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carried out in 8 holes.
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Target area Raitevarre

Introduction

The Raitevarre area is situated 69° 17' North, 25° East and lies about 40 km's
SW of the village Karasjok in Finmark about 300 m above sea level. The
area is mapped in detail by Rgsholt, See Fig. 2,

The Karasjok area is regionally mapped by H. Wennervirta (1968). Most

of the rocks in the area belong to the Karasjok group which is Svekofenno-
karelian (2000 m y). The rocks are metamorphic sediments and valcanites

in the amphibolite facies. To the west and to the east the prefennokarelian
basal complex (2800 m y) occurs with granodioritic and quartzdioritic gneisses
with migmatites to the west and granulites (Svekofennokarelian metamorphics )
to the east. H. Skilvoll (1971),

The attached map Fig. 1 shows the southern part of the Karasjok area,

Several types of prospecting activities are carried out in the area with the

greatest activity in the period from 1967 to 1969,

mmar of rospectin work

Geophysics

Regional aerial magnetometry and electromagnetics was measured by NGU
in 1962 over a large part of Finnmark., The rather flat topography is very

good for aircraft measurements.

At Raitevarre some recognizing electromagnetic slingram and magnetic profiles
were done 1968. Later the same year there was done a helicopter survey by
Terratest AB that covered 45 krn2 oi the area. It was done magnetic and
electromagnetic measurement in 582 profilekm's. In the center of the
geochemical anomalous arep see under "geochemistry",the profile distance
was 50 m and outside the distance was 100 m. The profiles were flown in

NE -SW direction at right angle to the general strike of the rocks.
P15
Fig. 3 shows the electromagnetic In Phase Component over the area. It is

measured in ppm of the primary field. A clear NW-SE-.strike is seen oa the
electromagnetic anomalies due to the black schists. There are also electro-
magnetic anomalies to the NE that are believed to be caused by black schist
and pyrrhotite in the amphibole gneisses. Several outcrops of this type of
mineralization 1s found. The Out of Phase Component and the magnetic
anomaly map also indicates the NW-SE-strike of the rocks.

Under ''enclosures' in the back of this report copies of EM and magnetic

measurements are enclosed,
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Geochemistry

Stream sediments

In 1967 the NGU did stream sediment sampling for Sydvaranger. An area

of 330 k.mz was covered with 838 samples, The samples were taken each
250 m. This geochemical investigation resulted in different anomalies. One
of the anomalies was very clear with high values in copper, gzinc and silver.
The highest copper and zinc contents were above 600 ppm and the highest
silver content was 0,9 ppm. Fig, 4 shows the copper contents in the stream

sediments in the Storfossen - Raitevarre area,

Soil sampling

In the field soil samples are taken over an area of 10 km2 in a grid of
250 x 50 m with E-W-going profiles. The distance between the profiles is

250 m and distance between each sample 1n the profiles is 50 m,
The samples were taken at depths from 0,5 to 1,0 m,

Fig.'s No. 5, 6, 7 and 8 shows the distribution of Cu, Ag, Zn and Ni. The
copper and silver anomalies give a fairly similar pattern while the zinc and
nickel distribution is more or less random with mostly background metal

contents,

On Fig. 5 the copper anomalies show two areas with copper contents more
than 1000 ppm. The largest anomaly has a copper content above 1000 ppm
over an area of approximately 5 ha. In this area the copper bearing dioritic
gneiss is cropping out. There are three distinct ridges with a NNW strike,
This strike is parallell to the ice movement direction, It is not believed,
however,that the ice movement has caused the shape of the anomalies, The
area just NNW of the highest copper anomaly-area is definite low in copper,
80 it is not likely to belive that the NNW anomaly ridges are caused by
the ice movement, This statement is confirmed by the silver anomalies,
which have no elongations parallell to the ice movement, Fig. 6.
The areas with very high copper content are belived to be caused by at least
to factors,
| Above the copper bearing dioritic gneiss there is a black schist rich in
pyrrhotite., Both the black schist and gneiss is nearly flatlying with a
gentle slope to the NW and have therefore a rather large area of exposure.
The weathering of the pyrrhotite results in a strong chemnical action on
the copper bearing gneiss with deep weathering of the rock and leaching

of the copper.

2. The copper anomalies are concentrated in the lower parts of the terrain,

Analyses of water that comes out the morraine in the lower parts of the
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terrain havea high copper content. The copper content in the water

decreses rapidly {see below) and the copper is belived mainly to be

deposited here.

