alp
X

Bergvesenet

Postboks 3021, 7002 Trondheim

Rapportarkivet

i Bergvesenet rapport nr Intern Journal nr Internt arkiv nr Rapport lokalisering Gradering
BV 3528 Trondheim
Kommer fra ..arkiv Ekstern rapport nr Oversendt fra Fortrolig pga Fortrolig fra dato:
Sul 502/79/30
|
Tittel
Status report, South Pasvik 1979
Forfatter Dato Bedrift
Nixon, F. (0802 198 ] | Sulfidmalm A/8
Lieungh, B, Sydvaranger A/S
Hansen
Kommune Fylke Bergdistrikt 1: 50 000 kartblad 1: 250 000 kartblad
Sgr-Varanger Finnmark Troms og 23332
Finnmark 23333
Fagomrade Dokument type Forekomster
Geologi
Geofysikk
Geokjemi
Boring
Rastofftype Emneord
Malm/metall Ni

Sammendrag




E el -

NY)/L&Q( C’_(C&_\.V\-«. e Coral

1P Guogunall —Gdpeiel |8 cacan

Ll — Elc
Mag - accodel —verp. grouv —o,

re, JOQ)_SPLJJFC-—), L&“FQ

(opi cw/wuug ~ngag (Y7 & - 680,

atL. vl .

Okf‘?% Shctrery peeanz 240 000,
Ure 2 ol Bddadeyg .

(5> CNTI (o &W
(a,j Vot ! oy S oot s



WA Lems

RAPPORT TIL BERCVERKSKONTORET, INDUSTRIDEPARTEMENTET, ANGAENDE MALM-
LETING I SYD PASVIK 1979 UTFZRT AV A/S SULFIDMALM/A/S SYDVARANGER

Innledning

Undersekelsene i Syd Pasvik er en fortsettelse av det arbeid
som ble oppstartet av selskapene i 1977 da rike nikkelblokker ble
funnet i et omrade ved Remlingés.

Selskapene har de siste arene mottatt stette til underseokelsene

fra prospekteringsfondet for Nord Norge.

Ved slutten av 1978 sesongen mente vi at vi begynte & fd en mye
bedre forstdelse av de forskjellige geo-aspekter i detie omriddet, men
selv om vi allerede hadde lokalisert flere lovende objekter, mente vi
at en oppfolgning og intensivering av de metoder vi tidligere hadde
benyttet var det riktige for & fa lest de forskjellige problemer

foer vi satte i gang med en mere omfattende diamantboring.

Arets undersakelser

Felgende arbeidsprogram ble utfert i 1979.

1. Petrologiske og kjemiske undersekelser av de ultramafiske
blokker og blottninger.

Geologisk kartlegging og bleokkleting.
Kvartaergeologiske undersekelser

e 2
Bakkegeofysikk: - magnetiske og V.L.F. malinger over 65 km~
med 100 m profil avstand.

Oppfelgende I.P. og resistivitetsmalinger.

Analysering og tolkning av ca. 2000 morene prever innsamlet
i 1978.

7. Fortsatt innsamling av geokjemiske prever: - 6000 overflate
moreneprover og 230 dyp morenepraver.

8. Et mindre diamantboreprogram av 533 m ble utfart.

Resultatene

Resultatene av arbeidet i 1979 er vedlagt i rapport og kan opp-
summeres slik

A. Regicnalt-geologisk sett er Syd-Pasvik lokalisert i et komplekst,
foldet og heyt metamorft omraéde av Archaeiske bergarter. Berg-
artstyper som er paviste er blant annet granittiske gneisser,
glimmerskifer, amfibolitter, grafitt horizonter og magnetkisrik
granat ferende amfibolitter. Intrusive bergarter inkluderer

metaperidotitter og olivin gabbroer.

Omradet kan sammenlignes med omrader av lignende geologi i U.S.S.R.



mot est og Finland mot vest. I Sovjet ved Allarachensk (ca.
40 km mot eost) forekommer nikkelferende ultramafiske bergarter
som er gjenstand for drift.

De ultramafiske blokker i Syd Pasvik kan inndeles i folgende
grupper basert pa petrografi og kjemi.
1) Peridotitter
la) Serpentinitter
2) Amfibole-pyroxenitter
3) 0livin gabbroer
4) Amfibolitter
5) Andre

De blokker som har et betydelig nikkelinnhold faller inn i

peridotittgruppen og er hovedsakelig harzburgitter.

Basert pa en tolkning av petrografien, kjemien og beliggenheten
av blokkene er peridotittene og pyroxenittene antatt a4 vare deler
av en differensiert ultramafisk kropp eller kropper. For a
kunne ha gjennomgatt differensiering og akkumulering av en sul-
fidfase i peridotitten, ma en slik kropp ha blitt intrudert som
en tykk sill eller ekstrudert som en tykk ultramafisk lava. Hvis
vi forestiller oss det geologiske milje Tor deformasjon og meta-
morfose, er det mest sannsynlig at flere siller ble intrudert mer
eller mindre ved samme nivad og at disse er blitt brukket opp av

senere folding og deformasjon.

En tolkning av bakkegeofysikken (V.L.F. og mag.) sammen med kart-
legging av de & blottninger i omrddet og resultater av begrenset

diamantboring tyder pa at en sone av ultramafiske kropper opptrer

over en strekning av ca. 10 km i forbindelse med biotitt granittis-

ke gneisser, glimmer skifer og amfibolitter i den sakalte "Gjek-
vannsonen'". Kartlegging indikerer at denne sonen fortsetter

videre nordest over ca. 10 km for den forsvinner inn i Sovjet.

Mesteparten av peridotittblokkene, inkludert de nikkelrike, er
lokalisert i eller i nerheten av denne sonen. Det samme er til-
fellet for de peridotitt/serpentinittiske blottninger samt ultra-
mafiske kropper patruffet i borehull. Andre plasser i omréadet

er fordeling av peridotitt og pyroxenitt blokker mer sporadisk.

Vi mener na at magnetiske malinger plukker opp ultramafiske berg-



arter. Ved ferste eyekast synes disse & viere smd og isolerte,
men mer detal jert tolkning indikerer at de representerer opp-
brukne (forkastede - boudinerte) deler av sterre kropper og
derfor har mer kontinuitet. Diamantboring av en glik kropp
ved Blankvann har ogsa indikert ultrabasittene til 4 vare ut-
holdende langs etter fallet.

De forskjellige elektriske metoder anvendt hittil gir bare be-
grenset korrelasjon med magnetiske anomalier. E.M. anomalier som
er diamantboret er forarsaket av grafitt og/eller magnetkis.

Man m& dog ikke glemme at i dette heymetamorfe omridet (evre
amfibolitt) kan sulfidmineralisering som er remobilisert fra
ultrabasitten finnes i omgiverde bergarter. Slike minerali-
seringer kan forarsake E.M. anomalier uten korrelasjon med

magnetiske.

Fra et pgeofysisk synspunkt er ferste prioritet magnetiske ano-
malier - som avspeiler ultramafiske bergarter - men ancmalier med
co-ineident eller tilstetende E.M. anomalier er av ekstra in-
teresse.

Hoved isretning i omradet er SV-NO 25—350, pavist ved skuring.
Men under den siste fasen av glasiering har det vart isbevegel-
ser i flere retninger. Disse er paviste ved studier av fabric

i morenen og av studier av De Geer morenens oppbygning.

I nzrheten av Remlingasblokkene har isen beveget seg rett est,

mens den nar Blankvannblokkene har hatt en nordvestlig retning.

En slik variasjon av isbevegelse er veldig viktig med hensyn ﬁil
blokktransport i omradet og i eyeblikket synes det & vare 3 mu-

ligheter nar det gjelder transportretning av de rike nikkelblok-
kene.

1. Med hovedisbevegelsen, dvs. 25-35%

2. Transport med yngre bevegelse - som indikert ved skuring,
fabric analyse og oppbygging av DeGeer morener.

3. En kombinasjon av 1 og 2.

Angaende transportlengden av blokkene er hovedinntrykket at
blokkene ikke er transportert langt. Dette baseres hlant annet
pa at blokkene er relativt store, lite forvittret og ved Rem-
lingas danner en "blokk-skole' med mange nye blokker over et

lite omrade. Blokkenes fordeling med ingen nikkelblokker i de
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F.

store blokkrygger lenger syd, peker ogsa pa kort transport.

Basert pa det ovenfornevnte er det konkludert at de magnetiske
og elektromagnetiske anomalier i forbindelse med Gjekvannsonen
er de beste mal for & finne bade kilden til nikkelblokkene og
blindmineralisering av samme typen. Et omfattende boreprogram
skal utferes i dette omradet i 1980

i, lkdh
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1. INTRODUCTION

The South Pasvik area of the East Finnmark Pre Cambrian
region became of immediate interest for nickel exploration with
the discovery in 1977 of several erratic blocks of mineralized
ultramafic material containing up to 4% Ni.

