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Småvatn- SøndreMøkkelvikfilellArea

Introduction:

The object for the field work of Summer 1973 was to carry
out a more detailedmapping programover Lhe Småvatn-
Søndre Møkkelvikfjellarea. Particularattentionwac given
to the mineralizedzones, their differencec,similaritiecand
relationshipto various rock units. Along with trying to
distinguisha stratigraphicsequence,the various structures
were mapped in detail for structuralanalysis,to hopefully
distinguishthe overall regional structuralpatternand to
help indicateany relationshipof mbleraliodLon coneentraLiono
to a preferredstratigraphichorizon or otrueturJ phdoe and
direction.

In conjunctionwith this detailed geologicalmapping, a Turam
electromagneticsurvey was carried out over the same area by a
crew from NGU. Their grid system was transferredonto the
geologicalmap to help coordinatethe geophysicaland geolorical
interpretations.

The field season was startedJuly lst. by investigatingvario.Js
Helicopterelectromagneticanomaliesthroughoutthe area, using
mini-gun electromagneticequipment. The various anomalousareas
checkedwere plotted onto air photo overlaysand a small report
was written with results and possible reasons.

Because of the extremelybad weather this summer, some of the
area in SøndreMøkkelvikfjellarea has not been covered in detail
and the mapping at Lille Tromselvwas not done at all. Three
days in Septemberwere spent in the Blåhammern- Havdalsvatn
area with Chris Halls looking at the geologymapped by the
English studentsand collectingsamplec from some of the typical
vasskis mincralizedzones.



General Geolow:

Much of the central part of the area underlainhy a
fragmentalvolcanic sequence composedmostly of layered
intermediatetuffs and minor acid tuffs (Keratophyres)and
an agglomeraticsequencethat thickens to the North East -
Søndre Møkkelvikfjellarea. This agglomeratehorizon contains
mostly intermediate(andesite),moderate green, elongate
fragmentsset in a fine-grainedtuffaceousmatrix of similar
composition. Minor lighter colouredfelsic to acid fragments
are found in some horizons. Much of the tuffs occur asirreEd-
lar discontinuousbands of gritty f.g. volcanicmaterial.
Most of this pyroclastichorizon is extremelyschistoseand the
larger fragmentsare notably flattenedand elongatedwithin
this schistosityplane.

A rusty pyrite and pyrrhotitemineralLzedzone ocburs as a stratl-
graphicallycontrolledband wiLhin thts pyroclase sequenceand
appears related to a thin keratophyricrich bunded horizon in
connectionwith the coarser grained agglomeratehorizon.

Minor en echelon elongatefragmentsof schistosegabbro and light
coloured aplitic and felsic dykes are found throughoutthe
sequence and probably represent the lightly folded and elongated
pieces of originallycross cuttinggabbroic and felsic dyke and
sills.

In the Voldtjernbekkenarea and to the southwest,the f.g. pyro-
clastic sequence is found interfingeringwith massive flows
ranging from light green coloured,massive, fine to medium grained
crystallineand amygdaloidalflowE, med.-grahnedh.blende bearing
gabbroidalandesite,and calcite amygdularandesites,to extremely
fine grained varieties carrying zones rich in epidotcknote.
A very fine-grainedlighter colouredfelsic-richsequencealso
occurs North east from Voldtjernklumpenand is overlainby a
darker green, very fine-grained,massivel almost flinty hortzon
that could also representa flow sequence. Much of the flow
units are more massive with slight traces of a primary schistosity,
and their contactsare relativelysharp.

More basic volcanics in the area are representedby more dark
green chloriterich massive basaltic to basaltic-andesiteflows.
To the North, these are found as medium-grainedcrystallineflows,
and to the south of the KE / trendingpyroclasticbelt, as

massive to thinbandedtuffs?

