

oquipnatandoftheintarforønnnonoohreastørthaiauohdetorninations

havoboos ouffielontlyaimplotobø regardsåaa• toohniqustobo

appliodbywano whooonusoi polarioinindoramoyøøTbønempurønnts

r000rdødbørewaroperfornødin 2-5days,andwithprsotiosoompleto

abaorptionapootraeouldbø obtainødfronspoolnoneinsotoralthin

imationsini day.

lionghaanowverymuohinprovolthsøsnaltiviiyof the

photanstrispartof bisapyarstasbyuslagapbotbraultiplierinylaøøof
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the photo-oløstriotall, Tht.shouldIspronthoanourasyandrangoof

theabsorptionspostraobtainabletnthevietbloroglon* Thowriter

hopøsto try this in tbønserfuturø.

3.

(a) b *

Theamparison of the spectraobtalnedby thewrIterwithtboss

obtatnadby BurnsontbøCaryspeetrophotauterpresents vartoca probleme.

Tbehigheraboorptlanwaluesobtalned bytbapresent wrItørør,probabli

notet6ittfloantas theydotwaden tba v*1uøofX. Aøwasotatedtthe

waluesofIoobtainstt fromdiffent parts ot the olearalidøvartedsnt

thesotualvalususødla rather arbitrary.Burne'tschniquft howner

strlyøøtomakeasasouratea datermlnattosofIo endI aaposeIbleso hts

valus.arlethenorsseourato*

Tbø&Ittarence betweentheourwesfory temoreserions. Tbs

writter's tfasbaktas, eblebd14notinvolwetbeuseofa thttreasal stageas

Burns'does,saywan thattbedtrwetionofvlbrstIonofthe11ghtwhose

tntensitywasasseared 1148 4 fewtagrns awayfromths principal vtbration

dirsotten*But1flurns'ourvosaresooursts,thtsslIghtstsaltgnnont

shouldnotmakey staste than • altbough1na p-ysootionltnight

glvs htituar valuss far y tban th. oorreet anse. The diaorepancy niraybe

dustomistdentlfteationof thsprinotpal vibratton dttsettons, hat the

statlarity inebspebetwantbey ourves obtalnsaby Inkohnetbod nakse

thts rathør unlikway. Tha hantblenda of 1115ta sather soned andItsaly
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be that ths grains szemtned by Barns ar. different frem thoss exmatned by

tho writer.

The ereotra show that thore is strong aboorptIon in thel blus

part of the visIble rogion and a mmakabsorptIon platsan in tba rød part

of the vieibls epootrma at aboat 6,700 A. (Arrew3 1n flg. A.4.). la

tho infra-rael a farthor distInot absorpt1on wartmma000ars at about

10,000 A. (srrimrA,tig.s.t.).

Absorptton is due to tho removal of ønney from olootremagnetto

radtatIon pasaing through the orystal. Thls onerg, goos to emaIts

•lsotrons 1n the orystal struoturs free low snergy otateø to higher energy

statos. Dowever, enorgy will onty be absorbod from radlatIon whoss

oharaotortatto snorgy matohes ths lnereaas 1n energy of ths elsotron.

Tho simotrowainstie radlatlom w111 bø partloalarty atrongty absorbod st

fropmenoles correspondIng to oommonelsotronto transItIons 000arring

within ths orystal straoture. Absorpt1on 1n ths vistble apootrme and tbei

ahort•eats infrs-rsd Impliss relatIvety low snwrity transItiona. In the

osse of bornblonds thlms arie probably of two Undo

Trenrittons betwen d-orbitals ef •lightly dIfferant energtme 1n

the seme transItIon metal 1on.

TranaItIons betsa ths cutør elostron orbitalo of two dIfforat

ions in the orystal strusturs. Th1r will ssama absorpttom in the vistblo

and Infrantå 1f the elootrons aro loomety bound1 and bawo otollar snitrgiss

1n the two atoms. This pbonomonon1s knownas "obarge transfor".



FIG A5. STRUCTUREOF HORNBLENDEPROJECTED NORMAL TO [001].


