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Thereare somephenomenato whichit is not enoughto assign

one cause :we must enumerateseveral,thoughin fact

thereis onlyone. LUCRETIUS.
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Thisreportcoverstheworkdonsduringsixweeks

geologicalfieldmorkInJuly-Angwat1960in theP3e14lata:ares,which

liesjustsestof Lekken,aa imma.tantminingcentre,about70hms.

south-westof Trondhtia.

l000mmodatdonatTjeldhedaPara,on theestateof

HarrCappelen3mith,waskingy arrungedbyMierPerSandvikof the

OrklaGrubeatieboleg. Merr3ardvik'senthusis andinterestend

helpfhlauggesthososacertaingthefieldeorIcweremostwelcoms

andsioeureging.Gratefu1thanksareduealeotoSerr3mit5and

hisfamibandHerrChr.Themsfortheirverykindhospitalityand

thekpaission toworkovertheirland. linally,thankearedua

toHerrSkjewdalåndhisfamilyforourmostenjoyableetayat theferm,

endtoHerrF..3Ogvold,thegeologistat theMine,whospentsomethee

in the11.14withur.

At thekindinvitationoftheOrklaOrmbe-Aktieholag,

themcmtumitywastakentolookoverthemineatLokken.It is,

at thepresentday,thelargestfilorweglanproducerofcapoiferous

pyrite,witha nan-of-minecapecityapproachinghalfa milliontome

ayear. Vokes(1960)heswrittenan admirablehistoryofthemins,

witha descriptionof thegeologyanda roviewof thetheoriesconcerning

theoriginoftheore. Thedisuiedpartiallyopen-castminasat

Drageet,15kme.weetof Lokken,endatHoldal,justtothaseetof

Lokken,werealsovisited.

Thebeaenepusedinthe11e14andtoreoordtheflaal

resultswaapreparedintheCsologyDepertmentataperialCollege,

underthedirectionof Dr;J.C.Deosey.Iheaerialphotographewere

kindlysuppliedby Meeers.Wideroe'sPlyveselakapA/S,Oelo.

Unfortunately,itwasdiacivered,afterworkhadprogreseedeomeway,

thatthetilton thephotographswaatoomuchtoallowtheconstsuction

of anaeouratemap. So a mosaiehadtobe ktecedoffthephotographe

instead,with• sealeapproximatingfairlyoloselyto1:10,000

Withaucha mosaicthecentrewastolerablyaccurate,butlargserrors

accueulatedinareasawayfromtheoentresuchthatsiallarpointson

theedgeofthemapwerssometimesup to10cma.spart. Thesettrrors

couldonlybe correctedby tracingthemoreextreneareesseperately.

The(rklaarube-Aktiebolagkindlyprovideduavith1:10,0:x)mapsof

thenorthFjeldheinareeanditwasfoundthetthemosalcccaparedquite
Thenorthpointon the

wellwiththemapprepareufroma groundeurvey.
mosalcistakenfromthååStata-SkogertilSvorka-Trivjamap.



The nather vas generalIy good and fleldwork was not
hindend too ouch by bad wather oonditions occurring in August.
At tbe beginning very bot aunshIne vith 000as/onal thundery outbrsa ks
prevalled, but tovards tho ead of the almvseks relawas very froquent
in the fora of beny prolonged showers and teeperatures were noticeably
000ler - one could senes, in fact, that autmenhad arrived.

For the flnal report a amber of thin sectIons vere madein
ths GeolwgyDspartmentat laperial Collage, under the enthusiastic
directionof Nr.g.aill. It vas most Inteneting to learn the technlques
involved Inmaking rock amdcoral oections, but lt proved nry
tlae-ooneueing.

At Well de isp of ths solld geology of the Fjeldhala
area, this report coatalms a deecitptlonof the rock types and thelr
stat/graphical relatIone (.224an attept hea beenamd, to socount far
thatr modeof orlan. Farthenore, descriptIon la included of the
recent glaclatIon, the topografl and dralnige, and soms of the flora
and fauna.

•
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In thefjeldhelaarearockeof Cambro-Silurtan

geoccur,withtheyoungerrockspreernd insynclinesof the

ajorsynclinortumof theTrondhataregioa. Theperticularaynclins

of Cambro-Ordovicianrooksessainedatrieldheimhasenazialplans

cleavagewhichstrikesahout270°anddipsnorthat 70% thetarthen

limbisoverturned.rithinthesynclineminorisoclinalfolding

appeerstohspresent.

Theoldastrockeoccurringhoreersths

UpperCaehrianStorenOrtatoneSeries,amainlyvolcanieformation

of crtrusivesubmerinsspilitslavesamtsociatod pyroclasticdeposits.

Theyappeartobelongto theinittalsegmaticstageofa Caledonian

phase,whichbothdeforsedtherocksandgovorisetothemional

metamorphientoa chloritegradethroughoutthearea. Intrusions

ofSibbroplutonsappeartohavsaccompantedthisinitialmeastic

atage.

Pollowingtheeztruatonof thelavasanddeposition

of thepyroclastiommoreseversdisturbanosseemetohaveoccurred,

reaultingintheformationof thsboulderconglonerate,whichlies

womformehlyon theGranstows,fonsingthebeseof theTjeldheim

Series, Itismoetprohahlethattheloulderconglomerateis

statigraphicallyegulvelonttothoStokkaola(Tens)Conglowate,which

occurstnastadlarpositionon theOreenotonesinotherpertaof the

Trondholaregloo.AlsotheStokkvola(Tinna)Conglaserateformsthe

baosof theSovinGroup,amajorserteeof shales,sendstones,conglawates

andvolcanicrocksandtheFjeldheimSeriesappeerstoheprosentan early

amberof thtsmajorgroup. Thetgaildercongloesrateocourringat

/jaldlwZbmwill,forconvetencs,be calledtheStokkvola(Tenna)

Conglowatein thtsreport.

Thisconglomarategrodesup intotheYjeldbets

Serlea,whichoonsistsof a soriesof feldepathicgrits,sandatonasend

bandedeheleswithocoasionalintercalationsof coarsoconglomarates.

Afterthemajordeformation,dykointrusions,

of varyingcomposition,tootpleoe.

Evidenceof recontglaciationiswidesproadand

rocontuplift,apparentlyafterisostaticro-adjustmentsubeequentto

thsdissipationof theicecover,tsroflectedinthejuvonilefeeturee

of manyof theriversandstreams.



The topographyof the Fjeldhats ama

consista, gensrally, of a seriee of emothwhele-back ridgse and

omplemstaryvalleysnumbagperalls1 to the enrage eaet-weet striks

of the country roOke, reflestiog the reeistanoe to eroelonof the

ajor rook typee 1n thmt tha r1dges are formd of ths nore renbitant

Storen Orsenetone wolcanic seriee and the vallmas bewe been out in the

mfter sedbastary seriee of the HowinGroupof ehalemandstonse andgrit4

The reetstana to mathering and erombon

of the Grentonse is nu eseeplified by Grefetadfjeldet, a whale-baok

tongue-11ke eam mee astanos eouthof Fjeadhedn, zumisg out fron

the ealn neee of Greenstonee weet of Orkladalen, and topering eastearde

into the nowto sedheante, Saing 1.0 katgbt 05 790 me, the ridio la
bouMbilon the north by steep fault scarp, but ta the muth ite

relation with the DowinGroupla moertain, 11na expoeuree of pillow

lmme are flotble on ems of the trommothed eurfame highon the ridgo•

The Greenstonee alm forn the high gmund,

rlaing to about 4009,, wh1ohrumethrough rjenats to Storbuan where

lt tapers out, ponlbly through fealtimg, intothe Doelnadlnenteegain.

