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INTRODUCTION

Nickel-bearingsulphideshave been known to occur in the Espedalen
area since the 17th century. Mining of the sulfidson a large
scale took place in the mid 18th century, specificallybetween
1846-57and 1874-78. The principalproducingmines were the
StatsrådStang and Evane Mine.

Interestin the Espedalenarea by A/S Sulfidmalmdevelopedin
1962 with theafquisitionof the old showings. Investigations
were carriedout and many of the claimswere dropped. In 1971
a joint-venturewith Norsk Hydro was signed and a poolingof
mutual informationhas resultedin a renewed interestin the
region.

Thés report is a summaryof the work that has occurredin the
past 10 years and is based on the informationof the joint-venture
participants.

THE EVANS MINE

A sumnaryof the geologyof the Evans mine has been completed
by Overwien(1965),and Vokes-Vrålstad(19691. Essentially,
they state; the sulfidezone is flat lying on the underside
of an ultrabasicbody cut off on both ends by faults. The down
dip extensionwas then unknown. But, in 1971 a mise-&-la-masse
surveyreportedby A. Sindre (1971)shows that any sulfidesre-
mainingwould be of a small quantity.

Vokes-Vrålstadhad assays of tip materialthat gave .5%Ni to
3.4% Ni.

Based on the mise-A-la-massesurveyno furtherwork has been con-
ducted at the Evans mine.

STATSRADSTANG'SMINE

Overwien(1965)states that the strike length of the Stang mine
is 115 m long,with an east-westdirection. The dip varies between
40 - 600 to the north with an averageof 500. The workingehave
a depth of 30 m down dip. Some assaysquoted in thie report arel

.28 - 1.3 % Cu


.65 - 1.2 % Ni

It appearsthat Vokes-Vrålstad(1969)have relied heavily on a
report by Vogt (1917)and gave a generalidea on the geometry of
the ore zone and the host rock geology, that is the ore zone
appeareto be lensoidalin shape,pinchingout at both ends. The
geologyof the host rock is anorthoeitein the hangingwall and a
norite or mafic norite in the footwall.
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In 1972 mappingof a region occupiedby StatsrådStang and theNicolinemines, and the geophysicalanomaliesin the vicinity,was carriedout by Ryan (mappingand subsequentreport stillin progress). A surfacesketchmap of the two old mines wasdone by the author.

Geophysicsat and near the Stang Mine has turned up an interestinganomaly in 1964. The anomaly lies north of the Stang mine betweenit and the Nicoline. In a letterto Mr. S.N. Charteris(196$)Overwienattributeethis anomalyto small amounteof pyrrhotite,andbased on observationsat the Stang mine goes on to say; " In thearea north of the Stang, mine there is a tendencytoward schistosityin the rock and eulfidesseem to occur both as dtesiminationsand asa film on the schistosityplanes. The latter fact should incresethe conductivepower of the rock. I thereforedoubt that theeeanomaliesare causedby massive eulfidee." This may explain whydrillingof this anomalyhas been held back. Overwien(1965) goeson to statethatrtrenchingon this anomalyturned up a "fine grainedalteredbasic norite". Macroscopicallyone can see very smalldisseminatedsulfidegrains or very thin sulfidestringersalongthe schistosityplanes. The rock does not containmore than 1%suIfides (approx.).

In 1971 geochemicalinvestigationsweri carriedout by R.Band andin his report he gives the followingcommenton the area immedi-ately north of the Stang mine, known as the aulfidmalmanomaly,or S. anomaly. It shouldbe noted that he comparesthe Stang minearea to that of Jørstadand Andreasberg,which will be dealt withlater in this report.
"The StatsrådStang mineralizationie characterisedby a restricted,low-orderNi and Cu anomaly. There is a very low anomalyto back-ground contrastand the majorityof Ni and Cu values are in the"possible"or "probab18anomalyrange. Rock analysesindicate lowNi and Cu contentsin bedrocknorth of the StatsrådStang deposit.The target at Stang is much more restrictedin areal extent thanat eitherAndreasbergor Jørstad,and this may accountfor thedifferencesin geochemicalexpression".

"ANOMALY 'S' (map 15-71-7): The geophysicalanomalyis situatedapprox mate y 175 m north of the StaterådStang mine workings.AJS Sulfidmalmlocatedthe anomaly during a groundsurvey in 1964and reportedfindingdisseminatedmineralizationin a trench dugacress its axis. Norek Hydro's interpretationof their geophysicaldata suggestsa "non-mineralization"cause. Till cover in thevicinityof anomaly 'S' reachesa maximumthicknessof 2.0 m.

