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3 July 1951

Mr. CharlesE. Stott, Direotor3trate4o YhterialsDivisionEaonomio CooperationAdministrationWashington,D.C.
411 Emer Mr. StOtt:

We are tranamittingherewithtwo copies of my report on theørwdalen Tungsten-MolybdenumArea, whioh is the result of mythree-dayvialt to Norway early in June.

As mentionedin the abstraot,the flieda1endistrictdoes notappear to have extraordinarypotentiality,but it qulte definite:has good possibilitiesfor produoingsmall but appreoiableamouniof tungstenore with a relativelyminor investmentof oapital,material and time. Por this reason I have reoommendeda programaimed at immediatelydevelopingof any possibilityof obtainimgtungsten ore, rather than a long-rangeexplorationprogramtolooate and blook out ore reservos. I hope you agree vath my

Ajditionaldistributionof t?.isreport ist Fesides your twocopies:

.Jtratei;ic';erir;12:,ection- one copy
20A ;1.ssionto "Jorway - tiree cupies

Yours very truly,

.sJECE:ch
Attachmentsas stated

U. K. L3-frner

Industry2ffioer



REPORT• ON

ØRSIDALENl'UNGSTEN-WLYBIMUN ARRA

NORWAY

BY

B. K. Unfiner


trategioiaterialsOfficer

v,CA:7issionto The Netherlands


:Ally3, 13Y.1

•



ABSTRACT

The tungsten-molybdenumdeposits ta the øredalendistriot,Norway,
were exploitedon a small seale during the periodsof high metal pri-
oes in ?rorldWar I, and before World War II. In spiteof a reIative-
ly unintereatinghistory,attentionshouldbe direotedto-thesedepe-
sits again, becauseof the presentworld shortsgeof these metals and
the prioea prevailing.

Geologicalinformationconcerningthe propertyis soanty,beoause
of a laok of maps and reoords ef previonsoperationa,and the fact

that no detailedinvestigation.Of the distriothas been made. In

anceneral, however,the depositsshow a marked similarityto several
Wairly importanttungstendepositsin the westernUnited states,The
deposits are assooiatedwith apliteand pdgmatitioquarts in a gra-
nitio country rook. This type of mineralisationdoes not usually
form really large, importanttungstendeposite,but does.formsmallex
high grade ore codiesthat are relativelyimportantas tangstenpro-
ducere.

A limited examinationof the Zrsdalendepositsleada to the oen-
olusion thnt a reasonablygood possibilityexiste of developing
additionalore that oan be hand-oobbedand shippedas a high grade
concentrnte. No estimateoan be made at presentof the possible
tonnage and grade of ore to be expeoted. The best possibilitiesfor
developingore lie in reopeningand extendingone of the present
workings, tbe SohanningLine, where it is assumed that ore similar
to that producedin the previousoperstionsmay be expeotedto existi
At the snne time tbis is the most praotioalmetl,odof exploringthe
ore dflposits.

It is reoomnendedthat a limiteddevelopmentprogrambe adopted.
11 This would oonsistof n restriotedbut detailelsurveyof the old

workings and the intorvenin areas, and inoludeneoessarysampling
and assaying.kt the same time the dohaanim;flne will have t6 be
reopened to permit mapping,samplin,;,and n limitedamount of deve-
lopment work to be done.

The cost of tLtisprogramis estimatedby local mlning engineere
at about 165,000borwegianKronel..No U.S. equipmentor dollar
financing be required.The projeotis recommendedas a suit-




able tristanoefor 5 oounterpartfund finanoing. If a loan were
made as an ndvanoeagainatpossibleproduotion,the reooveryof
only 8 or 10 tons of 65%)tungstenooncentratewould repsy the entire
advance.



Adak

1:0.:WAY

!ntroduction

The :rsdalentun:sten-mo1ybdenumdepo.sitsheve bTen worked inter-

mittentlyand on a smn11 scale of operationsinceabout 1905, origi-

nallyi:ormolybdenum,and loter for tunesten. .2heprincipaltungsten

dh productionhns been from the ,ohaaning'ine, opernted(luring1937,

111,1936 and 1939, which was tnen over by tiler.ermansofter the Occupa-




tion. The 3ermannnthoritiespinnned to operntotne mine, and to


this end they built a power pinnt and '2ousingfaoilities;storted


constructionof a mill, nnd (hd,a litle unJerround exploratian.