Thls r1dge la • oontinuatIon of the high ground muthof Soldal walley;

the contlmlty ls brokenby ths large shpreesionoccupied by the

weettom lialt of the lake Prestbuwatmt,

Worthof Fjeldhols fam 1a the lake Mjewatnet

which liee in i welley esmanted along the 1englbhof the Fjeadhein

synclins. The valley oontimen weet through the lake Loktj and the

low-lying;eareby ama between thla lake and Prestbuntost 1nto

Hoidalen, the ealley oompied by Soidal fam, Soldt1en hes clearly

been cut out of the Fjeldhela saries by g1a 4s1 actIwity, which hae

1e8 the dteep walley sides partally obecusad at their bammbynoraine,

Directly northof Iljowatnet the valley sidee of rjeldheis sedinents

and Greenstome rhae quite stesply and pase northwardinto Greenetones,

which maintain aa alt1tude of about 400 e. until Urwatnst 1s reached,

where a Gresnetone cliff, possibly a falt ecarp, pliagee nearly

wertically downto the water 1,eal 100 n. below.

The east-west contimtty of the ridges

1a frequently broken by steep-olded depressions cutting at right-angla

acroas thee; it vould appear that sone of ths depressiors are dus to

faulta and others are due to åoints. Weatheringhes been aocelerated

by the fault shatter sonee or joint plas prowiding acceee for

weatherlag solutlons and fressing water to breek up tbe rock.

/The depremions
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Thedepressionswaryinwidthfraea metretoabout150m. andta

depthfrasa fewruttrestoabout50m.. Generally,thejatnt

depresalas are småller,eztendInglongltudInallyonlya fewmetres,

whereasthefaultfesturesoftenextendncrosecountryforhundrods

of metres.SlIckenaldesarefrequentlywollpreservedon thewalle

of thefaultdipressIons.

Thedrainegeisnatnlyconsequentin thatit

is oontrolledby theundelyinggeolagy. Thelakesaremostly

consequentin thatthemajorityoccupystrikevmlleystn theleas

resIstantBovinsedIments.Nonaareofwerygreatdepthatncethey

occupytherelatin/yflat,morainestrewnfloorsof theglaclalvalleys.

Majorriverscutacrossthecountryapparently

Ignoringstructureandrocktype. Theydo notapeartobe euper-

Imposedbecause00 youzger discardant rocksseemtohavebeenpresent

forthedewelopmentof a super-Imposeddra/nage.Theriversappear

tobe maInlyconnquant horsrer becausstheyasemklmostIneariably

bonfinedtoweakersonesinthsstructure,euchas joIntaor faalt

ZOtalle.

TherIwersandstreemeshowegmnerelly,a

youthfulcharacterandareacttretydown-cuttingtheircourses-te

a resultof therecentuplIflfollowingtheglagation.

Theyouth&Insaais especiallywellexemplIftedby theTrIvjagorga.

TheTriwjariverhascutbacksoutlwardethraughtherestatart

GreenstonesformInga deep,steersidedgorgeas faras theinfilled

lakoareaofLIllaanyran. At thispoIntan artificial watr has

beenbuilton thesiteof ahatappeerstobe majorknickpointon

theTrivjartwerproille; theheightof thewater-fallherste

about20m.. allebarrran he almost antiraly inftlledwith

alluvialat.terial doposltedfromtheTrivjariver as currentla


checkedon interingthelakearea. In thesuemerLillehumyrante

an extenalwemarehyrvaplanwiththerIverlastaa placidly acroas

thsmarneunttlitmachestheweirandregaias itsvIgorouserosiwe

power.aaring thespringthawtheriverfloodeoverltaoonfIning

loweesanddepoaltsa freshcowerof alluviumon thenasah. Dueto

thereguctionin current welocitythertverbedisbratdedfbrmome

distanceupstreamfromthepoint wherslt entersLillebumyran.

A statlarmarshyareaisbeingbuiltup wherstheBogorIverenters

thelakePrestbuvatnet,

Pinally,peatbogaaredevelpoedantansively

in badly dratned aress.



Svidenos that • remat In-mver misted over the
whole area la vory abandant. The topographyIs amoothly unthalating
and no horm or preednent peake occur: itanive erratIos weIgh4s8
mapytonnee, requirIng a oonsIderable thicknen ot loe for thelr
tramportatIon, are caneon on tha hIgheet ground. Ths erratlom are
of whtte granits (trondhjamite), gnalm, oonglameratee aad Inal
country rock. /hreerom occurrenoea of trondhjemite are preeent

droundthe Ijeldhabearea so that no definIte inctIostIon of the
dlnotIon of lce monment can bø detenda usiag the errettos.
However,glaolal strIae, whiphwerelfound in four 1ocalltles, have a
fairly constatent strike of about 333°: Thus, lt seens probable that
at omestage during Ihe glaciation at Fjeldheim ths dinetionot loo
flou was froa the mounta/nousnglon in the muth-east.

Cutcropi 1ocal1ty Strike
190 Comel, Weet end of ltjovatnet 337°
182 Pillow lanw4 8ew road hm.

333°aanth of weir, TrIvja gorge.

180 Vamle. lava, Lillebuan 330!
1,8 lanied ehale, east stde of

laha Loktj, 332o

åt some time ln the late glacial history,
relazatIonof the meren climatic conditIons resulted ln a degmeration
of the over-all ice sheet, contining it to emall valley glaolers.
WIthths degeneratIon og the to. sheet the loa souros was sdeeentrallsed"
so that, Instsed of amajor souroe In the sottbseest, local nuclsi
were devidopede In tha Fjeldhela area, ln parthmlar, a prominent
1110~1~ denloped In the Moldal valley, which appeen to here fed
the Prestbuvatost glaoler in the eset and contributed a trIbutary
glacter to the major gleoler ln LokkenveIley in the weet;

Furthar retreat occarred with periode of atill-
stand euch that promunced teratnal moralnes had thm to tom in
soae localltIes. Rements of these moralnes, nowabout 10 m. in
beight, are DYMNiat the eemt ard west ends of Prestbuvatneti thon
at the weet end appeer to belong to a seriem of termlnal morainee
contiming up loto the Deldal valley where the los INMID to have had
a flnal hold.

It appean from tha weetwerdalme of the Ajovatnet
vallay that tha valley lcs hers flond west trma the Lertj area towerds
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Loktj, wher. it joined the Soidal los and then flowed eltherbaokto the
seet with the Pretbstant glamier or elong the depratod runmIng
north fron Loktj.

Geoenlly, over the mhele area, it seems that the
valleys were emoavatedby the ebeet ioe where lt occupiet and accentuated
pre-glatal shallow depreeetons in the leee reeletant MovinGroup.
The leter valleye gleolere emento have contrIbuted only to local
deepening, the enlergsant of lateral norainee andthe formationof the
teranal Norsines. That thle lo the are can bo judged fram the fact

that the valleys aroundlrjaIdainars relatively shalla and if true
valley glaciers bad occupied them far any leogth of time they ehould
earsly be emohdeeper then they mre at present. Thmalt could be
inforred that, amomredwith the life-openof thmeheet toe, the valley
gleolers versralSvely ehort-liva. The remeenwhy the ehaet Los
dld not aeavate doep valleys umemoet probehlybasmemmemmeheflte
nny was used up enemadagover Intervemin ridges ofrealatent

material Go that the lewer groundwasnot Orodeda groat deal. In the
ame maythe energy of present dayglaniere tends to be diaipated on
moreresIstaat topographical Irregularitåee in the pethof the /ce.
Itesems, tharefore, that sheet-ics • ratherthandiatinctvalloYilmaimmoe
wasthe daminentform adopted by the loe during the glaciatIon.

The major occurronos of moraimeISa baween
Prestbuvatzet amdSoldal ferm the thlanesa ot the doposit veriee
andon the north sids of the valley etreems heve cut downthrough tba
terminal morainee and araine fleld cover to expoes the ba-rock.
AlttunWkthe stromes ere actinly downscuttioa oa the 000th oido mo
olld rock was aeomw An eartersin lateral moraine cover exista along

the soutbern slopes of the Fjeldhela rider, north of Preatbuvatnet,
prrriding, apperently, a good fbundation for Fjeldheis ferm. Lateral
oralnee also occur along the eldes of Njovatnet valley, thou& bire

they aro relatively thin.