In the copper anomaly area W of Raitevarre ground

t . »
watez\"’coming out, Copper analyses of the water gave 0,040 ppm in the well,
0,025 ppm zqo m down stream and less than 0,010 ppm 600 m from the well,

“The well’ gave more than enough water to supply the drilling of one machine

throughout a dry summer, We can then assume that it produces at least 5000

liters per hour 200 days a year.

With these figures approximately 1 kg of copper will be deposited pro anno
from this well, If this process has been going on since the end of the last ice
age, 10000 kg's of copper has been deposited. This amount of copper is of the
same order what is belived to be in the anomaly area W of Raitevarre,

Copper poisoned areas

Two major copper poisoned areas can be pointed out, These areas are
coinsiding with the copper anomaly areas, Early in the work of this area we
became aware of the peculiar vegetation of the poisoned areas, The grass has
a reddish colour throughout the whole summer. Lots of Viscaria Alpina or
the ''copper flower' is found in the areas and the normal ground cover vegetation
is mostly replaced by Juncus trifidus, Festrica avine and Deschamps flexuoa,
In the center of the areas palches of several square meters are completely free
of vegetation, These pahhes are heavily poisoned and copper contents up to
3% is found here, Bglviken (NGU) who earlier had worked with poisoned areas
in southern part of Norway was informed of this poisoning, Together with Lig
he visited the area and they have described the poisoning (1974).

Fig., 9 is a air photo that shows the copper poisoning in a hill, The copper
bearing gneiss is cropping out nearly on top of a hill and tongues of poisoned
areas are seen from the outcrops and down the hill, This pattern is rather
unique and the prospector should of course be aware of such features, NW

of this unique pattern is the large poisoned area W of Raitevarre. On the black
and white air photos this large pasoned area looks very much like ordinary
peat bogs.

Remote sensing

Infrared air photos.

Fjellanger-Widerge A/S has taken infrared photos from air over the area for

NGU, The poisoned areas are really showing up very good on these photos,

They are nearly equal to the results from the soil samples, and anomalies

-4 -
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with copper contents above 1000 ppm are seen very well. The areas rich in

copper are getting grey blue on the infrared film while the ordinary healthy
vegetation appears with a red colour,

Satellite images

Satellite images over the area from the LANDSAT-1 are studied by Lyon,
Bglviken et al (1976), LANDSAT-1 images are taken from an altitude of

900 km's and each image coveres an area of 185 km in square, The camera

in the LANDSAT-1 is a multispectral camera with four channels (No. 4-7)
which registrates energy from waves with wavelengths from 0,5 to 1,1 microns,
LANDSAT-1 resolution is limited to one pixel ( 0,4 hectars).

Over the actual areas a satellite image was enlarged, Close examination of
this revealed a ninepixel linear bright area in channel 5 that seemed to coincide
with the soil sample copper anomaly W of Raitevarre shown in the center of
Fig, 5. The size of this anomaly is approximately 600 m long and 80 m wide.

Two smaller anomalies just SE of this anomaly with sizes 120 m long end 12 m

wide and 35 m long and 7 m wide were also studied. These two smaller anomalies

could not be detected on the satellite image due to the LANDSAT resolution
capability. The largest copper anomaly to the SE near Noaiddejokka (Fig. 5) was
not studied due to lack of time and transport facilities.

The satellite image is computerised and this has given a model with different
letters, Fig., 10, Each letter represents one pixel and the poisoned area is
believed to be represented by C's. The anomaly W of Raitevarre is believed to
be the N-S-groupings of C's called '""camp corridor anomaly" on Fig. 10, Fig.
10 covers 800 hectars or 2000 pixels around the copper poisoned area or "camp

corridor anomaly",

Core drilling

Diamond core drilling was carried out at Raitevarre with 558 m 1973 and

887 m 1976, As shown on map fig. 2 holes No., 1-4 were drilled in 1973 and
in 1976 holes No. 5-8. In addition hole No, 3 was elongatedwith 80 m in 1976,
The results from the drilling is summarized in the following tabel:



Tabel over drilling results from Raitevarre 1973 and 1976

Drill Glacial Depth Analyzed zone Thickness %o ppm ppm %
hole No, cover m m from (m) -to(m) of zone m Cu Au Ag S
1 3.5 98,7 37 - 48 11 0,21 0,32 2,91
2 5,0 155 127,6 - 153 25,4 0,17 0,09 1,09 1,76
3 5,5 220 176 - 206 30 0,31 0,20 1,01 0,94
168 - 211 43 0,28 0,368 1,03 1,16
4+ 3,0 83,7 - <0,1% 0,17% 0,66 2,26
5 8,0 231,13 19 - 39 20,0 0,29
103,5 - 124 20,5 0,438
6 5,9 196,0 5.9 - 40 34,1 0,23
142,7 - 150 7,3 0,19
7 3,0 157.,4 12,0 - 21,3 9,3 0,44
96 - 117 21,0 0,26
8 5,0 223,5 116 - 122 6,0 0,47
D Flengation 219,3
298,5
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Drillhole No, 4 is the only hole which is not vertical. It is drilled with 70°
inclination in direction 2508 and it has only a copper content of 0,016%. A
number of 10 samples gave an average content of 0,17 ppm Au and 0, 66 ppm

Ag and a number of 12 samples gave an average content of 2, 26% S.

In drillhole No. 5 from 146,7 - 148,0 small amounts of galena is found ina

tectonic zone, The lead content was 0, 72% with traces of copper and silver,

Fig. No. 11 shows drillholes No. 1, 2, 3 with the results from 1973. This

figure gives an impression of the size and position of the copper bearing gneiss.

In the back of this report the anlytical results are presented graphically for copper

from all drillholes, for gold, silver and sulphur from holes No, 1, 2 and 3.
The t.'arc‘/@s ere also ewviclosed.

Latest prospecting activity

No active prospecting is carried out by Sydvaranger since 1976 in the Raitevarre
area. NGU however, has done helicopter measurements and core drilling

south of Raitevarre in 1980. This work was carried out because the premining
consessions owned by the norwegian government over the iron-manganese-
deposits south of Raitevarre expires in April 1981,

Sydvaranger's premining consessions over Raitevarre will also expire at the
same time. All results from NGU's latest activity will be free during spring
1981. This will enable us to do a much better interpretation of the geology

and important structures in the vicinity of Raitevarre.

Geologz

Most of the inner parts of Finnmark country is covered with glacial till from

1 to 4 m and often more,as in the bottom of the valleys,where the thickness of
the overburden can go up to 20 m,

At Raitevarre the average thickness of the glacial till is 4,8 m from the 8
drillsites., The actual thickness of the glacial till is less than 4,8 m since a
deep weathering from 0,2 - 1,2 m is found in the copper minera lized gneiss,
The reason for this can be both chemical weathering and frost action. Stratigra-
fically above the copper bearing gneiss there is a black schist rich in pyrrhotite
(see Fig. 2). This pyrrhotite is believed to be decomposed into sulphuric acid
and limonite. Together with the frost action the sulfuric acid has acted on the
underlying gneiss and this has resulted in the deep weathering, The weathered
gneiss is partly very rusty even if similar unweathered gneiss is practically free
of iron compounds, It is therefore reasonable to believe that the rusty colour

of the weathered gneiss is limonite from the decomposed pyrrhotite.

-7-



Fig. 2 shows a geological map of the Raitevarre area., The map is based

on observations from a few outcrops especially along the river Noaiddejokka,

trenches, geophysics and drilling,

In the lower parts of the metasedimeﬁ?}sequence. we have the copper bearing

gneiss. This gneiss is mostly dioritic in composition with amphiboles altered

into chlorite. Red garnets are also common in varying amounts, They are

often partly altered into quartz and chlorite. In the upper parts of the gneiss

there are also bands with limestone. Sections rather rich in fuchsite is

found in or near to the copper bearing gneiss, Other sections with anhydrite
ere -also found. (7 -F-Davies 1980).

The contact to the mineralization seems to be rather sharp on the hanging
wall, but is gradually fading out against the footwall, Chlorite is found

_ near and in the mineralized area.

Above the gneiss there is a black schist. The contact is gradually changing
from the black schist to the gneiss with alternating bands of black schist,
limestone and gneiss. In the black schist sequence there arétkar’aogt‘lista.
micaschists, garnet-micaschists and chlorite-schisits. The black schist itself
has a great variation in the graphite content, In the areas with highest graphite
content there are also much pyrrhotite and somepyrite. Sphalerite is also
found in the black schist. Above the black schist there is a more massive
amphibole gneiss. There are also bands of dioritic gneiss in this amphibole

gneiss, but the amphiboles are dominating,

Copper and gold minera lizations

It should be stated that the Raitevarre minera lization today is a subeconomic
deposit. Still it should be noted that sections of more than 20 m has copper
contents of 0,44%. For comparison the Boliden mine Aitik in N-Sweeden is
mined on 0,4% Cu with a cut off grade at 0,22% Cu. The copper-Gold-silver-
sulphurcontent in the drillcores can be seen in the table under the chapter

drilling,and as enclosures.

