
ist Bergvesenet
Postboks 3021, 7002 Trondheim Rapportarkivet

Bergvesenet rapport nr

BV 1859
Intern Journal nr Internt arkiv nrRapport lokaliseringGradering

Trondheim

Kommer fra ..arkiv Ekstern rapport nrOversendt fra Fortrolig pgaFortrolig fra dato:

Tittel

The geology of an area south of Gåsbakken

Forlatter

Beswick, A. E.

DatoBedrift

1962

Kommune

Melhus

FylkeBergdistrikt

Sør - TrøndelagTrondheimske

1: 50 000 kartblad1: 250 000 kartblad

Fagområde

Geologi

Dokument type Forekomster

Gåsbakken

Råstofftype Emneord

Sammendrag



THE GEOLOGYOF AN AREA SOUTH OF GASBAKKEN.

A.E.BESWICK 1962



CONTLBT$


Introduction.

PhysioalGeology. 3.

Introdnotionto the Stratigraphy. 5.

The ParpleBreoclas. 7.

The Band•d Shaleeand Bandetonee. 12.

The Blue Grey Limeetone. 15.

Conditionsof deposition. 17.

The Porphyritee. 19.

Superfielaldeposite. 29.

StruoturalGeology. 31.

netamorphism 34.

Aoknowledgements. 35.

Liet of references. 36.



An ar south of Gåsbakken

Introdmotion.

Gåsbakkenis a small agriculturalcommunitylocatedapproximately

12 laseast. of Lacken • Lökkenbeing situatedsome 55 km to the south

of Trondheimin Norway.

Geologicalmappingwas carriedout using aerialphotographswith

tracingpaper overcelays,thescale being 1 to 15,000. It shouldbe made

clear that eome inacouraciesoccur in the map and the overlays• This

is due to the aerial photogralhehavingratherbad distortionaround

theirmarginsdue to tilt. Such inaccuraciesas do occurare however,

consideredto be acceptableand do not affect the geologlcalinterpretation.

Three areas were dividedratherarbitrarilybetweenChadwick ,R.wwling

and myself. The area which I mapFed lies to the south of the Skolda

11› river which flows throughGåsbakkenin a rath^r meandrinefashionand


into Svorksflenlake a few kilometersto the north—west• The area was

boundedby a small tributaryof the Skoldain the east and by the road

from StornaevetoGåsbakken in thewest. The southernboundarywas a

line apiroximatelyparallelto the northernboundary* running

eastwardfrom Stor i-Jamtjernlake acrossa series of ridges to intersect

the eaaternboundary. Chadwickand l!owlingmapped two adjacentareas,

Chadwickto the NM , and Rowling to the S.E.

The object of the mappingwau to attemptto elucidatethe structure

and the otragicraphyand to correlatethe resultøwith eitheror both

of two adjacent ,previuoslymappedares. One of theseareas , to our

weet was mapped by Blake and Chadwickduring the eummer of 1960

The other,a largerarea to our north—east,was mapped by the lato

ThorolfVogt who publichedhis resultsin a paler in the Norsk Geolak

Tleaskriftin•1945.

The late Dr. Carstens of TrondheimUniversityhad also done eome

mappingin a nearbyarea. Ris map was printedposthumouslybut

unfortunatelyno translationof his writtenwork is Other


than the work mentionedabove, very few investigationshave been made.

:.appingwas carriedout over a period of 7 weeks betweenJuly

and eptember1961. Due to bad weatherconditione( the summerwas

the worat for 40 yeara accordingto local reporte) mappinghad to be
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extendedfor a week longer than origionallyplanned lin an attemptto


cover the area. Flnallysome 6 to7 sq.ml. (18 sq.km.)were covered.

The objectof the mappingwas fulfilledfor the most part butlas

will be eeen in the followingpages,correlationof some rock typeeremains

a problemdue to lack of fossile.
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Ph sical Geolo

The area forms part of a dissected penerlain grooved luring the

Pleistocene glaciation. As a consequence the majority of the main

valleys and ridgeu run in a U,W. to direction - the eame


direction in which the glaciere must have moved (see paces -29 ).

The area is drained by the river Skolda , many tributaries af which


rise on the ridges in the aouthern part of the area. The val eye occupled

bby many of theee emall streams have obviously been enlarged by glacial

action. Å good example of this is the wide valley containing Rektjern,

Skogetad, and Ellingevatnet (eee plate i ). Theee lakes are joinsd by

a small stream which rune in and out of each in turn, eventually

running into the Skolda after leaving 21ingevatnet.

Although most of the large la kes occur in the low lying valleye,

many othere occur in hollows or depressions at higher elevations, the

beet examples in this area being Stor Damtjern and Lille Damtjern.