	 / 3
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Pit profiles(map 15-71-7)show highly anomalousNi and Cuvalues (maximum410 ppm Ni, 302 ppm Cu) over the geophysicalanomaly. Co, Zn, and Cr values are high, with maxima of 50ppm Co, 88 ppm Zn and 280 ppm Cr. Ni/Zn ratios are aleo uni-formlyhigh. The high Cr values at anomaly 'S' are consideredparticularlysiwnlicant.

Duringthe courseof rock samplingin the StatsrådStang area,a zone of ultramaficswas noted trendingnorthwestwardefromeast of pit RF-18 to anomaly 'S'. This is apparenton map15-71-7as a zone of rock-nickelcontentsgreaterthan 500 ppmNi (aquaregia) comparedwith a maximum of 200 ppm Ni for othersamples.

Anomaly 'S' is partiallycoincidentwith the 500 ppm Ni contouron map 15-71-7,which is interpretedas approximatingthe ultra-mafic/anorthosite-noritecontact".

"Conclusions

The geochemicalanomalyover anomaly 'S' at StatsrådStang re-semblesmineralization-relatedanomaliesat Jørstadand Andreas-berg. The geologicalsituationis favourableand this anomalywarrantsfurtherwork".

THE ANDREASBERGMINE AND SURROUNDINGAREA

The Andreasbergarea in generalappearsto be a point of dis-agreementbetweenOverwien (1965),(1971)and Vokes-Vrålstad(1969),even though there has been a good deal of geophysicsand a reasonableamountof geologicalmapping.

Both Norsk Hydro and Sulfidmalmhave done geophysicsand bothcompanieshave shown electricebconductoresouthwestof theAndreasberg. The point of conflictappearsin regard to thegeologyand the qualityof mineralization. Overwienconsideredthe area southwestof Andreasberg,where the conductorsare lo-cated,aspart of the Andrthositecomplex,whereas Vokes- VrAlstadconsiderthis part of a metasedimentarysequence. It should bepointedout, that with the exceptionof the ridge which theAndreasbergmine is locatedon, outcropsof bed rock are verylimited. Only throughsystematicoutcropmappingwill the situa-tion be partiallysolved,bearing any structuralcomplexities.

	 /4
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A secondpoint of disagreementis that on the qualityofmineralization. Vokes-Vråletad(1969)play down the signifi-cance of the area with the reservationthat it is still inte-resting. They quote assays from Vogt of 3, 4.5 and 61 Ni.Also, from their samplingof wall rock impregnationat Andreas-berg they they got .42 % Ni, .15%Cu and 1.9% S. They go on
to say "omregnetgir dette ca. 8% Ni i ren kie".
Southwestof Andreasbergwhere there is situateda number of oldshowingsand cccincidentalgeophysicalanomaliesa Vokes-Vråletadhave mentionedthat the geologyis somewhatsimilar tothat of StaterådStang, and that the formationbelow the oldmine is possiblysedimentsor graphiteschistslandthough theyare sulfiderich they are Ni-poor.
Overwien(1971)states furtherthat the area south - eoutheaet -southwestof Andreasberg,though not lackingNi, ie Ni-poorwith 1.7% Ni in the sulfidephase with a high Ni:Cu ratio.
As Band's 1971 surveywas only an orientationsurvey,littlecan be drawn from his results at this time, other than interestis still maintained.

JØRSTADAREA

All reports on the Jørstadgive favourablecomments. Vokea-Vrålstad(1969)have dealt more extensivelywith this area thanOverwienand thusly a condensationof their findingsare con-tainedhere within.

The Jørstad zone is 100 m wide, 400 dip and a strikedirectioneast - west. These directionsare all approximate. The appro-ximatedtrue width is 30-40 m. From the limitednumber of showingsit was possibleto see that the zone was pinchingout to the westand northwest.Inthe east it was impossibleto determinewhat washappeningbecauseof overburden.

From their report one gets the impressionthat they consider thezone to be 300-400m long, 30-40m wide and lensoidalin ehape.However,there is a note of overemphasisin the tone of theirreport.