Work in 1978 led to the discovery of several hundred ultra-
mafic boulders and a new '"area" of 3 nickel boulders (3% Ni) was
located. Magnetic surveys outlined anomalies which were thought
to represent ultrabasic bedies, E.M. however gave no good corre-
lation with the magnetics but picked up graphite and pyrrhotite
zones. These geophysical results were confirmed by three short
drill holes.

2.WORK CARRIED OQuT IN 1979

A} Petrolegical and chemical investigations of the Pasvilk ul-

tramafic suite (reported by C.J.A. Coats 1.6.79).

B) Geclogical mapping and boulder tracing.
C) Quacernary geolegical investigations.

. = ; : 2 ' .
D) Ground magnetics and V.L.F. (65 km“~ covered on 100 m line

spacing).
E) Follow up I.¥V. and resistivity surveys over selected areas.

F) Analysis and interpretation of 1915 shallow till samples
from 1978,

G) Continued geochemical shallow till sampling over magnetic
anomaly zone completed with some 6000 samples. A deep till
sampling program with some 229 samples over a selected area

wag also completed.

H) A limited drilling program to test magnetic anomalies and

to establish structure of the ultramafics was carried out.

3. REGIONAL GEQLOGICAL SETTING

The Pasvik region lies at the north-west extremity of the
Kola Peninsula In the Kola Peninsula five regions of copper-
nickel mineralization exist: Petsamo, Allarachensk, Menchegorsk,

Imandre-Varzug and Lovnoozero.




The first four areas are located within or near to the so-
called Pechenga-Varzug mobile belt, a fold belt of Proterozoic
age built up of rocks of the spilite-keratophyre and dizbase
associations with layers of phylites, sandstones and tuffites.
The belt which strikes in a NW directicn along the central por-
tion of the entire Kola Peninsula crosses the Morwegian border
in the Pasvik area, continues into Finland and comes into Norway
in the Polmak area before running under the Eocambrian cover.

It comprises a deep-seated tectonic trench which developed du-
ring early Protercozoic along a system of graben-like Archaen
blocks.

The nickel bearing intrusions which are usually in the form
of interlayered bodies are mainly located along the surface of
layering and shearing within the deformed tuffogenic sedimentary
sequence (Petsamo) or along breaks at their contact with the
underlying gneisses (Monchegorsk). Less frequently the deposits
are confined near fractures in the adjacent Archaen blocks (Allar-
achensk) .

The two areas of deposits in the U.S.S.R. which are of most
interest with regard to nickel potential in Norway are the Pet-
samo and Allarachensk areas. The Petsamo nickel field lies 5-
30 km from the Norwegian border and its continuation passes into
Norway at Skogfoss (see earlier reports). The Allarachensk area
is located some 40 km from the border and this area is considered
analogous to the South Pasvik region discussed in this report.

In the Allarachensk area the sulphide containing ultrabasic
intrusives have the form of small conformable bodies emplaced
within the lower Archaen rocks of the Kola Series (biotite and
amphibole-biotite gneisses, feldspathic amphibolites, granites
and granitic gneisses).

The Allarachensk deposit is associated with a synclinal
structure in the SW limb of a domal structure and adjacent to
a NME striking regional fault. .

The deposit consists of two ore bodies associated with two
ultramafic intrusives (peridotite-harzburgite) that are confor-
mable with the enclosing country rocks. The main ultramafic is
¢longated and saucer-shaped with a lengtk of 1000 m and thickness
varying between 2-20 m. Three types of mineralization occur:

A) Disseminated ores.

B) Massive and breccia remobilized ores (up to 17% Ni)

C) Disseminated mireralizatien in country rocks,




Plate 1 shows a generalized geological map of the region.
As will be noted the main concentration of nickel deposits
are located in the Proterozoic Petsame formation where they
are associated with serpentinized peridotites.

The two deposits at Allarachensk are alsc shown. In
addition to these deposits Russian sources have shown nume-
rous ultramafics in the southern Archean block of which some

20 are Known to carry nickel mineralization.




LOCAL GEQLOGY

Lack of outcrop makes interpretation of the local geo-
logy difficult but based on the few available outcrops, nume-
rous boulder finds, limited diamond drilling and an interpre-
tation of geophysical data some relationships can be suggested.

The area is composed of a complexly folded and high
grade metamorphic area of Archaen rocks and is contiguous with
similar geology to the east .in the USSR and to the west in
Finland. The grade of metamorphism is probably upper amphi-
beolite.

The greater part of the South Pasvik area is composed
of a mixture of essentially granitic gneisces and migmatitic
rocks derived from there. These rocks often exhibit banding
vith quartz-feldspar rich bands alternating with more biotite
rich bands. The rocks usually have a dominant reddish colour
and are often cut by pegnmatite dykes. Other types although
essentially granitic gneisses contain varying amounts of mica
and amphibole.

In the centre of the area geophysical (magnetic and
VLF) indications and drill heole data coupled with a few out-
crops suggest the occurrence of a zone of mica schists, amphi-
bolites and garnetiferous amphibolites with associated graphite
and pyrrhotite zones. This zone has been termed the Gjekvann
zene and seems to be present throughout our area possibly be-
ing disrupted by the Tomamoen fault. To the north of the fault
the strike of the zone is N/S with a dominant westerly dip whilst
to the south of the fault the zone would appear to be more dif-
fuse and broken up.

To the east and perhaps in association with this zone
are outcrops of a mica bearing white coloured granitic gneiss.
From the distribution of the high magnetic values and the di-
stribution of ultramafic beoulders and ultramafic intersections
in drill holes it would appear that peridotite intrusions are
associated with or near to this Gjekvann zone.

It is felt that the Gjekvann zone represents a yocunger
Archaen unit and due to the uliramafic association has a high
nickel potential.



Another geological unit whiech is amplified by the geo-

physice is the Ellenvann zone; this is a NNW/SSE zone in the

western part of the area. Little is known of the geology but

amphibolites, mica schists, graphite bands and pyrrhotite bands

have bheen
this zone
formation
Limestone

In

encountered previously in this area. To the ncrth
now seems to continue under the Proterozoic Petsamo
and ultramafics hzce been found associated within it.
boulders have also been found in proximicy.

the extreme south of the area two outcrops of olivine

gabbro have been found. These and the petrology og the ultra-

mafics will be discussed in more detail in section 5.

Encleosure 2 shows the supposed limits of the Gjekvann

and Ellenvann zones.




S.

QUATERNARY INVESTIGATIONS

In this area of few outcrops and complicated and varied
glacial deposits it is felt that an understanding of the qua-
ternary geology is an essential part of the exploration activi-
ties.

Investigations have shown that the dominant glacial stri-
ation direction in the Pasvik area is between 25 and 35°. These
striations can be found in several places and cc?relate well
with investigations in neighbouring areas.

This 25-35° direction relates to a period when the ice
mass was of such a thickness that the topography caused only
minimum deflections to its direction of movement. Based on
the coarse nature of the striations and their regional extent,
it can be assumed that the related ice movement has been the
main movement in the area and has been of prime importance

for material transport on a regional scale.

The large esker systems in the main Pasvik Valley are more
or less parallel to the main ice movement and their develop-

ment probably started whilst the ice followed this direction.

As the ice mass became thinner its movements hecame more
and more inflluenced by the ground topography. These movements
however usually show only a limited regional extent and were
of a less duration than the main movement. They have left few
traces and are difficult to reconstruct. Usually in such re-
constructions fluting structures are most commonly used to-
gether with striations and fabric analysis. Fluting struc-
tures are considered good criteria - but unfortunately they
are not well developed in the area of interest and are thus

of little use.

Striation observations need outcrop of which there are
few in the area and again this is of little use. - Most of
cur gbservations have thus been based on fabric analysis of
till material which is the most uncertain and time consuming
method.




The most interesting result based on striation indicatioens
is the recognition of local deviation from the main ice-movenent.
Observations both ati Gjekvann and several places further nort
indicate clear divergence (up <o 900). This has been caused
by calving at the ice-front and indications point to a large
calving bay along the Tomamoen esker. Fabriec analysis also

support this, as do the distribution of De Geer moraines,

De Geer moraines are very characteristic to the area -
and especially of the area of the nickel-rich boulder finds.
In the literature there are several theories concerning the
association of De Geer moraines with the ice front and ice
movement but the results of our trenching through De Geer mo-
raines in Pasvik suggest that they were formed at and parallel
to the ice front.

The distribution of these De Geer moraines can provide us
*ith valuable clues in reconstructing the later movement stages
of the ice. The ice-mass must have moved at right angles to
the ice front and the De Geer moraines that are found westi of
the Tomamoen esker - near the Remlingds boulders - indicate
a meore easterly ice-movement during the last phase of meliing
in this area. 0On the eastern side of the esker movemernt has

been more westwards.

Such a variation of ice movement is no doubt of importance
when considering boulder transport in this region and three
possibilities at the present time suggest themselves.

1) Transport gith the main older ice-movement direction
i.e. 25-35".

2) Transport with younger movement i.e. as indicated
by fabric andat right angles to the De Geer moraines.

3) A combination of 1 and 2.

As regards length of transport, we have few hard facts but there
are certain indicatiens that the nickel boulders have not been

transported far i.e. their size, weathering and distribution.