(Based on data from Heritsch et al. 1957)
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1n ordor to undorstand ths tramitiono whioh oonr in hornblondos

lt 141nonssory to oonaidar tha orystal etruoturo of thie minaral in was

dota11. Xo oomplets 3-dnonsional struotsralanalysis has yot bosa

porforsod an bornblonn, but an oxtonsin 2-4lmonolonalanalys1sbas non

perforns4 by Her1ton, Paulitmob and Walltal (1957)on a metagabbn

bornlønn froa Usdhansborg (salsburg) obiob bappons to havs s ons1oal

analysio quito slailsr to tbahornblandaT15. Tho anaiyils 1s given 1*

tablo 10, slong with onalmal analyna of tho groon and brown bornblonn

dosorind hon. Tho struoturodatanimation gan sa li-faotor of 0.2

whon tha oa1ouland intonoitles of tbs interfsanoo spoto wers oompand

with tts oboornd intensitios,whiobimplloathat thi form of tho struotun

111oorroot, but tbst sono of tho stoodo occrdlastos obtaind am, t*

inaccurato. 11g. A.5 showo a projootion of tho strusture paryondnalor

tm

Thørs an four altos 1n tbe struotun ebin nay bo 000upinby

transition notal ionat andthsy aro knownoonnationally asMl,MI,M3

and Me 114isanB-rola000rdlastodsito, and 1n bornblondo is yrobably

ocmuplmdbyoa1oiunand saas a1kali ions. (Tho rowalningalkal1ions

ocoupy ths partly noant sito A). 11, M2and:13 sro64.14 ooardinand

sitoa t tha 000rdination being roprosontod by moro or loos distorted

octandra. 13 Ss rolatIn1y undistortad, 11 le appromnanly

totragonally datortod t (1.14it has two asso approxnatoly squaland tbe

th1rd largor) whilo bas all thros ames difforont.
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ThetransitionmetalIonepreeentinmajoramountslnTl,are

4+Pe2+,Pe3t,Mn2+endTi It letaposalbletogo into detalloda000mnt

of orystalfleldtheorybers,eo itrustebeplybo statodthettheomly

likelytraneItlonswithinth•orbitalsofonelonoeourbetweentho

d-orbitalsofre2+,whlohheefourunpalredslestrons.Transitlønsla

/134'andintstarsmforbIddeemby thsspin-multIplloItyselootionntloa

andeoarefarløseIlke/yto000ur(I...thoabeorptIonmaxheathey

prodneearoveryfaInt). T.144haeno6-eleotrons,Internalcl-olootron

traneitlonsareImpoesIbls.

7*24basalzd-eleetrons,eharodamongfivo3&0*bitale. In

theweakorystalfleldwhlohlefoundInverynearlyallellioatesfoule

orbitaleareonuplodbyoneoleotronandoneorbltalby twoelsotrone,

spinningInoppositsosnoos. Ina froe7s2.ionalltbeolootronehave

theammeenorgbbutwhonthsIonIslna orystal,theelootriofleldeof

thosurroundinganloos("Ilgandsm)oausetwoobangsase

I. Thsenergyof alltheeleetronelsinoreased.

2, TheenerginofeleotronsIndifferentd-orbItalsbeoeme

different.

ThediffereneesInestegybetwomtbeorbItalsarwrolativelyemall,and

so thotrensitIonof aneleetronfromoned-orbltaltoanotherproduoee

absorptionIntbsvielblsspeotraorshort-nveInfratrod.ItPe2.le

in neularoetabedraleoordinatIon,tbefived-orbItalsdivideintotwo

seteltwooelledtbe orbItalswIth higheremergy,sndthroooallsi



FIGURE A .6 : ENERGY LEVEL DIAGRAM FOR FE2+

Free lon lon in crystal lon in regular
octahedrai co-ordination

lon in tetragonally
distorted octahedral
co-ordinat ion
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Energy

/ Crystal field
stabilisation
energy

 IT
( M3) ( M1' M2)

The small arrows on the right show the electron spins in the lowest energy states

The large arrows indicate possible electronic transitions to higher energy states