Severalminor massive acid volcanicsoccur within the area and
are present as very elongate,thin lensoid shaped bodie
stretchedout within the cchistosityplane of the enclosing
pyroclasticmetavolcanics. A thin, very highly fractured,Elassy,
bluish-greencoloured,massive rhyoliticbody outcropsin the
Voldtjernbekkenarea. A more continuous,massive, dense, greyish
coloured dacitic-("Quartziticandesite")occurs to the west and
appears to be the continuationof this acid volcanichorizor.
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To the west occurs a large area underlain by very schistose,
light coloured,well-bandedquartz sericite schist representing
a thick quartz-keratophyreunit that shows sharp contactswkth
the enclosingintermediatetuffs, with slight thin interlavering
gradation immediatelyat the contacts. Scveralvarietiesof
this quartz keratophyrecan be distinguishedwith the typical
"Quartz eye porphyry"forming the most dominant atadcharacter-
istic variety. This phase contains characteristiclarge elen-
gate bluish-tintedquartz grains set in a stronglyschistose
sericiticto feldspathicmatrix. Elonuate chloritizedh.blend
porphyry remnants form a minor variety in the FinhustjernArea.
Minor zones of rusty, disseminatedpyrite are also present.
Towards the NW., in the Fisktjernarea, the keratophyreoccurs
more thin banded and layered in nature.

Several anomalousvolcanicvarieties are found within the area
mapped. Immediatelynorth-eastfrom Voldtjernklumpen,within
the dark green massive basic volcanics,occurs an isolatedband(?)
of stilpnomelaneor biotite (?) bearing basic lavas. To the
North of Søndre Møkkelvikfjelldirectly east from the large.
North-SouthtrendingTrondheimite,occurs a K-S trending horizon
of lighter green colouredamphibolteneedles as (tremolite?
Actinolite?)-bearing,massive flows.

Severalintrusivephases have been recognizedwithin the SmUvatn-
Søndre Møkkelvikfjellarea and mheh of.the 1.rerl ntidncrth
of thtE trendtrip: tetL thete

Trondheimiteas coarse grained,light coloured,quartz, plagio-
clase and minor chlorite bearing, forms north-southtrendinR
bodies within the massive and banded Ereenstoneenorth of Sandre
Møkkelvikfjell.

The eastern contactswith the ,greenstonee,are ehasp ahd aypear
concordant. The western contacts,however, are very difuse,
containingnumerous, thin, irregular,aplitic (finegrained
Trondheimiteequivalents)dykes cutting through the massive
banded Ereenstones. Similar,more isolated irregularaplitic
and felsic dykes are found within the tuffaceous,eedimentary-
volcanics to the south.

The most prominantsingle unit within the man area is the cearse
to medium-grainedquertz bearing diorite - granite?that caps
Voldtjernklumpenand forms a sheet-likebody dipping gently to
moderately southoverto the Tunnsjeflyenearea, This intrusive
forms a continuoussheet that stretchesfrom Voldtjernklumnen
roathwentwardto tho ::!meivatnGrtrd Hvb:1t()

Lbe bouth.

Characteristicof this coarse-graineddiorite? is the sheet-like
form giving it a concordantor sill like appearance. Also the
diorite, coarse-grainedand dark to moderatelygrey in colour,
has a stronglyfoliatednature with the large, blue-tintedauartz
grains, so typical of this unit, occuringas elongated,flattened
sheets. Another distinctivecharacterof this "Quartzdiorite"
is the extreme light coloured,almost comnletealterationof the
feldsnar ground mass, much of which may be a deutericeffect,
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although some zones of stronglyhydrothermalvein type
alterationhas been noted. The prominumtbluish tinted quarH
grains found within the coarse-graineddiorile is also typftal
of the Quartz keratophyreto the northwestand may suggest u
genetic relationshipbetween the two.

The northern, footwall contact of this quartz diorite appears
very sharp at the Voldtjernklumpenarea and the southern hanging
wall contact in the Tunnsjøflyenearea and Småvatn Gård south
area, is extremelyirregularand marked by numerous dykes and
sills intrudingthe highly altered,partly digested greenstones.
Lumerous large irregularto small, somewhat rounded and partly
digested,xenolithicblocks of greenstonesare found here within
the quartz diorite.