Fig.1 shows the general glacial features of East Finnmark
and fig.?2 shows in carteoon form the glacial conditions around

the Ni boulder areas.
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BOULDER TRACING

I

ntroduction

In this area of extreme overburden cover boulder tracing
has proved an invaluable method of exploration, and has in-
deed led to the discovery of several nickel/copper bearing
ultramafic boulders.

The bulk of the boulder tracing was carried out in late
1977 and in 78 using beth conventional prospeciing techniques
for surface material and the use of a trained sulphide snif-
fing dog and a hand held Proxan E.il. unit for the discovery
of boulders covered by vegetation or at shallow depth in
the overburden.

In 1979 regional boulder tracing was carried out in
association with regional mangetic surveys and detailed
Proxan tracing was carried out in speciific areas.

The effecrts of the boulder-tracing program has resul-
ted in the discovery of several hundred boulders of basiec
and ultrabasic affinity. Each discovery was classified
megascopically in the field and the location colour-coded
on a topographic base map at 1:20 000 scale. Selected
mineralized boulders were analysed for Cu,Ni and S (table 1)

It soon became evident that more definitive documenta-
tion was needed on the large number of discovered ul trama-
fic boulders with the objective of classifying the rock
types present and to determine whether within the total
group ultramafic boulders of similar composition wculd de-
termine recognizable trains. From this it was hoped to iden-
tify a group which might represen: the source body or bodies
containing nickel sulphide mineralization. A zotal of 75
boulders (meant to give a good cross section of the total
boulder count) were selected for mieroscopic examination
and of these a total of 45 were selected for detailed chem-
ical analysis.

The results of this work was reporied by C.J.A. Coats
in June 79 and the following is a resume of the resulis

mentioned in this report.



Sample

4LN78
38EK78
43EK78
14EK78
78EK77
79EK77a
i b
c
" d
" e
80EK77a
M b
81EK77a
" b
88EK77a
" b

c
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TABLE 1

MINERALIZED BOULDERS

Rock type

Peridotite
Peridotite
Serpentinite
Peridotite

Syenite (wall rock)

Peridotite

Amphibolite

Amphibeolite

Peridotite

%N i

1.

Q.

Q.

26

.75

.0

.62

.67

15

.20

.10

.76

.1

43

68

.47

.82

.80

.02

.39

0.24

1.98
0.60
0.33
0.54
053

0.60

%Co

%S

1z

10.

.75

.28

na

S/Ni

o

.47
.93
32
.28
.68

.31

.07

.11

.10

.12

Cu/Cu+li

28
14

2
49
63
30
17
28
42
22

43

13
18
39
61

48

100
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6. II Petrology of the boulder suite

The Pasvik boulder suite can be subdivided petrographi-

cally and chemically into the following groups.

Group 1
L] 1A
3] 2

3
" 4
5

Peridotites
Serpentinites
Amphibole pyroxenites
Olivine gabbros
Amphibelites

Others

A Peridotites

Peridotites consist of harzburgites, lherzolites,

minor wehrlites and possibly some amphibole peridotites.

On a division of rock texture they form two distinet groups

which are referred to as metamorphic and magmatiec. Regard-

less of textural and compositional variations the perido-

tites have the common physical property of being very mag-

netic.

All of the nickel rich boulders fall inte this group

(with the exception of one in group 1A and one in group 5).

Estimated modal compositions are shown in table 2,

B Serpentines

Only two samples classified as serpentinite, one an

outcrop, the other a nickel rich boulder located near by.

Both show an absence of primary silicates and have dominant

antigorite. The serpentine-amphibole-sulphide association

in the mineralized bculder is comparable with the clivine-

amphibole-sulphide association of some of the mineralized

group 1 peridotites.

C Amphibeole pyroxenites

These rocks contain larger proportions of pyroxene

anc¢ amphibole and lesser olivine than the peridotite group.

In general their textures suggest an originailly high con-

tent of primary orthopyroxene a substantial portion of

which 1s now replaced ty amphibole.




TABLE 2

ESTIMATED MQODAL COMPOSITIONS OF GRQUP 1 PERIDOTITES

Sample 0L1V. SERP.  OPX. CPX. AMPH.  PHLOG.  CML. TC-CARB.  OPAQ.

1SP78 25 20 40 1 2 4 = Tr. 8

ALN78 25 - 107 E 30 15 == = 20

6K1978 20 - 20 - 50 - 3 2 -

17K178 30 15% : = 15+ - 10 20 5

27KM78 55 - 15 = 25 ~ - = -

38KM78 25 Tr 20 15 35 - - 2 3

41KM78 20 —- 15 - 55 - 3 2 5

1EK78 40 - 15 15 25 - - = 5

PEK78 35 - 5 - 35 20 2 1 2

3EK78 10 1 157 - 40 - 1 30 3 "

6EK78 20 5% 10 = 565% - 5 P 3 g
9AEK78 35 25 5 g 25 - - - 1 ;
13EK78 25 25 15 - 25 - - - 10 E
19EK78 20 15 10 = 45 % 5 - 5 e
23EK78 40 10% 10 - 35 > = - 3 E
34EK78 15 3% 20 - 1C - 20 1 1 .
39EK78 s 60 - 25 s 10 - - 5 g o
A4EK78 4 8 - - 85 - - - 3 o i
ATEK78 10 45% 157 - 20 5 - 1 a & §‘
SOEK78 10 - 25 - 62 2 - - 1 B =
TTEKT7 5 50 - - 40 - Tr = 5 =
80EK77 30 - s - 50 - 6 4 10 Ko
88EK78 85 = = = 10 - a - 1
106K 77 40 —~r - 20 A{) - - - 1

i A& R N A A 4 — = ol = 1

£l
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Variation in metamorphic textures suggest derivation
from more than one scurce.

Some of the group contain minor sulphide mineralization
(1 - 5 %) Highest nickel values are present in 3LN78 (0.22%
Ni) and 16K478 (0.23% Ni).

Magnetic susceptibility varies from weakly magnetic to
distinctly magnetic.

Estimated modal compositions are shewn in table 3.

Clivine gabbros - corona type

These are magmatic plutonic basic rocks which do not
display textures indicative of much metamorphism, microsco-
pically the textures displayed are uniquely characteristic
of this rock type. The principal silicate phases are oli-
vine, clinopyroxene, amphibole and plagioclase. Observed
variation in mineral composition may indicate that the source
body is a layered and differentiated type.

HMost of the samples {(including 2 outcrops) contain
some 3% sulphides with minor nickel and copper.
Magnetic susceptibility is weak.

Estimated modal compositions are shown in table 4.

Amphibolites

Amphibole rich rocks in which there is no recogni-

zable pyroxene.

Others

Only two samples are of interest. Sample 29EK78 a
rock of probable volcanic origin assayed 1.57% Cu and sample
78EK77 a small boulder of medium-course grained biotite
syenite with 2-5% disseminated sulphides assayed 0.67% Ni
and 1.12% Cu. The nickel content probably is derived from

sulphide mobilization adjacent to a mineralized peridotite.

In summary chemical evidence suggest that the peri-
dotites and pyroxenites (group 1 and 2) are related and that
the ceorona-type olivine gabbros have been derived from some

other unrelated plutonic intrusions. This is not to imply

that the peridotites and pyroxenites have been derived from



TABLE 3

BSTIMATED MODAL COMPOSITITONS OF GROUP 2 - AMPH. PYROXENITES

St

Sample OLIV. SERP. OPX. CPX. AMPH . PHLOG. CHL. TC. OPAQ.
3LN78 - - 10 - 70 - 10 5 5
10LN78 - - 10 - 80 - - - 10
16KM78 - - 10 - 70 - 5 - 15
18KIM78 - - - - 70 - - 25 5
23KM78 = - 35 ? 50 10 Tr - 5
29KM78 - - 20 = 65 5 - : 5
35KM78 15 - 40 - 35 5 - 1
A0KM78 2 - 60 - 35 = - - 3
18AEK78 - - 25 - 65 6 - ~ 3
32EK78 5 5 75 ~ 10 - - - 5
33EK78 10 5 70 - 10 - - - 5
36EK78 15 - 15 - 65 - 1 - 4

o

15 - 55 - - -

[ @]

49EK78 20



TABLE 4

ESTIMATED MODAL COMPOSITIONS, OLIVINE GABBRO CORONA TYPE

Sample OLIV. CPX. OPX. AMPH . BIOT. PLAG . OPAQUES.
3GK78 20 10 ~ 40 - 30 -
20KM78 5 35 - 45 - 5 10
22KM78 35 30 ~ 24 5 5 1
25KM78 30 5 - 34 1 10 -
39KM78 30 - 65 - - - 5 -
13EK77 45 3s - 19 - 1 -
26EK78 5 55 - 30 - 10 1
44EK77 50 10 ~ 15 - 20 5
S1EK77 45 13 - 20 - 20 2
55EK77 20 20 - 30 Tr 25 5
61EK77 50 15 - 20 - 15 Tr
6ALK77 20 35 10 10 1 20 4
72EK77 20 30 5 25 5 15 1
7AEK77 10 10 15 50 - 15 -
76EK77 - 15 10 60 - 10 5

67EKYY 25 20 - 15 1 5

91
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a single differentiated source, because metamorphic textural
differences do exist between members of these two groups.
One can infer therefore that there are a number cf ultra-
mafic source bodies each exhibiting a degree of magmatic
differentiation. A lower or basal peridotite zone and an

overlying pyroxenitic zone is compatible with the chemical

evidence.