Occurs at about 25,000 Å

Occurs at about 9,000 -10,000,4

Occurs at about 6500- 7500 Å g.h.
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tbø ta_orbitalsiltha 1owerønorgy, Thøssobangøøsanbo exprossod

by an "ønørgylevoldiagrom"suobaøft. 4.6,

tbø•norgyemparatimtbatwasntb orbItals.Ths

lmotronstuadtorusobthslowostposoIbloønergystate,sooneoftbø

orbitals1s000uplødby theolootroapair1nr.2+ Itønorgyarrivos

in thotormofslootrosognotioradlationhomer, onøofthepalrol

lootronsmay"Jmap"Intoonsof theøsorbitalø,absorbingonergyof a

obaraetoristlowavsløngtheForFø2+InIndIetortodootabodral

000rdinatioainoilloatos,thlovalusfalieatobout10,0002. Itla

vørylmnl thatthsaboorptionpitaknimarthisvalueIn thogress

bormbløndøøpøotrua(A)1sduotoøuøbtransitIonsoconrrInginforroua

IroalatbørolativslyuadIstortod$3 sits.

Lfthsostabodral000rdInatIonisdistorted,thors1søvsaaors

voriatIon1atheønorgylevolaof tbøorbitala(fig.1.6). Thennabor

of possibletransItIonoInorfloos.Intbøoaøø111mstratød,for

ootabodrolopordinationtstregonalLydistortødalongtbø• asisof the

2,2*1oa,throspoasiblsonosgytransitIonearoabown. Transitioa1 Is

verylowønsrgytransItIon,andprobablyproduos•aboorptionIn tbm

farinfranød. Transitions2 and3 arøaore11ko/ytooakumabsorptie

In thsvIsIblorogion,andshow4Inframsod4PossIb1ytranaltloa2 ha

produoIngørnaoof tha irrogalaritgbotwasa7,000and10,0002. 1n tbø

aboorptioaspootra,andtransition3 tbøplatauatabout6,7002. fbe

plateanmaybø oausodby tbødifferontdistortionecfthoM1 andM2
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sit•o,whiohnoanthat aewooistedwithtraneition3 iodiffsrentin

eaohoage,eothattheplatsauisfommedoftwopeaksatolightlydifforent

wavelengths.

Nbaorptionwillonlyoceuriftheplaneofvibrationof tbe

•leetromagnetioradiationoorrottpondstothedirootionsofthoappropriats

orbitals,ooanabsorptionpeeknayappoarinoneprinelpelvibratits

direotionbutnotinanother. Itwillboweenthatlonantamesof the

dietortodootahodrastM1 andM liointhoe e (orystallogrephie)plsne.

It ie thsroforeintergetingthatths6,700I abeerptionpeakisnoro

prononnoodinths\i/thanin the13 spootrun.

Thsvorystrongabserptionatthebln•ondofthevieibls

spectrunieprobablyduoto aohargetronefor".fL. neehanienwil1bø

disouswodinthebrownharnblende.

(b) o

Thseomparisonofthobrownhornblendospootrawiththesuesa

rovealstwothingste

Thoabsorptioninalltheprineipalvibratieudirootionsis

groatoetin thobrownhorabløndo.

thosharpinoroaestoabserptiontoward*theblnoentof tho

vieiblswpeoiruningrseahornblendoexandsthronghonttheepsetrata

tbebrown.

Thisinerosamiabeorptionat thebIns oftheiepootron

suggesteelootronietraawitioneofhigherenergythauthesoroprosentod



TABLE 10.




Comositionof
"Barroisitichornblende"

112
Greenhornblende

eenandbrownhornblende.
fromPaulitsch1 .

T179 "Barroisitic
Brownhornblende hornblende"

5102 45.13 44.21 45.05
TiO, 0.74 2.30 1.40
A16 11.17 11.43 13.78

2 1.70 1.57 0.99
Feb ' 11.68 11.03 9.98
Mn0 0.20 0.16 0.20

Mg0 11.65 12.95 12.01

Ca0 12.08 11.76 10.28

Na,0 1.49 1.96 3.84
K 6 0.03 0.93 0.16

H20+ 2.13 1.09 2.33

H220- 0.04 0.03 0.15

Total 100.34 99.42 100.17

Unit cellcontenteon thebasisof 24 (0,0H). T15 andT179
calculatedusinga programmepreparedby Kelseyon theTitan
computerin theMathematicallaboratory,CambridgeUnivereity
The barroisitichornblendefromHeritschet al. 1957.