Jhe Term.:-Jnoperntion wore tormin•tnjby he onpitulntionof the


Germnn Army in 1945. rhere n3 boen no nctivitysince thwt time.

Informtion concernin.:: ':otentialitesof tie rs.S.alendistrict

is very scanty. 2heneore no records,leftof the early operationsof

the molybdonumdnposits,and Lre is very littletechnicalinforma-

tion available concerniw;2c ,;caanjvt..ine. 3amplinp:in the minee

and oter works is very incom7'17te,and such assaysse 7,renvailnble

are unre1lable. :itnt •eo1o4ca1 mnppinghas been ,one is not practioa

2or locn1 em1or: tion work. uner'Imiund

;:or,ping *one• ;J:njew -ecoristrt are n\r-ilnble

nre not nnecnire;in,;Hinoe they ow n small, Intermittent

rre:nilarproauctionnr To1yIHenum .Hristennoncentrntes.

•y,71erwi1t,
,?nt

 Ln*:J
reports
fui,-;ure ,.avelopment

nun;e-n

1 -n mnde or 4,;he

try, •..t.2rty r.nflon1oxamin-tionnf mines or

- nertain:.ncorreni.tions
explorntion. 1n ee reco%Hendntinns,

L';w 1, J94 e reports

»-r,;erty.

ovNever, ;,:nm3on,•- 01.:;er enls, nom cting inirectly

sume -irect frnm

previous examiunLiono,and i oi•:-e opinion :o

11Y2r..1 ,u.e (:)C3not Troper ticttre"" the•n'ontinlity of the

e3peoi1ly me r—iter ngrees

in this retpect. Jfieoporntions ;:hefirst

:orld'Yari;ereposAble bncause prices for metnls, nn2 were

locontin,,Jedafter wrr, p21ncipnllyns a of Ceclininr


ricen, raner Uunn nyHnn:itionr)f ore re:“nrves.
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rhe :Johaanine reperetion eels carried out under the mo2t difficult of

operatin (e conditions, nna •;he low production rate wns not neoessarily

duerto limited ore reserves, low ;ra(?e, or oter ,:eoloeic factors.

2he failure of the i•ermans to net into operation was a mneter of rAmi-

nistrative problem, and other similnr factors, are not basis


for judeing the potentialities of the area. 2e 1eck of aotivity in

the aree sinoe that time is probably primnrily .ue to a lnok of "risk

eapital" in :orviay, and not beoause the projeot htid bcen examined and

found wanting, since no detailed examinntion or exploration hos been
done. 1n fact, durin4 '7hewhole istory of the area, -ftere hns been

no serious econonic ,:eoloeien1 investiention.

General :tennrks
11,

The :rsdalon district wns visited by writer nnd -r. Adamsen on

June 1 :;(3June ;, 151. Eece".e of .short time evailable, the era-




mination :Lndto he limited to a nexti itgoection ol'the un.:',erground

workings and the 3ohenn1w Tine, A:th a aursory examlnntion of the

immediate rurface area, inclu:Ung the old workines of the ''olybf;enum

companies.

2he looation, :istory, topo-raphy, nnd other infortention concerning
the rrsdalen distriot is n1eeuate1y covered in Jr. Adamson's reports.

The tungsten deposits occur on the south side of a narrow, steep welle(
vnlley lies in an east-.:vest (isection. T1-2evalley walls


nr

•

e nhout 2000 feet iiih in the vioinity of the depo3i, nnd for the

nost pnrt ore actual cliC:s 1500 feet or more 1n 2he nl1 mo-




lybdenumworkins, aostly smn11 open cuts, pits and trences, lle an

the plateau 300 or 400 meters beek 2rom uhe cliff fnce.