Genersl conclusions

The boulders that contain significant nickel sulphide
mineralization belong to the peridotite group (essentially
harzburgites).

From the chemistry, petrology and intermixing of boul-
ders, the peridotites and orthopyroxenites are censidered
to represent parts of a differentiated ultramafic source or
number of sources. Such a body must have been intruded as
a si1l1l or extruded as a thick ultramafic flow to allow in-
situ differentiation and the accumulation of a sulphide
phase in the peridotite. Envisaging this environment prior
to metamorphism and deformation it is more than probale
that a number of sills could be intruded at about the same
horizon. However folding and deformation may have dis-
jointed an original single source body by large scale bou-
dinage effects.

The majority of the peridotite boulders including the
ones bearing significant nickel sulphide mineralization are
located near to or in association with the Gjekvann zone
mentioned above, -peridotite outcrops and peridotite inter-
sections in drill holes are also associated with this zone.
Otherwise in the area peridotite boulders and pyroxenite
boulders occur meore sporadically., Based on this evidence
plus geophysical and quarternary geological indications (see
above) the Gjekvann zone seems at the mement to have the
best potential for peridotites and as a source area for the
target boulders.

The distribution of olivine gabbro boulder trains

and two known outcrop locations and various reasons of
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of chemistry suggest that they do not constitute part of
the ultramafic source bodies which host the economically
significant sulphide mineralization.

All evidence now points to the conclusicn that the
securce of these beulders lies in the extreme south of the
Pasvik area near the Finnish Russian border in the area of
outcrop 34.KM.78 and 74.EK.77. It is not known whether
these outcrops represent exposures of smaller plutonic
bodies or of a large gabbroic body running along the border
area.

The olivine gabbros may be comparable to basic layered

intrusions of Proterozoic age farther to the northn in Finland.
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7. GEQPHYSICAL INVESTIGATIOINS

The geophysical methods that have been applied in the area
are as follows:

Ground magnetics.

. V.L.F., E.M.

Crone shoctback E.M.
I.P.

[ 1 N S 7% T 1 S ]

Gradient array resistivity.

I MAGHETICS

The area of potential interest has been covered by a mag-
netic survey on 100 m line spacings with stations for every
12.5 m. The instrument used was a McPhar M700 Fluxgate magne-
tometer with a similar unit being used as a centinuous control
base station. To date a total of 58 km2 has been covered (a
summary of results is presented in encl. 3 and individual sheets
as appendix). Various areas of special interest were covered in
more detail.

In general the magnetic background is quite flat with
values in the 500-700 range. The main feature of the area is
a NW - SE trending anomaly zone in the western portion of the
area ( the Ellenvann zone). The zone - although cut by a corner
of the Upper Pasvik National Park (where no measurements have
been taken) is thought to be continuous throughout the entire sur-
vey area and open to both NW and SE. The zone is much broader
in the north than in the south - this may be due to the changes
in dip or a general thickening of the magnetic units. The unit
appears to dip to the west and helicopter mag. and E.iH. surveys
to the north indicate that this zone swings to 2 more -5 direc-

tion and runs up under the Proterozoic Petsamc formation

As mentioned above this zone consistis at least in part of
amphibolitic and schistose rocks with graphite and some pyrrho-
tite, and ultramafics are known from its continuation to the
north. Although no ultramafics are known from the zone in our
area, it should be remembered that ultramafiecs in this environ-
ment could well be "geophysically maskad" by the generally high

magnetic values of the zone itself.

|




20

The second main feature is a broad zone of moderate anomalous
values running in a N-S direction in the 2entre of the surveyed
area. This zone is thought to be displaced by a NE/SW fault zone
(Temmamoen Fault) and continues to the south as a more diffuse
feature and with a more NNW-SSE strike. This feature is thought
to be associated with a zone of more micaceous and amphibolitic

rocks "the Gjekvann zone'.

Associated with the eastern flank of this zone are various
high magnetic anomalies thought to represent ultramafic bodies
(drilling and outerop have substantiated 3 such anomalies as

meta peridotites).

The anomalies are generally small circular to elengated
areas usually with some dipole effect. They are often seen in
clusters and have a somewhat zonal distribution. The cause
of the distribution pattern is not yet fully understood but may
represent ultramafic sills or flows that have been disjointed
by folding and deformation, (a simplified map cf the distribu-
tion pattern is shown on encl.2 ):

It is thought that these magnetic anomalies represent the
prime targets for nickel mineralization in the area. They are
favourably situated with regard to the nickel boulders and seve-
ral have already been proved to represent. meta peride-
tites.

A somewhat discerning feature is that the anomalies are
usually small - these however may only be representing shzllow
bodies and deeper plunge anc dip extensions may not be cutlined
so well by magnetics. Most of the anomalies represent a dip
to the west and drilling on two of the bodies has indicated ultra-

mafic immediately under the overburden cover.

Three areas of magnetic data - in total 6 kmgs - have been
studied and interpreted by Allan Spector and Associstes Ltd. The

reports on this work are enclosed as appendix.

An interesting feature of Spectors work is the interpretation
of fault zones that apparently disrupt and dissect the ultramafic

zZones.




Sample

17KK78
44EK78
7T9EKT77
106EK77
1SP78

3LN78
18KM78
J2EKT78
3GK78
26FEK78
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TABLE §

HAGNETIC SUSCEPTIBILITY OF PASVIK EOQULDER

SAMPLES

Txpo

Peridotite

Amph. pyroxenite

Olivine gabbro

Suscep.

20

1
45
40
50

50
30
50
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V.L.F.

In general it is thought that the V.L.F. anomalies represent
real geoclogical phenomena and are not overburden effects. It is
felt that the V.L.F. preferably picks out shallow conductors
when present. 1In the absence of shallow conductors it picks out
deeper structures. On Tommamoen glacial outwash plain the V.L.F.
does nol seem to penetrate to bedrock to any great extent.

Ancmalies usually show good repetitiion from profile to
profile and they usually have good amplitude. Generally they
exhibit a dip to the west.

A marked feature are anomalies asscciated with the Ellen-
vann zone. Here there is good correlation with magnetics - the
Zone having a general NW/SE strike and westerly dip. There is
some indications of fault breaks, and in the northern portion
there is a parallel V.L.[". anomaly zone that does not have any

co=incident magnetics.

This Ellenvann zone is a pronounced aromaly zone and from
previous investigations in 1971 is known to contain both graphite
zones and barren sulphide zones - ultramafics are also known
Trom its continuation to the north.

Te the north east and east of the Ellenvann zone the area
is marked by dominantly N/5 trending anomalies but alse by seve-
ral having a more NE/SW trend - which are especially dominant in

the eastern portions of the investigated area.

The /S trending arnomalies probably are related to a "youn-
ger" Gjekvann zone whereas the NE/SW trends probably represent
deeper 'structures" in the older granitic basement.

South of the Ellenvann zone there appears an anomalous area
with rapid changes in amplitude along profiles and little conti-
nuity from profile to profile. There is no magnetic correlation
and the area obviously represents a different geological environ-

ment.
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Generally speaking apart from the Ellenvann zone there seems
to be little correlation between magnetics and V.L.F. There is
some correlation on the eastern flanks of the Gjekvann zone but
otherwise there is little direct correlation between V.L.F. and
probable uvltramafie bodies.

ITI CRONE SHOOTBACK E.M.

v

Noc new Shootback-EM measurements were carried out in 1979.
The majority of Shootback-EM work was reported in 1978, report
no. 494.78.23, appendix 1 - which concluded that Shootback-Eil
was not considered a suitable tool for follow up work in the
area.

Penetlration seems to be a problem here, - where overburden
is neither concductive nor very deep. Shootback-EM 50 m coil
sep. does not pick up conductors over plotted anomalies from
100 m. coil sep.

Minor Shootback-EM work carried out in -78, not reported on,
will be commented upon in this report under follow up IP and

Resistivity Surveys in selected areas.

Method: Conventional frequency I.P. f=0.3-5Hz., 25 m. dipole-

dipcle configuration, - vertical conductive sounding.
Instrument McPhar model P660. The results are plotted as
pseudosections showing apparent resistivity in ohm/m., Metall-
factor MF and frequency-effect FE in %.

Survey area: Profile 10300N / 3050W-3425V, area 15 encl. 8

- " - 11300N / 4900QW-5125W " 13-14 encl.
- " - 12200N / 4750W-5075W " 5-6 encl. 10
GRADTEMNT ARRAY RESISTIVITY
lMethod: Herizontal conductive scunding. Two current elec-

trodes C1—82 are placed a large distance apart, 2 x 8 = 700 m

i1

and are fixed. The potential electrodes are held at a constant sep.

a = 2bm., and moved along lines paralell to the line joining
CI—CE. Instrument McPhar model P660 f=0.3-5Hz. The results are
plotted as contoured plan maps of apparant resistivity in eohm/m.
with areas of higher FE's dotted in.