Evidence suggesting the existence of former lakes is also present in

numerous other depreesione. Thie evidence being awampy peat boge and

small areas of shallow water occuring in flat bottomed depreeeione which

are generally elongated in a NW-SE direction. Some of the existing

lakes ehow signs of being infilled in perhape the same way as the ones

described above. This is indicated by deltas and areaa of shallow-

water reeds which show up very well on the aorial photos. Ae thi


infilling progremsee the lakos will gradually be reduced in extent and

ultimately replaced by fL-t lying areaa of peat bog.

The aree has quitc) a strong relief of 300 cu 2he loweet valleye

hc.ve an elevation of 200 m. or a little moretand most of the ridgee


rise to an elevation of apirox. 5 0 m: Many of theee ridges have very

steep eides ald flattened tol.c(coo Fhotos 2 &3 ). Since their

summits are clocely cimilar in elevation thie supports the idea of a

pre-existing peneplain. The diusection of this penef.leinin many

cases cuts acrome the structural trend of the rock s, beinc more

generally related to the trend of the glaciation. As a result of

this marked trend,any drainae pattern ie virtually


imposible to determine.



Only'one abandonedriver coursewas observed(see sketch I )'and thia

sesms to have been formedquite recenfly. This abandenedcouree

must, at one time,havelinked the streamwhich now rune frOm

Middagsaasenridge into Skogatadlake with the.eireae.~wentiini irek.

Skogptadinto Ellingsvatnetlake. At the time of observationthe rie*r
441*4


course was in fact carryingsmallamountsof water,howeverunder

normal,drierconditionsthie water would be repreeentedby no more

than a few stagnantpoole.

Much of the area is coveredby thick pine forests,especiallythe

higher ground. Small cultivatedareas are generallyrestictedto the

lower valleys 1 elsewherethe forestcover is broken only by emall lakes

or flat lying peat bogs. Due to this thick cover eximeuresare poor

lese than 1% is exposed. Ironicallysome of the best exposureeare to

be found under the roote of fallentreeewhere the thin soil mantle

has been strippedawey. The insectlife which the forestsupportawas

virtuallyintolerablein the earlyweeks but as the summerpassedandtheir

numberediminiehedthey caused less diecomfort. More pleasentwere

the numerousred squirrelsand the more evasivedeer and elk. Adders

were rathera menacebut fortunatelyonlyafew were encountered.

•



5 •

Introductionto thtistrati a h

The rocke of c.hearea exhibita low grade regionalmetamorphiam

and, as Vogt pointsout,thisis rather remarkablewhen one realisea

that they are comletely surroundedby rocks of a nuch higher

metamorphicgrade.

4Geme of the firstinvestigationsin and around this area were made

by arulf and Hauan who gave the rocks theirstratigraphicnames in

t ettter half of the last centurye.g. the StorenGroup,which occure

4 ,areas mappedby Chadwickand Rowling,and the HovinGroupwhich
-

oce throughoutour combinedareas. Althoughno identifiabl%

/flards remainswere observedin any localitiesin my area some

ifossiliferoushorizonshave been observedin the Hovine. Blake in 1960
/

diseovereda graptoliticshale horizonwhich has proved to be Arenig

in age. Vogt collectedfossilsfrom the HålondaLimestoneincluding

trilobiteswhich are regardedas Llanvirnianin age. Until such times

as foasilsare diecoveredwithinmy area correlationwith Blake or

Vogt can only be attemptedon a lithologicalbasis. Such a

correlationcannot be abeolutedue to the facieschangessoon to be

outlined.

On the map only four main groupings(otherthan superficiuldeposits)

are indicated. It should thereforebe explainedwhy these broad

groupingshave been made since many more than four distinctroc typee

occur. The successionfrom oldest to youngestis as followes-

(a)Theoldestrocks exposedare the Purple Breccias,athick series

of breccias,grite, and sandstoneswith occasionalbands of shale,

usuallywell bedded and having a deep red or purplecolour. These

can be tracedinto Vogt's area and,in the main, correlatedwith his

GaustadbakBreccia.

(b)Above the PurpleBrecciasoccur the Banded Shalesand Sandstones.,

These are malnly comprisedof alternatingbands of shale and sandstons

usuallywith a dark grey colour but oconsionallybeing somewhat

greenieh.

(c) The third group is the Blue •-;reyLimestonewhich occure

interbeddedwith the above shalesand sandstonesapparentlyat more



I.

6.

than one horizon. The limeetoftegenerally has a pecullar brecoiated

appearanoe and seems to have a limited distribution occuring,as far as

can be determined,in t'aeform of lenees.

(d) The final group~ the Porphyrites which occur in numerous •

small sheet-like masses. The relationehip of these igneona rocks to.

thlik»sedimentarysuccession is rather a questionable one.

1.1t4seemed,early during the mapping, that it might be possible to

estøblish a more finely divided mccession than the one outlined above.