Si 6.580) 8 00
6.528) 8 00
Al 1.472) • 1.420)

Al 0.825 0.585
Ti 0.081 0.257
Fe3+ 0.185 5.04 0.176 5.28

2.511 2.873
Mg 2+Fe 1.413 1.373
Ku 0.025 0.020

Na 0.418 0.566)

Ca 1.872 2.30 1.875) 2.62
0.006 0.177)

OH 2.055 1.082

	

1.46
8 oo

0.90
0.15

	

0.10 5 oo

2.61
1.21
0.03

0.41

	

1.59 2.00

not given
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by ths piteks st 6,700 sad 10,000 2 1n green borablønde. It appears not

to bø a disoroto absorptlen nak, but a wido band, roprosenting veriny

of transitions of diffenat mergies. Suoh absorption wauld be produon

by tha "ohorgw transfar" nobsann nentlonod sarlisr. If this is the

neohanns involnd, than ohargo transfer 1s ossier in brown hornblende

thaa tu gresno An ezatelastlon of the nealeal analyees of the tmo

hornblendss suggeste poseible ions between whish tba elootron trensfer

might opeur,

Then ars two notlosable differetne ntswen the brown snd

greon borublendo anslyses. Thi brown bemablønde is higber in potssolun

and titaniun (table 10). Note that tha Pe24'srt3sratio lo einllar ln

enh. Tha potaseim is unlikoly to pertiolpen in obargs transfer, as

I isveryeteblo. T14.willhowne aonpt aa sIntron relatively

essily to noone Ti 3t ond Pe ny lon en elsotron to beoen

revin of tha obinntry of hornblendee hae nen given by Limin in Pitober

and Plin "Controls of netemorphiss" (1965)pp 299-318.Ro dennetratss

with ths sid of noserous anelysee fron tholitorature thst although tbs

orposition of bornbleade is determind prinarlly by ballo•rook omposition,

evorything oltuh boing oqusl, then la sa inonase in titaniun oontent with

grode. The oorrelstion of high titaniun oontont with brown oolour in

hornblonde hao non desorind nfore, for exasplo by Derer (1938)1n

ignsous borablendse fran tho Glen Tilt ompin,

An alternative thoory for tbo eolours of anphiboles hss nen
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advaneedbritslankholin(19,6). Ei obtainolaboorptionopeotrefrøm•

numborofawybiboln,by• toohniquoobalartothøonøgøødby theprønnt

writer(fie åø7). Rowsver,hø intorprototbøopootraaoohowing

syetawatiovari•tioninthooontentofTo andPer3+4,Roabowsopaotra

whiohbødfloriboaaa obaraotøristioof P.2. aadTe34"ina oryotal"and

oonoidarsbioothorspootraareintørsediateinobaraotorbotweentbsos

•ztromoo.H.dop not,unfortunatol,y,givooboaloaldataoa tbø

asphlbolos babasotudlød,

Tbøpagaantwritørwouldboaltatobeforoasoribingallbrown

oolourationofbornbløndsotoa bightitanita oontent.Brownoolouris

probably dui toobargotransfer,bntthiaoouldla.betweenothorlonothen

lo 24.and Ti4+ Thistgpsofatudylostillrolatiwolynow,butthe


writørhoposbahaoobewathatfruitftlrøsultooanbø obtairmutby tbagøø

of rolativolystaploapparatua,andwitha littleozteolonof thoobanioal

knowlødeofaootpotrologlata.Aboveall,thowritorhopoobø baøshown

thatitlapooalblatolaproveon thesubjøetivodaworiptionsofninoral

oolourowhiohpstrographørahaverolistonup tillnow.
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APPIMPLATWO.