For technical layout see enclosure 6. and text on enclosure 9
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FOLLOYW UP I.P. AND RESISTIVITY SURVEYS OVER SELECTED AREAS,

15 : One magnetic feature in particular was chosen for follow up

work, the so called Blankvann anomaly situated in the norithern
half of area 15. S5ix survey areas of Gradient Array Resistivity
2, frequency measurements were put in to cover the entire magnetic
feature, enclosure 6.

Four N-§ striking ccnductive zones are seen on the map, encle-
sure 7. The anomalous zones are not ccntinous right through, but
seem to be broken up. The best looking anomaly is located in areas
encircled 3 and 4 1limited by the 500 ohm/m contour with a strike
length of about 400 m. Two individual zones within this area -
reading 100 ohm/m and with coincident FE)10% stand ocut (11500MN/ -
4000w, 11800N/4037W). The former has good magnetic expression,
the latter no magnetics.

The other conductive zones are elongated and scattered
throughout the area without any FE's to be mentioned.

In general the correlation between GAR/IP data and magnetics
is poor. There are no VLF-EM or Shootback-EM ancmalies within
this area.

In general the anomalies found appear to shallow and small
and of little interest.

Another but smaller magnetic anomaly striking NW - SE in the
SE corner of area 15 was also investigated by GAR/IP. Enclosure
6, survey area encircled 7 and 8

This area seems to contain two conducting zones, again :
striking N-8, (see enclosure 7). It seems divided by a resisti-
vity gradient striking NNE-SSW. The area to the south of this
division is fairly large and uniform both from a resistivity and
FE point of view (less than 500 chm/m FE's 5%.) At the southern
flank of survey area 8 a limited reisistivity low, less than
150 ohm/m with coincident FE 10% is seen. No magnetic, VLF-EHK
or Shootback-EM correlation.

The area to the north of the division is much mcre limited
in size and contains two paralell zones. The eastern one placed
on the magnetic dipole has no strike length, but has a coincident
FE 10%. The western anomaly is alseco small - strikelength about

200 m and has no FE correlation.




AREA 5-6

IP dipole-dipole measurements were taken along line 10300N,

enclosure 8,

are confirmed by these vertical soundings. Comparing

fit exists at the n=1 e.g. % dipole separation,

data, best

(12,5m).

and the anomalous zones from the herizontal soundings

VLF-EM and Shcotback-Eil coincide with a resistivity gradient

striking I-S at the western flank o¢of survey-area 7 .

A recontouring of this magnetic anomaly would make the mag-

netic strike fit with the electric strike and place th

e magnetic

anomaly in the hanging wall of the VLF-EH, Shootback-EM and resi-
stivity anomalies.

Remlingds North/Remlingds.

lue to certain indications that the nickel boulders had not
been transported far, and the nearby small magnetic anomalies here,

another GAR/IP survey was put in here. This survey are

a is to a

certain degree overlapping the original Reomlingds (rid, enclosure 9.

A 1 frequency GAR survey with additional IP dipole-dip
-78. This
striking out of the NW corner of
this

carried out in years measurements turned ou

anomaly, the area.

piecture in general does not confirm strike. lNev

this anomaly was clese to and up ice from the main bho

with single and scattered magnetic anomalies aleng ih

ttive horizon. This horizon is al=so seen in VLF-EM

ale WAS
t one
er the les
ulder fin
e conduc-

and Shoot-

sing

le

The magnetic

=
!

d

.

hack-EM

One

enclosure 10.

dipole 4900W - 4925W.

the 1P

about 2-=3

of water coming in from the

tered).
east, 4875V.

rock was

IP dipole-dipole

anomaly.

m thick.

On a second attempt the

ffound

measurements.

traverse was selected along line 1220C0N,
This section also clearly indicates the anomaly, best
A trench was dug here in order to
till sampling indicated overburden
The first had

(even permafrost was

explain
Deegp to be

trench Lo be abandoned because

swamp, encoun-—
trench was moved 25 m further
Bed-

The sampling here also hecame veaery

This trench was dug 2.5 m deep and 4 m long.

and sampled.

limited because of incoming water
hoth punp and pack-sack drill.
amphibolite, which explain the IP
to

limits of the geophysical anomaly.

a place possible to dig and sample,

and technical problems with

The sample taken was a po-rich

anomaly. By moving the trench

one also moved

to the very
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Another anomaly was refound this year where the two areas
are overlapping each other. This was probably drilled through at
depth in SP 2/78 - amphibolite with thin grafitic lavers.

AREA 13 Boulder 23/EK/78.

This earlier blockfind now believed to be bedrock has a good
magnetic correlation. Therefore IP dipole-dipole measurements
were carried out on this line 11300N centered on 5000W. This
rock however classified as peridotite gave no IP ancomaly, enclo-
sure 11. Resistivity values are decreasing towards wast, ca.
4900%. This fact also shows up on the VLF-EM as a x-over an
a weak Shootback-EHM.

Conclusions

The regional magnetic work is of great value, and indicate
the prime targets for our nickel exploration in the area. MNost
magnetic anomalies are small and reflect shallow sources directly
under the overburden. Drilling and outcrops have indicated 3
such anomalies as meta peridotites. Magnetie interpretation
work dene by Allan Spector Ass. Ltd, confirms the thought of
fault zones that apparently disrupt and dissect the ultramafic
zones,

It should be noted that Spector indiecated that zones of
remanent or reversed magnetization might be of particular inter-
est - and be due to sulphide mineralization. Drilling of two
such zones have shown them to be the footwall side of outcropping
gentle dipping anomalies with a 70-75° magnetic inclination.

The regional VLF-EM along with the magnetics help in under-
standing of the general geology in the area. In the absence of
shallow good conductors it picks out the deeper structures.

The Shoot-back-EM method has a problem with penetration
using normal coil separation to rind the conductors at shallow
depth. Previous drilling indlcates graphitic layers in amphibo-
lite suboutcropping under the overburden. To overcome this pro-
blem we have increased the coil separation te 100 m, even 200 m,
which made anomaly complexity much greater, suggesting source to
consist of several narrow bands - making both depth and dip de-

termination ineffective.
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Gradient Array Resistivity and IP measurements

some promise although individual profiling would n

W

still hold

seem to be

preferential to larger areas of horizontal soundings.
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GEQCHEMICAL INVESTIGATIQNS

I

Surface till sampling 1978

The result of the assays has been plotted in a log
x Gaus normal distribution = probability paper.

Based on the diagram, enclosure 12, we are able to
divide the Ni-values 1into two separate statistieal popu-

lations.

1) "Background population

Seen in the figure as a 'straight' 1line and probably
caused by the dominant rock group in the area, that is
the granitic gneisses.

2) "Anomalous populaticn"

Clearly anomalous when referred te the background popu-
lation - but not by itself. Probably caused by rock
types with a different geochemistry to gneiss. F. ex.
amphibolites, pyroxenites, perodotites and ore-minera-

lizations.

The 'background population" shows a surprising regular
Gaus-distribution, in this diagram represented by a straight
line.

Directly from the diagram one can see a 98% probability
for the background values to be less than 100 ppm Ni, and that
there is less than 0.02% probability te find a background value
higher than 225 ppm Ni.

The '"anomalous population" also shows a Gaus normal di-
stribution shape in the diagram - but only 1% of all data
can clearly be included in this population.

In the area between 100-225 ppm Ni we have a certain
intermixing between the two pcpulations, but values above
225 ppm Ni belong te the anomalous population.

The Ni-values can thus be classified as:

0 - 100 ppm Backgreound
100 - 225 ppm Low arcmaly {(or high background)
225 - 750 ppm Anomalous

750 - High anomaly
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The Cr diagram, enclosure 13, does not give a clear
picture - but shows a tendency to a two-population grouping.
In the background peopulaticn 98% of the wvalues are

lower than 140 ppm Cr.

There is less than 0.02% probability to get a background

value higher than 290 ppm.
The Cr-values can be classified:
Q0 - 140 ppm Background
140 - 220 ppm Low anomaly
290 - Anomalous

The Co picture, enclosure 14, is more simple and shows
a mainly normal distribution of the values in a single po-
pulation.
O - 65 ppm ackgrouni
65 - High background

Cu-values, enclosure 1%, show a single normal distri-
buted population - with the excepiion of one sample with
3600 ppm Cu.

This single value can og course be defined as highly
anomalous.

0 - 100 ppm Cu Backsround
100 - 250 ppm Cu Low anomaly (high background)
250 - Anomalous

The anomalous Ni-values and Cu-values are plotted on
map 16 (enclosure) and show a close correlation to the area
with magnetic peridotite - and they are probably caused by
normal peridotites.

Special interest is connected to the two samples situ-
ated among Ni-rich boulders and especially the single high

anomalous Ni-value approx. 700 m south o the Ni-bloek area.