Gravitational alumping (landaliding), eubsnuent to
the meltIng of the Ice eupport, has opourred eouth of Njovatnet and
at Storbuan Ihtte masolve blocks of Greenatone, loosened by froot
action, have brOkenamayand slumpeddownto the selløy floor.
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Theassantialreamomfortheoonelusionaexpressedin theprevious

tableareasfollows:-

1.A richgraptolitiofaunafoundinblackshaleeof theBovinGroup,
on theBogoriverjustsouthof Prestbuvatnet,containespeciesof

Areittg- Llenvirnage. Somebakebeenidentifiedby DavidBlakeand
arelistecbelow -

Tetragraptuaquadribrachiatus.

Tetragraptuaserra.

Telmmgreptusaaii.

Isograptussp.

Didymograptuseitensiforme.

Dichograptmsep.

Phyllograptuasp.

Glossograptussp.

GlyptograptuaS.

Unfortunatalyno fosallawerefaandin thePjeldheieSeries
of thedovinsediactsnorthof thePjeldhaberidge,am thisia the
onlypalasontologicalevidenosavailableinthetrmediatevicinity.
OccurringstrEtigraphicallybelowtheseshaleeitseemsthatthe

FjeldheisSeriescanbe noyoungerthanLowerArerdg- Tremadocian

age.

2,stranamphically,theStarenGreenstonevoleamicseriesunderlies

thebasalStokkvola(Venna)Conglemerateof theDovinGroupso that

theGreenstommappearto Ma Cambrian,or atmosttnemadWcian.

A greaterproblemariseswhenoneattemptstoassignan ;.,geto

the intruelvsSobbroplutonin thenorth-eastof thearee.
DeSitter(1959)definestheinitialmagmatioetageof an orogenesis
as"basicrockintrusionsandextrusioneof apiliticlavasin the

geoeynclinalstage", so thegebbrocouldbe placedin thisperiod

of theFjeldheiaorogeny. Bowevre,no precteeagecanbegivan

tothegabJrobecausethedurationof thisinitialphase,considering
theTrondheieregionas a whole,wasprobablyfremMiddleCambrianto

abouttheUpperOrdovician.A lovertimelimitcanbe pAton the

gabbrobecauseithøpearefromitediecordantrelationwiththeGremstones
tobe youngerthenthieaeriee. Hosmachyoungeri.unknown.

Withtherecentadvanoesinabeolutedatingbyradio-activedesay

deterainationsitmaybe hopeuthat,inthenotlboodiatantftture,

thegebbrocouldbe datedusingoneof themodernisotopetechniques.

Promtheirdiscordantrelationswiththecountryrocksthedykes

appeartobø post-foldingiaage,thoughtheysayberelatedto

/ late-tectonic



late-tectonicfaultIng.Againnopositiveaboolutedatecanbit

assignødtotheaaintrualysrocbs.

5.RecionalastaaorPhiestoa Ohloritsgratt tafoundinallths

Ejeldbelsrocka,abovingthayoungesttobeat leastlatetectonic

inage. Thisassumestbaregionalastaaarphiamisanosiatedeith

theCaledinianorogenesistheassueptionseumsremonablesinos

itia difflculttolaaginesuchsewerefoldlngunacoospentedby

sonedigrooofmetamorpklmr.

ø. Tbstthoorogenis Ccledonlanis indlacatedby itsparallattaa
toothernanifestationsof theCaledonianpbasein A.W.turope,

N.E.GreenlandandSpitabergen.

•

•



emsewlaftera localityatStoren.about50Inea.

auth~eet ofYjeldhele,andintraducedintotheliteratureby Kjerulf

in1875,thetaraStorenSerin vemesplicltlydefinedendapplied

byTornebohein1896. Theserlee19 aleoknownee theByearkGroup

afterC.V.Careterne(1920).

Thethlckneeeof theGreezetoneeatStoren

lsatizatedby Th.Vogttobe about2500msa. Thebaseof the

serleeienotvieible1n theIljeldhe1aarea, FronC.W.Careten'amap,

GeologlakKartov‘rLokken-feltet,(1952),the2reastone.appearto

reetunconfonsablyon theBoroaGroupofnica-echiatosedphyllitee,

vhichin turnoverlieSpacagelticschlsta,thoughtby T. Strandto

repreeentanorlglaalbasement.

åt Fjeldhatn,thsStorenGreenetoneeoonelet

eactlallyof a serieeof extrwaveashearleeeptlitolavaisand

easoaatedpyroclasticeaterial,with•aseintercalatedcongloearate

beds. A11thevariouemeebersof thearieehereappeartobe

estmeorplondtoa chlori»seade. Aementionedsarlier,theStoren

Greemetoneeappeartobelongtotheinitialageaticsteeeof a

Calsdonlanezo-geosynclinein theTrondhelereglon.

Thetthelavasareeubearineinorleln

ieabownbytheeanyclaseicemenpleeofplllovatzuctureevisible

in thePjeldhelearea. Ibeyareparticulerlywelldevslopedend

exposedalongthenewroadcuttingabovetheweeteideof thoTrivja

gorge,aroundthenorthof lakeBrathuistj,wherwthefloweeremany

eetamsthick,endelonepartaof theFjeldhelnridge.

Thepilloveheve,nearlyeverywhere,been

aguenedouttectonicallyalongeetraeofapproxleately2800,resulting

inas ellipeoidalbodleevithanaverageequaehingratioofnejorto

ninorameeof 4 : 1. Antablegeoof pilloveofvariouselseeoccur;

thelargeotpillowmeeouredwaeaboutonemstrelongaol0.25å. vide

andit wasacaapeniedby pilionrengeingdowntoddeessioneofon1y

a fewcentImetres.Occeeionally,e " wey-up" deterottnation18

possiblebeeedon theknowlodgethatpillowsnoreally" Y " downverde.

PilloweslongtheTrivjagorgeareobviouslyinvertedwhenthis

criterlonis

Capghtupbetweenthepillowetherete
usuallyscesangulertoroundedpyroclssticneterialand red

henetlticshaleydeposit,whichprobablyrepreeenteflnemudfronthe
freks sa



-12-

pillows and then probably elightly beked. Sfeee emisofthts

enaleyeaterlal ees obserrad within any of the pilloma tt appeers

that geite a ffiknaakinhed fonwet iromedthee as esomee the

lava eane inconteet with the eseretater: The øktneust have

reemined fairly plastio for some time to permit nommeentof the pillow

eattempashenforwerdbyeubanweetlarethrateadoonfameably

inftlled depreestene bseweenunderlyingpiliowsto produn the

typioal " V* pretubirease. Vast maantities of stlemesest here

pliged øn teportant part in selatin; the pillowaneat by

buoyeaoy and lubrication efteets.

The piliews gnerelly have ohålledslae,

eheut 5-4 mos. wids, whioh ere pater gemente eolour than the

sainaeas of the pilles, due pterhaptto a Isehlag effeet resevirig

irea. At oes eamiere along the Irtvåe goript, meall pyrtte

crystals ferm emtenerrtea few ces. withte the cbUlsd mergtm

whether theee are of prinery omtemanderyorigin is encertata.

alseshere.amallfleoksofpyriterredietributsdthroughoutths

enties pillow. Sometines the pillowe are highly vesicular with

the vesicles rianed by chlorite andinfilledby a calaite meemio;

yet in other daaursa very few vesicles otwer. Very few vesicles

ard tound in the moreesedve flowe wherepillowstruatures have not

deve1oped. Tbe sassima type of flos can be seen neer Storbuen

whers the 1114Wavilgteformetheeastern wall of the major fealt

which rune N.S.-S.W. through Storbusa.

Vosiculer leve rroe amezpoeurs on the north

side of hjovatnet is derk grden in hand specinen, with the

vesiclea appearing es irregulkirwhitearcesabout0.75cma.ln

145ngth. In thin section the rock ie bolocrystalline, fins-

graitsd and vwsicular.Samllithadrelfeldspardrereetly

smumouritimator replaced by cleer erisedral aibite. Sezondary

calcite endpale green chlorite ars vory atagent as seell

irreplerpetchms. Leacorena, an alteratine prodnot of

is aleo ceemonae meall blach-brownseet-opsque epecks. Ainate

specksofsa eatirely opama.eintrel, probably pyrits, dleo occur.

