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INTRODUCTION.

A/S Sydvarangerstartedexplorationfor molybdenumin Hurdal in

the northernpart of the Oslo Region in October1979 (Fig.1).

Recognitionof MoS2-bearingboulders in the so-calledødemarkarea

initiateda more extensivesurvey in 1980 comprising: Geological

mapping, soil geochemistry,and magneticground surveying

Subsequentdiamond drillingtook place during the winter season

1980/81.

The target area which is heavily coveredby moraine driftsand

glacifluvialgravelwas selectedon the basis of geochemicalsoil

anomaliesand the previousfindingsof Mo32-bearingboulders.The

drilling (Fig. 3) indicatesarather extensivearea of abundant

pyrite mineralizationunder a 5-10 m thick cover of morainedrift.

Parts of this area is underlainby low-gradeMo-mineralization.

Molybdenumare mostly occurringalong mm-thickveinletstogether

with quartz/magnetitein a reddish syenitehost.

The syenitehost is cut by numerous syeniteporphyrydykes and

rarer by aplitic,partly flow-bandedfelsiticdykes.The former

appear to have intrudedsubsequentto the main phase of MoS2-minera-

lization,but are clearlypyritized.The latterapliticto felsitic

dykes could be the ultimatesource rock to mineralization.

The present preliminaryreport are dealingwith the generalgeology

of the ødemark (claim)area and its surroundings(Fig. 2 and 3),

mainly based on the work of Nystuen (1975).In additionthe data

from the soil geochemistry,magnetic survey,and the drillingwill

be presented.Finally there will be some commentsand proposalson

furtherwork in this restrictedarea.

GENERAL GEOLOGY.

The generalgeologyof the claim area and its surroundingsmay be

divided in eight principalunits (Fig. 2 and 3).

VII Breccia complexes/pipes(youngest).

VI Alkaligranite(apliticdykes).

V Syenite,quartz syenite,syeniteporphyry,etc.

IV Quartz-feldsparporphyry.

III Biotitegranite.

II Kjelsåsite(oldestPermian).

Precambrianblocks.
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Precambrianblocks of varying size occur as frequentxenoliths


within the kjelsåsite- i.e. the oldest Permianintrusionof

the area. The largestof these isolatedgneissousunits occur

along the river Steinsjøelva,between the two kjelsåsitebodies.

Kielsåsitein the presentarea mostly correspondsto monzonite

and monzodioriticrock-types.

The kjelsåsiteis a light to dark grey rock, and in most of the

massifs grainsizeand texturevary considerably,comprising

very coarse-grainedfaciesas well as fine-grainedand aplitic

types. The feldsparis usuallysubhedraland anhedral,but

plagioclasegrains have rectangularoutlinesin some places.

The plagioclase,mostly an andesine,is frequentlymantled by

alkali feldspar,and the ferromagnesianmineralshave crystal-

lized in the order augite,hornblendeand biotite.The mafic

mineralsmay constituteup to 30 % of the total volume.

The kjelsåsitebodies have been almost completelynet-veinedby

all surroundingPermianrock.

Inclusionsof Precambriangneiss and Cambro-Siluriancalc-sili-

cate hornfelsare especiallyabundantin the easternmost

kjelsåsitemassif (Fig. 2).

III Biotitegranite. In the northernpart of the area, a red granite


forms the southernbranch of a massif coveringapproximately

45 km2 in the districtfurtherto the north.Within the map area

(Fig. 2) the graniteis mainly coarse-grainedand granular,but

aplitictypes also occur,partly as irregularmasses and partly

as discretedykes cuttingthe coarser-grainedparent rock.

Porphyricfacies are also developedin the peripheralzones ad-

jacent to older rocks. The granitecorrespondspetrographically

to the biotite graniteof the Drammen granitetype further

south in the Oslo Region.

The plagioclaseis a zoned,acid oligoclase,usuallywith a

turbid core and rims of microperthiticalkali feldspar.The

latter feldsparalso occurs as separategrains.The biotitehas

partly grown at the expenseof hornblende.