8 II Deep £ill sampling 1979

Two samll grids in area 15 {(Blankvann) was covered
by deep till sampling and approx. 250 samples were collected.
The sampling was carried out by a Partner drill with

a two mar. crew and the max. sampling depth was 4 m.
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It was possible to sample at deeper levels but this nor-
mally caused technical problems.

The samples were assayed for Ni and Cu.

The results are shown on figs. 4, 4A, 5 and 5A.

3 different MNi-anomalies with values less than 750
ppm Ni were picked up. Two of them in the northern grid
were situated on a magnetic anomaly and drilled during summer
1979.

Non-mineralized peridotite was recognised in the drill
core from the surface, and explain the anomaly.

No real interesting Cu-values has been registered.

This way of till sampling is not recommended in the
future - mainly because of the lack of succes in reaching
the bottom till layer in this heavy overburden region.

Surface till sampling

During the summer season a pregramn of surface till-
sampling was carried ocut in the areas 4, 11, 12, 14, 186,

22, 23, 24, 29, 31, 32, 38. A total of 7650 samples were
collected (see Pig. 3)

Of these a number of 5175 were picked out and delivered
to the Sydvaranger lab. in Kirkenes for assays on Ni, Cr and
Cu.

The 5175 samples were picked out from the areas 4, 11,
12, 24, 29, 32, 38.

To date we hace received approx. 1100 assays — but as

yet no results of special interest,
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DIAMOND DRILLING

To date 15 shert drill holes have been drilled during
the present investigations in South Pasvik. Table 6 gives a
summary of these holes showing locations and depths. 1979

drill legs and sections are enclosed.

Holes SP 01 and SP 02 drilled in 1977 were drilled on
a H.E.M, conductor ca. 1.5 km up ice from the Remlingas
boulders. The anomaly was covered by shootback E.M. and
mag. A strong shootback anomaly was obtained and drilled.
Only weak magnetic response was obtained. The two subse-
quent drill holes verified pyrrhotite in garnet bearing am-
phibolite as the source of the KE.M. anomalies. Ho ultrabasic

intersections were obtained.

Although no drilling was planned for the 1978 season,
the opportunity arose to drill a limited meterage in Pasvik
using a machine taken down from Sydvarangers iron-ore cpe-

rations in Kirkenes.

It was decided to test 3 geophysical anomaly targets

in the detailed grid area.

Hole SP 1 was drilled on a magnetic anomaly south of
the main boulder finds. It was suspected thatl the anomaly
was caused by an ultramafie. Drilling confirmed this, but

no sulphides were found.

Hole SP 2 was put down on a strong shoot-back E.M.
and resistivity anomaly just north of the magretic anomaly

drilled by SP 1. The cause of the anomaly was graphite.

Hole 5P 3 was drilled on a shootback E.M. anomaly
with weak magnetic association up ice from boulder finds.
This ancomaly was found to be caused by a magnetic bearing

graphite horizon.

Although no mineralization was intersected by the
three short drillholes, the program did throw some light on
the cause of various anomaly types and also gave some inter-
esting intersections of the bedrock of the area, proving the

existence of the ultramat'ic material.
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In 1979 the drilling in 8. Pasvik was carried out by Bjerkasen
Gruver - a drilling company in the A/S Sydvaranger group.

Mobilization took place in the middle of August with
a large Longyvear drill machine from Bjernevann mine and a
4 men crew from Ballangen.

For transport in the field a Timber jack from the
State-forest Company was hired with "pilot" on time paying
basis.

The drilling operation stopped 1/10 -79 after a season
with normal good drilling condiiion - even ii' the last %
month was a bit dry.

A total of 10 holes were drilled (Sp4- Sp 13) giving
533.8 m of which 83.6 m were casing drilling.

The overburden had a thickness between 6 m and 13.6 m
with a mean depth of 8.4 n.

The entire drill program was situaited within area 15
on two separate magnetic bodies.

The drill program was planned concentrated along 3
main profiles to test the magnetic anomaly in size shape and
dip.

Vertical heles down to approx. 50 m depth were chosen as
most practical in this heavy overburden area.

Drillhole Sp 4-6 was put down on a small but distinct
magnetic anomaly in the southern part of the area on profile
103Q0N. (see section I, encleosure 17).

The drilled 5P 4 cut trough s small peridotite in the
upper part of the hole - mainly in the casing drilling. Assays
from this ran only up to 0.17 Ni and 0.01 Cu.

Drill hole SP 5 and 6 had no intersection with perido-
tite or similar rocks, but the holes confirmed the general
dip of the granitic gneiss and the amphibolites in the area.

The drillholes Sp 6,7,8,9,10,11 were put down on profile
114000 to test shape and internal variation of an expected
peridotite {(see section II, enclosure 18},

The magnetic anomaly was caused by a differentiated py-
roxenite-peridotite with the peridotite- mainly in the lower
part. Banding due to different grainsize and dark minerals

was visible in the core. Nc sulphides were seen except some
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few scattered cpy grains in Sp 9 and the assavs showed only
up to 0.19% Ni and 0.01% Cu.

From the section we can see that the dip of the ultra-
basic complex flattens out westwards but follows the ohserved
core angle - and shows no sign of cross cutting.

An extra drillhole Sp 12 was put out approx. 100 m

wn
O
c
or
r= 1

of the profile to test the variation along "s:irike" (see sec-
tion III, enclosure 19).

As seen from the profile - we have the same strong va-
riation in the peridotite-pyroxenite relation.

Sp 12 is more similar to Sp 7.

The last drill hele Sp 13 was expected as the first
hole in a drilled profile along 11800N but for several rea-
sons - the drill program ended after this hole, (section IV,
enclosure 20).

This section shows as irregular distribution of perido-
tite/pyroxenite, possibly due to (magmatiec) layering and
folding.

CONCLUSIONS DRAWN FROM DRILLING 1979

1. The strong magnetic anomalies are caused bty a series of
neridotite/pyroxenite rocks. Weaker magrietic seem due
to amphibolites. (Sp 4-5).

i

2. The ultrabasic rocks are conformable to the general
and dip.

trike

3. The ultrabasic rocks are differentiated in pyroxenite
and peridotite varieties and show traces of layering in
some of the sections.

I

. Sulphides are only observed as few small cpy grains in

=1

peridotite and do not influence the assays (0.01 - 0.03% Cu).

(]

Craphitic rocks are aonly reported in Sp 4 in the footwall
of the small peridotites as a very thin paper

6. Beoth the hanging and ﬁq€.%
are mica bearing whitevrgl

in the cpy b}m;“ 78EK77.

1 rocks Lo the ultrabasics
&z not so different to the rock

=
1

-

Granitic rocks are rare and only intersected in Sp 11.
A slight tendence to augengneiss towards west may indi-
cate thrust movement.
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TABLE

6

OVERSIKT OVER BORINGER I S. PASVIK

10740 N

10850

12000

12060 H

10500

10300

11400

11300

11800

1979 Drilled total

Coordinates

I

W
L

5930

5850

5250

5080

5960

3600 %

3650
3700
3615

3590

¥

==,

W

W

P!

Casing

13,6 m

12 83,6 m

Tot.

50,0

37,0

38,0
47,6

50,2

55,3

533,8

depth

m

m

m
5 m

m
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s SULFIDMALM

DIAMOND DRILL RECORD

LogoeD sy: _ C. Uoates STARTED:,  8-79  PROPERTY _ . dlankvann

5 } 3 Finnmark
CASING: e FINIBHRERN . e et o e e B S T
CORE SIZE: 35 mm

.y o A
LOCATION: 10300N=5190Y  peaming: o 207 noeNo: SP-4  sheeT No: . 1

From To ‘ Desciigtion

| 1
Q2 1 6.0 OVERBURI
. | .

6.0 |22.6 | | AWPHIBOLITE
i

=
us ]
-
]
i
(]
3
4]
T
ta
)
o |
o]
)
@
E

grained. well foliated
.................... 3 - ‘. " -
* _ | rich rock with_approx. 20% feldspar plus garnets. Essen-
_|.tially ron-magnetic except faor sone narrvaow interbeds.ofll...

| Po 4. magnetite bearing hiotite-feldspar sneiss.  Amphi-

holite is handed with. fine lamellae of more. leldspatic

roch. : R e
Chlorite-amphibole rock. May he chlorite-ére-

molite ultramafic contact zone? Magnetic

6.4 — 9.5 Sulfide mineralization. Darlk grey biotiue

feldspar gneiss with 10-15 % Po + some py.
Augens of whit feld : ! yme sectior
— i it ] B e gt s B e Pt 8- - Rl -4 B IS P

22.2 ‘/I("."/’ | AMPHIBOLE GNEIS

s LR

| feldepar gneiss. Magnetite content variable - so magne-—
tic in patches. Pink to white cg. pegmatite at intervals.
—— ; i inglusion

_______________________ 24.2 - 24.7 Pegmatite, white cp. wikth =lessze amph. gnei

- S {— 25.5 - 28 .7 Pegmacite, white ot pinkish-white, ceoarse. ...

. grained with diffuse.patches. . of. green-amphi-

bole erystals.