Trechytictutureisouggeetedinpleocebysub-perallelorientation

of some reenenta of the feldsparlaths. The large irregular

vesicies,uhfch bevornstwobablybeen dcfned tectonically,

ormriand by Pele green pleochroac chlorite and infilled by a

mosaio of anhedraltwinnedcalcits.



RassiveGreenstonalerafromaa esposursnorthof
Lertjhaethefollowlngcompositicm.Therocklaholoesystalline,
fine-grainedwithappereerlyglobularclusters,about2 mw.in
diametar,of euhedraltosub-hedralpris of palegreenepidotebeld
togethertnn micro-grslargroundaessof epidotaandtremolite.
Inhandapscias,theseclustersshowup ma palegreendiacsqgainst
thedarkergreengralndneesthroughoutwhichtheyareirraltakarly
distributed.Someof thepriemsshowtwinutngon the100twinplane.
Theremainderof therocklsa micro-granularmassof pleochroic
peleblue-groentremolite-actinolitearrangedinbundlesof parallel
thinelongatelathe,vhichareslizhtlybentso that,onrotationof
theatersope atageundercrossednicols,theobliqueextinotion
of thelatheappeareto flowacnosstheaggregate.Ithasbeen
euggestedreetthetrenolits-actinilltehasreplanedorIginal
verioliticplagioclasefeldspar.Zzoeptforoneamallirregulur
patchof sondary micro-granulararredralalbtte,feldsparses
tobe abest entirslyfromthethinseetion. Smallirregulor
aggrmatesof palegreenchlohlte,distirguishedby theanomelous
'Strlinblue'blrefringencecolours,alsooccur. Veryamall

grainsof spidopearealsorarromlydistributedthroughoutthe
section. Oneinetanceof a pallspsestofwhatwasprobablyortginally
ophiticaugitewasobaerved. A pillowlavaoontainingsimslar
globularcluatereof eptdoteprieseocazreat tjeldheimfara.

Tbetermspiliteisgeherallyappliedtosuch
chlorittc,aoda-richlawas,butundMrtunatelya greetdealof
conftesioahasaris as a resultof itsapplicationintheliteraturs
concerningtheapilitee.Theliteratureon theeptlitesiswell
rsviewedby3undius(19)0).

AsWella(1923)pointsout,thereiea tendary
toregardthetwoterma,spiliteamdpillowlava,as synonyredus.
Althoghpillowstructureiaextreettlycharacteriaticofspilites
it41.nottherreetrictedtonorirrvartablydevelopadsbythem.That
pillowatructereis notnecessarilydt.velopedinspilitelavais
wellexemplifiedin theTjeldhelaarea. Thenaselveleveswhich
dooccurare,fromtheircomposltion,spilftelavas,butnopillow
atructuresseemtohaveideveloredin them. Theresn whymopillov
structureeessmtohavedavelopedis srobablybeeausethereteof
estrusionofthelevawasadequateemoughtoperkttthefemmeation
of a verythickflov,auchthatseeswaterdidnotcomeintocontsot
withthecentralport1onsof thefloweo that,comemuantly,no
pillowsweredtvelopedin theinterior.Fillowstructureseemeto

beatopZy
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heataplya flowphensamondevelopod1naubearbsoIavesIrrespeetive

of theircoapositton,anddependlogfOrttefoneatlenon sattable

condttloneof teeperature,vilmattyandratelof extruaion.

Ortginallytheaseeeof thetenaspiltteweaChelflytenturalaed

referredto theckkee,vesteularaednon-porphyritiooonetateney

of thereaseestiregreastonerocks. Laterauthersgavethetera

a e4 es1-petrographtoaleenee,dealgoatingfentsroekslath& bigh

sidecontentendcontataingn aot4plegiools fetdeperaa thedaainating

foldsper.

Theprohlasof theor1gtesofsyttlitesprovidta

sunhfoodforthought.Vellaputeforsarda theoryfortheorlgin

of spiliteu,whtehhaalsallyia thatfraettoasofamgraof

coepoattionareleplttofffroaa basioaegaaandtheesareeztruded

spilltelevaflows. ne saggestethattheas, heforeestrusion,

wasdiffireataa aesealbasalticaffigmain thatitposeeesed

earkedrlehness1aeodaeada defIciencyinaegneeta. Iseever,

G.P.Laalker mintaine thmthe hasnevierseenagysonedplagloclase,

etureoterlatioof a rapidlycooledlava,inanyaptliteand

farthormorshe siggestethatifa spilitesegeawerssorichinsoda

whyaboulenoreeldroxenebe developedandnoteodaurichpyrnsenee,

suchoe segerine? Thesodicfoldsparewhichapplawstobe replaeteg

auheera1fe1dsikrlaths,doesnotaKear toho soned. Ikrtheanscre,

noaoda-ri,:hfyrcocktswereobservedinaATof thetinssettome.

Å. isgenerallythe csee1n sllsp1lites,thelavasin theGreenstones

appeartohaveheenalhitisedsooetiseaftertheirextrusion.

It isnocessarynowtoaccountfortheeupply

of sodatoTeeductethetIbittamtion.TarnerandforboN;en(1960)

havoproducedthezootaceeptabletheeryforthaotiginof thm

requiredsoda. TSeysucgostthatthesodaaercesftem see~ater,which

istrap;odwithinadimente surroarmangthalevasas thayare

down-aarpedintothedeptheof thegeoeync1ins.Aa thewator-

lewwiseetaentatailseasaint,geotherasofinereasingtesperature

aresecountoredao that,eveoteally,ephath krirostatcmd• soistAbonm

peasthroughoutthedeeoeuttagaaterialtoprutuceUsoaltUtimation.

Twaperatures,dtep1nthegeosynclina,wouleboaskquateto eneble

thechlorime,assooiatedwiththesoditstnthtses-auter,toesoape

ae eg gaa. Thehydro-thersalooditsereplaceethecalcissin the

plagtoelme feldspar(alhttleation),andthccalettaisre-deposited

1nvesieltemndeleeshereaecacite.

Unce, usually,itte theatepleprocesswhich

operatee1n prefereme toa osaplezprocees,iteass thattheaptlitee

/ wereortginally
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vereoriginallybaselts,whichhavebeenalteredsinplyby

atewingin a aodarnrichjuice", derivedfromsurroundingdcposits.

Sucha theoryeatisfactorilydiscountoanyfenciful,complexmethode

of mcgaaticdifferenti-tionrequiredby earliertheoriee.

Apartfromthepyroclaaticagglomeratesamd

tuffe,whicharerichlyfoldapathic,andoccasionalintercalationaof

conglomarates,consistivgaudallyof apparentlyre-workodpyroclestic

materialaadfragmentsof jasper,theStorenGroonstonesaround

Fjeldbaimcontainacattereddepositaofmassiveredjasper.WheJaliPer

occuraasmagaiveknollsor thinlayeodloyeationswhichwedgeout

rapi41yelongthestrike. Generally,itida fine-oraincd,hard,

alliceousrockcolouredredby finelyliaseminatedhematite.

Theknollformationat Fjeldheimfarmisabout2 metreahighand

2-3metresvideatItelost expoeure.Lyinga fewcantimetrea

mboveit ihereis a amalllayera metreinlimigthandabout20 cmas.

thick. Vodt(1945)recordasuchlayersof jasperintheStoren

Greenatonesoccurringin theHolanda-Borgarea,afewkilatatres

eastof Fjeldhelm.Re notesthattheyareoftenfractureddue,

hc eugåests,to lacerattonofsomevhatoonsolidatedjamperbeda

thrcavsladisturbancesof thedepositson thasea-floor,either

throughvolcaniceruptionorby subserinealideson steepalopeo.