The graniteis observedto invade the adjacentkjelsåsiteas

numerousveins, dykes and irregularmasses, thus formingan
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intrusion-breccia;this.reaches5-700 m in width in the area

east of Høltjern (19, e-f ). Inclusionsof kjelsåsitein the

graniteare very rare north of its southernborder,but they

do occur within a zone at least 1 km wide in from the contact

to the kjelsåsite.The xenolithsare angulare and well-

definedin the marginal zones,but become more diffuseand

nebuliticfurtherinto the granite.

guartz-feldsparporphyry. It is light grey or pink, and con-

tains phenocrysts(ca. 7 %) of alkalifeldsparand quartz.The

groundmassis finely crystalline,and the euhedralto subhedral

phenocrystsare from 0,1 to 5 mm in diameter.In the massifs

at Nordliskampen(5-6,g-i), the homogeneousporphyryrock grades

into flow-banded felsiteswhich are frequentlydisruptedby

auto-brecciation.The flow-bandsdip steeplyand locallyform

folds and convolutionswith mostly verticalfold axes.

The alkali-feldsparcomprisesmicroperthiteand orthoclaseand

is accompaniedby albite,which is predominantlyof the chess-

board type. Accessoryminerals,includingbiotite,iron ore

grains,zirconand apatite,never exceed 2 % of the mode in the

investigatedspecimens.

In the Nordliskampenarea the quartz-feldsparporphyryforms a

ring-dyke,encompassing270° and having a maximumwidth of 1200

m. The contactsare apparentlysubvertical.Xenolithsare

practicallyabsent,but some few inclusionsof syenite,5-50 cm

in diameter,have been observedat Nordliskampen.These inclu-

sions were probablyderivedfrom the adjacentsyenite.The

ring-dykeis itself cut by breccia pipes.

Syenite2guartz syenite2alkali-feldsparsyeniteand  alkali-

feldsparguartz syenite.

The predominantrock-typeis a reddish,coarse-grained,quartz

syenitewhich is part of a largerbatholithicmassif occupying

extensiveareas in the northernpart of the Oslo Region.This

rock also displaysporphyricfaciesand may pass into syenite

(with less than 5 % quartz among the leucocraticminerals),

alkali-feldsparsyeniteand alkali-feldsparquartz syenite.
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Variationsin the ratios alkalifeldspar/plagioclaseand total

feldspar/quartzare thus considerableand the changesin compo-

sitionmay occur within short distances.The plagioclase,an

acid oligoclase,is usuallypoikiliticand turbid.The micro-

perthitemay be rimmedby a thin zone of clear albite.Albite,

mostly chess-boardtype, is abundantin the alkali-feldspar

syenitesand is also here a late mineral.Biotite is the dominant

mafic mineral,whereas sodic amphiboleand aegirineoccur in

rocks which are transitionalto ekerite.This specialtype of

rock has to be termed alkali syeniteor alkali quartz syenite,

dependingon the quartz content.They correspondto normarkite

accordingto the local terminology.The lattersoda-richrocks

occur only in minor amounts in the Hurdal area.

Members of this group of plutonicrocks reveal divergentage

relationsto severalof the other plutonicand subvolcanic

rocks in the area. The body of syeniteporphyryoccurringwithin

the Nordliskampenring-dykecomplexappearsto be cut by the

two neighbouringring-dykesand hence couldbe interpretedas

a screenwithin the plutonicstructure.A dyke of syenitepor-

phory occurson the other hand in the quartz-feldsparporphyry

in the southernslope of Garsjørøet.

Syenite,quartz syeniteand alkali-feldsparquartz syeniteare

found to be both older and younger than the subvolcanicbreccias

and inclusionsof alkali-feldsparsyeniteoccur in

the main quartz syenitemassif in the area west of Steinsjøelva.

The extensivelyoccurringcoarse-grainedquartz syeniteof the

massif penetratesmost other rock-types, and in

all places the contactsare sinucusand irregularinclusionsof

the countryrock are common.In the northernpart of the area
(14,a-b),when approachingthe granitecontactthe quartz syenite

becomes increasinglyporphyricand fine-grained,whereasthe

graniteis coarse-grainedright up to the border.

VI. Alkali granite. Alkali granite is red, medium- to coarse-

grainedrock with a homogeneous,granulartexture.The alkali-

feldspargraniteis characterizedpetrographicallyby the ab-

sence of plagioclase(exceptfor xenocrysts)and the presence

of biotite.
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Sodic amphiboleoccurs insteadof biotite locallyin the margi-
nal zone of the body north of Rognstadkollen(9, i ). This

facies is thus closelyrelatedpetrographicallyto theekerite.Itie
albite,includingchess-boardalbite, is of later origin than
the microperthite,fillingthe intersticesbetweenthe larger
microperthiteand quartz grains.