Tse ichaanin -ine e2tunlly is on the cliff faee, some 430 feet

w 4,ne edge, over1ookine vnlley floor 1500 fent bclow. :Yttae


base of ahe cliffs, under the .chanine, nnd n hunare(', feet or so

above valley :loor, are two ich L';ve ;.een riven Into the

fue, toh ze ucal let:th Lf seentine yier 2300 feet.


ock21 eulo

	

?he :ollowine chLervelons, eitr tLe reault of :7/o-:ny
be ed mly, and :-..plytnn sulely


:a Le im:-.1e,11nte [,reaef -;us

minernlized r.ree nnjor nre -;eaernl, can-

2ined n lone aerow zone htriking :he principal rock tn

eiciaity cJ be HipoJita o meiium f.ained »rznite or qudrtz


r.ionzonite. :n aome pleces It h:s a node-ate pormhyritic :3tructere,

in others, •elarcatly nearer Je nineralized zane, it Lcs y efi-

nite neisaic 3tructure, vr.ich also a HYlve strike ]irection.2he


!raniLe ,ontnina i lcrge anount of inclusions,eenerelly c1R6::ed as

•
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tocalGeele (Cont'd.)

"aw#hibolits",Praotleallyall of-theseinolustonsams maial,IMMA
diainitemeot eatya few fewt. The "aaphibolite"onatalasillappre 
etableKaaaatof light-ooltited-miasrals„eesttyistdeparvand 18-str,
ty bandød;and may havebeenderivedtromaa oii intameaphøsedilatte
msutary series, The inolusteasshewvarisuedegreeeof reareptigeaad
altentton by the enolosiaggraaits.

4seerdiagto previensdesoriptieneof thearea#thereere a minhør-
011 dikeslatrudedintethe granite.-Sineeths grean4surenee
was largetyeeveredby antee-atthe tImeof thewriterTevistt,thIS
souldnot bs sheeked, Thersis,hewever,at leastoleelartakplite
easeottereppingon ths plateauabovetheeliffe, lt ie amerletly-ta

splengitedlineor dike,strikingroughty1301„tytagalthinthewtae.
Walised seas,and parallelto the generaletrikeof the gnelseteetram
tureof the granite. No aplitewas reeognisedon thetaes41 the -
eliffsor in the lswertunaels,althoughit has beeareperted.-There
is eeme lightoolorødrookin the tunnelsbut it is quitsditferest
thaathe apliteobservedon theplateau. Thesslightooloredreeks
may be a looaldifterentiationphaseof thegranite,silloitieder
alteredsonea,ratherthanaplite.

thers is a thirddiatinotrooktypepresent. tt is a blaokroak
eetposedprinelpallyef hornblendeand biotite."themajorexposurse
are ta the binnelsat the baseof the oliffwherethebl4ekroakap.
pearsas irregularmasseain the tnoloainggranite, 3omematerialof
thishoreiblend-biatiterook 1.3seen in the waste dunp fromthe Sohda-
ningMine, indloatingthe presenoeof this materialwithin the mtne.-
ralisedsane.The writer suspeotathnt it is not alterel"amphibolite"
inolusions,but may be a separateintrnsiot,probablyrelatedto the -
granite, and representsa diasohistiophase assooiatedwith the aplite
intrusions.

Althongh the structuralpattern is not olear, there is apparently-
. some local struoturalosntrolrelatingthe varione intrusionsand th•

mineralination. The secondaryintrusionsand the ore bodieeare-oon-
fined in generalto the lang,narrowzone,exptisedon the surfaes,
trending130W,and apparentlydippingabout 70 to the northeast.
This nain sone oan be traoed by neans of aplitiooutercpsand minera-
lization for over 1000 meters.A seound"sane"hasbeenpostulatedon
the basisof one smallprospeot300 meterswestof themain sone,but
the comparisonis not yetwarranted.