-

Chalcopyrite is the main copper mineral, and it is disseminated, Veinlets

of chalcopyrite are also found. Chalcocite and native copper is also registered.
Pyrite and a little pyrrhotite is also found in the minera lized zones, but the
areas rich in copper seem to be associated only with small amounts‘fpyrite.

In the areas with much pyrite, there is little or no copper.

Sphalerite is found as traces in the black schists.



In the copper mineral ized areas there is also found galena. The galena
is not associated with the copper. Some places the galena occurs in partly
brecciated zones, but it is also found in undisturbed zones.

Gold and silver is found in nearly all samples analyzed. The gold content
varies from zero up to 8 ppm, while the mean gold content generally is the
same in ppm as the copper content in percent.

It should be noted that a little gold also is found in copperfree zones like in

drillhole No. 4, Here it is rather much pyrite (2,26% S mean content in 12
samples).

Small gold grains in a number of 28 are found in 16 polished sections from
drillholes 5, 6, 7 and 8, See report by Ragnar Hagen, enclosed. Hagen
reports that the gold is bound to a parageneses of dessiminated grains of
pPyrrhotite and chalcopyrite grown together,

This is a very important registration and will be followed up in the ore dressing
tests (see next chapter) to obtain as much gold as possible.

Ore dressing test carried out on the drillcores from drillhole No. 3 the gold |
was enriched 24 times in the copper concentrate while the copper was enriched
40 times.

Small amounts of molybdenite is also reporte?lml?gr Hagen,
The silver content is relatively low compared gold. In drillhole No, 2, 3
and 4 it is only 1 ppm Ag and in drillhole No, 1 approximately 3 ppm,

Ore dressing tests

Flotation tests are done on core samples from drillhole No. 2 and 3. The
conclusions from these tests are that the chalcopyrite is very finegrained and
often mixed with pyrite, It is therefore difficult to make a good copper concen-
trate, The best copper concentrate was obtained from the samples from
drillhole No. 3 with a copper content of 10,7 % Cu. This is a concentration
ratio of 40. The gold content in the copper concentrate was 6,39 ppm and

the silver content 22 ppm. Compared to copper a little more than 50% of the
gold and silver was concentrated in the copper concentrate.

More flotation tests are now carried out at the Technical University of Trondheim
on the samples from drillhole No, 5, 6, 7 and 8. The fact that gold is found

in parageneses of pyrrhotite and chalcopyrite grown together is taken into
account in these tests,




Recomandations for further prospecting work

. .

Primarily the most important factors of the prospecting work carried out

should be summoarized!

1.

The low grade copper-gold bearing gneiss is found along the strike
of the rocks from Raitevarre to Baeivasgiedde (fig. 1).

This is a distance of at least 20 km. Some places the copper content
is up to 0,44% over 20 m of thickness.

Together with the copperminera lizations it is gold with mean
contents in ppm of the same order as copper in percent, Gold is
also found in pyritic zones. Alluvial gold deposits along the river
of Karasjokka and Bavtajokka have been worked on, in several
periods since the 17th century, and alluvial gold is found all over

the area,.

The chromium mica fuchsite is found several places in the area,
This can indicate that the existing sedimentary rocks partly are

derived from an environment of ultramafic rocks,

NGU has done geophysical measurements by helicopter 1980 over
a rather large area between Raitevarre and Baeivasgiedde, The
results from these measurements and from some core drillings

will be given free this spring.

Wennervirta (1968) has mapped the Karasjok area, He also has

made a tectonic map (fig. 12, transparent overlay to fig, 1).

It should be stated that the area is well covered by glacial till exept
along the major rivers and on the highest tops.

The Biedjovagge copper-gold mine 90 km's W of Raitevarre is
situated in the same Precambrian formation. Here it is important
gold concentrations in the ore. Gold is also found in "enco¥raging"
concentrations outside the ore, but not as alluvial gold like it is
found in the Raitevarre area, Fuchsiterich sediments are reported
from Biedjovagge, but they are not yet studied.

From the Kittild area, however, which is some 190 km's S of Raite -
varre it is described an area with chromian marble (Pekkala and
Puustinen 1978). The chromian marble is sulphide impregnated,
Some places the sulphide content is as high as 30% and the rock is

then called a sulphide schist.

-10-
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In’few random samples from this sulphide bearing schist the gold
content is as high as 0,5 ppm.