Alkali granitehas been recordedfrom a number of small and
largebodies of varyingshape and in differentstructuralen-

vironments.The largestbodies of alkali-feldspargraniteoccur
within the Nordliskampenring-dykecomplex.The innermost,in-
completering-dykehas a maximumwidth of 500 m, and dips


steeply,probablyvertically.On the small-scale,the ring-dyke

displaysa sinuousand irregularcontactagainstthe quartz-
feldsparporphyry;detachedfragmentsof the latter,up to 50 cm
across,occur within the alkali granite.

The outer ring-dyke,reachinga maximumwidth of 600 m, is con-
tinuouslydevelopedin an approximately250o arc.

The alkali granitepenetratesthe kjelsåsiteat
its north-westernboundaryas apophysesand veins along a steep

and sinuous contactsurface.The massif of kjelsåsitesituated
at the easternend of the ring-dykeis brecciatedand partly
mylonitizedalong the contact,but this fracturedwall-rockis

penetratedby the alkali granite.Along its concaveside, the

outer ring-dykehas intrudedthe syeniteporphyryand carries

xenolithsof this rock along a sinuouscontactwhich dips gene-
rally outwardsat 80-90°.The younger intrusionof quartz

syeniteon the convex side of the alkali graniteappears to have

only slightlymodified the originalshape of the ring-dyke.

VII. Breccia-complexes. The subvolcanicbrecciasand breccia-com-

plexes are consideredto be verticallyorientateddiatremes
with a complicatedmode of emplacement.Volcanicdebris predomi-
nates among the breccia fragments,but blocks of syeniteand

syeniteporphyryare also frequentin the largestbodies.In

addition,fragmentsof kjelsåsiteoccur in the northernmost

breccia, ( 12, a). The diatremeswithin the Nordliskampenring-
dyke complexhave piercedthrough the quartz-feldsparporphyry
and are enrichedin fragmentsfrom this wall-rock. Abundant

fragmentsof alkali graniteoccur in the brecciajust to the east

of the "skisenter" (16, h) adjacentto the small body cf
alkali granite.
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THE GEOLOGYOF THE DRILLED AREA.

A total of 7 holes were drilledin the denselyvegetatedarea to the

east of the riversHurdalselvaand Steinsjøelva(Fig. 3). The holes

are between 80-150m long and inclinedeither 45° NE or 45° SW to


cut mineralizedveinletswith an apparentpreferredNW-SE,

steep-dippingorientation.

I
I
I.
I
I
I
I
I
I.
I
I
I
I
o
I

The area is extensivelycoveredby moraine drifts. One single

exposure occursbetween drill holes nos. 2 and 3 (closeto trig.

point G 33-359),showing coarse-grainedred syenite. Nearest

exposuresshowingsimilarrocks are found to the southwestalong

Hurdalselvaand in some new road-cuttingsto the north, close to

Bekkelund. The latter exposures show stronglypyritizedand rusty

synenite cut by syeniteporphyry dykes.

The rock types disclosedin the cores are generallythe same as the
one exposed in the surroundings which are describedabove,

including (Figs.4 and 5):

Syenite,quartz syeniteand
relatedhybride types.

Kjelsåsiteblocks

Intrusivebreccia

Dykes of various types

The main part of the area is underlainby the ordinarycoarsegrained

syenite/quartzsyenite. The principalmineral constituentare sub-

to anhedral,reddishK,Na- feldspars,but there are a considerable

variation in contentof quartz and dark silicates- the latter

predominantlybeing biotite,and rarely a stronglypleochroitic

amphibole. The quartz and biotiteare usuallyenrichedinter-

stitiallybetweenthe feldsparsand are often occuringtogetherwith

apatite and Fe,Ti-oxides. Rectangularaggregatesof sericite

probably representalteredplagioclase. Common accessoriesare

zircon and sphene.

Hybride syenite/quartzsyenitebeing richer in dark constituents

and with frequentmore or less resorbedinclusionsof kjelsåsite

are often recognizedaround the larger,floatingblocks of

kjelsåsite (drillholes nos. 4 and 7 B).

The breccia rock occupyingthe main part of drill hole no. 1 (Fig. 4)

are probablya true intrusivebreccia (diatreme) composedmostly
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of fragmented and disintegrated syenite but also with larger

inclusions of kjelsåsite, Cambro-Silurian (?) marble and hornfels
and other exotic blocks.