Howeer as mapping progressed and larger areas were covered the idea

had to be abandoned. This was due the repeated observation of facies

changes in some of the sediments when followed along their strike

from one expoeure to the next. For example when greenish grey shales

were encountered in the Banded Shales and Sandstones it was imposeible

411 to traøe them laterally for more than a few tens of metere, The same

situation occure in the Purple.Breccias ; green grits and sandatones

were observed inter-bedded with these but.they could not be traced for

any distance which might make them worthy of being distinguished as a

seperate group.

It is therefore proposed to describe theee intercalated types

tngether with the groups with which they are interbedded, rather than

under seperate headinge which may tend to make the succession misleading.

•
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The rocks are generallywell bedded -nd there seems to be no recular

rhythmin the occurenceof the different'lithologies:a bed of breccia

may be followedby u bed of shale,sandstone,or crit(see»lates

Althoughmost of the group 4.6made up of well-bejdedstrataexeptionc

are observed. At locality22, for example.lensesof brecciaof a

varietyof dimensionsfrom 0.1m to 1.5m are eeen intercalatedin bede of

purple sandstoneand grit (eee fig. In other instancesmore


massivehorizonsoccur (eee plates 7,3,&19)in some of which bedding

is difficultor impossibleto determine. At localities199 & 275

individualfragmentsare frequently0.5mor more in greatestdimension

BO that the rock may bect be termeda bouldercongloMerate. In these

looalitiesmost of the bouldersare roundedor at least sub-ancular,

the matrix is of purple grit and sandstonesometime mixed with green

	

11› tuffaceousmaterial. The fragmenteare of a varietyof rock types


includingodd piece6 of red jasper.

'Agglomerates'alsowere observedalthoughonly in a few exposures.

They appear to be bect developed•ust to the west of the road which

runs throughPordliento Skogstad(see plate$ 11 &12) especiallyat

locality122. Sere they appear,atfirsteight,tobe distortedpillow

lavas but on 'closerexaminationit can be seen that this is not the

cace: not all the materialis igneous,occasionallarge boulder-like

fragmentsof white quartziteare presentand aleo some smallerpieces

	

11. of purple sandstone. 2he bulk of the rock is made up of large,rounded


and sub-angularfr-gmentsof dark,crey-creen,weakly por,hyritåc,

igneousmaterial • In the localitymentionedit seems that thie

particularbed is about 6m. thick. howeverit can only be picked out

in threeexposuresno more than 100 m. avart,and apparentlyit thins

out along the strikein eitherdirectIon.

Other intercclationsare mainly of green sandstonesand grits.

These are developedin tUe centre of the area at localities

190 - 200, midwaybetweenRod and Stornaeve. In some of these exposures

green grits and sandstonesaleobservedalternatingwith similarbede

having a purple colour. Individualbede are usually20cm. to 30cm.

thick(see1,1ate13a).
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At localitiest9:J 199 light green colouredgrits and sandstonesare

observedwhich show beautifulcross beddingemphasisedby the bottom

surfaceof each foresetbed being purplein colour (see rlate 14 & fig. 2).

The purple colourseems to be due to finelydisseminatediron ores,

probablyhomatite. The reason for the purplecolour occuringat the

babe of each bed can be explainedin two ways. hitherthe grainswhich

had thin coatingsofironcomiJoundswere generallyheavierthan the bulk

ni tno uncoL,Ldexainsuyd this caused them to settleout of the

depositingcurrentat a fasterrate, and hence to be concentratedat

the buse of each bed. Or the alternativeexplanationwould be that

the colour is a post depositionalfeatureresultingfrom the seepage

of solutionsrich in iron compoundswhich would tend to accumulate

alone the beddingplanes at the base of the bede and hence such areas

19 	
would be more liableto staining. The formeralternativerenuires


some explanationas to why some of the originalurainsshouldbe

stainedand othersnot. The obviousexplanationwould be that the

materialwas derivedfrom two diatinctsources,perhapsfrom two

tributariesof a larrm river.

Other instanceaof currentbeddedwere also oUserved the most

noteworthyof these beinez.tlocality",47(see plate 6). Here the

rocks are all purple sundstonesand the form of the beddingis

differentto that describedabove, being ratherreminiscentof the

grain in,a knotty piece of wood.

Lightgreen coloured alternatingshalesand sandatoneswere

observedinterbeddedwith purplegrits and breccias about 1 km. S.S.E.

ofSvartvatnetat localities150 i 166. In both instances their total

thicknesswas no more than 5 r. and they could only be followedfor

short distancesalong their strIke.

rather characteristicbut apparentlyimpersistentgreen,somewhat

c w
tuffaceousbrecciahac alao been inclurledith the FurpleBreccias.

his is only expoaedin the valleywhich runs from Stor Damtjernlake

to Lillenaeve(seeplate 2). The brecciais well beddedand in places

slightlysheared. It io composedof numerousangular fragmentsof

white crystallinelimeatonebetween 1 c . and 10 cms. across,green and

grey sundstonesand occasionalfragmentsof jasper.These are all

embeddedin a matrix of green tuffacenussandstone(seeplates 15 16).
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each were døposited in a matter of a few hours, representing perhaps

the load of a large river during a period of spate.