Notmanyrookandmlnaralanalgymooworoporfeneedby ohomIsal

mothode,aa thIrrossarokbandopondodoaolootron-yroboanalyststoa

greatoztont. Homovort1naddltionto tbeplagloolaosandhornblonds

analyommaalroadyquottl,twoollidimmeanda garnotworsful1yanalyood

ohemIoal1yaaa ohookon thoasouraoyof thoslootreprobodata,andfor

praot1osinminaralaparationandanalysis.

fin nawrookangym framtbogabbrooomp1amsandonofrom

thadiorIt10gnedosworomado* PhoratIosof iroatoirontmagnsolma

andsangansasfertbosoanalyanisaroquetod,andltsanbøasonthat

themoahowthatthomarginaltrootolItIofasIas1adietInotlymore

magnom1antbantbagabbrooof tholaysredasr1P. Thoroaronot

ouff1o1antbulkrookanalysosfromtboloynd ooriootoshow1fthobulk

rookaompooit1onoabowtbanamstrondan tbamlnoraloomposItIong,andIt

is 1n thimoontostthatthounoartaIntyoftholosatIonoofVogl'a

analyoodapoolnoms1apartioular/yrogrottablo.ThaP10* P.2o3$ Po0

Pe203 Na0 140ratloofa gabbrofromtheommdt ofStortoppon,

analyoodbyB.NaanollualforSffigrom(VqgtanalysloXVII)1m04167,

whiohsuggootooomo1ronønriohmontrolativote86 andtbomarglnal

trootolltoa,

Tbominora1analym havoboonrooaloulatodtotboappropriato
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unit eall oontonts.

Thimodsaonwhiohfig.3.2lebassdarealeoglviiin1nfull

1n thlaoppondix.

21111.1 Uns
Ammai

8102
11.0
412!3

sh.83
12,0
5410

Ca0

Total

39.19
0.16
0.19
0.00

0.20
41.43
trao.

0.74

38.94
0.16

108.700
0.27
401:1163

37.74
0.30

22.16
0.58

21.11
99.91 100.10 100.37

UnItmilloontonts,•l1v1noson a basialof4 0178.514garnet on a
baillsof 24oxygone.

8$
Ti

Alr.24.

la
Iti
Ca

rowstarlte
Payallto
Mn$10A
Ca lr

4

A130(A)
27

0.933
0.006

((1).:; 
0.004
1.639

trao.


82.0

17.8

0.2


traos


2.779


57°

0.999

2 006*

0.994?

0.003;

g.(34::

17)::

0.004

79.5
20.0
0.3
0.2

2.781

.

0 997 51 5.557
'

TA1 :::4151.996

111,:t03:r511.995 Ma 0.168
Mg 1.631
Ca 0.292

Alenatvliwa 644
Andrattita 2.6
Oroaaular 2.3
Pyrope 27.4
SpolusartIns 2.8
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81 $6.

fl

86b 896 1158 1222

810 48.21 48.55 47.79 46.51 44.27 50.89
TiO2 0.27 0.33 0.32 0.22 0.17 2.22
A1283
we 0
r.83

18.44
0.84

6.90

19.44
0.76
5.62

19.51
0.65
5.56

20.39
0.18
5.45

13.90
1.39
7.41

15.48
2.69

8.61

Mn0 0.17 0.10 0.08 0.11 0.13 0.19
140 9.96 10.14 10.19 14.35 23.89 4.69
Ca0 11.68 12.24 12.24 10.62' 7.72 9.35
119,0 2.28 2.42 2.42 1.97 1.18 4.65
K6 0.13 0.16 0.14 0.14 0.09 0.28
ø20+ 1.73 0.80 1.95 0.58' 0.44 1.21
2E 0-2

0.00
•••• ••••• ••

0.00 0.00 0.09 0.04 0.03
eaNs  i. ••••  •





Total 100.61100.77100.84100.61100.99100.21

Po0 HO0





-.......3.20.4331




0.36390.37900.28020.26630.6984
to0 re401
Mg0 1.6






c.I.P.z.norms






Or 0.1 0.1 0.1 0.1 0.1 0.1
Ab 19.4 20.4 19.4 15.7 10.0 39.3
Aa 39.8 42.0 42.0 46.4 32.3 20.9
re fl