This contact area is also characterizedby numerous intrusive
dyke phase::that cross cut cach other. The coztr:,c-p:rainedquartz
diorite phase appears earliest,cut hy u porphyritic[i.blende
diorite or diabase dyke phase that occurs sporadical]yand has
an intimateassociationto this contact zone.

These two earlierdyke phases are cut by a later, light coloured,
fine grained aplite or micro-Trondheimitedyke phase.

The northerly or footwull contuet or LhiJ qu:trtz-dioriLe Ht
Voldtjernklumpenis also characLcri'L.ydby the ocyurahce cl eourse-
grained stronglyfollated to massive h.hlendegubhro within the
massee but can occur as large sheeted bodies similar to the
quartz-dioriteintrusive,i.e. gabbro sheet-likebody on south
slope of SøndreMøkkelvikfjell(Referto schematiccross -
section I). Similargabbroic bodies occur along this contact from
Voldtjernklumpento SmåvatnGård south area and therc arprars to
ue an intimateassociationin time and sphbe hetween Lhevc iwo
intrusivephases.

As nrevicuslymentioned,these intrusivebodies now occur as
flat sheets and appear concordantor sill-likewithin the
enclosingEreenstoneunits. However, the intrusiveunits do
have a slight crosscuttingnature and appear to have been flatted
parallel to the primary schistocityby an early intenseisoclinal
fciding deformationphase. This is best demonstratedby the
small discontinuous,en echelon patternof gahhro lenses found
within the pyroclasticsequence in the Voldtjernbekken- søndre
Møkkelvikfjellarea.

Main schistocityplane.

These gabbroiclenses, now strongly schistoseparallel to the
primary schistocityin the enclosingtuffs, nrobably represent
isoclinallyfolded and transposedremnantsof originallycross-
cutting gabbroicdykes.
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If this is the case, then these dioritic,Trondheimiticand
gabbroic intrusivesmust have been emplacedvery early in
the deformationalhistory of the area and probablyare pre F1
or penecontemporaneouswith the major deformation.

The p_bbro problem:

Severalvarieties of gabbroic intrusivesare found within the
area. The most common variety is the strongly schistoseand
foliated coarse grained variety mentioned in conjuctionwith
the quartz-dioritefootwall contact. A second,more isolated
variety found within the amåvatnGård south area occurs as
massive bodies, generallymore dark colouredand very massive
in nature. The grain size is also generally fincr and these
Eabbroicunits appear very similarto some fine grainedmicro-
gabbros intrudingthe greenstonesof the south eastern slopes
of Skorovas-Klumpen.

A bit more problematicis the occurrenceof a mottled, massve
greenstoneat the intrusiveconLobt irmneagainvt the coar..0
grained quartz-dioritein the Twmsjorlyene h.blead—




pornhyroblat:ticmassive metavolcanicswith their itiit.coloured
feldspathicmatrix and large h.blende crystals could be mtstaken,
at first glance, with some of the metagabbrosin the area.

Metamorphism:

As noted by previousworkers in the area, the regionalmeta-
morphic grade lies within the greenschistfacies, with
characteristicminerals includingchlorite,sericite,albite,

calcite and minor amphihole (actinolite?)and stilpnemelane.
Stilpnomelane,accordingto H.G.F. Winkler (1t).1), in re:l.rtcted
to the lowest temperaturesubfaciesin the Parrovianfacie3
series.

Contactmetamorphismassociatedwith the gabbroic and Trond-
heimitic intrusivesappear to be negligiblein most plece
throughoutthe map area. However,as previously menLioned,
there com:iderl.ftledire::Lionahd or Lhe


;reertJLone:;tridtuffiJround Ln eontaet with the iwpeITNr1 „r
the southwarddipping "quartz-dioritic"sheetin thc Tunnsjorlyene
area. The large xenolithicblocks within the quartz-diorite
also show this assimilatednature.
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Structure:

Only a very brief accountwill be given here; a detailed
structuralanalysis is in progress and will be completed
while at N.T.H., spring1974. An accembanyingsketchsheet
shows the various structuralstyles found in he Småvatn-
søndre Møkkelvikfjellarea and thu accumpRnvingde;:erption
should be aelf explanatory. Axial direoLi.onh alo Hlown

to help orientationson the geologicalmap.