Graded beds were also seen near Stornaeve at locality 13 but in

thie case it was far less obvious. Thø grading occursinthin beds of

purple sandstone,being only weakly developed.

On the whole sedimentary etructuree are not abundant, current

bedding being more common than graded bedding. Generally the rocks

of this series are fairly well bedded and the coarser horizons unsorted.

•

•
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The Banded Shales and Sandstones.

This group of rocks directly overlies the 'urple Breccias; the boundary

between the two was not actually eeen but in many cases ite position

could be determined to within a few meters. Although the boundary was

never exposed the relationship betweenthe two groups ajpeare, in all

cases,to be a conformable one.

The group is comprised of dark grey, and less frequently, green-grey

shales which are usually interbedded with thin persistent bande of

similarly coloured sandstones and fine gritstones. In many instances

both the shales and the sandstonee are characterised by the presence of

rust coloured speckles often elongated in a parallel fashion due to

tectonic forces. These have been described by Vogt as representing

the alteration products after original pyrrhotite nraine. Karely the

original pyrrhotites were found preserved in the form of minute crystals

no more than 1 mm. across having a yeLlow, silver-grey colour.

The shales are generally well foliated and very fissile, dia-




integrating very easily when struck with the hammer,and in many cases

exposures are covered by a thin layer of fragmented shale laminae

produced by weathering (see plate 1r/a).

The green- grey shales and sandstones mentioned above are generally

found at low horizons near the base of the series e.g. near ;fameraasen

where they are found just above the lower boundary. In the same urea

at a similarly low level are seen beds of 'reengrits and breccias

411
upto 0.5 thic'cinterbedded with the usual grey shales and sandstones

aome of which are elightly greenish in colour.

Assuming that these above described intercalations are continuous,

which does not seem to be the case, they could only constitute 1 or 27(

of the total thickness of the rroup, the other ninety-odd percent being

of dark grey shales and sandetones• The rnoststriking feature of theee

shales and sandstones is Derhape the pereistence of the individual

banda which are usually only a few cms. in thickness (see ,late 1.6).

In m.Anycasee grded bedding is weakly developed in the eandstone bands

especially when they are alightly coarser t'lanusual. ':enerallyone has

to look closely before the grading is apparent.



•
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under crossednicols. This mineralmay be Tremolite;interference

Liguresare difficultto obtain so that this cannotbe proven. No

pyroxeneewere observed. The only other mineralsare rusty brown stains,

of iron compoundeprobably,and rare minute epidotes. As was seen in

hand specimen,the rock is very porous. A few fine grc.d.ned,composite

fragmenteare also present.

Very few tracesof organicmaterialwere observedin the series,and

nothingcould possiblybe identified. HoweverChadwickdid collectsome

poorly preservedbrachiopodsfrom similarshalesin his area. These

have, I believe,neenidentifiedapproximatelyas a species,of Rafesquina

which, accordingto the BritiehMuseum (NaturalHistory),cannotbø

older than Llanvirnian.

•

•
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be made up of an extremelyfine grainedaggregateof calcitewith very

minor quantitieeof opaquemineraleand quartzgraine. Extremelythin

veinleteof quartzand eome aesociatedhrown ore mineral out the rock.

Other than these one eeee only a rare grain of epidoteor clinozoieite

and nothingelse. Occasionallythe calciteis recryetallizedin small

localieedareas.

•

•
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Conditionsof de osition

It ib now proposedto discusothe environmentsof depositionof the

sedilentsso far described,dealine,asfar as possible,witheach of the

three groupsin turn.

2he rod d purplecolour of the Purple Brecciasedimentsstrongly

suggeotstheirderivationfrom a land area with an arid climateand,

due to the coarsenessof the majorityof these sediments,probablyone

of fåtk-lyhigh relief. Howeverit need not followthat they ropresent

terrestrialaccumulationsand it is hore Suggestedthat depositionwas

possiblyin a shallowmarine environment. This i.,suggestedbecauseof

well definedbeddingwhich is so characteristicof the croup in Teneral

and aLso becauseofthe aedimentarystructuresobserved. As Prof. 0.T.Jones
stnu.wINM  r,4 el  YONala

1938 pointsout, such deposit«,vary greatlyfron point to nointin a

	

41› horinontalsense and often from bed to bed in a verticalsequenceland


bedding plunes z:.reusuallysh^rplydefined." The pure white limeutones

interbed.,edwith hrecclasas describedon pagelOmay well be chemical

precipitatesin small ohallowcoa$tallacnonsof a very temporary

existence. 2he eroded fragments,foundin the adjacertbreccias,of this

same limestone,ropresentingcontemporaneouserosionby turbulent

waters which sweLytinto the lacoonsfrom time to tine. If the limestone

are in fact precipitates,astheir purity suggests,thenthewaterc

must have been quitewarm, so that the adjoinincland mass maY have

	

11›
been rather like a hot desert. The thin bands of purple shale ånd

also the bands of grey-greenshalewhich occur interbeded with the

arenaceoussedimentssuggestfrequentoscillationsin the sea level.