0.1 0.1




• 7.7 7.9 7.9 2.7 2.5 10.7{Cat03
Di kg8iO3 4.8 5.3 5.3 1.9 1.9 5.5

2.2103 2.7 2.3 2.3 0.6 0.9 5.6

(14#40 3.2 0.9




1.2




tr (~103
3

1.7 0.2




0.3




(Mg2510
°1 tre2st0:

11.8
6.2

13.2
6.3

15.0
8.6

23.8
6.9

39.8
9.2

4.3

4.3

Mgt 1.2 1.2 0.9 0.2 1.9 3.9
Ila 0.9 0.6 0.6 0.5 0.3 4.3

51 metagabbro
86a Umaltoro4partof naphibolItimalgabbro(sootabliii7)
86b kapblbolltioodpartof raphibattinclgabbro
896 Marglaaltroatalits
1198 Margiaaltrootolito
1222 Coszoogratamlloasfrombammofdatoritiognstes.






kodalana 000of

szz

rooksfromtho

Aus

Sollt lma brooam lez




Plagloolan 59.4 51.3 59.2 78.9 27.3 67.4 51.6 594 54.5 63.0 51.6

Cllionnozooko 1.8 30.2 16.3 16.8 20.3 0.3 27.8 14.6 23.1 16.6 26.0

Olivino 14.5 9.4 20.2 • 40.1 17.2 6.4 17.4 3.7 0.0 19.6

Orthopyroameo 9.5 1.0 0.8 . 2.5 34. 74 2.0 44 5.2 1.1

DrownHoroblondo ... 3.6 2.0 2.5 1.7 0.7 0.9 2.1 4.7 5.1 0.7

Symplootito 14.9 2.10 14 - 7.7 13.9 5.4 3.9 0.6 - 0.7

Oro . 0.2 . 1.7 0.4 • 0.2 0.4 9•0 8.9 0.3

Blotilo . . • * . . . 0.1 .




...

OroesHorobloado . ... .... ... . 0.4 . . .. . ..

Clalorito . • .. . e .. s . s . .

Ispotlt• . s - . .. .. .. ... . 1.1 ..

• traos.



f,
nåstna ne D.2.1

froatha

22t

Sa11t

122t

laa abrs

292. a aill lfååil





puirumia.. 15.7 38.3 28.3 8.9 57.0 684 58.3 51.0 38.4 53.8

cumpireeme • 0.9 134 78.5 33.6 194 30.2 5.0 20.5 13.5

Oltvtas 82.3 38.4 45.9 1.9 7.3 10.3 10.4 33.3 28.3 22.2

Orthopyrszem




20.3 2.6 5.9 0.9 14 0.6 2.7 34 24

Broadorablanda 1.2 0.5 1.2 1.5 0.7, 0.1 04 1.1 0.5 0.2

21ntits • 1.7 7.1 0.3  0.3 0.2 64 8.3 10.4

Oro 0.7 • 14 1.5 0.6 0.1 0.1 0.3 04 0.4

Blotite .. e . 0.5 . - - - e .

Osaa ikaablsoda  • • 0.8   




e e e

Chlorite • e • • •  • - • -

Toaxallas e • * e ... e - .  -

T202,2204and2205arefrwathssamslsoallty.Thslasttsespootwasarsframths

Hatkøraollsetiaa(clataloamoaals.86337,863$8)aadiøsreoollnhatby Aarallta 1959.
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sgs2la•
ibis appandis ts oonewead witb tha øleotronisprobø resulta

given in ohaptør tbras. Tha analyaw in obapWr four arø adaquataly

dworibød thaw.