The most common dyke rock is a syenite porphyry with zoned

phenochrysts of alkali feldspar up to about 1 cm in diametre.

These show different shades of colors from brownish red (fresh)
through yellowish or greenish to grayish white due to alteration
and bleaching.

Other dykes include red quartz-biotite syenite porphyries, brown
aplitic dykes up to a few cm thick, and finally a gray, fine-grained
to felsitic, partly flow-banded acidic dyke encountered in drill
hole no. 7 B.

Hydrothermal minerals abundant in the system are: Pyrite,

magnetite, quartz and carbonate, molybdenite, and less common
fluorite.

The presence of pyrite is pervasive and it is hosted in all the
above described rocks. It occurs mainly in veins and disseminated
along micro-fractures.

The individual veins are usually up to about 1-2 mm thick

(occationally 1-2 cm) with propable preferential subvertical

NW-SE orientations. Other crossing orientations have, however,
been observed - i.e. parallel to the cores, for instance.

Any of pyrite, magnetite, quartz and carbonate may occur in almost
monomineralic vein-aggregates as white to bluish, fine-grained
mosaic of quartz; black magnetite or brass colored pyrite. More
important, however, are the polymineralic quartz veins with pyrite/
magnetite/carbonate in various proportions. Carbonate is usually

subordinate to the other minerals. Feldspar fragments, evidently
detached from the vein walls, are also common. The latter veins
are also the principal carrier of molybdenite

The molybdenite occurs in the veins as tiny flakes, partly as
radiating aggregates. The individual flakes are usually in the
order of 0.05-0.15, rarely up to 0.2-0.3 mm in diametre.
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Fig. 8:

Quartz vein with molybdenite,
counterpart to sample shows 0,57 % Mo.
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Fig. 9:

Microphoto of vein from sample shown in fig. 7.
White, flaky grains are molybdenite,
the othersare pyrite. Ca. 600 X.
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Fig. 10:

Thin veins with molybdenite.
Same sample as above. Ca. 600 X.
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Fig. 11:

Microphoto of vein from sample shown in fig. 8.
Molybdenite is enriched along vein boundary.
Ca. 600 X.



Fig. 12:

Microphoto from same sample as above showing,

radiating aggregate of molybdenite in quartz.
Ca. 600 X.

Fig. 13:

Same sample as above showing relatively large
flakes of molybdenite in quartz. Ca 600 X.



Photos of cut and polishedslabs of veinedbouldersare shown in

figs 6-8,and some microphotosfrom the same samplesare shown in

figs. 9-13.

Molybdenite- bearing veins are almost exclusivelyhosted in the

syenite/quartzsyenite. This is also evidentwhen the


Mo-gradesand the host rocks are comparedin figs. 4 and 5.

Magnetite veins are also restrictedto the syenites,while pyrite

veins may occur in the dykes. Carbonate-quartzveins are quite

frequent and are sometimescarryingfluorite.

SOIL GEOCHEMISTRY.

Most of the claim area has been coveredby geochemicalsoil samples

in a 100x100m grid (Fig. 14). The sampleswere taken by the aid

of an auger drill. Sample dephts are nowhere more than 1/2 m due

to the stony moraine.

Keeping in mind the thick cover in the area (Figs.4 and 5) it is

surprisingto see how the 30 ppm Mo-curvesapparentlydisclose


the better part of the mineralizationin drill hole nos. 1-4.

In the other holes where the anomalousvalues are lower,the

Mo-contentin the cores are negligible. The only outcropping

Mo-mineralizationto the south of the Nedre Røsrud farm (Profile

15, sample 4 in Fig. 14) is also clearlydisclosedby a soil

anomaly.

Other anomaliesin the area have not been tested,but there are

stronglypyritizedrocks to the east of the "Ski-senter"

(profile21, sample 1 and 2) and in the road-cuttingsnear Bekkelund

(profile23, sample 7-9). Within the elongateanomalyto the NW of

ødemarksbakken (profile30-31) a boulderwith rich Mo-mineralization

has been found.

The flat farmlandsurroundingthe Flaen farms are coveredwith thick

glacifluvialgravel and has thereforenot been sampled. This area

could be of interestin light of the anomalyapproachingfrom the

N and NE.
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MAGNETIC GROUND SUR Y.