Volcanic ctivityis indicted by the acelome:atebandsand ,yroclnstic

material. Uletherthis is associatedwith the vorphyritesor whethr

it is a persistencefrom the older Stotengreenstonescannotbe determined.

Current directionsIn the currentbedded sandstones suggests,allowing

for the foldineas far as posaible,derivationfrom the H.E. but this

is not reliableas it dependsonly on a handfulof observations.

The sedimentsof the BandedShalesand Sandstonesrepresenta

distinctlydifferentenvironme.rtfrom that outllnedabove and are

suggestedas being depositedwithina 5uch depositsare

describedby 0..2.Jones(1938)inthe followingway: "The arenaceoUs

and argillaceousconstituentaareintimately_mingled,so that sandstones
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This hypothosis is regarded as the most probable explanation of the

grading in the sandstones and they are regarded is being greywackes,

despite the lack of nlump structures, since they so closely corresi.ond

to the descriptions of these rocks in the literature.

Carbonate la abundant in these rocks (apart from the limestone beds)

and it seems from the fine grained habit of this material that it

represents a fine calcareoue mud posaibly of precipitated origin.

The occurence of pyrrhotite grains seen on the bedding planes of the

shales and sandstones, and also the limestones would seemto indicate

reducing conditions and atagnant bottom waters saturated with

This gas may possibly be the product of bacterial actioli. M.Black(1933)

has described the precipitation of calcium carbonate by sulphate-

reducing bacteria,in swamp waters of the Bahamas, with the production• of large volumea of hydrogen sulphide.

CaSO4 + 8H = CaS + 4H20.

CaS + 002 + H20= CaCO3

Such a series of reactions cannot be proved to have occured in the

depositiom of the sediments in my area but they illustrate how

carbonate and possibly pyrrhotite (iron+hydrogen sulphide) could be

produced under similar conditions to eaoh other. This dees of course

assume an abundant supply of calcium sulphate the source of which is

unknown.•
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still havinga similarorientationto the bed.ingin the countryrocke.

More usuallytheeexenolithewere of a smallersize showingelight

signs of havingbeen baked. Such evidenceie perhapssuggestiveof

the porphyriteebeing intrusivein character. The large xenolithe

could hardlybe interpretedin any otherway since they are not confined

to the basal portionsof the sheets.

The occurenceof fragmentsof porphyritein the Blue Grey Limestone

has alreadybeen mentioned;togetherwith the tuff bande in the ehalee,

at locality209 and elsewhere,this stronglysuggestsan exkusive

mode of originassociatedwith pyroclasticmaterial.

In only two cases was any sign of bandingor layeringobserved( see

plate 27 fig.gbg). Near Ellingsvatnetat locality68 alternating

light and dark, greeuishgrey bands were seen. These may eitherbe a

productof some eort of differentiationwithin the sheet,or they

may representflow structuresof some desoription. Unfortunately,

due to the smoothneesof the exposedsurface,no specimenscould be

obtainedwhich were not too stronglyweatheredto he of use for

making thin seotions. ihe secondcase was also near W-LlingSvatnet

at locality72- here banding,or perhapea betterword would be

layering,was seen to be distortedby movementalong a emall jointplane

(see plate 27). In thie case the porphyriteappearedto be homogenous

throughout,both in colourand in texture. In this particularcase

111	
it may well be that the layersare solely the result of stresses,either


tectonicor as a reault of cooling.

Althoughthe porphyrites generallyshow no signs of any layering

(see plate 28) ono ouite commonlysees small scale,localisedvariations

either in the form of veine or in patchy areas (see plates 29 & 30).

These occurencossuggestthat one later stage liquidwas injeotedinto

an older one which had alreadysoliacd

I would thereforesuggestthat the porphyritesare both intrueive

and extrusivein origin,and that no one mode of origin will exp}ain

aILthe fieldrelationships.

Such evidenceas is is insufficientto ullow all the

extruded types to bedistinguishedfrom all thosewhich are intruelve

in their originand thereforeon the map they must all be repreeented

as of one type.
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pale green,weakly pleochroicepidotesin small idiomorphicand

hypidiomorphiccrystals, and also sphenes,and small amountsof quarta,

apatite,axiniteand ore minerals.

As can be seen,fromthe descriptionand a comparisonof figa. 9

and 12 with fig. 13, this last porphyriteis of a distinctlydifferent

type. It is thoughtthat this typa correspondsto the Almas type

porphyriteaa describedby Vogt in 1945. Chemicalanalysesare at

fresentbeing carriedout on each of the two typee by D.H. Blake.

one analysisis being made of a specimenfrom locality104 (the Almas

type) and the other of a sfecimentaken locality76 (the Berg type).