Tha analyass in shapt« tbrøø wer, oormatat for absorptioa,

fluorsønnos, and atasto nunbør difførønon betwan standard and apwinua

using a prograra prøparti for tha 121 7090 omputør in lapørial Collogo,

London. hy Dr. s. 3. 1. Røød. Tba lata waa fsd into tha oomputørby

ars. P. f. Mason. Tbs programas Walt withtba data in twowaye. Tha

olivina and ortbopyronna data was oaloalatel aa noleoular prwportions

of tha sadnabers 7*2$1040 114213104antisoon. Tbmw wra ausd to

100%, Itwaleaøøwnd that anioan aad ozymmaware in tba appropriato

stoloblowtriorattoa, so data on tba iron, nagnesium and ealeia

oontants of tba Opsoines onlfy wer, fød to tbø ompatør.

Tha olinopyrowassand bornbløndss wers oalaulatad in wsight

porontagwa of tbø ozidso Kg0, A1203, 5i02, Ca01 1102 and PaO, sumasi to

1000. Thaøø data wers røoalgulate4 aa aolnular peopestion. (ia tae

eaaa of tba bornblundw, using thl PraPort100a ar 8200 1a20 slad 1120

found in tbø analywabrown kornblende T179)byusing pragranns

proparsiby Dr. C. li. Talny for tba fitan sompater in tbs Mathmatimal

Labøratory, Cabbriegs University.
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theoorrootionprogras priab-outgivosdatarolatinttotbs

aeoursoyofthoanaiyaisasoollasthoresults.Thisoanboozprssad

in tsovalsooses

theapparontsumof thsanslysis.Thislsthototelobtalaid

shenthooorrootoilpeoportIonsof osidosorondraosebaarooumnot.

Thsprograrealtn thisrueto 100%Isthoflnalpresontationof data.

Tbosystasatleerrorof thsanslysia.Thisistbøporosatago

sprordnotothoassomptionsand.paramotersmuntinthosorrootle

progromms.InthstablosbolositisonZygivonforthsolivines,as

thlssasthosineralgroupforshishitsasgroatost.Thssystomatts

orrorisgrestostfowthomagnssinadstowninationa.

Thsapparentsunsofthoanalys oersallhighsbetthogystanstis

orrorslntboolivinssWen grestorthanthodiparturesoftheapparal,

sumatWon100%. Itshouldbo maphasisodthattheoorrootionpregrasaa

is o1511ata slavolopsontalstago,andviiiprobablybo toprovedinthis

futuro.

athan
1158
1367
3152
1206
11204
TIII
11190
174
1101

1191

Pallrosultoofanalysisbs.

Slatatizta
ba,..«.

Ssmasit
3 la 844
3 18.9 81.1
4 20.8 79.2
6 21.7 76.3
4 24.3 75.7
3 25.2 74.8
3 25.6 76.6
3 36.0 64.0
4 43.2 56.8
3 48.4 514




Syalsedisanz
s 844

s 8.9

s 8.9
1.84

2.9.0
.±.94
s 8.5

s 8.8

. 8.5

Avnit sa

1034

11.0
108.5

102.7

107.1
1034
109.9
107.5

1084
107.1



ak129921211
sauseita$2a• a. auje, sra.




?158 14.2 2.2 83.6 99.1 3
067 19.1 1.5 79.4 97.2 2
067k 21.1 0.2 78.7 95.4 i
112 22.5 2.3 75.2 101.5 2
712k 23.7 0.3 76.0 103.7 i
tiyå 22.1 2.8 754 99.4 3
174 29.6 3.0 68.4 99.5 2
174k 25.9 0.4 73.7 101.7 1
1101 33.1 a.t.64.9 101.3 3
1191 38.9 1.0 60.1 104.6 2
11910 36.6 3.9 59.3 105.3 3




7122 alt 1.422 4412,23




n58 3.9 1.3 254 49.2 3.7 16.6 104.3 1
8152 5.6 0.6 21.6 51.6 4.2 16.3 105.7 3
1206 64 1.3 20.7 44.9 6.1 14.2 112.3 1
1204 7.1 0.9 25.1 47.0 4.2 15.7 106.7 3
7101 3.2 a4. 21.3 51.2 2.6 14.4 100.7 1

8152 8.2 3.0 12.7 44.1 17.1 15.0 106.8 3
112 8.7 4.0 14.3 40.4 12.0 13.3 97.5 3
tlyi 9.4 3.6 15.9 40.7 17.6 12.7 99.5 3
1101 134 3.2 12.3 43.1 15.3 124 100.7 3
1191 15.1 2.0 11.8 42.6 16.7 11.7 99.8




Ao tho totalo for tho astapn uhow, tho rooalto of olootronrobs

mioromalgyolal aro far from bolag oomparablo in quality to ohoeloal woolysoo.