A structuralmapandoverlay sheet also accompaniesthis report,
however, some changesand additionsare anticioatedfollowing
the completionof the structuralanalyses.

In addition to the four fold styles shown on the accompanying
sheet, a later, roughlynorth-southtrending,open warping
style fold:

is found warping the main schistocitysurface. These are
especiallyprominantin the greenstoneseast and south-east
of Voldtjernklumpen. These folds are characterizedby long
wave lengths, low amplitudesand near vertical axial planes,
and their axial directionsplunge southward,gently down the
dip of the main schistocityin this area.

Fold styles identicalto these found in the Småvatn- Søndre
Møkkelvikfjellarea have been noted inside the Skorovasmtne
and their relationshipswill be discussedin more detail in
conjuncticnwith the structuralanalysesreport that is to
follow this.

An interestingobservationin connectionwith the fold phares
of the map area is the parallelismof the flat, near E-W-
trending,"socalled"F1 style folds

Shown in cross-section

to the electromagneticanomaliesobtainedby NGU summer '73
covering the same Småvatn- Søndre Møkkelvikfjellarea.
Another interestingobservationis the thickeningor lensing
of the massive pyrrhotiteand pyrite mineralizedhorizon in
conjunctionwith an style fold crosseuttingthe strati-




graphicallycontrolled,rusty sulfidemineralizedhorizon.
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Mineralization:

A much more detailed descriptionof the various mineralized
showings throughoutthe area, with their characteristicsimi-
larities etc., will follow this report in conjunctionwith
thin section and polished section studies to be carried out
at F.T.H. in the new year (1974).

However, some generalizedobservationen_nd conelunions enr
he drawn here. The ruuty po and py adneralizedzone:;
hands of the Voldtjern-bekkenand Søndre Møkkelvikfjellareas
appear to be stratigraphicallycontrolledand closely assosiated
to a thin sericite schist band and a thin banded magnetite and
quartzitehorizon. This relationshipappears to be duplicated
from the Hausvik area down to Småvatnand even the Grøndals-
fossen skjerps. An idealizedsectionmight apnear as follows:

(k) NtS

svt,

yroclasties

Sericiteechist (keratophyric)

Masnive po + py coneentrnti.on
LeeLonhzed

Iron formation
Magnetiteand quartzitebanding

Massive andesiticvolcanic flows
gabbroic to amygdaloidal

Very similar relationshipshave been secn in the vasskie-
mineralizedhorizons from the Blåhammern- Havdalsvatnarea
as mapped by the English students. Thin vasskis mineralizing
bands are found sandwichedbetween keratophyreson one side
and jaspis (massive,thick) on the other.

The mineralizedhorizon appearn quite dLscontinuousthrolw:hool,
the map area and in many placen none to vcry little :5ulfide
mineralizationis found associatedwith the well banded maract te
and quartzitehorizons. An interestingquestionarises as to
how much of this discontinuityin mineralizationalong this
horizon is due to primary distribution,(i.e.a sedimentary
gradationfrom sulfide to oxide deposition)- and how much Is
due to a secondaryremobilizationaccompanyingdeformation?
It appears that any great thickner,sof massive ore in the
mineralizedhorizon is definitelytectonicallycontrolled.
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Correlationto outside areas:

Rough similaritiescan be drawn to the geology at the
Skorovas— Tunnsjø areas. These shall be given in point
form:

Pyroclasticsand tuffaceous,intermediatevolcanics
occupiesmost of the Småvatn— SøndreMøkkelvikfjell
area with some intercalatedmassive flows to the south.
In the Tunnsjø area however,much of the volcanic
sequence consist of closepackedpillow lavas and dense
massive flows with only small zones of pyroclasticand
tuffaceousequivalents. Much similaritiescan be seen
in the massive volcanicunits from both areas, such as
the "epidotknot" horizons,the felsic and acid massive
horizons,the "stilpnomelane"—bearingmassive volcanic
flows, the lighter greencolouredactinolite—bearing
massive volcanicsand the darker green, extremelyfine
grained, almost flinty,massive units :ilsonoted by thn
English students.