It ia hoped that the reaultswill be includedbefore this reportis

completed.

•

•
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Chemicalanal ses of two or h rites

The chemicalanalysesas given here are recalculatndto give the norm

also • It is intereetineto comparethe resulttiwiththose published

by T. Vogt and which have been reproducedfrom his publicationso as

to affordan easy comparison. Perhapsthe most strikingdifference

betwe n the two specimenafrom my area is the albite/anorthiteratios

of the two rocks. The other big differenceis the diopside/hyp4.rst'lene

ratio in the one as comparedto the other.

If one totalsthe amounteof diopsideto that f hedenbergiteand lete

this total equal tie aame amount of diopsideonlyiardif one similarly

lete the total of enstatiteand ferrosiliteequal hypersthene:in Vogt ø

Norms then one gets a similardifferencein the dionside/hype-sthene

ratio of his Xlmde type as comparedto his 3erg type. ln both cace3,

however,the value for hyperstheneis greaterthan that for ddoiside.

In skecimens75 & 104 this is not the case; in one the hyperstheneis

more abundantthan the diopsid (no.104)and in the other (no. 75) the

reverseis true.

In Vogt's Berg type,albite is more abundantthan anorthite;this

is also the caL,cn specimen104 suer,estingthat this too might be of

the Berg type. Such a sug estionis, however,completelyagainstthe

petrographicdescriptiongiven previously,when it was suggestedthat

apecimen104 was of the Xlmas type since it differedfrom alLother

porphyritesin the much more closelycrowdedplagioclasephenocryets....4^(1k

9a,Vogtdescribedas being characterieticof the Ålmas type.

It would seem that more analysesare requiredbefore the clasz,ification

of the porphyritesinto two typescan be made. It may be that the

porphyritefrom locality iO4has undergonealbitizationin which oase

the analyciswould not be a true representationof the origional

compositionof the rock. Albitizationwould cause an incteasein he
than

soda contentand hence more albite to be presentin the normAwouldbe

the case in the non albitizedrock.
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ChemicalAnaees of

Speolmen75. (Bergtype

two Porrite spmoimens.

?)




13102 49.9 WT.% 0.832 Mol.% Borm. Orthoclase10.07Y




Al-C319.14c 
 0.118




Albite29.91




Anorthite31.50




Fe203 4.70 0.029





Diopeide10.59




Fe0 3.44 0.048





Hypersthene3. 68




Mg04.63 0.116






Olivine  2.95




Ca09.57 0.171




magnetite  6.76




Na203.54 0.057




Ilmenite..  1.25




K201.71 0.018




Apatite  1.04





Water  2.111 H20+2.73







Total100. 2




H20-0.04





TiO20.64 0.008





P2050.44 0.003





Mn00.11 0.002





Total 100.59





ecimen 104.(Almaa type ?)




111
8102

A1203

F.203

54.10 Wt. %

16.82

5.39

0.902 Mol%Norm . Quartz 


Orthoclase 


Albite 


Anorthite 


2.6%

6.67

51.68

14.32

0.165


0.034

Fe0 3.62 0.050






Biopside 
 0 41
Mg0 3.09 0.077






Hypersthene 9.79
Ca0 3.91 0.070






Magnetite 
 7.35
Na20 6.16 0.100






Ilmenite 
 2.67
K0 1.14 0.012




2




Apatite 
 1.58
H0+ 3.52





2




Water 
 89
H2o- 0.37




Total 101.00

T102 1.41 0.0 18




P205 0.70 0.005




Mn0 0.18 0 .0 03
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ChemicalAnal ses as iven b Vo t of the two t es of or h rite in

his area the firet is the Almas t e and the secondthe Ber t e.

11.

SiO2


TiO2

Zr02

Al203

Fe203

Fe0

Mn0

Mg0

Ca0

3a0

Na20

K20

P205

CO2

R20+

H20-

Wt %
53.46

0.90

0.03

17,00

2.04

6.11

0.13

4.87

8.71

0,04

3.16

1.73

0.31

0.01

nil

1.42

o.o8

Norm Ouartz 


Orthoclase 


Celaian 


Albite 


Anorthilte 


Diopside 


Hedenbergite 


Enstatite.

Ferrosilite 


Magnetite 


Ilmenite 


Zircon 


Apatite 


Pyrite 


H20 


2,66 %

10,24

0.11
26.74

27.01

7.25

4.31

8.76

5.97

2.96

1,71

0.04

0.72

0.02

1.50

100.00%
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SiO2


TiO2

,A-02

Al203

Fe203

Fe0

Mn0

Vg0

Ca0

Ba0

Ja20

K20

P20
4 5

S

CO2

J20+


H20-

100,00

at.2:,
53,90

'1,10

0.03

19.14

2.02

4.74

0.14

3.58

6.71

0.04

4.68

1.26

0.49

0,04

 0.17

2.,1

0.07

100,24

ALMOS TYPE HOLONDA

p.I.P.W.cla eification-

NormQuartz 


PORPHYRITE

Hesaose.