In tholeseastamorphosedjasperelsewherein theTrondheisregion

GoldschaidtandC.W.Garatena(Soltedahl1960)claimtohaveobaerted

radiolarianstructuree.VoEtsuggeststhattheconditiorefortheir

appearanceintheGreenatonesan4be theabsenceorveryscant

supplyof terrigemouesediments,=.nds certeinsupplyofsiliceous

waterfromvoecLticactiontothesea-wator.Itis noteworthy

that1n theFjeldheimSerieeonlyre-depositedjaaperis found;

preausablybecausetheturbidconditionsandscantsupplyof ailica

discoursgedtheestabliabmantof radiolarianlife.

Twootherdegceitafoundin theStoren

Greenstoneskroundijeldheimareworthyofmention. Thefttstia

a thinbed,onlye fewretresthick,of 8 fine-grainedyellow-black

shsle,whichisveryrichinsulpbur. Itieexposedsememetres

up thefirststreamvhichflovefroethevestintotheriverflowing

northoutof Iektj. Whenfirstseenitlookedas if itmightbe

fossiliferous,butnothingwasfoundaftertwohours'intensive

examination.Thisdepositid probablyassociatedwithoneof the

syngeneticeedimentarypirsits ores(vaaakia),whichareccamonly

fourdin theGreenstonee.Urdertunatelytheyoretoooften

/ inadequato
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inadquatotoboof oconomlovaluo. It iogually noognind

thatouchoulybidooraowomodepoattadin reduoingonwiromont

withthooserwatorriohinhreagansu1P2Ådo; C.V.Ciårstbnoseaellts

thit tb£ aulpharmootprobablyoametrmaaubmarinayolcanicezhalationa.

Thooåoonddepositoccursina largoespoouro

about50 wide,acmonotrosnorthoflijoimAmet.Itomaiotaof

a homogoneous,finosarainad„homatiticrodabaleoondadatimgminuts

ilecksof a oolourlessalour41. Threepoasibleeriginoof the

uk.idosh.at ‘db fUlowe

WarrSgankamaterialfroman aridlandmaaa.

biegonstioi.e.an aaaociationwithradtolaria.

5.Uchiationof s)ngomatioirmasapisis doyouit.

thofirotpoubibilityiz probataythemost1ikalyorigin,bytit

Calteetbeprovedcont.luniwe1y.11wd.1)ositforemanaramof kow

ground,whiubbioccupieimostlyby peatbagm. ihnnhoisaffaors

to paaaalongthostrIkalatomaaaivebouldwmaglomørato.

Unfortunatoly,ozpoounwasinadoquatotodettrainsitsrdation

withtheaitezotonosåndthoSjokkycla(Tonon)Onaostrate.

Inconclusion,itaaybu notouLbut,uxcoptfor

areasof conglamorato,moattemptbaabseamadutodiatisgaish,

oa thafinalaap,diffsrantpetrologioaIdivisionawitbiatha

Groanstonteboommemof thodiffioultyof traoiagtagindual bads

andboundarisoowlogto laokof azposure.

•
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In theJejeldheimareaa polygeneue
boultiercone1omerateippearatoilitaitesemfeelealy orreellaree..
GreLnetonee.Theconglomerateispolygenoue,conelatingof sub-
angulorfteenta r~ing inalzefromsmallpebblattosub-ausular

beuldersaboute metrein length- inonelocalitya boulder3 a. in
lengthwes found. ThefraementsareofGreenstone,a pAlegrey

quertziteeedjesper. Theae:trixis,gencrally,fine-greined,
feldspathicendgreenincolour.cmceptforthejaaper,thsfreente
haveinmostcaseebeenequasbedtectonicallywitha statlardeformation

ratioof 4 $ 1 es thepiliows; themajoraxeshavaa similarstrike
of about2800likethemajoraxesof thepillows. Ihetoughjasper
seemetohaveresistedthetectonicdeformationtoa greatoztent;

it isalsomoreresistanttoweatheringbecausetbsjasperfreenta
invariablystandoutabovetheexposedeurface.

In theHolandearea,a fewkilemetres

eastof therjeldheimarea,Vogt(1945)drecribestheVennaconglomarate
lyingdirectlyontheStorenGreenstones.He notesthatthsbulk

of thefreemee consistof a characteriaticsendstonerichincalcite:
thecoleurof thsrockis lightgreytolightrmrplishredand

consistingof fine-grainedquartzwithauchfinagrainødcalcits,

frequentlysomuchthattherockison theborderof a quartzrich

Itmestons.Manylargerbouldersandesallerpebblesof redjasper

elsooccur. VogtisuncertainwhetheranyStorenGreenstonepebblee

oc‘mrin thiscongbaserete.He notesalaothata basementconglemerate
of anothertype• withpabblesof Greenstoneanartx:jasper,was

faUlainthawestof tho2.o1andsarea,i.e.towardstheijeldheiewrea.

Thiscouldbe theeasterncontinuatIonof thebas1 conglomerate
foundintheIleldhelaarea. fromthemapit canbe seenthatthe

FjeldheimSeria.restedirectlyon theGreemstonesin theeastof the

arsa,withno interveningbasalconglomerate.Posaibly,unleasthere

isafeplt here,thisregionwaseitheralandmewaduringtheformation
of theboulderconglemerateor theconglaseratewasdepositedhereand

erodedawaysoonafteritsdeposition.Holtedahl(1960)pointsout
thatabovetheGreenstonesof theStorenthxelpisa polygenous

conglomeretewithjasperas a charecteristicmaterialintheboulders-
theStokkvolaconglomerate,whichcanconvenientlybe takensa tomark
thebounaarybotweentheStarenandoverlyingHovinGroup. Thetypical

jasperboaringdtokkvolaconglomerateisnotpresentin theHolands-
Horgaletrict,butheretheVennaconglomerateisina corxesponding

/ stratigraphic



stratigraphicposition.Ithaebeendecidedthereforetocallthe

bamalbeuldaroonglomerateoccurrirgin thePjeldheimareathe

Stokkvola(Venna)Conglomeratesinceitisveryclose,spetially,to

theVennaconglomerateandsimilar,petrologically,totheStokkvola

conglomerateandfinallybecaueeitis ina simiteretratigymphical

poeitiontobothof them.

TheStokkvola(Vennu)ZonglomerateappLars

tomarka perio4ofsajoruiaturbance.Thefrageents,beingsub-

angulear-adreachingthesig.ofboulders,haveprobablybeentranzported

onlya abortdiatance.Thscovglomeralethereforeprobably

represents• periodof rapiderosionduetoa periodofabruptuplift.

aarliersithorshadtheorisedonrapidelevationanddeaudationof

thsStorenGreenstonesaftertheirformationandfinallySolte4ah1(1920a)

introdueedthetorm" TrondheimDisturbance" fortheorogeny

It isof interestthata breekcorresporldingtotheTrondheim

disturbancemaybe tracedoverwidespreudareesof Soreay.

On theweetof thelakeLoktj,tothen3rth

andsouthofNjovatnetandin thenorthof Hoidalvalley,the

Stokkvola(Venna)Conglemerategradeeup intothePjeldheisSeriee.

TheFgeldhaimSeriemispossiblyequivrIent

toVogt'sBolandaSbalesandSandatones.However,intheHolanda

area,Vogtrecordeaninterveningbroccia,theGaustadbakkbreceia,

followedby a chocolatecolouredmudstonsbetweenthaVennacongloaerate

andtheMolandagroup, ThSHolandaGrouparetoppedby theHolanda

limestone,whichia followed,in theSorgaree,by theErokatad

groupof shaleeandsundstonee,whichfromtheirdescriptionseee

verysimilartotheFjeldheimSeriee. Thustheaeriescouldbe

corelatedeitherwiththedolande.Groupor theErokstadGroup,but

fromtheirpositionimmediatelyfollowingtheStokkvola(Venna)

Conglomerateitwouldseemsoatlogicaltoco-relatstheFjeldheim

SerieswiththeHolandaGruip of ShalesandSandstomes,

TheFjeldheimSeriescouldbe tereedan

arkoeicgreywckeformation5inceit pessessesthecharactersrequired

to definea greywacke.Theserieshaea einimumthicbieseof about

400m. ; thetopof theformationwasnotseen. Itconsieteof

alternatingttlinbande, ibout2- 3 cma.thick,ofFeldspathicgrits,

sandatonesundfine-grainedbandedahalee. Thebandedshaleearetrequently

dteelopedtoa oonsiderehlethicknessinpreferencetothegrataor

Oandatonee.ThebedsaregreentocreYish-greenincolourundthe

coareerbandeweatherwhite,standingabovetheweathers.surface



as thinridgas. Intorcalatiom of coarm oonglanratsa occur,

notably south of lartj and sast of Iljovatmat. Tho rogional cloavago

is not ao voll dowslopad in ths coarsor hno as it is in ths bandad

abalse, whoto it wamsometims difficult to unravol tha clanage -

boading rolationship. Irown spocks of limonito, aftar pyrrhotito

or pyrito, ars of fregmet onurrenco and lyown iron-staining la common.

