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A/SSULFIDMALM

fot PFalconbridge Nikkelverk A/S,
Promt: P, Kixsn, A/S Sulfidmalm.

3 S¥ifidmsls Engsdandso Project feport on Investigaidons Sarried Qut on
3 LS dsheia Props in 1970 Vith a Sunmary of the Preceding Years' Worke.

Intpoduction

Sulfidwalm were approached in the susmer of 1968 by Th. Gsutestad regarding
this copper property. Gautestad was acting on behalf of the owmers, John Loland
and Torkjell Brandsdal.

Sulfidmalm have now an agreement with the above-mentioned gentlemen, giving us
full prespecting rights for 3 years and first option on an eventual sale of the
property.

tion

Engelandsheia lies approximately 20 im W.~N.W, of Kristiansand. Accessibility
and approach are exoellent, the deposit being enly 15 mins. by foot frem the
nearest road. The property liss approximately 10 km to the south of the
southern limits of the Evje-Iveland basic complex.

The height of the deposit above sea level is approx. 250 m., the terrain being
locally quite rugged, heavily dissected and forested,

914 Moriings

In all probebility cld workings here date from 1917, A 4 x 4m shaft has been
sunk to a depth of 20m. In from the outcrop of the mineralisation there have
been driven two adits, the distance betwesn them being 17m., The scuthernmost
is 20m Jong and a shaft sunk in this adit possibly commected with a raise driven
from the main shaft, The northernmost adit is approximately 20 m long.

No producticn has been carried out here and all workings reflect an investigation
of the vertical and lateral contimuations of the mineralisatiom.

The tips are quite extensive and consist almost entirely of minmeralised bloeks.

Surfage Showings

The old workings have been carried out om the outcrop of the mineralisation
which carries pyrrhoiite, chalcopyrite and pyrite, together with magnstite.
The sulphides are in part messive and in part as impregnation, being exposed
over a length of approximately 40 m in a steep rock wall which lies on the
western side of a N,2,/8,¥. running swamp., The host rock is an amphibolite/
hornblende gneiss, The mineraliszation wedges out towards M.Z, and disappears
under the ssamp to the 3,W,

In the morthernmost adit massive sulphides ars seen to be conmeoted to shear
BONBS.
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Bothmuumdug tion are types are present. The ore is of
pprrhotite (0 to chalcopyrite (1 to 10%), magnetite (5 to 1%¢) and in
places pyrite (up to )

In all mineralisation types pyrrhotite is the dominant sulphide mineral, Some
blocks show some pyrite but generally this mineral seems to be subordinate.

In a polished section of a massivs ore taken from the tips Overwien recorded
the following minerals:

i‘g’s (somewhat altered to marcasite)

1%
1% {probably hornblende)

The magnetite ocours as rounded grains with an average diamster of 1 mm and seems
to be cut by the sulphides as well as by the silicateminerals. Pyrrhotite with
an average grain sise of 3 mm cuts magnetite and silicate. Chalecopyrite with
grain sise of 1.5m is eeen to out all other minerals.

i

Two samples of massive ore from the tips and a sample with sulphide impregnation
from the nmorthermmost adit gave the following asssy results:
¥o Type N Co Cu Fe 3
WQS impregration 0.0 0.02 0.24 25.5 11.6
BGH/68-2 massive 0,03 0.04 2.2 60,5 ¢ R4
EGH/6B=1  messive 0,08 004 105 5.5 3.0

From the analyses it can be seen that it is the copper comtent which is of
economic interest,

Geollogieal Loeation

Regionally spealdng, Engelandsheia lies in a Pre~Cambrian ares which is dominated
by '/mn‘.lt.tc wisses and associated migmatitic rocke. The regiomal foliation
is N/8,

The rocks in the actual property location, howsver, consist of amphibolites, both
foliated and massive varieties, Pegmatites and aplitic dykes are common, These
cut the amphibolites, whioch are, in places, due to slight granitisation, of
hornblende gneiss composition.