Gold is found in quartz-ankerite veins in Finnish Lapland,

Bearing in mind the information summarized above and that the mineralogy
and geology at Raitevarre is very similar to the Timmins area in Ontario

Canada (Karvinen 1978%), Davies 1980, Morrison 1980, the following suggestions
for a follow up work on the prospecting work can be set up:

*The Karvinen paper is so important that it is enclosed to this report.

1. Detailed structural mapping of the area to find favorable units of
structure where possible remobilisation and enrichment of the gold
has taken place. Fig, 13 is a compilation of the distig'bution of
different elongation directions of all geophysical, geochemical and
geological disiplines that are worked out in the Raitevarre area. In
NGU -report No, 1561-02 1980,B. Rindstad describes the use and benefits
of an EDB -program of digitalisation -statistics, plots and grids of
lineaments red by Landsat 1, 2 and 3,

Together with the information that will be free from NGU's work in

the area, the structural analyses over Raitevarre (fig. 13), the
digitalisation of the linearnents registrated by the Landsatelites and the
work done by Wennervirta (fig. 12) there should be a good base for

the follow up work on the structural problems,

2. Detailed geological mapping should be carried out. We should
especially do follow up work on the volcanic rocks. .
Morrison (19260) stotes that assoecation between voleante neeks and major 90"i
fields has been observed elsewhere on the Abitibi greenstone Belt
of north-eastern Ontario and north-western Quebec,
The erosion and redeposition of soft sediments and fresh lavas, sub-
marine fumarolic activity, and the remobilization of quartz and gold
by heat from volcanic necksare believed to have been significant in
this area,
Volcanic rocks, even agglomerates, are described from the area
(Wennervirta 1968). Solid rock geochemistry and analyses of several
elements should guide us to find important volcanic centers or
volcanic necks. Important host minerals like tourmaline and ankerite

should also be looked for.

3. Prospecting techniques of geochemistry and geophysics should be
considered after the geological and structural work, Boyle and Hood
(1980) and Northern Miner (1979). (Enclosures).
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Conclusional remarks and costs

The Raitevarre area has several similarities to other gold associated areas
in the vicinity (Biedjovagge and Kittils) and also to major gold producing
districts like Timmins Ontario. No gold deposits have been found in the
Raitevarre area so far exept for the [owgrade gold content in Raitevarre
and 2 ppm Au in a quartz vein from Storfossen. In Finnish Lapland however
narrow gold-ankerite veins are found,

Alluvial gold is found all over the inner Finnmark, The total amount of gold
must therefore be of considerable magnitude, If the gold bearing rocks are
not totally eroded it is believed that there must still exist some major sources
to the alluvial gold. These sources are considered to be remobilised and
accumulated gold from ore types like Raitevarre.

We should also prospect for mineable copper ore of Raitevarre type. The
possibilities to find gold deposits of the type described above seems however,

to be at least as good as for finding economic ore of the Raite type,

Sydvaranger's premining consessions for the Raitevarre area is rather soon.
expiering (April 1981). The coming seasons we therefore should raise our
efforts to carry throug a prospecting program which ends up with a satisfactional
answer if there are any minable copper-gold deposits in the area or not.

Costs
_

In the field season of 1981 only geological and structural mapping will be done.
Additional costs will be field transportation and analytical costs, The 1981 costs
are therefore believed to be covered under the 1981 budget.

M be WL ;{gémwvg JY 19§ (
Toonnid ofs ettt
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Kjernerapport og boroversikt Raitevarre

1973:
Bh. Dyp Tidsrom ' Skift m/skift
1 98,7 4-10/8 7(langsk.) £ 13
2 155,05 13-29/8 19 8,2
3 220,15 1-21/9 323 6,8
4 83,7 23-28/9 103 8,0
Sum 557,60 L/8 - 28/9 69 8,1
1976:
5 231,3 27/7
6 196,0 |
7 157,4
8 223,5
3 79,2 7/9
887,84 m 27/7-7/9 = 43 dg - 6 fridg-8dg.flytt = 29 dg
59 dg 58 sk.

): effekt 15,3 m/skift

Med andre ord - omtrent det dobbelte av effekten fra 1973

med nesten tilsvarende maskinen.