North-vost of Nowatnat mes ummial allipuoidal oavitima occur on

watharad joint surfaco of banded abals. Ths cawitin have a

major ula about 4 cm. long which liss in the plam of ths bodding.

Thøy han brown iron-stainn ries and mall pyrin cubos vers found

within a froshly azpoond onity. It is possibls that theso oawitimo

my reprnant some type of mdular ooncrotion or øven ill-prevernd

ramains•

Noar III1ohuan the sandatons oontaim wory

thin bodded, fins pyinn framento of red jaspor. The occurrsom

of jaspor, othe thån in ths intarcalated conglonatas, sons to ho

vary uncomon.

In many localities the ljoldhsim Sories

exhibits cleasic grand badding, which was invaluabla for donesining

tha oriontation of tho bodding. UsIng tho grand bodding it is

ponibls to establish that ths morthen limb of the Fjoldheim synclim

ia overturned. rurthenoro, at tha east limit of Lortj affidnorth-vost

of Mjnatnet slump structuros and mallmals current bodding ars

denloped. Ths grand bodding and ths abon phonommagivs an indicstion

of the achanim of fonmaion of tho soriem.

It asema most probable that tha achania

raponsibls for tho doposition of tho Itjeldhobe Soriss was turbldtty

current action. tuansn(1551) definesaturbidityourrantasa

curront containegammodadadiantwhich flows alom the floor

of a atandIng body of (claar) water due to ita highe density.

Gradual loss in wolocity of the flow as it travols over the botbs

vill causo tha haad of tba current to deposit first coarmenterial

and than finar matorisl, which is subsomently depositad on this

the curraat mono on ovar it, thus building up a graded bed.

Having atabliabod the offact lt is now

monaary to aocount for tho cmåso of tha sarie of turbidity currants

seded to form the Fjeldhola succassion. In an sarly papar on tho

problan of graded bodding following the dramatic roalisatton of tho

possr of i>pplying grand bedding to problems of orintation, aftor

Th. Vogt, ths Holanda-Morg authority, recogniset its occurroms in

/ tha åppin narsite,



the Åppinquartsite, in ths N.W.Highlands, E.B.Bailey (1950)

auggestedflooda, hurricanat and ses-quakas as possible cames.

Floods and burricanea he diesisaas as beisg inadequate in force and

froquoncy, but he believes shat tbe triggerbag off of a ooestal

fringe of unconeolidated sand and eindby earth novsnta (seerqmakasø

could prowide the required effeot. Menotes fizelly that the

ses-quaks )ypothesis retains floode and barricanes ae " usefUl

buzillaries".

Other cautes (5.1.P.M. Symposimi1951) likely to give

rise to nerine turbidity carrents any be considered, in relation to

tha ljøldhela Series, as followsi

(1) Rapid introduction of sediebent into aa oceen by rivers, windstorns


volcanic cuptions, mudfloas and landalidem. Other cllastic

ffectssaybe included hers because whenfiret imeenthe YjeldheIn

Series la auggestive of a varved glacial deposit and tbe idea of

Pa1asomoicglocial origin for both the Stokkvola (Venna)

conglonerate and the Fjeldhals aedinents was considerea.

The boulder corgloserato couldrepresentaorainic saterial

discharged from an ice aheet and then pchaps re-dsposited, with

the later beds being seasonal varved depoaita. Mowevar,wbenths

thickness amdextent of the conglonerate gmadthe Fjeldhein beda

comsidered tt immerobvious that pronouncedsubsidence mat have

occurnd to accommodat.the beds. Such a arked eubaidence could

bardly be obtained by invoking isoatatic adjuatnents or eustatic

changss following a glaciation becaues mather would be edequate.

ths anociation with other rock types indicates a

geosynclinal enwiroract and points to tba origin of the turbidity

curnnts by crustal novesents rather than seasonal flooda.

Nevertheless, a glacial tbsory need not be disoountied entlrely

brauss 1t ia posaible to viamaIias glaciation associatod with the

orogenesis, 1.e. /ce-caps forned on areas uplifted to adequats

altitudes, asaisting 1n tha provision of seulment during tbs

geouncline formation and infilling.

It anes that the causes postulated above, as well as tidal ctrrents,

store waves, taunamis and ocesnic currents, cannot be considered

as najor ressons for the foroation of aarime tubidlty currente.

To borrowSatley's apt phrese thay ahould be assignad aa

" usefUl ausiliaries ".

(11)51ides, alunps or audflows. Thess sffects, tr1ggered off by serth

sovents, imaa to be the sost likely causes of the reqiired

/ turbidity currents.



turbidity currente. A laterally extensin graded bod can bo
formedin few mintes by a largemocale turbidity current, eo
that rolativoly few wouldbe neconary during the long period
of the goosynclins famation and infilling. Thia in turn moano
that onkya rolativoly maall inabor of soa-suakoo would bo nonaoary
during thia period to trigger off tha alidaa or alumpa.
Aa aubaidarts progrossod the unconaolidated coaatal fringsmof
ncontlyorodedmatorial from the complentryuplifted leadiana
kmvaraoincrosainglyunstablountilabaapingaventuallynookplan.
Tho alsping waa duo eithor to amaadmumatable waight of
unconsolidatod matorial being ascooded or it was trigged off by
abock waveadue to oarth movementwithin tho geoaynclins.

Tha interbodded conglomeratas within tho
Fjeldhelm Seriaa probably roprount, like ths Stokkvola (Vonne)
congtomorato, parioda of major diaturbanco. lamt of Kjovatatt and
aouth of Lertj tho conglomaratos ara polygsnous, consiating of
fairlynkl-raindedfragmentsofCroerstoaelava, agglomorato, achlat,
sportaito and aubsangular jaapor. Thomatrix ia foldspathic, coarao
to fine-grainod and groon in colour. Tho sias of tho frenta varios
from pobblos to boulden up to 18 com. in lausth. Thry ora gonerally
acuaahodalong a 270° otriko with a ratio ofmajor to adnor astai of
4 1 .

Individual boda of difforent grades of
sodinnt within the Fjoldhatm Sorise aro not indicated on tho final
empowing to lack of exposurs makiqg it impossibla to tran individual
boda for any distanos along their atriks. Areamof intarboddod
conglonwrate havo boen indicatod apparately. The llmits of the
Stokkvola (Voana) Conglommrato,whers thgy an oxposed concluainly,
havo boonmarkedwith aolid linea. lowsvmr, thno limita are alightly
arbitrary booms although the bouldar congloarate gradea up into ths
rjoldhata Sorito it does so fairly rapidly, within a fow mstnm at most.



ThaprobableanociationofthegebbroIntrusloninthe

northeastof thearimwithan initialsegaaticstagehasalnawly

beendescribled.UnfortunatelytinswasInadequatefora detailedstudy

of thegabbroanditscontactwiththeGroastones. Ttwasnotad

thatthegebbrobecassfinargrainedas thechillødearginwiththe

Graenstoneswasapproachal;theestentof anycontactauraole,if lt

exists,wasnotman.