Foliation variss but is domimantly N/5 with dips being to the west,

LEVESTIGATIONS IN 1963,
Seslogieal investigations

Fo giological investigations were carried out, except for some brief notes made
around the actual workings,

Seophysica) Investigations

These consisted of an K.M, survey together with some exploratory magnetometer
profiles,

A base line (¥ 41°% (N 4%° magn, ©)) was pegged cut with the sero poinmt at the
shaft

2,
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The 40z cable was used and the distance between profiles was 20m,

The highly dissected terrain plus some external interference complicated this
survey, severel conductors, however, were located. See enclosed map 1.

Seochesical lnvestigations

A total of 72 soil samples were taleen in the vicinity of the old workings., These
were analysed for Cu and by Atomic adsorbtion, Taking a threshold value of

7 pepsis {established by Band for this area in &7) several anomalous areas were
apparent, In some cases values as high =3 1900 p.p.u. were recorded,

The geochemical results compared quite wall with the conductive sones recorded
Yy E.M; and a combined interpretation suggested three areas to be of interests

le A comtimuation of the cutcropped mineralisation in a S,W, direction along
the swamp line,

2¢ A sons running o N¥W, from the shaft (a contimuation of the
southermmost adit),

9« An ares to the west of the shaft. E.M, indicated several short conduttors
and seil sampling gave indications of irregular mineralisation,

At the end of 1968 E, Overwien in a report to Dir, Jahnsen concluded that the
properiy was of littls economic interest,

LEESTIGATIONS 1N 1969

In spite of Overwien's negative report it was decided to continue investigations
in 1969, More thorough magnetic and geochemical surveys were carried out,

Maguetic Survey

An area of approx, (.95km* was coversd., Profiles were taken for every 20m,
msasuremsnts for every 10 or § m, Somsthing in the region of 700 observations
weres taken and the results plotted in the form of a contour map in scals 131000,
See enclosed map,

Several interesting positive and negative ancmalies were recorded., The asphibo-
litic rocks in the gemeral area were now known to contain a good deal of magnetite
scmovhat erratically distributed, This and the fast that the N.G.U. type G.M,

59 A magnetomster has not & great depth penetration makes results diffiecult to
interpret from an economic point of view,

Seochenistsy

S04l samples were taken in the same grid net as the magmtomster observations.
The results were plotted on a contour map in scale 111000,

Mmunntmuhmuth large values > 200 ppm coourring
to the N,W, of the main shaft. The main anomaly seems to trend roughly in an
B/ direction, this fitting in with ome of the possible magnetic trends,
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DIVESTIGATIONS IN 1370
Siresn Sediments

Stream sediments were collected in an area of approx. 100 ku’ around the
Engelandsheia property. A total of 92 samples were collected, The ~80 mesh
fraction was amalysed for ii and Cu. Rather surprisingly, 60 of the samples com-
tthunthm'@mﬂuhiehnnthbmkpmmdm.omuhtﬁbyk.mm
1968, 4 samples oontain over 100 ppm i, The copper values contain generally
lower vAlues than N, 8 samples contain over 30 ppm Cu and thess show also a
high ¥i content, (ses enclosed map)

The Engelandsheia copper deposit would not have been found by this survey.
The high M arcas will be followed up in 1971,

Seclogical mapping

This consisted of detailsd mapping in the gridmet around the prospect at Engelande-
heis together with investigations of scew seromagnetic ancmalies in the general

area., Nost of these anomalies can be explained by ispregnation of magnetite in
various gneiesic rocks,

Detailed mapping shows that the dominant rock types that outerop in the vicinity
of the mineralisation are amphibolits and pegmatite, The arphidolite is fairly
=wassive, 2lthougb in the vieinity of pegmatites is often migmatitic and somswhat
granitised, Folistion is in places developsd and is deminantly 3/S with a westerly
dip. Seversl sones of garmetifercus amphibolite were observed and in ome such
sone to the N, of the shaft traces of pyrrhotits and chalcopyrite were cbserved,
The asphibolites and in some places the pegmatites contain an irregular magnetite
content, varying from coarse blebs to fine gr. impregnatiom.

The basic rocks at Sngelandsheis are interpreted as being of an intrusive origin,
lying in sigmatic and granitic gnelsses.

RS S AP
Dismond drilling was planned to investigate some of the £,M, anomalies recorded

in 1968, and in order to collect fresh mineralised sasples if possible. Three
holes to a cosbined depth of 08,32m were drilled.