Bh

1l Start 4/8 ferdige 10/8, Dyp 99 m,

7 langskift,

13 m/skift,

£0

Dyp

Lagdaling Kjernetap Analyse

Beskrivelse

3,5 = 10

10 - 20

20 - 30

30 - 40

ko-s0

50-60

60-70

70-80

80-90

90-9837

Overdekket

~ 90°

6,11 9-10:

~ 90

~ 90 0,03

0,03

22-30:
23-24: " v »

0,05 =
0,08 +
0,12
0,13
0,25

35-36= u " "
36=37: " v ¥
37=38g 0 0w »
38=39: " ¥n
39~40: ™ " 0w

~ 80°

+ + 4+

0,24
Q,35
0,24
0,11
0,03 +
¢,31
0,31
8,13
0,09 +
0,09 +

4p-41:
bl-tp: n v om
4oz m o om
yzany; v owoom
Yy-ng: voowoom
b~ * o
4g=l7: M o m
L7-4gr m m w
LB-lg: v v m
ug-so: Ton on

~ 90

80-90°

80-90°

Cu,Ag,Ni,Zn

Cu,Ag,Ni,2n

P,9,a, dypforvitring m4 dat bores jordboring
ned til 3,5 m. Spor Cpy i de grave k jernsne som
sannsynligvis er insithublokk,

Lys dioritisk gneis med enkelte merkers partier
med emf,, biotit og klorit, (Mulig ogsé fuchsit
ved 9,8 m) Oppspr, ca, 10 spr/m,
Mineraljgserino: Spor Cpy nesten i hels kasaser,
men trolig / 0,1 % Cu, Noe badre 9,6 = 9,7 m
med kloritt, Merkt blett artsminr ? ved 9,2 m.
prave,

Som foregldende, men mindre Cpy,
av merkt srtasminr m/Cpy
av Py og Mk for kjem. enalyss og slip.

Preve 10,8 m
* 13,6 m

Vesentlig kloritrik gneis,
Mine; Mye py o9 spor Cpy spesielt i forbindelse
mad kloriten, Analyse av 22-24 m, Noes MK,

Bergartt Gneis med tiltagends kloritimnhold

mot 40 m,

Mior: Spor Cpy 30-35 m, Mot 40 m sterkere spor
og tildels pen mineralissring med Spy og MK,
Raleativt lite Py, 38-39 ser ut til & vare best,
Provse,

Relativt mye klorit i gneisen.
Avtagende kloritinnh. mot SO m.
41.8 - 42 m.

Stort sett pen Impr. frem til 47,0m .
W4-45, 4B-49

Bergart:

Kvartsone
Mineralisering:
Prgve 41,4 og U6,1 av pen Cpy-minr.
og 49=-50 svakt impr.

Grd gneis med jevn fordeling av klorit.
Svak impr. av Cpy. Beste impr. 50-52 m.

Bergart:

Minr. :

Bergart:

Minr, :

Bergart:
Prgve fra

Minr.

Bergart: 80-84,7
84,7-90 granat-glimmergneis
Prgve 84,8 m,

Minr., : ©Litt Cpy og MK i kvarts ved 82,6,
Ellers meget svake kobberspor. Kan ikke se Cpy i
granatgneisen. Forholdsvis lite pyrit.

Bergart: Vesentlig granatgl.gneis m/kvartagyne,
men sonevis med den vanlige gneis og hydrothermal-
kvartasonen.

Som foreg.
Litt MK og Py og kun svake spor av Cpy.

Som foreg., men med klorit.
70,2 m med klorit, Py, MK og litt Cpy.
Litt py og MK med rike tydelige Cpy-spor.

Vanlig gneis som foregédende.

med kvartsgyne.

Minr.: Noe Py hele veien, men svert svake spor

med Cpy o8 Mk.
Hulldyp 95,0 m
¥jernelengde 98,7 m



:

2#

Bh. 2. Start 13/% ferdig etter nattskift 29.8. Mask.havari 16/8-23/8 ) i 19 skift 8,2 m/skift.
{3 hele skift + mange smd stopp 6 skift v/prakk}
Dyp 155,05. {Vert oppe 1 23 m/skirft 12 m/skift effektivt)
Dyp Lagdeling Kjernetap Analyse/prgve Beskrivelse
0-5,0 overd. Overd. ca. 2m. 2 - 5m dypforvitring.
5-19 ~ 80° Bergart: Grov granatgl.sk. granater 1-2 cm. Soner
6,7 : MK og Cpy i med litt grafitt. KXis i soner med kvarts (?) cg
lys b.a. feltspat,
9,05: Granat gl sk. Mineralisering: MK i scner med kvarts (?) og
feltsy (prgve) MK ogsd i granatgl.sk. Spor med
Cpy. Litt grafit.

10-20 90° Bergart: Som foregdende 10-15,2. 15,2-20 etterhvert
lysere bergart med spett av biotitt og diffuse
granater. Mot 20 som en lys grd gneis.
Mineralisering: MK 12,8 - 15,0~ 5 % kis. Mindre
kis 15=20 m. 10-15 m 1lite (spor) grafit.