The most interestingpart of the area in questionhas been survd
by ground magneticmeasurements (Fig. 15). A GM magnetometerwas
used.

The higher magneticanomaliesin the N and NE are evidentlydue to
the Kjelsåsitewhich usuallycontainsappreciabledark constituents
includingFe/Ti-oxides.

The ordinarysyenitein the southernpart of the area shows a
relativelylow and even magneticpattern. The surroundingsof the
drill sites where mineralizationare known to occur shows,however,
irregularhigh and low values. This is probably causedby:
1) Irregulardistributionof vein magnetiteand 2) Larger floating
blocks of kjelsåsite.

Otherwisethere appear to be a generalgood correspondancebetween
the soil geochemistryand the magneticsin the area indicatinga
more widespreaddistributionof magnetitetogetherwith sulfides.
This is in good accordancewith the theory and experimentalresults
of Kullerud. He has shown that sulfurizationand extractionof iron
from rocks and mineralswith the formationof pyrite are accompanied
by magnetiteas an inevitablereactionproduct.

In the claim area there are two roughly circularfields showing
magnetic lows surroundedby irregularmagnetichighs - i.e. to
the N and E of the drill sites and the flat farmlandsaround
Flaen. The bedrocksare in both placeshidden by extremelythick
cover. The soil in the surroundingsis also anomaloushigh in
Mo. These two fieldsmay representhydrothermalcenterswhich
are worth closerexamination. The magneticlows in the centers
may representthe most stronglyleachedportionof a system where
originalmagneticmineralshave been destructed. The surrounding,
irregularmagnetichighsmay, thus, representroughly circular
haloeswhere magnetitehas been deposited.

SUMMARY AND CONCLUSIONS.

Drillings in the ødemarkarea, Hurdal have shown that sulfide-
mineralizationwith Mo are hosted in coarse-grainedsyeniticrocks.



-111fl— —1M —fflIENN

•

It's•••5 11~^.

Ni• ; i:Fi j,;,, ;•,:: : :;: i iili ;',„-, \I

-•-'; \ • •11.(----e--:- \ / ‘•-• •/ (- - ../:

:1J4 •\:4-;:ril.,0 ,41 ,
\ t- \ ' ),. r ,) 4._

„

tti

)• •,,,•? ,\'-•,;\_)\:\; '.. tri li

TikiTil\',1 .):: :4).„ _)::. 4 •

'4- J 'tti't...4-N ' kni; ti.i•: ii,:;-: --:),),:if\

	

gr. ti\,*;.:,),\i'.;:i:i;••

	

()) d--s-•;-1:•,;:),,,

	

\ ,-\:;.••)• :;‘,. )),:i:i

	

7

;

...

-; \• ,i;;,--,-.1- ,:•:,'") t •-,-3;));.):0„,

ri "•-; ,k4,),'.,, ii 4;\ ); IT „-; I; ;; •i ; i -;:f
. .

',:.r , ; • ; ,

4:t
y

*“;ki; Vi
• ; 4; , • ;

JH (}0FMAPK APFA HUPPAt
Peepon

Mognetics

,i
• '• t i i;: ;/ ti:

,

•

7S0,



- 22 -

So far no other metals than Mo which could be of economic interest

have been found.

Molybdenite occurs in hydrothermal veins, usually about 1-2 mm

thick, together with quartz, pyrite, magnetite, and usually some

carbonate.

Apart from bleaching in certain portions of the cores, no

extensive and pervasive alteration of the rockforming silicates

have been disclosed. Wide areas of pervasive pyritization have,

however, affected extensive volumes of rocks at least lx1 km in

surface extension. This provesthat a large hydrothermal system
was active. This system was most probably contemporaneous


and connected with the system which was activ in the Hydro area,

some 3 km to the NW.

At the moment there is no conclusive prove of the complete

intrusion history of the area, neither the source of the

hydrothermal system. It might be the quartz-feldspar porphyry,

phases of the alkali granite, or the felsic dykes seen in the cores.

The intrusive breccias (diatremes) may be related to some late

stages of the mineralizing events.

The next steps in the exploration should be aimed at:

Limit the suboutcrop entension of known low

grade mineralization recognized in existing

drill holes.

Look for possible hydrothermal centers in the

two magnetic low areas to the N and E of the

drill sites and in the surroundings of Flaen

farms.

This steps should be carried out during 1982, aided by geophysical

IP-measurements and subsequent drilling.
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