Hole Location Dip  Direction Length

1 100/B0w 35 90° nag. U640 B

2 88N/200 45 £7.5° mage. 61440 m

3 400/28w 50 109,5° mage 100,52 m

E

The main rock types intersected in the drill cores coensist of amphibolitic
varietics and pegmatitic varieties,

mmmunmnqmmnnwrommmomnummwof
pegmatites are altered and have undergone some granitisation,

Garnets are developed in some sections, Magnetite is freely developed and is
mnmmmw.dmnnuductimmhawmunmhrduyﬂohh
M(,,mo
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Pegmatites and aplitss are very mmmerous and of the 00m drilled 109,5im eonsisted
of thess rocks, The pegmatites are younger than the amphibolites and often show
sharp intrusive cemtacts., In some cases the contact sones are slightly sheared
and brecciation wvas also recorded,

Pogmatisation is also taken to be younger than the mineralization, and in one
ssction minsralised amphibolite inclusions are to be seen in a pegmatite,

Some shearing snd fracturing has been in progress after the intrusion of the
popaatites,

Xineralisation

minsrals seen in the drill cores were pyrrhotite, pyrite and shalco~

prite, Pyrrhotite was by far the dominant sulphide, pyrite and chaleopyrite
being very subordinate,

These sulphide mineralisations occur as massive sulphidss, coarse medium and
fins gr, disseminations and stringers and fracture fillings, The medium and
finer graimed types are usually oriemtated parallel to the foliation,

Pour mineralised sones were intersected im hols no, 1l Arcund 18a = 20m there

is a slight ixpregmation of pyrite and pyrrhotite near the contact with a
pegmatite vein, Some pyrite is also prssent as fracture fillings the pegmatite
vhich in the contact acns shows scms evidence of brecclatiom. (. /, 2.2/

Between 50m and 56m is a nineralized sone consisting of somewhat massive sulphide
ere together with wealker dissemimation. Again pyrrhotite is dominant with chal-
copyrite occurring ae & very fins and uneven impregnation within the pyrrhotite
mineralisation, Magostite is also very dominant in this seetion with dlebs of
up to 1 em being noted, G /i 0./5

Another minerslised sone cocurs in amphibolite betwesen 65,90m and 70m, Here the
minerslisation is very uneven and irrsgular, fine to medium gre dissmmimations
parallel to the foliation, Pyrrhotite is again deminant, / 0.038

From 138,22 = 138,60 the rock runs sbout 2¢ sulphides as fine disssxinations of
prrrhotite together with a few coarser blebs of chaleopyrite, &/ 0.3

In hols no. 2 & mineralised sone was picked up betwesn 8,70 and 9.70 in amphibo-
lites. The mimeralisation begins with a fine dissemination of pyrrhotite
parallel to the foliatiom with in places larger blebs of chalcopyrite, which is
the later sulphide. A couple of specks of pyrite were noted, Around 9.00m the ®

s becoms more mumsrous and larger concemtrations of pyrrhotite and chalso~
pprite are developed whioh cut acress the foliatiom. Analyses showed the Cu
centent to be very low - 0,075

An aplite vein at 9.71-u.5mmmr70mmma1mofmm1ud
rock of the sane type as mentioned above. The Cu content here running

coumt.ry
0 0053 Cue

From 13,00 = 15,85 the hols cut an uneven mdneralisation of pyrrhotite with miner
chalecopyrite ranging from fime dissemination to coarse blebs, Cu 0,21%
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Hols noe 3 which was put down mear the old workings intersected the following
zineralisationss

From 21470 = 22445 & blotite rich garnetifercus amphibolite contains 2-5¢ pyrrho~
tite with minor chaloopyrite. Magnstite blebs are alsc presenmt, in
the form of small disseminations and stringers parallel to the foliation.

Between 31.04 and 35,50 amphibolites carry a very fine, week dissemination of
Wrrhotiie vith very minor chalcopyrite.