Preshexpoieuresofgabbroalongthemm roadaattingby the

Trivjarivershowthatpatchiaof fine-grainedgabbrosxistaithinths

sainmassof coarasgaboro,indicatingthatconvectioncurrantswere

activeduriagthemoltinstage.

ThegsbbrofraatheTrivjagorgeisholocryetallina,esditm

grained,containingophiticaugIts,altsredaubdiralfeldspar,chlorite,

spidote,hornblemleanda colourlassamphibole,probablytreolijm.

Thsaugiteisgensrallyuralitimidat itsboundarywherea thinrinof

hornbleadeor tramolijchasreplaceait. Leucomas,analtaration

productof ilaanits,occursasan accessorysiners1in thaforaof

rellcskeletalstructuresof theoriginalilamnits.Theelongated

lataaandplatasof theorlginalplagioclasefsIdeperareentirely

sammaaritlesdtoamicro-gramalaraassofmacondarysinerals.

Relicaof orlginaltwinningareamostiaesvisiblo. Theophitic

auglteoccurringbetweenor enclosingtheplagioclaselathsisvory

palabrown(possibleitis titamtugitesincetitantuaisabundantin

therock)anditsommtinestwinnedon 100• It isalteredat its

riaaost1ytopleochroicgreenhorableadsandsamtlasstreolite,

altartheprocessofuralitisation,whichis thoughttodevslopduring

theelowcoollngof thegabbrobody.

Thefollowingaccessoryaineralsareprasent:

(1)Laucorans,whichisbrown-black,Usostqpaqueandocaarsas

skslatalnanantsof

(ii)Chloritaoccursassmall1rregularpatchaa;it ispalegreen

andpleochroicwithdiegnostic"Berlinblus"birefringehoecolours.

Itiaembetiassdavelopedarotandthehornblandeuralitsrisof the

augite,poesiblyasan altarat1onproductof theamphibote.

(111)SpiaotsoccursInesallazitedralcrystals;itispalebrown-grsen,

alightlypleochroic,witha brightahoderatebiallfringsnceanihigh

rolisf.

At Lokkensimilargsbbrobodiesappeartoba linked with

valuablecupriferouspyriteorebodies.Afterintensivageophysical

prcancting111"01Widtherjeldhela gebbro,no econic oredepositsamrs

faund..
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(i)A dykestrikingS.S.-S.W.canbe tracedfor
about0.5kme.on eachsideof thelaksLoktj. Itvariesinwidth
from20m. at south-weetextremity,to10m. southofIoktj,and

to16m. at itsnorth-eastlimit. Thedykewalledipabout800

to thesouthseast.At thecontactwiththeshalesaouthofloktå

it is fins-grained,thogghporphyriticcxystalsoccurtowithin
2 cms.of thecontact. Theshalesareonlyveryalightlybaked;

thebakedsonebeingabout5 cma.wideon eachsideof thedyke.

Theinfluxof thedykematerialseemstohavecontortedtheshalesto

a certainextent. At itsnorth-seetlimitwhereithaaintrudedthe

Stokkvola(Venna)Conglomerateitavoakersesistanceto erosioncontraste
withthetougherconglomerate,whichstandaoutsomemetresabovethe
weatheredautfaceof thedyke. Theconglomeratemarginiealeoonly

elightlybaked. Porphyriticlathaof alteredfeldspar,about1.5cms.

long,arenearlyalwayeorientatedparalleltothedykewells,which
strikeabout250°. Prequentlya emallnumberof lathearearrangedin
radiateclusters,likethespokesof a wheel.

Thedyksappearsasif itmightbe associated

withfaultingsinceithasa etrikeelailartothemajorfaults;in

particular,itdipasouthat 60°- an anglesimilertothatof tbe

Storbuanfaultplana. .atartzveiningiscoamonlyazaociatedwiththe

dykes. A commonrelationisshownin theaccompanyingaketch;

Sketch of 09.h. /nttysion 024 .

Mrt edse of hljovatnet.

It is notablethatthequartsveiningdoesnotpasaoutintothe

aurroundingcountryrock.
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1n thin section (011.1) the rock is holocrystalline,

medium to fine-grained with many parphyritic lathe of pale green

alterid feldapar. Pleochroic green chIorite in anhedral platey

patches occurs tbroughout the rock in fair abundanes. Å little

qmarts, secondery albite and leucorene are alao present. Seall

needles of a pleochrois strem-yellow to brown mineral occurs very

abundantly. The altered feldsper oszars as subedral porphyritic crystals

and mediumgrained lathe, which have been sauseuritind foratbsg a

nicro-grenular grounchass of secondary minerals, including pale

green araine of epidote. Tbe rime of the laths are characteriatically

darkened by what appears to be a concentration ofauch finer granules.

Traces of original soning 2re samtimes visible.

The pale yellow-brownaineral haa the following

pleochroic scheme:

Pale sirau-selloté.

Datit bniwn.

The refractive indez is greater than Canada balma and it hea a

parallel eztinction. It occurs inmicro-graphic intergrowths with

secondary feldepar or chlortte. It haa been suggested that this

mineral is atilpnomelane, an iron richvariety of chlorite, but it

has not been poesible to prove this concluaively.

Brown semi-opaque leucomm, after ilmenite, occurs

in ri,gaed shreds rather thanea akeletal crystals found in the gabbro.

Pyrite is commonlypresent.

(ii) The intrusion on the south side of Doidal valley
is the only ona of its kind found in the area. Only the northern

bounaary is vialble and the contact surfece dips 55° south and

strikes 250°. å little quarts nining, about 2.5 thick, occurs

across the intrusion-grit contact at right -angles to the contact strike.

1n thin section the rock is holocrystalline, mediumgrained aad

very abundant in euhedral to anbedral pleochroic green-brown hornblende.

Sub-hadral,mostly sausauritieed feldspar occurs in polkilitic intergrowths
with the hornblende, 1.e. the feldsper crystallised later than the

hornblende. Seither the feldspar or hornblend, crystals show any

preferred orientation. Anhedral querts is fairly abundant and

acc,ssory chlcrite, leucomme and an opaque mineral occur in sil

anhedralgrains. The hornblende, which is the dominant mineral, is

dark brown to green, pleochroic and is sometimes rimed by a zone leas rich

in iron than the centre. Some of the euhedral priss.tic latha ItIvea thin

overgrowth of å colourlees amphibole. Occasional twinning on 010 occurs.
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(iii)The thirdtypeof intrusionoccursnortb-eastof

Njovatnetas twomassee,whiach are apparentlylosemge-shapedin plan.

The boundariesweremostlyobacuredby vegetation.

In thinsectiontherock is holocratalline,coarse

Erained,coneistingmainlyof euttedralprismaticlathsof altered

feldspar,about5am. in length,in a micro-granulargroundetassof

secondarymirterals,whichis dominatedby anhedralalbite. Å little

sub-ophiticaugiteoccurs,whichis almostantirelyalteredto

chlorite,hornblendeand a palegreenamphibole. Irregularpatches

of leucomene,sometimesas skeletalremnants,occuraquiteabundantly.

The feldsparis saussurétisedto a micro-gramalarreplacementcontaining

smallpalegreengraineof epidote,whichare concentratedespecially

aroundtherimeof thealteredlatha. Secondaryalbiteoccurs

as a micro-granularmosaicof anhedralcrystals. The ophitic

stagigeis palebrownin colour(titanaugite?). It is uralitised

at itaria withgreenhornblendeand palegreenactinoli$0.

The augiteis alsoextenaivelyveinedby chlorite,whichis distinguished

by its anoaalous"Berlinbluerbirefringencecolour. The variety

of chloritepossessingthesecoloureis pennine. Veryrarelya

red-brownisotropicalneraloccursin the amphibole.

Thistypeof intrusionwas foundonlyat thisone

locality. Fromitsmineralogyit couldbe termeda doleriteand

it is probablycloselyrelatedto the gabbro.