; 6.5 ~ 37.2 Shear zone - chloritic and broken up 0.3 m
1 or eone YosC. oo o ssaiinsanenrsssiiieg
R, I—— 7 S 3 N

A0, 7 1 55.3 GRANITE GNEISS

Grey coloured hiotite-auartz-feldspar gneiss, well folia-
ted and eccasionally distinetly banded. HNon-magnetic.

‘ | Minor narrow pegmatites.
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s SULFIDMALM

DIAMOND DRILL RECORD

O
Locamion:  10300N - 3190W  geamne: ... D 90"  woleno. SP=4  sHEeT NO:... 2.
toggeo By: . C. Coafts _  sraswEDd: PROPERTY . Blankvann

GASING: FINISHED: S Pasvik Finnmark

CORE SIZE: TERIS - (COBBECTERY: o o ican o i o e st e e gt e LB e

From To ; Description

_Foliation angles

B L AN 500057
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s SULFIDMALM

DIAMOND DRILL RECORD

WY =
LOCATION: _ 10300N - 3250W BesRNG: . Dip: 90"  noteno:_ SP-5  sHeer no: 1

LoGceep By: _C. Coats STARTED: PROPERTY _Blankvann

CGABING: o e IFINISHED G B PO oo ammae S.. Pagvilk. l;nnﬂark
CORE SIZE: e TEST S (O ORRE T D) ettt ee e e e emm e e sme s mm e e s o1 e e e et e

From To I | Description

0 i 11.9 | CVERBURDEW
j i
11;9”| 41;ELW,W‘HLW&MPHIBQLLTF e e
|

Dark _green, fine o medium prained, foliated amphibole-

i lorich. rock with_ approx..30% feldsna me. biotite. ..

_Small. garnets ubiguitous,.each with white depletion halo

istinet.but.banding poorly develeoped.. Occa-
12l ;hwéz lamellae of more feldspathic material. Only

rammmma T mAnEly mapn el cL AN pA N e R R e B e

e M HI s emav-Andiocate-grade ofmetamorphism-.near.pyroxensg... .

i

!

Lo g |- PR L0 green. clinopyroxene_plus_garnet in some. lamellas?.
! granulite facies. ..

|

]

|

26.0 fm?ﬁtﬂmmsulﬁige”nihera}i:uﬁion”aoprox” 6% Po+Py

_Graphite in some sections, Highly magnetic

Rock mare. schistose and biotits rich with s

streaky teldspar augens. Unit would appear

to_an interbedded sediment to the amphibolite

|

|

memw,_MAw . e Probably conductive.
| Aol 31,2 - 31.4 Amphibole pegmatlte. Coarse gr. veinlike.
1

|

Ad Jacent narrow. magnetic zone..

35.0 - 41.9 ﬁmph‘bwwld, with fnr*nred narrow zones (up

I = A_m___mlnated biotite-amphibole rock., Thesgmarem‘

I

|

| e ————— | A AR AR L&

\ ' , to few cms.) of h'rh}y magﬂetlc,mﬂknq]xmla-
i

J

1

41..‘. (']513 ST LI :f_.-_-.\:ir"p.(" : :. (-,.,I“ i

| Dark pﬂee“ to grey, irregularly banded 1“d wel foliated

| ‘ biotite-hordblence feldspar grneiss. Hagnetic in their

sections but ggnsral]y.nc -magnetic,. HMHedium grained and

A generally coarser than the amphibeolite above. Abundant.

Gl e sl RArraw.cg. white to. pink. pegmatife. Meint. . S
| 51 - 51.3 amphihole biotite schist. »hea”ed materla]

51.3 END OF HOLL

€ M A4 50005
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s SULFIDMALM

DIAMOND DRILL RECORD

10300N - 3250% a0 SP=5 2
= BEARING: DiP: HOLE NO; SHEET NO;

LOCATION: .= " .
wocaep y; G- Coats STARTED: ... . B  PROFERTY il U“k\-"'mf_l

CASING: . iy CHMIGRIEDN . ST L i S -
CORE S!ZE: TESTS (CORRECTED): ... ...

FINISHED: 8-78 5. Pasvik Finnmark

From To Description

. (g
| 2 m - 80° 12 - 80
AT | . g
‘ L 44 - 14 = BY
. O Oy
‘ 16 - B0 Ho— 85
- A L g i
i 18 - 85 18 - EHS
b |
1) - 9’)( 11 — 85
................ ”
2 - 80 5 = QN
|
| 4 - 857 = 75"
2 = B
\ 6 - 60" 0O - 60
............ - ) . §r
H — Ri} - it

' euentlie skal vare G-taller, AB)

E M, As 5200873



s SULFIDMALM

DIAMCOND DRILL RECORD

L

(8] - -
LocaTioN: _10300N - 3150W  BEARING: pip: 20 HOLE NO: SPP=0 sHEeT NO: 1

LOGGED BY: _(C...CoatS.w.. OSTARTED: . . . PROPERTY . .. Hlankvann

CASING: . FINISHED: 8 = 79 S. Pasvik Finnmark
CORE SI1ZEx ____ ... ... TESTS (CORRECTED):

Fram | To Degcription

0 | 7.5 | QVERBURDEN

7:5 127.1 PLAGIOCLASE AMPHIBOLLTI

! Dark greenlsh grey, well foliated feldspar-amphibol

rack. Minor compositional banding, with some bands of

leucocratic gneiss and amphibole-bietite rock. Hagnetite

econtent variable — distinetly magnetic in part (7.5.99)

_____________ e Narrow white pegnatite. dylkes.

....... e emirsmnine e e dlem AL B L Regnatibe  owhile oo greenish. grey and. pink.

|
|
1
1
|
|
|
|
|
|
l ................ H.85 = &.5 Pemnabite
‘ Foliation evident in parl,, so may include

1 hands of white quartz-feldspar gneiss, IN-

%]
~J
[
o
e
=]

Lght grey to grey-pink leucocratic gnelss, wit

ion and only poorly developed handing, composed

of quartz, feldspar and bilotlte (+ amphibole?) . Hon—-. ..

l magnetic. Medium_ pgrained granulzr.fexture with.preferred
................................ grientation._ of hilotite. . Marrow.stringers.of. white or. pini
v L CR.pegmatite.,

[ I DU (casing left in hole)

TR W As 820087
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s SULFIDMALM

DIAMOND DRILL RECORD
10300N - 3150V ap" SP-6
: BEARING: ... DIp: HOLE MNO: . SHEET NO:

LOCATION:
LOGGED BY: o STAATED:.. ... pROPERTY __ Hlankvann
CASING: o FINISHED.. O 19 8. Pasvik Iinnamrk

CORE SIZE: TESTS (CORRECTED): .

Fram To ] | Description

3 Foliati angles
|
| ’ i
| h |
‘ 8 - 70 12 - 80"
10 e o r . 0
i - y = 8O
o s ) i
2 = O3 = Th
| e { - d (]
| i5 - 70 A = 75
: . .0 0
104 — 7 & 42 - /'1
e PR,
_____ '[fa _ ’!(\ | 1 ,_”,‘
| O . 5]
! A)U — }"“ ‘:6 - /(}
i
' vy . P
............... 22 =il <) - 78
[
e i} i
280 3 (i)
I )
s 1 = ,").l.
o ]
. 28 =76
] .
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s SULFIDMALM

DIAMOND DRILL RECORD
LoCATION: 1+ 1400K-3550W
LOGGED BY:
CASING: _
CORE SIZE:

BEARING: | ... DIP:

FINISHED: a=7
TESTS (COHHECTED)

STARTED: e circrnsinniinis | PGPERTY

HOLE NO: SHEET NO:

Blankvann

From To I

Description

OVERBURDEN

PERIDOT..THE

Dark green, massive ul

! and compeslitional features.

! 7.5 — 8.9 Peridotite with

£.9 — 10.72 Tremolite-chlori

v

;- arX '\. Hr 23 -.").".‘_‘

0.2 - 14 Serpentinized
RO S S amniineole deve
\ ;
i ‘rohably. tremoll
DewrPos s granular texture

ald. . alte
Vein

. 1 . - %
I =.15%.4 _Sheared

I chl

orite.

i

veln of

| 15.4 -22.3 Serpentinized pe
Pvroxene

by some amphi

............... cative of ¢ ﬁiﬁﬂr

Amphibole=chlior
broken..

223.4 -24.9 Serpentinized

mapgnetite

unal teraed,

O . e ; No

sulphide.mine

24,9 50,0 _ GRANITE GNEISS

tMyice to lLight

ore (?)

i rock

Lramafl
high amphibole content

shearinz and
perddotite

lopment

(primary
ed section of
T extremaly

f sanorite & minor

i

!

:

L o A {amphibeole?) which is
|

| f‘\.ll]
|

el
idotite,
cleavages

bo s

per
abtreaks

lncrease

arey leucocrsd

H P eed e Soawtbyies
CARELC. LeXLUre..

e
i gneiss. Well foliated. and
|
netic. .
| 17.2 — 3B.0Amphilbhol ite. [ai
; 5.0 -45.7 Pegmatite. Highl
menl of a 0.1 m

| ¥ L v B =14 %+ea i il

v:i',h "ﬁr‘,ou:> textur‘:x"’
throughout.