7:Ostof the mineralisationhas been oonfinedto thenarrOW sone
alangwhioh the tntrusiansocour. The oreminerals,molybdenite -
wolframiteand soheelite,are assooiatedwithquartsin small,

disoontinuouspegmatiteor pegmatitioquartzveinsand lansee.
 53stof the veinsand lensesare onlya few inoheswide,althougha
few measure16-16inohesin width. ln theprinoipalorebodies,such
ae the Sohaaning,a numberof roughlyparallelveinsocour,separated
by narrowstreeksof alteredand silioifiedwallrook. Thealtered
wallrook betweenthe quartsveinsis alsomineralisedand has grains7
and patohesof scheelite,wolframiteand molybdmitealengwithbietite
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LooelGeole (Conttd.)

hernblende,gernet,anda minoramountof pytite. rhe "oresone"ie
15 to 18 feetwidsat tha Sohesningritne.The granitewalIrookOut-sideth• ote seneehowsa wenkminerelisatienand a spareedissemine-
tionof ore minerale,

Ths tunnaleat the beeeof the oliffdo not entountera definitewmineralleedSont"suohas is seenat the Sohaaningand molybdenumwarkinge.Sitherthe soneweekensand disappears-atthiSdepth,or-
it liesontsidsthe expleredaree. No molybdenitewat,ieenin theee •lowertunnels,but a ownsiderableamonntof weak tungstenminetalist-tionis preeent. Irregularsoatterednuartzveineoontainseheelitiaand streeksand blebsof eoheeliteocourin the granitewallrookneetheqtartsveine. Conparativelylorgemassesof the blaokhornblende
rookezpoesd1n the tunnels,and soheelitemineralisationis re1Stivel)wtrwagerin the blaokhornblende-biotiterookthanin the granite.
The sohalits 000ureas a fairlyheavydieseminationthroughouttheblaekrook.

Ore Reeerves

The laokof deteiledmapping,and the smantyand uarsliableassaye,preventany properoaloulationof tennageand gradefigures, .ren
had timebeenavailableduringthewriter'svisitto makea detailedezamlnatima,it wouldnot have been very helpful,einee the majorpartof the Sohasningworkingsare at prssentunaocessibleand oould tot
have been mapped. Certainobservationson the probabilityof orereservesare, however,valid.

The old molybdenumworkings,whiohare meinlyoonfinedto the
rrow minerelizedzone,consistof eightor ten separateshallow Alk•
ezoavationeobviouslysunk on soatteredore outo-ops. None of them
are more thnn n few feet deep. Very little, if eny, undergroundez-
plorationwns done. ne :-,chaaning on the seme nre zone, end Iess

than 1000 feet distant,is at a 350 foot lower elevntion,and the -
mineralitedzone is still verystrong1ydeveloped. It is reasonable-
to assUme that the seme type of mineralizatiotthat is preeent on the
surfaoeshould eztend down to at least this depth below the molybde-
num workings. .;inoethe old workingsundoubtedlyrepresentamallpodsor shootsof ore rioh enough for direot shipping(probablywith hahd
oobbing),there shouldbe ah appreoiableamount of this materialbelowthe old workings. An estinnteof the possibletonnagescould only
be mads after detailedmapping to show the distributionand voluns'ofthe old ezcavations. In addition,there is the possibilityof devs-lopingreservesof lower grade millingore.
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Ore Reserves(Contld.)

At the Sohaaning31ne0operati
onswerestoppedat the-timeprOdno-

tionvas at ite higheet. Thareare n
o recordsot any orereser

tm,"in

feet frotethe Oharaoterof the operationit la unlikelyauy ore re-

servewas developedaheadof minin
g. thebeetpossibilitiesfo

t immeå

diateprodustionof oreare,nevertheless,at
the SohaaningVine,ein-

0e it was in produotionat the time it waa shut
down. At the Snhaantieg

mins, too, formerproduotionw
as oonfinedto highgrad

eore shoots,-

and the possib/l/ty of developing appreolable amounts of lower grada

.milling ore is eatractivs.

Ths minsralisationin
the lowertunnelseoesnot ye

t showany direot

lialatlonwith the oreoo
currenoesat thetop df thecliffs. No high

gradeore is exposed,but severall
ow grademineralisedarea

sarepar-

tiallysrplored.rhelar
gestof theseis roughly150-175

teet i» dia=

møter.Carefulmappinga
nd samplling may showthisto be milli

nggrad•

ore,at leastin part. Yroper1ydirectedexplor
ationmightdeveilop

additionallowgrademat
erlal,and possiblyhighergradomat

erial,ca,

evenlooatea continuationof the mine
ralizedzonewhiohis pre

sent

1000feet higher.At theleast,theamountof
mineralisationpresent

in the tunnelssuggestethe
presenceof scheelitemineralisati

onovar

a vertioalextentof 1000feetor so,and enoouragesunder
groundesplo.

rationbeneaththe preae
ntlyknownore occurr-no

ee.