Geophysicalanomaliesdo not complimentthe geology,because thereis a series of amall,weak anomaliesto the south of the showingzone. A calculationof 10,000 m2 area of anomalousconductorisgiven.
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Also, they claim that the Jørstadgeologyis differentfrom
that of other known mineralizedareas. That is, though tecto-
nism is present,half of the ore zone may be composedof mine-
ralizedimpregnatedhanging wall. Evidenceof drag folding
can be seen in the footwall,which can be followedto the north-
west. This is differentfrom the Stang and Evans mines because
therewe have sulfidesoccurringnear the footwalland dissi-
pating towardthe hangingwall.

Overwien(1965)noted that the mineralizationwas very weak.
Vokes-Vrålstad(1969)were able to sample the zone and give
the followingassays:

.15 - .22 % Ni, .10 - .09 t Cu, 1.0% S, S:Ni z 5

.65 - .66 % Ni, .34 - .38 % Cu, 8.0% S, S:Ni z 14

In spite of the lack of showings,they suggesteddrillingbefore
trenchingwith a bulldozerbecause of costs etc.

In 1970 the drillingwas conductedand accordingto Vrålstad (1971)
the followingresultswere obtained:

DBH No. 1 - 4,5 m z
" " 2 - 14 m z
" " 3 - 9.5 m •
" " 4 - 18.8 m a

(whichwas
24.4 m z

34% Ni,
30% Ni,
.23%Ni,
35% Ni,

included
.30%Ni,

.13%Cu

.10%Cu

.06%Cu

.09% Cu
in the section)
.081Cu.

A copy of Ni:S ratios and analyeesis includedin this report for
the readersreference.

After the 1970 drillinga mise-A-la-masseeurveywas carried out.
The resultsare summarisedby J.B. Gammon in an inter-office
memo. He states," Indicationsare that a conduotingarea of
600 x 200 m is present. Thicknessestimatesof 50-100m given,
but a 30 m thicknesswould be more in order. This leadsto a
potentialof 10 milliontons of indicatedmineralization".
Overwien(1971)calculateda potentialtonnagebased on Norsk
Hydro geophysicsand drill resultsof 2.4 milliontons of .31 Ni,
which would yield 7,200 tons of Ni.

Detailedoutcropmappingwas conductedin 1972 by Ryan (still in
progress),and possiblyhis resultswill furtherenlightenthe
situationthere.

This then is a sumnaryof the knowledgeof the known mineralized
areas.

	 /6
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INVESTIGATION OF THE TERRATEST ANOMALIES

In spite of the preliminaryinvestigationsby Vokes-Vrålstad
(1970)of the Terratestpreliminaryresults,a second investi-
gationwas undertakenby Ryan and Wilson in the sumnerof
1972. Ryan's report is still pending. The followingis a
brief breakdownof Terratest'sopinionson the causesof these
anomaliesand observationsmade by the authorwhile accompanying
Ryan in our investigations. The prime purposeof this re-investi-
gationwas to examinesome anomaliesin light of new geological
informationsuppliedby/RobertsonResearch (1971)Photo-Geology
Report. The

The anomalieswill be discussedin numericalorder as plotted
on the Terratestimaginarycomponentmap.

AnomalyNo. 1: Terratestattributedthis anomalyto graphite
fiEnWiver,upon ground investigationsit was thought

that the anomalymay be locatedalong a thrust fault contact.
Movingweet from the road, one crossesover th....szone, moving from
anorthositewith highly alteredgabbro into highly phyllitic
schists. A geochemicaltraversewas placed south of this anomaly,
and the reader is referredto a report by T.H. Tan (in progress)
for the results.

Anom eaalyar Nos 2: The Terratestopinionon this group of ano-
MålWas -that 76-eyarecaused by graphiticschists,and investi-
gationshave shown this to be partiallytrue. However,the situ-
ation here appearsto be very complicated. Of the four anomalies
in this area, the smallestwas not investigated. The western half
of the northeasternone appearsto be in sparagmitewhile the
easternlyhalf is in the anorthosite.complex.The area is heavily
drift covered. The middle anomalyis in sparagmiteand is considered
uninteresting. The largestanomalyhowever,presentsa complicated
picture. In swampyareas graphiticschist blocks are present.
Along ridges of outcrop,in this flat, somewhatswampy area, a fine
grainedblive green rock with pyroxeneor hornblenditicphenocrysts
is present. Petrographic studiesof this rock type will accompeny
Ryan's report. Betweenthe northwestend of this anomalyand the
EspedalenTuristheimmany blocks of basic rocks were seen. Some
of these blocks were slightlymineralized,and ranged in alteration
from highly serpentinizedto unaltered.