2.06 9

7.46

0.10

39.59

27.42

0.85

0.40

8.52

4.72

2.93

2.33

0.04

1.14

0.03

0.39

2.20

100.23%

PORPHYRITE

Andose

Orthoclaae 


Celaian 


Albite 


Anorthite..	

Diopeide 


Hedenbergite 


Enstatite 


Ferrosilite 


',agnetite 


Ilmenite 


Zircon•• 	

Apatite 


Pyrite 


Calcite 


1120 


BE G TYPE KOLONW,

C.I.P.W.classification-



Su erficialDe osits

The superficialdepowitscan be groupedinto threemain typess-

Glacial deposits

Peat deposits

Alluvialdeposits

The glacialdepositJwere best ween near Skogstad/ake where

the land had been stritpedof vegetationprior to drainageand cultivation

(see plate 31). Here one secs a wide area of large and amall boulders

eittingin a crey brown wandy soil. The bouldereare of a varietyof

rock types includincgranite(trondhjemite),gneis , and many of the

rookewhich have been deseribedas occuringin situ in the area.

Many of the bouldersbear glaciathecton them, usuallythese are made

II/ of sedimentarymaterialand the igneousrock types are generally,not

alwayw without such striations. Most of the bouldersare angularor

sub-angularin shape.

Somethinghas alreadybp n said about the directionof glacial

movementsbut the evidence61 glaciationis civen here. nly on six

occasionswere well pronouncedglacialstriationsobservedon rocks
ears

which definitelyin situ and in all cases the rock were grits or
A

sandstonesof the Purple 3recciacroup(seeplates 32 & 33). Readings


on the orientationof these groovesand striaeare remarkablyconstant

411 in directionbeing between 3109and3259nag.fl.This is cloeelysimilar


to the orientationof many of the valleysand elongate hollows.

Since many of the ridgeshave their ste-pestfacesat teir S.E. ends

onecan åliggestthat this is a reflectionof the sense of movementof

the glaciersi.-. from J,E to r.W. It is also surgestedthat the

ice Jheetscompletelycoveredthe whole area, with no rocks u' ingLI

its cover. This is due to the large erraticblockewhich cha b-

observedsittingon the tops of most of the ridges at high elevations.

(see plate 34).

Peat bogs are numerouso er the area and are usuallyseen

fillingin flat bottomedvalleysand depressions. .2heyhave probably

been bui/ up on the sites of pre-existinglakes which it is thought

munt have exiL:tedin t'e holloweproducedta during the glaciationand

some of which were probablypartiallyfilledwith glacialdeposits.



30.

(3) The alluvialdepositsof the area were best exposedin a small

pit near the mouth of the small river which runs into Ellingsvatnet.

In these depositsbanda of ourrentbedded aands and grits were seen

interbeddedwith coarser band of pebbly grits,all havinga grey brown

colour. One may here draw an analogywith some of the beds in the

PurpleBreeciasalthoughthe alluvialdepositshave no purple

The materialin the coarserbeds is søen to be of great varietyand

some has obviouslybeen derivedfrom nearbyglacialdeposits. Other

similardepositsare seen along the banka of the river Skolda a d other

smallerstreamsin the area. They are always built up on wider areas

of glacialmaterial or peat bog.
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33.

She_ringof parple .:-ndgreen grits and brecciaswas atso seent

the shear planeeand elongatedgraineusuallybeing parallelto the

bedding (see plate 15).

Ths orientationof major faultsas indicatedon the map could

be relatedto the secondphase of folding. Most of the faultsappear

to havs both a tear movementand a verticaldisplacement. The direction

of sidewaysdisplacementindicatssthat they are dextralin type.

It is from auch evidencethat one may suggestthat the directionsof

the principlepressuresproducingthe secondphase folds,andthe-tear

faultaare closelyrelated (see fig. 15).

My generalinterpretationof the structureac a whole is given

by figure 14.

The foldeare thoughtto have been producedin the Caledonian

	

41, orogenyfollowingthe infillingof the lower ratteooic geosyncline.


The firstphase foldsare Caledonianin trend (generally E.to S.W.)

and they are overturnedto the S.E., theiraxial planesin general

dipping to the N.W. This indicatesthat the main movementdue to the

orogenicpressureswas from the N.W. tothe S.E. that is towardsths

Scandinavianplatformand away from the axis of the geosyncline.