20-30 90° Bergart: Vekslende granatfgrende gl.gneis.

Lite granater fra 27 m. og soner med grgnnstens-
(klorit) materiale med kvarts og kalkspatsoner.
P4 slutten enkelte blikvartssoner.
Minr.: Lite MK (spor)
30=-40 56-90° 38,485 MK og sph ¢ Bergart: Vekslende som foreglende, men bare fad
39,5 " " "2 granater. Fremdeles "blékvarts" 1 klorit-sonene.
Minr, : MK fra 3,7 - 40 1 veksl. mengde ~» 10 &%
. kis. Ogsé& sinkblende ? prgve. En del karbonat
' med kisen,
. Grafit 33,95 - 34,20. '
bo-50 80-90° 41,4 Granat m/korona Bergart: Vesentlig grd til mgrk gréd gneis med
med spredte granater og tildels kalkfgrende.
Granatene har en lys reaksjonssone rundt seg.
Minp.: Kun 1litt ' MK. Kan ikke se grafit.
50=~60 80-90° 56,4 Veksl. Kv og Bergart: S3Som foreg., men mer skifrig og mindre
kalksp. granat. Plere kalkspatsoner pd opptil 2-3 cm.
Kalkspatsonene veksler med kvartssoner og gl.
Betydelig med kalksp. 1 gneisen.
Minr,: 54,6-56 veksl. grafit kalksp./kvarts
54,5 Cp-ansaml. med litt MK og spor Cpy, serlig med grafit.
Prgve av stgrste Cpy-ansamling.
60-70 Bergart: Mgrkere noe mer skifrig gneis. Xan ikke

6,3 Omv.granat

se granater, men hvite spetter som kan tenkes &
vare omv. granater. Joda, det stemmer det !

kan se granatrelikter i de hvite minr.ansamlingene.
(Prg¢ve) se prgve 41,4, Flere grafitrike soner.
Tekt: Knusesoner 63,9-64,3, 65,4-65,5,
66,4=-66,6, 64,0-68,1, 68,4-69,0, 69,86-70,0.

Delvia breksiert fra 64-70 m.

Minr.: Grafitscner 1 hele kassen fra f4 cm opp
til ea. 1 m (nesten sammenhengende 61,5-62,5).

En del MK og noe Cpy 1 breksjesonene med kalkspat
og euhedral kvarts. (Prgve)

[ 5 % sulfider i kassen.



Lagdeling Kjernetap Analyse Beskrivelse

70-80 ~ 90° Bergart: Grafitskifer og kalksten("kalkgneis™)
71,6-75,9. Kalkgneis ogsd som soner i grafit-
skiferen.

Tekt: En del knusesoner og breksiering, men
ikke sd mye som i foregdende kasse.

Minr.: Grafit-rik skifer 70-71,6, 71,9-72,2,
75,8-80, med litt kalk 78-78,5. Litt Cpy hele
velen i grafitsk. pd speil. Ubes temt minr. med

76,95-77,03: Minr, hg¢y glans i grafitsk. Prgve.
m/hgy glans i grafit
Py pd smd (/ 1 em) ganger med Kv og kalksp.

77-78: Cu,Ni,Ag,Zn Tar ut 77-78 til analyse.

80-90 90° Bergart: Grafitsk 80-83,1, 86,2-86,5 med noe
kalk pd samme m&te som foreg. kasse., 83,1-86,5
vekslende kalkgn. og granatf@rende vanlig gré
gneis. Granater m/korona. B6,5-90 vanlig grd
gl.gn. med granater m/korona.

Minr.: I grafitsk. Cpy pd speil som foreg.
I gneisen ogsd pene Cpy-spor, men pd sprekker med MK

90-100 70-90° Bergart: Vesentlig grd gn. m/granater. Enkelte
kvarts og kalkspatsoner.
Minr.: Litt MK og litt Cpy ({spor}). Hurtig
oksidering pd MK ! Belegg etter bare 2-3 dg !

100-1190 90 Bergart: Som foreg. samt en del biotlit og klorit.
Minr.: Litt MK og spor Coy spes. pd sprekker
i lysere partier (kvartsitrike).

biotit og klorit. Kloritsone 112,7-114,7.

Minr.: Litt Mk. Kan ikke se Cpy.
[

120-130 122,2: MK,Cpy Bergart: Grd gn. med flekker som trolig har vert
121,9: Cpy.Mk (Fy) granater + granater ! En del biotit.
#120 =121 : Cu,Ni,Zn,Ag Tekt : Breksje 120,120,6. Kittet sammen med
0,2 121 =~-122 : " n® n " kalkspat.