(iv)Å toindyke,about1 metrethick,is intrudedinto

the gabbroof theTrivjagorge. It is remarkablein thatit containa

freahalbitein unalteredlatba. In tbinsectiontherockis

holocrystallineandmediumgrainedcontainingsub-hedrallatheof

twinnedfeldsparand irregularpatcheaof fineacicularagEregates

of palegreenpleochroicchloritewith anomalous"Berlinblusa

birefringencecolours(pennine). Smallpatchesof ophiticpale

brownaugite(titanaugite?) occur. Ctpaque,unalteredakeletal

crystalsof ilmeniteare quiteabundant. It ia noteworthythat

all theaboveconstituentsoccurin almostequalabundance,with

the feldsparallghtlyin excess.

Maximumsymmetricalextinctionmessurements

of the twinnedfeldaparlathsrevealedthe followingcomposition:

Ab9ottnio. The refractiveindexis lessthanCanadabalsam.

The albitedoes notappearto be secondarybecauseit occursin

well-shapedlaths,whichare oftensimplytwinnedand frequentlyin

ophiticarrangementwith the augite. If thealbiteis primarythen

/ the intrusion
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theintrusionposaiblyrepresentsa verylatestagedifferentiation

productof thegabbrobody. However,a majorproblemwouldexist

to explainwhythefeldsperusedup thesodain themagnaleaving

noneto formanysoda-pyroxene.Withregardto thisitseansmorin

probablethatthealbiteissecortlary,thoghwhytheoriginalfeldspar

wasreplacedeatirelyby eubedralalbiteandnotsaussuritised,asin

alltbeotherihtrusions,ieunknown.

Promtheirapatialrelationandmainlybasic

compositionit appearathatthedykesin thePjeldheimareahada

coemonorigininamajorbasicmagmabody. Owingtopresentlack

of knowledge,littlecanbe saidaboutthephysico—chanicalmodus

of magmadifferentiation,whichresultedin theirfinalcomposition.

•
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Sasicallytherocksin thePjeldheimareaoccupy

a syncline,whicthasan axIalplanecleavegestriktngabout270°

anddippingnorthat about70° It canbe demonstratedusinggraded


beddingthatthenorthernIlmbof thefoldisoverturnød.Thefold

appearetobeplungelngtowardstheemet,buttheangleof plungeim

uncertain.At someexposuresfairlytightfoldsoccurredhaving

axialplaneeorientatedsimilertotheaxialplaneof themajorfold.

It seemeIlkelythatleoclinalfoldingiefairlycommonwithinthe

majorsyncline.Exposuresareinadequatetocomnentat lengthon

thetypeof foldingpreeent,butit seememoetlikelythatsisallar

foldinghastakenplace,aidedby ehearalongthecleawage.Yrca

strikeof thecleavageitcanbe deducedthatthemaxlmumcompression

actednorth-nakth.

FaultingisverycomeanAn thearea;thoss

Andicatedionthemaparsprobablyonlya fewof thefsats occurring,

themajoritybeingunexposed.Faultsofboththetearandnormal

varletyoccur. Slickensides,wheretheyarevisible,hevebeen

recordedon themap. Quartzvelningandlargepyritecubee,up to

0.75csa.square,arecommonlyaseociatedwiththefaults,dueto

thaheatingeffectderivedfromfrictionelresistanceof eliding

rockfaceebringingabouta mIgrationandcondensationofnaterialin

therock. Shaley,fine-grainednyloniticmaterialwasfoundassociated

viththeplaneof themajorfaultatStorbuen.Itisprobable

thatmanyof thedykeintrusions,whichhavea sub-parallelorieatation

to thefaults,aregeneticallylinkedwiththefaulting.

Themajorfaultingtookplaceafterthefolding.

The4kee arenetemorphoaedtoa sinilardegreetothtotherrocks,

andif thedykesareintizatalyconmectedwiththefaultingthen

themajorfaultaoccurredsoonafterthefolding.



Jose biagram to show the Distributi.:r.of CleavageStrike

in theF'eldheimArea.
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AtXastad,neerNeldal,a fewkaa.eouth

of Lokkan,theLalstadIlaestoneappearetobe faultedintothe

StoreaGrøenstoneSeries. Thelimestone1e a lightgrsytogrey-black

tipurelimestoae,oftenaomewhatcrystalline,whichinparttavery

richin foes118auchea corals,criaoidaandcalcarsousalgee.

Prommaterlalcollectedby Nesers.DevidSlake

aadShrlIagSagvoldfromlooalItlesshownonthea000mpanyingsketchmap,

twocoralswers1dent1f1ed,frouthinsectleasandcelluloeepahls,

aa Stroptalamaasp.andNyctoporaaff.parvotabulata.ThøImmte

fortheidentifIcatIonwasthedescriptIonaredphotographein a

paperon theooralsofNjoaaasestons,nearOslo,by 8111(1553).

Thesolltary,alaplecoralluetsconicalandattatas& diameterof

about2 oas.. Thsaeptaarenuserous(about40),alternatlyloag

endabortandd1latedat thepaelpheralstereozone,whichleabout

2 ma.w1deat a coralluadimeterod 2 ces" Someof themajorsepia

twiettogetharat theeads,othersuniteabout of thedistance

trImatheatereosonsto theasiscontinuIngto theatIalsoneasons

septua.

Thecoral1acompoundwlthalendercorallites.Thecentraland

tabularstructuresarereplacedby a mossicof calc1te.

NoepIthacallineof dIv/sIonoccursbetweenneighbouringcoralates.

/bøcoralliteeareabout2 ame.indister andtheyaremost1y

irregulareta-sidedpolygons,incross-section.Seallirregular

poresoccurpermitt/agcasaunIcationbetweenthecorallites.

Boeg(1952)discovere4thatal4piefral

theialatedlimestoneind1cateanagecontemporaneouswiththe

Njosalimestons,nearOslo,of UpperCaradociantoAshg111/an.

CorperReed(1932)addatalmathatbrachiopodsfraatheImlatadIlmestons

aleopointtoanUpperOrdoviclanage(Ashg1111en).InadditIon,

bothtbeabovecoralearecloselysIallarto coraleintheNjoss

Ilasetone,lalicatIngan UpperCaradocIantoAshglfilenage.

Thusitsy be concludedthatthegaletedlImestoneteof Upper

CaradocIantoIabgallanage.

It isacetunfortunatethat,althoughtheage

of thisformation1sknownsopres1sely,1thaanotyetbeenposaible

tocorrelatetheKalstadlimestonewithanyotherstrat1graphical

cavislon1n thefrondhelmreglon.
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Amodemtecover of foreet, ealaly of ftr aad silver
birch, exista, with a tree-lim at about 600... The pereentage of
roCk exposure le generally not very high. The best expoeure are on
the bigh ground and high onvalley eldes wheregradisata are too steep
for mgetation to establish itself. Over thsvalley floors a noraine
cover menonly providesafountatioa for plant life and acts as an
•ffective bleaket over the unlerlying solid reck. Often a clean
well-exposed surface would be found where the thin aoll cover bad
been etrtpped off in the root embrworkof a fallen tree.

Inbedly dratned arees extemive peat bogs are developed
providIng basis for the growthof beather, clertee, blueberrles,

sedien and grass. Water-Itlies oomonly thrtm well in eme of the
lakee. Nmerous types of flangi elso occar, Ilving espectally in
tbe dampshatend ames in the forests.

Of the fauna, ftsh, eatnly txout, are very abundent
in all the lakes and the lake Mgea are alao a great attraction for
manyvarietlee of large and colourful dragonflies. Evtdonce of elk
is very comon though most unfortunately none wers seen.
Addera, which Are unpleasantly abundant, frequently prefer to eun theaselves
onanlaportant exposure. Purtherattractiomofforeat Ilfe are
tbe redd equirrals, pine martme and a great verriety of blrda, wkdAXo
imlude woodpeckers, fly-catchers and ampies. Lest, but by no
mans lent, tbs flies. It caanot be over-eaphasised that an effective
fly-repellant ie an sesential accessory for field-work in the erea -
without one work la inposeible.

Pinally it nay be noted that the agrIculture of the
area la gensrally devoted to ebetp-rearing and beef anl dalry production.
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