The secondphase of foldsmay be a alightlyyoungerproductof the

same orogenyor be completelyunrelatedto it. The second alternative

is regardedas unlikelyas it is well establishedthat more than one

	

11›
disturbanceaffeetedthis part of Norwaywithin the Caledoniniorogeny.
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The Metamor hism.

Å. mentioned in the introduction to the etratigraphy ( page 5 )

the area has suffered some regional metamorphiem. All the rocks

throughout the succession have been affected by this metamorphiem

which must therefore be post-Llanvirnian(?) in age. .he grade of the

metamorphism is, eo far as can be seen, low and uniform over the whole

of the area and belonging to the greenschist facies as originally

defined by Eekola. In thie area the facies is characterieed by the
c‘.A0,4,

following mincrals: quartz, epidote"%calcite, albite and stilpnomelane

( the last only occuring in the porphyrites) This is a rather

similar assemblage to that of the greenschiste of Otago, 'ew Zealand

as deecribed by C.O. Hutton and D.S.Coombs where stilpnomelane is aleo

characterietic.

The rare occurence of axinite in some of the porphyrites is not

regarded as a regional metamorphic product but rather a- contact

metasomatisn due to contamination near the margine by calcareous shales.

Theitsis no indication of any increase or decrease in Frade in

any direction acrost,the area.

:11(itherthe metamorphien can be related to the folding can hardly

be deter-ined without a more detalled inepection of the area. However

it seems that it is younger than the firet phase of folding at least.

This is stated as a result of observatione of epidotes in some of the

thin sections which appear to have grown after folding of the sediaente.
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(1) The supposed situation prior

to river- capture.

SkosStat
kake

S;arJ..ev,„

(2) The present situation.

1. A sketch map to illusrate the capture of the river

near Skogstad and to explainthe abandonded river course found

there.



Fig. 2. Gurlent bedding in green, epidote-rich, purple-banded

gribtsand sandstonew a- seen at locality 198. Ehe beds are

here shown t,e right way up so as to indicate the direction

of the depositing current ( right to left). 1n the field

each foreset bed is also seen to be weakLy graded at it's base.

•
k;r-ew

....•

Eig. 3.
Graded bedding as seen in the purple sand-tones near locality

226. The beds are thereby indicated as being the right way up.



Fig. 4. - thin section of the purple sandstones of locality

5 . Lote the abundance of nuartz grains and the rare grains

of blagioclae, also note the areas of calcite and the presence

of epidote, composite grains and dark brown streaks of iron

compounds,

Fir. 5. thin section of the porphyrite of locality 81

(Berg type). Note the large phenocry&t of augite which is

polysyntnetically twinned and is being replaced iionr cnac:s

and cleavages by a thin in •er rim of amphibole succeusively


by a thin outer rim of chlorite.



•
lig. 7. -enses of breccia in purple Éritu and sandstones t

wocality c.



•

2ig. d. A sketch of the porphynite at locality Ou showin

the alte=tion of liht and datrz gref-reen uands.

•



id.g.9. A drawing of thin section 81 to show the distribution

of the phenocrysts in the groundmass.

•



rIg. 10. drawing of thin section 50 to show the type of

folding in the grey shales and to illustrate the abundance

of calcium carbonate in the fibrmof thin usually igTersistent

bands.

a • / ?•3"
K .

11. A drawing of thin section 12..to show the tfle of

minor folds displayed in the green sandstones of that locality.



Fig. 12. A thin section of the porphyrite from locality

hote thin thin mbntle of stilpnomelane around the plagioclase

pheno-crysts. .Chisporphyrite is also thought to ne of the

.erg type.

Fig. 15. A thin section of the porphyrite from locality 104

showing the well developed stilpnomelane in the in terstices

between t ie plagioclase- and also growing acros. the phenocrysts

them-eiveb. ote the generally well ptes ved nature of the

elagloclasesahd tne preenc,; of epidotes. porphyrite


is tnought to be of the Almas type since the phenocrusts are

much more ccowded than ln the other poshyrites described.



Fig. 14. A general interpretation of the

structure of the area as a whole

showing the first phaoe folds being

folued by the folds of the second

phase, prior to faulting.

folded plane is meant to represent

the boundary oetween the Furple Breccias

and the overlying danded Shales

and Sandstones.



Second (75-czy.sye

i (Plzase .2)

lig. 15. A diagrammatic illustration of the production of

lineations by the inter,,ectionof two cleavages.

t7rst e/eavate


(Phase

Ranie itt•riQa 6orz .

z z

. /
,z /-•

Fig. 16. A diagram to iliustrate 2nd phase cleavages forming

the axial planes of minor folds (c.f. plate 42.)
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Fig. 17 A diagram to illustrate the phrase "non- overturned

portion of the inverted limb" as used in the text.
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Fig. 1S A diagram to illustrate the possible relationship

between the principle forces causing the production of the
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OVERLAY NO.3. Ap LIZt: N:teectst

Con.tours at 30 rn. intervals.

5CALE-1. to15,000.
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