The pyroclasticsequenceof the Småvatn— Søndre Møkkelvik—
fjell area and the close—packedpillow lava section from
the Blåhammern— Havdalsvatnarea are both quite calc.rich
— with calc.filledamygdalesand cavities,and could be
the same horizon, only reflectingthe primarydifferences
in the distance from the original source area; i.e. —
pillows forming close to the source vent and pyroclustics
and tuffs at a greater distance off into the basin.

The "quartz porphyry"keratophyricunits are similar in
both areas.

The mineralization,vasskis etc. as previouslymentioned
appear stratigraphicallycontrolledin both areas.

The massive, glassy, highly fracturedrhyoliticvolcunie
unit found in the Voldtjern—bekkenarea appears identical
to a rhyoliticunit found inside the Skorovasmine
associatedwith a Cu rich ore band.

* * *
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List of studies in progress and to be carried out while
at N.T.H. starting15. Jan. 1374:

1. Detailed structuralanalysis and interpretationof
data from the Småvatn- SøndreMøkkelvikfjellarea.

2._ Mineralogicaldescriptionof various rock units and
a petrologicaland chemical analyses of the sulfide
mineralizationsand their enclosingroci<susing thin
sections,nolished sectionsand :Jomemicronprobestudice.
This is to be done in conjunctionwith samples collected
from the Skorovasmine area.

Photographicexamplesof various rock units and minor
fold styles from summer 1973.

Compilationmap (geologicaland structural)over the
Nordli area from Reinsbakken'72 and Reymer 72 - 73 data.

Further Investigation- Suggestion:

I. A diamond drilling nrogrnm irivetiatin the eonneetLcn
betwoon the electromagnotic :Inomaly(RGH Kummer 1D73)
running between geophybicalprofiles7400 x in tne
1200 - 1400 y areas, and the southwardprojectionoi'the
elongate acid volcanicunit found in the Voldtjern-bekken
area.
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SYMBOLS Småvatn - Søndre NIØkkelvikfjell Area
Summer 73

,'"'"<«; S. 0

o'.,ai,on in b“le. rntics

anc  -(a deo4age.

- difedien anct (k<our p no5e. Indical,en

..at Raf, '>LAr Cace_i4t kr ,Avvi Oit?

kenn

2.0

14 ~no]e_nd virnnera Ivwtecaten

quar+3 roes

u'ar imet;tkenn.

2.0
.LIA  w, tnir cr.e3a 4-1on )fle\ 'brnero.  c:S

eoLoocaJ Con4<tc“,

".ner hntan(in a0.4iAte N-C,C. 'tån

Mo3o, tnecre C1,2A-wee'a  0144,,, :”.1.LS4e-vn and,

n,..4orcb pAl+erns 4,114, loce ‘crS

\oh,ck Pc. ancl, MIntre Cry

i

-

ten "Of WICL4-11DYI Oan,4cet rnacrek‘e and. luat+,,4e.

1A (5 uww•nax ,• -f t 1 Icn e c‘

Sv  Ittm? C,c,Joied aica

04

b.ulsztinj klevb/- (Ckk.1 124-C.

rrIn I eltphone kne-S

CCJ-00 vn a O flCtC. anornjitt-,



•
: 4

•

1/41
• %—d

$ _•

—

\

35 »Tiu#s apo nro ema-Aa.+03
PA N

?Iieåd 3S - MN I ua!pa 5 _ 5.5.0.4„)



Scncnnat-,c Cross —b Cøn 71-00 o td be.i(Xe.Achca.

SE

NW



Schematic Cross Section ifi NW- SE Profile
ca. Voldtjern - Fiskjern

14W SE.

N.

‘N.

'



NW — SE- PrcJile. ackrosS

S rnirtal-n S AncA Ø Sje aftas .

NW

Schernatic Cross — Section IV

SE

N
\

T...,s3 ofiyene

,