Anomaly No. 3: Terrateststates that this anomalyhas good de-
MnIon, but is of low amplitudeand an associatedmag. high ac-
companiesit. They furtheradd that it may be a result of humwn
activity. Investigationof outcroplocatedin front of the Dalseter
Hotel on the east side of the road revealeddisseminatedsulfides
in a basic norite or mafic norite.

	 /7



-7-

is covere, uut it was
outeroplamnr,of ar.crtbosite aLd hoslo porite

in d fe5 pli?eas. Yhe Lesic rocLs sen ILineralizeci.
wes placec».south of this ano:Jaly anLithe

re,3der referrec: to a rendin{, report by T.h. ;an .

Anowal :0. 6: ihe Terratest report states that this anor,.aly
r.(73`; ci:usec iy .eta-sedints the anorthosite ccmylex.
I.r.vestflaticcs that this ,Nare tLau (rift ocvered,
byt the fav cutLrcAarin2s prov.a:cto L.ate-r.:.c(.11tsas ex-




i,cotec.

Anornal .k). 7: q'arratest was not sure of the exact locatioh of
this anomaly because of a map error and Fo further to sugz,est
doit te anomaly h3y be (r:ueto a conductor that is masked by
H,lanetite (?). Crouni investiations did not ten un anythin
of ;eyert-,..Lcs a 2:eoce1jical traverse was put in.

cl wilicn, will be renorted by T.. Tan.

Anomal“ :rouD :c. d: Ar7,ainTerratest questioned the exact loca-
01 tAu: ftnC,141 proup bk2caus3 tbe Stanr mine failed to show

up. Lowever, if the p1ottir4-:of th:2, :iccurate,
the ;3flornal;nclo.a thc? Stang to a r:chiTt
tc uccur This area vill De covered in nohle detail by
Hyan on co;uadetion of his field wor'5.,an:, the 1-ader 5- au^aastd
t.orefer to nis pendiro• report.

/noi.al roup io. 3: Terratest Fives no explanation for t4-Lis
anomaiu ILvestlations ue.re liflitCu to two zones ok
this yroup, they are the most northern_k rn.ndthe strom)est ones.
The whoie series of anomalies is strung out alonr tha ton of t-ta
valley ridne and access was rather restricted due to nedr verti-
ccl relief ia places. The nortYvarnmost anomnly Yas Rttributeci
to mntascilikentr)iirdrica 5.,clriFtsetc. ftreac La$Jir.:u to te

Starn mine cuta trough the larrest anca.alv, a.nd1a thc roac cuts
there can be seen -alahrn mnd nafie rorites with very Ininor disseminated
sulfides.

Lnowa1“ bb. 11: This is one cf -ne larcest ancrifl1iesturne up by
Terratest. .rbeir ,2x^lanaticT.for it thdt it could hVC been

causeri hv a y,raphitic schist zone. tsseciate(: with this anomaly
is d com;)licated ma;netic disturban0c. The area is Ihostly crift
covered and fle best exoos-,..resnecur
investi;ated ts •noaly in 1172 yitILImar. aur: and snowoO that
3 awwalous zones axisted. On the basis of this nE* informetion,
two peochemical nrofiles were nut in by 7.F. Tan, the results of
which are ”endirv. Further geological investLations by Ryan and
\1/21sonof this araa revealed an ultrarnafic body with cikalcopyrite
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and :yrrLotite. Frc.., the rounL ycoehysical uap tbis zone is
_ lonc, aud 40 ru wide. ?ssays of the samples are rien-din-. This is the uost enCOUra'iflY anomaly investnated in the“rea, anu the minaraliation has pot bc'en known to thejGint venture 3artieSpants hefore this investiretion. It ha'sLeer flclItrdtl-scRywil anonaly.

Anci:Ld1v jcp. 13: Terratest aLtributes this anor.aly tc
unmanetic rvrrotite. It is ielt tbat tnts is a reter

di3o dealt uitn P,ran
in Jul marn)in and subsequent rel'ort.

AnoTe1” Tefrate3t's ex213nation for this anonaly is taatit- is ce3.usc-4 73.aretite contanr. Field observons were re-stricted by beavy drift cover the Dotto;rt of the valley.
However, one outcrcy'?inp was founc. ro contain scarteree
(JulfL.*,s. Profile ;Tas crInL.the results bl nueL or

Anomall2lo. 15: hus is tne J)3rtad araa and has previousli4tcn t

Ancmalv Nos. 17 and 18 are in a drift covered area ant no exnia-nation has been founci for its occrrrnee. or tJjen infor—




maticri will be 3iven by Ryan.