Highly magnetic
_(amphj

peritc
(phlopogite?) zone.

hroken core.

considerable

with
(eften pyroxene).
. chlerpite.. .PDark. green, .

"sif’ ﬂ'lu L\. )

‘?..P,-‘r’.f.‘g_??.eﬁ‘? .
with stringers
_____ Small (2-3

f'rf?“.n..f?.- .

coanrs

fracturecd

Zz wi ‘:h Pa

granular te xture.

vigihle with replacement

magnetite-rich arcas indi-

zone, fine grained.

ldotite. Some alignment of

. Contact sharp and relative

fr‘tmol ite content for

alizallion in peridotite. unit

t 1(ldqr)ar‘

lg biotite quartz

L
(o Ly EHEC 2 fd

—amphi .

rk green band of beat
, 1 1 FaTdpPoc]
fractured with deve ‘qu-
lotlte seanm. Lost core.

M AsS005T)
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DIAMOND DRILL RECORD
w
W — 500 o
ocanion: 11400N - 3550%  gepgng: o P9 woLE wo. B | SHEET NO:
LOGGED BY: C. Coai:s STARTED: . : PROPERTY Blankvann

.................................... sy s BRSRIVBAN. o
CASING: ___ FNISHED:_ =79 o S-Pasvik Finnmark
CORE SIZE: ...

P 7

TESTS (CORRECTED):

From To Description

- )
1 26m = 80
e e 3
| 28 - 80"
[ 30 - 75
AAAAAAAA - . ! . 3) :] - P")U
i
". - e i e P S T ¥ ey ity ek 5o S Bl B i it B8 il il I s i sl L sk 5§ i I g i
| 34 - 707
)
‘ 36 = 60D
" k]
: 16 - 60
| A0) = | ‘.U
1 i
| 42 - HE
! (
| N e 14 - 60 .
|
([ T -1
............................ AR - E
[
| I | Bl e
1

E H_ A 500573




LocaTioN: _11400N — 3500W

LOGGED BY: G, Coats

CASING:

CORE BIZE: i i s

7
s SULFIDMALM

DIAMOND DRILL RECORD
BEARING: _ 90%
STARTED: ... ...
FiNSHED: 9
. TESTS (CORRECTED)

PROPERTY _

.
3

 HOLE NO: S}

Blankvann

2 .

£
P

 SHEET NO: 1

Pasvik

Description
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GENERAL COMNCLUSIONS

A
many quest

to summari

t this stage in the exploraticn in South Pasvik,
ions remain unanswered. However, it is now possible

ze the known facts and from these determine the best

approach te the next stages of exploration.

1 In terms of regional geclogy we are located in a com-

plexly folded and high grade metamorphic area of Archaen terrain.

Rock Lypes

rececgnized include granitic gneisses, mica schists,

amphibolites, graphite zones and pyrrhotite rich garnet am-

phibolites

. The area is contiguous with similar geology to

the east in the USSE and to the west in Finland. In the USSR

at Allarochensk (some 40 km from our area) ultramafic rocks

occur with

are at pre

M

some associated nickel sulphide mineralization and

sent being mined.

TThe Pasvik boulder suite can be subdivided petro-

graphically and chemically into the following groups.

1. Peridot
3. 0Olivine

that conta

ites, 1A Serpentinites, 2. Amphibole pyroxenites,
gabbros, 4. Amphibolites, 5. others. The houlders

in signifiecant nickel sulphides belong to the peri-

dotite group (essentially harzburgites)

boulders,

From the chemistry, petreology and intermixing of

the peridotites and orthopyroxenites are considered

to represent parts of a differentiated ultramafic sourece or

number of

5111 or ex

sources. Such a body was preobably intruded as a

truded as a thick ultramafic flow to allow in situ

differentiation and the accumulation of a sulphide phase in

the perido

tite. Envisaging this environment prior to meta-

morphism and deformation it is more than probable that a

number ol

Subsequent

sills could be intruded at about the same horizon.

folding and deformation will hawve disjointed the

original source body.

mag.) toge
sults of 1
interest a

some 10 km

An interpretation of ground physies (V.L.F. and
ther with mapping of the few outcrops and the re-
imited diamond drilling suggest that in the area of

zone of uliramafic bodies cccur over a distance of

associated with biotite granitic gneisses, mica

schists and amphibolites of the so-called "Gjekvann Zone"

Mapping suggests that this zone may extend a further 10 km to

the north.
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The majority of the peridotite boulders - including the
ores bearing significant sulphide mineralization - are located
near to or in association with this zone, as are peridotite/
serpentinite outcrops and peridotite/pyroxenite intersections
in drill holes. Ctherwise in the area peridotite and pyroxe-

nite boulders occcur more sporadically.

It is now felt that magneiic surveys outline the ultra-
mafic bodies. On first impression these seem to he small in
size and isolated but detailed magnetic interpretation suggest
that the anomalies represent broken up (faulted-boudinaged)
fragments of larger bodies and have thus more continuity.
Drilling of a profile near Blankvann has also indicated the

ultramafics to have down dip extensions.

The various conductive methods employed have so Tar
given only very limited correlation with magnetic ancmalies
and pure E.M. anomalies drilled so far have been caused by
graphite and/or pyrrhotite. It must be remembered however
that the metamorphism of this area (probably upper amphibolite)
would be sufficiently great to cause sulphide mineralization
into wall rocks or pressure shadow zones in adjacent folds
etc. As such massive sulphides may occur in place, but which
have not survived boulder transport. E.M. surveys may even-
tually detect these but geophysically the priority of explo-
ration must remain with magnetic surveys to detect source ul-
tramafie bodies, and magnetic anomalies with co=incident or

adjacent E.M. are considered prime targets.

To date results of geochemical investigations - deep
and shallew till sampling - have not proved conclusive. Many
samples have still to be assayed and no attempt will he made

.
here to comment in depth on the present results.

The main ice movement direction has been proven by stria-
tLioens to be roughly SW— NE 25%.35°, Studies of till fabric
and distribution of De Geer moraines have shown thal. during
the later stages of deglaciation in association with calving
at: the ice front the ice has moved in different directions.
Near the Romlingéas boulders movement almost due east has been
suggested whilst near the Blankvann houlders ice movement
towards NW is indicated.
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Such a variation of ice movement is no dout: of importance
P

when considering boulder transport in this region and three

possibilities at the present time suggest themselves.

1) Transport with the main older ice-movement direction
i.e. 25-35°.

2) Transport with younger movement i.e. as indicated by
fabric and at right angles o the De Geer moraines.

3) A combination of 1 and 2.

As regards length of transpoert we have few hard facis.
However the unanimous expert opinion is that the boulders
have not been transported far. Indications for this assump-
tion are: - the relative large size of the boulders - the
fact that most are no:t unduly weathered - their distribution
at Remlingas as a scheool of boulders, and the lack of boulders
to the south of the Remlingds area where a marked break of
slope south of Tomamoen has resulted in a dumping of boulders
from the ice moving N.E. The fact that no nickel boulders
have been found in this "boulder dump" leads the Quaternary
experts teo indicate a source to the norith of this tepographic

feature.

BEased on the above facts it is concluded that the zone of magne-
tic anomalies and associated E.M. anomalies outlined in asso-
ciation with the Gjekvann zone is the best target both for
finding the source of the nickel boulders and also for simi-

lar types of blind mineralization.

A combination of geophysical and quarternary indications

sugagest the Bierntjern area as the 1st prigrity Earget. An
extengive drill program to test this and other targets has

been planned as outlined below.
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RECOMMENDATIONS

T. All magnetic anomalies in the Gjekvann zone are of interest
and based on a proprity basis should be tested, preferably

by drilling.

2. The area to the south west of the Remlingas boulder finds

1.

T

the Bjerntjern area is considered our prime target area
for rinding the scurce of these boulders. Ilagnetic and
E.FM. anomalies in this area should be thoroughly tested

by drilling.

3. The supposed continuation of the Gjekvann zone to the north
east should be confined and followed by ground mag/V.L.F.

mapping and boulder tracing.
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LIST OF ENCLCSURES

Main Geoclogical Features oi East Finnmark and adjoining Soviet
terrilories. 1:400 000
South Pasvik - boulder distribution, geoclogy and main magnetic

features. 1:20 00C

Summary map og ground magnetics 1978 - 1979

Summary map of V.L.F. dip angle data 1978 - 1979

Summary map of V.L.F. Fraser contoured data 1978 - 1979
Gradient array resistivity surveys, Location map 1:7 500
Gradient array resistivity measurements, Areas 1-8, 1:5 000

I.P. Survey Line 10300M 1:1 250
Gradient array resistivity measurements, Remlingas North 1:2 500
I.P. Survey Line 12200N 1:1 250

I.P. Survey Line 11300N 1:1 250

Frequency Distribution Till Samples [Ni

Geochemistry related to magnetics and nickel boulders 1:2 000
D.D.H. 4 = 5 - 6

n.o.H. 7 -8 -9 - 10 - 11

D.O.H. 9 - 12

D.D.H. 13
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