Conclusiona.

It will require n considerableamoun of detailedmapningand gedlof

ical investigntionin order to
n reasonnblycompletepic

ture


o: the tunsten-n-elybdenumocc
u:rencesork lie7enetioand structural

relationsips between o e and eaclosingrocka. "ven the present

state or knowlede, indiootasa.. itronr7pnrallelbetweent
he

rsdalen :.epo3itsnne some oJ:%-neImpe-rtant denosits of the


western United tates, in parti,:ulerYae Creana,
:!evada,and to n les-

aer extent, the depo:-.itsof enson,Arizona;and aimiL,Årdepositsin

igneous rocks. The countryrock is similor,and in both nreas there is

a close spatialrelationbatwee
n hs tung,atendepOsitsand aplitiO

intrusions. The aplite et radnlen,as -13eere, does not sem to

be directly relatedto the tunp:stenmineralizatio
n,but rather is the

channel alonz 9hich -ti
hemineraliziw.;solutiona

L.oae.rhe tungsten

minerals nre nasocintedwith quartz
nnd pegmatiteveins, or the tung-

sten is depositedin sone faverable tostrock other than ie ranite

and aplite, which are, for the most part, barren. fhe rrsdalendepo-

eits are definitelysimilarin type to other known tungsten


deposits,and, even for t»Is reason,are worthy of additionelatten-

tim.
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conolnsions(Cont'd.)

ln itepresentstateof development,and withthe laekof adequate
reoordeon formeroperations,it is not poseibleto takeany reason-
abledeiterminatienof poselbleorereserveeat the øredalenprospeots.
On the otherhand,it ie quiteprobablethatthereis somepre present,
at leastin the SohaaningMtne,and if so, it is readilnivailables
Utfortmnetely,the Sohaeningworkingsare not aooeesibleat the presett
and thepresenoeof the ore oannotbe statedas a faot. Purthertnves•
tigationis,however,olearlywarranted.

Thereis a ressonablygoodpossibilitythata relativelysmallamout
of properlydireotedworka% the ørsdalenpropertieswillresiultin-the
reooveryof someurgentlynesdedtungstenore. At thiestagein the-
devolopmentof the ørsdalendistrtot,it wonldbe unwiseto undertakij
longteraexplorationand developmentprogram,withthe objeotof de
optngsuffioientreservesof millinggradeore and rehabilitating"the
sonoentrator,an4 majtreffortssbouldbe oonfinedto obtainingsmalle3
awountsof highergradeorewhiohoanbe handpoobbedand shippeddireol
17as s htgh gradeootoentrate,ehetmmediatepossibilityliesin
reopeningand extendingthe operationsat the SataaningMine, Partune.
tely,openingupcan4extendingthe SobaaningMineis alsothe best
praoticalmethodof exploringand developingthe ore zone.

neoesseryetepin the investigationof theØrsdalendepositenu
be a detailedengtneeringand geologiaalsurvey,tnoludingsamplinganl
assaying. This,however,shouldbe oonfinedat thietimeto a small
restrietedarea coveringonlythe mtneralizedzonebetweenthe old
molybdennmworktage,the SohaaningMtne,and the lowertunnela. A wid4
moreregional,geologioalInvestigationmay nventuallybe warranted,
butpresentlymajoreffortsshouldbe direotedat a shorttermprogram
of developingand exploitingany immediatelyavailableore.

be ccouratelysurveyedon a soale of at least 1:1000or larger if '
praotioel.Jince Àe main Lurposeof this map woull be to direct fur-
ther development,bLe de:ree of acournoyneoessary.;:ouldreouire n
transitsurvey or at lnast olnne table (alidade)-Jurvey.the eristin

:;orkingssnould be accuratelyloontedand mnpped :::eparntely(or conti-
i:uousgroups)on c soale of not less than 1:200.