Anoma.1 No. 19: rfnis anomaly i3 the Anch-,eanH2r, area und hash3cil D2vi0ds1v clea1r

Mo-ai' Ilo. 2Go The Vesl.:...2 iuirle. Ternritest re-:orts that because8? the low amplitude and size of the anomaly, littn inaralizationcou1d be ex7eoted to remain. Su1fila1n has mv stir red t7iL: oldshorrinj urevious to Terratest,and :HoPhysics have niven c.hasame cohclusioh.

Az:oi:a1 do. 21: rerratest su;:.est..3 Eincualv has beercaused by human activity. Ground investiations were restrictedbecause of drift, cover, but a number of large blocks of ultra-ba.sica ,:era• cohtainirl sparsely (:iGsaninated sulfidcs.

AnoruiL -o, 22: inine was fou op theTerratect Juai), but a shc.:;.ru was founzi on
bctween t‘.,c; swaps. Norsl: '.vdro has donr sant rrourd ~eo-physics over‘ tJuis si;owinE ui twc rno:falice k'etr,reen
543 3 ank,. IDO0 S.
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Althoughthere at the time of writing is no clear cut pic-
ture of the geologicalsituationat Andreasberg,one may
come out of the mappingby Ryan. However,there still re-
mains a problem of the quantityof nickel,and copper in
surfacemineralization. It may be of interestto see what
the mise-1-1a-massemethod would turn up with respectto re-
miiningore in the Andreasbergmine. It seems thoughthat
this area aleo wants investigationvia a reliablegeophysical
methodwhose resultsgive the least amount of ambiguity. In
the event that this is unobtainable,then, as suggestedfor
the Stang area, a series of trencheswould appearto be the
only way to solve these questionsshort of drilling. As, at
Stang,thenchingof this kind would facilitatemappingof a
cross-sectionalnature,and samplingof any encountered
mineralizedhorizone.

The Jørstadmise-A-la-massehas shown that there exists
120,000m2 surface area of conductorpresent. Drillinghas
shown that there exists .3% Ni, with good NitS ratioes.
There remains a questionof whetherthere exists a massive
sulfidezone. To date the geologicalsituationappeareto
be more complexthan shown by Vokes-Vrålstad. Perhapsthese
complexitieswill be enliFhtenedby Ryan. However, in the
event they are, not, then it is doubtfulthat trenching,
as previouslymc,ntioned,would prove as useful. Rather, it
is felt, what is needed is anothergeophysicalsurveythat
will give better definitionof the anomalies,and pinpoint
where anv,massivehorizonmay exist, or define zones where dis-
seminated:sulfidesmay exist to the extent of potentialarea
for an open cast mine.

Anomalyarea 11 - the Rywil anomaly. As this anomalyhas been
checkedout on the groundby Mag./EMno furthergeophysicsis
recommendedat this time. Geochemistryin the form of rock
and soil may give a better indicationof the grade of nickel
and copperthat exists there. As the ground geophysicsgave
a good indicationof the surfacearea of this anomaly,(4800 m')
it would be of interestto know what the down dip extensionof
this zone is. (IP?)

No additicnalwork shouldbe conductedin other anomaliesun-
less signiicant geochemicalresults are reportedby T.H. Tan.

Should any drillingbe donductedin Espedalen,it may be of
interestto check out some of the Dritua anomaly.

Skuowledgitmenis
Many thanks go to Mrs. Eva Lie-Nielsenwho was kind •nough to
verballytranslatereporteby Vokes- Vrålstadand Terratest.
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1 1 16.65 - 18.06 1,41 o,12 0,03 1,,
29 1 18.o6 - 2o.5o 2.44 0,06 o,o2 o,2
30 1 20.50 - 23.00 2.50 0.05 o.o2 0.1

2 1 23.00 - 24.44 1.44 0.09 o.o5 1.5
31 1 24.44 - 27.00 2.54 0.17 0.09 1.,
32 i 27.00 - 29.4o 2.40 o.o9 0.05 1.1

3 i 29.4o - 30.75 1.35 0.19 o.o8




4 i 3o.75 - 33.95 3.2o 0.41 o.16 6.6
33 1 33.95 - 38.8o 4.85 o.o6 o.o5 o.7
34 1 38.8o - 41.2o 2.4o o.27 o.12 2.0

5 2 8.00 - 11.00 3.00 o.36 o.12 .J.0
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