A quarts dyis carriss betwsen 35.00 and 36,10 massive pyrrhotite with scms clumps
of cps The same mineralization typs is pressnt between 40,73 and 40.44m. vhere
the quarts dyke is seen to be intrusive intc mineralised amphibolites, In both
cases the quarts is fine grained and has s distinot greenish hue,

Betwesn 45,32 and 50.00m a fairly massive amphibolite carries a very fine gr.
;ﬁ::.d- dissexination again dominantly pyrrhotite but with noticeable chalco~

Between 52,92 and 53.,26m the same massive amphibdolite carries up to 10f dis~
seminated sulphides, Pyrrhotite and pyrite are in equal amounts with chalcopyrite
s the minor sulphide Cu ¥ is 0,20,

Between 87.00 and 85,00m a strongly granitized and aplitiszed amphidolite contains
fine disseminations and stringers of sulphides, stringers being dominant in the
latter half of the section., The dominant sulphide here is pyrite.

A similar type of mineralisation 1s present between 93 and 94m,.

Hagnatite is present in all rock types and is somewhat erratically distributed,
although it temds to be eomsentrated together with the sulphides,



® @

Hols Dip Seaple Core length m. TR Co % Cu £ Zn ¥ Fe % sg
1 m.g - 19.34 0.76 0.010 0.004 0.021 0.017 11.5 0463
1 49,88 -~ 53.% 415 0,005 0,003 o.%s o.ggg 153 143
1 53.0 = 54.25 0.9% 04015 0.014 Oe Os 25.2 6.2
1 54425 = 55400 0.75 0,010 04004 0.093 o 17. 1.6
i - - 55'33 0'153 3.006 g.oog 8.0338 0. %z b 5e3

) - ° - » ™ 0. e 1.2
1\ 13¥.22 - 1%.60 3.38 0.8'32 0 0el3 0 o { 2.9
2 8.70 = 9.70 1,00 o.ggz 0,005 0.075 0 13.0 2,2
2 lo.m - 10' 0. 0. 0.&3 0.%3 0. ‘.7 1.2
2 13.00 = 15. 2. 04007 0,009 0.21 0.1 20,2 442
2 15.85 = 17.00 1.1 0,00 0,003 04008 0,026 10.5 0.29
3 2042 ~ 21,70 1 0 0.003 0.013 0 9.5 0449
3 21,70 - zz..gg 0.7% 0,006 O, 0,063 0 17 3.00
3 N8 - 32 044 0,006 0 0. 0,081 U. 4.2
3 3220 = PO 3e22 0.006 0.001 0.323 0.14 1.4 1.8
3 395.80 ~ 35,10 0.0 0.028 0.026 0.71 0,032 42,0 20,0
3 40.33 - 40.87 o.a 0,010 0.034 0.20 0.032 40.7 23.0
3 45.32 — ‘jO.(D 4. 04 0.001 0019 0.024 19.9 0«72
3 G2 = §3.26 0. 0 0.021 0420 0.029 15.3 1.3
3 00 = 00 1.00 0.‘”{ 0.&4 0 0-027 10.9 1.0
3 93.00 = 94,00 1,00 0.005 0,004 04015 0,024 1.0 0.43

W1YWAIdINs §/¥

o)
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Tha aseay results confirmed the visual observations that pyrrhotite is the

dominant sulphide with chaleopyrite being only of minor importance. Of the 21
sarples analyssd, only 1 contains over 0.5% Cu and only J contain over 0,17 Cu.
The pyrrhotite is non-nickelifercus and the cobalt and sink values are not of

any economic significance.

Ths following meterages assay at over 0.1f Cu.

% - 55 (5e 0d5% Cu

130.22m = 135.60m (0.Fm) 0.1F Cu
2

i'%?\?- (4=) 0.15¢ Cu

= 36410m (0,30m) 0,71% Ou
40.73m - 40.07m (0-&) 04208 Cu
45.% g Tou (40 ) 0.1% Cu
f2.92m = 53.26m (0434m)} 0,208 Cu
Sopelusion

The opsration can be regarded as being geologically sucoessful in that diamond
drilling verified the results of geophysieal and gecchemical surveys. As can be
seen {rom the Arill sections, 5.X. anomalies cbserved can be correlated with
sulphide mimeralizstions intersected,

From an economic viewpoimt, howsver, the results have been negative, the minersli-
sathons intersected have been of falrly small extent and dominantly pyrrhotite
(non=nickeliferous with copper being minor).

Taking into acecunt the gemeral geclogical set~up and the results of investigations
so far completed, it is suggested that the Ingeslandshela property is of mo
esconomic significance and that activity should be discontimued,

b hidorn

i/ e
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