At the sume time, the JoTiaaninc.:ine should be reopened. former
acoess to the mine wns by means of a steep,nerrow trail and An expo-
sed ladder -own 1:linface cf the oliff. The ladder is no longer ser-
viceableqand will bave to be repairedand enclosed. 2his will have -
to bn done e-fento permit nie surveytng•nd samplingrecommendedabove

Reoommendations,

2he known ore zone and the nrea coveringthe presentworkin's shoR,
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Reoommendations(Cont'd.)

Onoeaemees to the .AbhaaningMne has beenobtained,deve1opmentH

wotk shouldbe initiated,Thereis a shorttunnel,whiahhas been

drivenfrom the mainSohaaningwork
ingsbaok intotheoliff,along

the ore sone. Thistunnelshouldbe extended100or 150moters -

along,theore soneuntiltheheadin
gis wellunderneaththe eurftes

of the platesu.

Thisvorkwill arrveaeveralpurpos
es.

1, It is quitepossiblethatappreolablea
moantsof tungsten-no‘

lyedersueorewill be produoed. It i
s reportedthatthepresenttan,

nel has oreat the faceand ta plaoesalongthewalls. Any oreene

Alhcounteredean be hand-cobbedand s
hipped.

This workoffersWhatseemsto be the quiekestand mostpree.

ticalmethodof exploringthe ore

If resultsare satisfaotoryandmor
ewotkat the Seheantag

Mtneis warranted,itwill be possibleto drivea reisethroughthe

ore sons to the surfaceand establisha new mineentranao.The d16

eliff-faceadit shouldnot be usedany longertbanneeeesary,a
s it

is dangerous,uneconomioaland very
difficultmtaingpraotioeto

aupplymen and suppliesthroughthisadit. iurther,theinewentlain.

oe would permityear-roundoperatio
n,whiohie impossiblear extre..

melydifficultwiththe presentadit
. The present"aditoanbe ueed

to disposeof wasteor low zrsdeo
te, obviatingthe needfor exten..

sivefacilitiesnt the new entrance,

Putther1eve1pment work egn be done by extendingthe tunnel

beneath old molybdenumworkings.

It will be noted tiat theserecommendationsagrge in generalwith

ipthe reoommendationsin t. Adamsontsreport(welke-i3trandand repe-

lend,::arch5, 1951). w?7iterngrees A.th the developmentpro-




gramoutlineduner "Cost "stimEte2hase I", but i3 not oompetentt

judgethe cost estimateswithout considerablestu
dyof local wage

soales, materialco3ts,and other faotors.

Item 1, rehabilitating quarters,ropewayand ladder way,

is satisfaotory.2he costet3timate,1.Kr.37,000(11.3. 5
,500)


seemaa triflehich.

Item 2, equipment,shouldof ooursebe kept at a mlnimumuntil

developmentwork warrantaincreas
ed.efforts.Cost, N.Kr, 65,900

(U,S: 19,500) seems satisfactory.
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RecommendationsG",ont'd.)

.1tem 5, 150 meters of drifting,raising,and oross-outtingis

satisfactory, nnd oross-cuttingshouldbe kept to a mini-




mum unless diotatedby looal geology. -costof te laters1and ver-

tioal explorationsioula bo delayeduntil s later "LilaseII" deve-

lopmentprogram,after completionof a new mine entrance. .kotua1

rock excavationshouldbe kopt to the minimumneoessaryas lone ns

the olå oliff-faoeadit is being used. Cost estimates(equIva1ent

of U.S. %17 per foot) seem a little for thia wo±k, but is ad-




mitted that operationsthroughthe presentadit will be expenaive.

Item 4, sampling,aasaying,and mapping should be increasedsuf-

fiolentlyto permit the reoommendeltransitsurveyand assayingsof

the Lotalpresentworkines,not the johaaning "ine alone.

The above procramcan be implementedwithout tho neoessityof

importingU.S, equipmenteand withoutprovidingdollar finaucing.

The projeot is reoommendedas a suitableinstanoefor counterpart

fund finanoing.

BKH:eh
July 3• 1951 B. K. Haffner (sigh.)

B. K. Haffner,
.strategicraterials:;ffioer
UCA to The Notherlands
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