Samo of tho walatioa mar bo ano to inadoquaoy in tho omputer proares,

whatohto •till ta tbe nyorlawatal atago. tho dotavslaattoas of atanals

may bo aora fairly oomporst with taltroot optioal or X roy dotondaatioas

thaa acroarato ohaaloal aoaly000. Tho analys ohow oloarl ty tho trmul of
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einnal varletionbeirre,andaltboughtheabsolutsvalma of Lroaaad

magassinaeontontemaybe taørroripthsrelativevalanbstma ons

analyrisaadanothsrarsprobablyassourats.TbmanalyamegiveaLa

obaptorfour,whiabwerotpørtoramdwithmorooarsandoorreoted

prommdbandoaloulationaaroaorsamouratsthanthom in obaptertbras.
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asSea




81 Motagabbro




544504
56 PartiraraphibolitiaSgabbro




542503
88 kaplabolitiostgabbro




548503
526 EpialtandoilltaaaitoboariaghoratWla




516530
832 lgnaoaobrosia,nwoliat




514533
568 5ohistososhibolito




508474
549 Oaloawilintoroak




505474
559 Oaleasso obloritosobiot




535447
593 M•tagabbro




521543
896 Trootialtiogabbro




521545
5100 Amphibolitioodharatola




514543
5107 Raartaitowithkimitolesso




517542
5144 Motapoisphrritiowaphibolito




600442
8149 Oliviaogabbro




559503
3152 Oliviasgabbro




557504
8170 Sobistonborafolawithsillinaltoaagoa




527519
8176 Labradoritoriohgabbro




599484
5182 IgasaabroaSawatriz




592505
5193 Horafulazsolithfrowignsaabasola




592505
18 CataotaatioalLyaltorodgabbro




521525
112 Olivingabbro




532501
119 Istagabbn




535503
139 Olivisgabbro




544546
242 Ipidoto-winshist




557544
145 Oaraot-orthoolas-plagloolan-blotito"sartarom 539548
155 Oarestieloashist




548553
168 Oataolaatisalirøitorodolivisgabbro




545481
176 Olivisgabbro




542487
T101 Olivimgabbro




560464
1111 Cataolaatioallyaltoroligasaabr000la




587518
7134 Dolorito




618912
9138 ouna. gabbro




61853,1
1144 Catoolaatioallyaltorodolivisgabbro




553515
2150 Olivisariohgabbre




552518
1151 OataolastioalZyaltorottolivisgabbro




553514
1158 Trostolitionorits




569524
1168 Olivinogabbro




542504
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amies

1179 lioratala with browa boralmate 592507
2182 Zmainoaloarson zanolith la tganas broesta 593503
1191 Pyrana• nob gsbbro 599484
1199 Palapatbio quartalta 591517
1202 Olivis gabbn 621506

2204 Olinas gabbro 621906
1209 Olinas gabbn 6215011

1206 Olivtas gabbn 618506
1216 Chlorito sohist 535461
1222 Conn alontio gana 535481
2228 Dioritia grada 551462
1231 Broua horabloado gans. 556465
1239 Milordt. 559463
2272 0aron-sios sebist 608557

2284 Lyanitntamroliti sobiat 526505

013 Sillisentnent ansiat 558549
824 Illotaporphyrttio aaphibolin 550471
039 knattirgraphits sobtat 573546
043 rirrito Inariag graphin sobiat 585561
1344 Cortlant* beariag rook 585561
548 Ilionnes inselta 575440
049 Minonas psaatts 562444

1167 Olinsia gabbro 544542

074 raphibolin 590548

079 Diopeinoarblo with biotin band 582556
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