{jéé 122 -122,9: " " " %  Minp.: Cpy-soner: 120-122,9 , 127,6-130.

0 122,9-124 : ™ * ® = Siste sone har en del py m/Cpy.
>

.

0 124 _125 . " " " "
0 125 =-126,6: " " * "
0 126,6-127,6: » " " "
»0,3 127,6-128 ; = " n »
+ 128 =129 : " T = M
B 129 _130 ' " 1] L n

130-140 70-90° 130 - 151 : ™ " " n  Bergart: Gri gneis m/muskovit og biotit.
131 - 132 ¢ = v ™ " Kan ikke se granat.
132 - 133 : " m oM Minr.: 150-140 m mer eller mindre impregnrert
133 - 138 : " " " " med Cpy, Cpy-holdig py og MK. Alle 10m mé
1gu -13% ; " » " analyseres.
135 13
136 - 137 : " " " "
137 - 135 . " " *t L]
138 - 139 : n n " "
139 - 14¢C .M o onoon

140,0f Py og Cpy¥
137,5: Py, MK og Cpy

l 110-120 70-90° ' Bergart: Grd gn. m/omv. granater samt endel



Dyp Lagdeling KXjernetap Analyse
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Beskrivelse

(140-140,5
us® 1
140-150  70-90°

146,6: Gn.m/"kvartsgyne" ,MK,Cpy

143,2: Gl.gn m/Py,Cpy
+140,141: Cu,Ni,Zn,Ag

Bergart: ¢rd gneis. Kan ikke ge granat,

+1U1-142: n noom men "kvartsgyne” som kan minne om
+1U42-1432; 1 o owoow omvandlede granater (prgve). Spetter med
+143-144; " n omow klorit og soner med biotit og muskovit.
+144-145; ™ . moom Minr.: Mineralisert som i forrige kasse
+148=146; n n M w med Cpy-holdig Py, By, Cpy og Mk.
+1l46-147; ™ n m w Hull -~ Dyp = Kjernelengde.
#147-248: 0 voroom
o 148-149; = m w n
+149-150: " » v »
150-155,05 151,5: Lys gn.m/klorit MK,PY,Cpy Bergart: 150-153,4 som f¢r med spetter
152,6: Gn spettet m.klorit av klorit (eller amfibol ?) Préve.
eller amf. ? .
Muligens noe granatrelikter nemere 153,4 m.
155,05: Gl.gn:m/granat+0py 153,4 - 155,06 en gl.gn. med rikelig med
:igg:i:;f :U,Tl,ﬁg,in granater (prgve).
: Minr.: Svakere med Cpy enn i1 siste kasse.
+152=-153; * " v w o ;
6 153,154: " 1 v w Svakere spor nér g?anatene kommer inn,
men pen Cpy-Mk-stripe ved 154,4,
o 154-155: " " " v
Dette hullet burde ha vert kjért lenger,
men ble avblist p.g.a. dynamosvikt og
pumpefestesvikt. Maskinen ble flyttet mens
- dette ble reparert for & utnytte tiden.
Bh. 3. Start 1/9, ferdig 21/9. Helg 7-10/9 ): 32 } skift. Hulldyp 220,15
): 6,8 ‘m/skift
Dyp Lagdeliné Kjernetap Analyse Beskrivelse
0-5,5 Overdekket og grov kjerneboring.

5,5-10 Bergart: Granatgn. 5,5-7,7 og 3$-10
m/kvartsgyne som er omv. granat og med
granat.

Grafitisk:7,7=-9 sterkt grafitholdig.
Minr.: Intet.
10-20 Bergart: Granatgn. m. klorit og amf.:
10-16,7, 16,9=17,2, 17,25-17.3%, 19,3-159,5.
Feit grafitsk. 16,7-16,9, 17,2-17,25,
17,35-1933: 19:5'20~
Minr.: Intet. Spor av M i grafit.
20-30 70-85° Bergart: Grafitsk. med noen f& striper gneis
mest 70° Veksl. grafitinnh.
22,7-22,9: Grafitsk. og gn.m/ Minr.: Pene spor av MK, Sph, Spy spesielt
MK,Cpy,Sph. i de lysere partier p& sprekiker og i tynne
lag.
30-40 §7-70° Bergart: Orafitsk. veksl. type og mgrke

30=-31: Cu,Zn,Ni,Ag
31-32; " " " ]

38,6: Grafitsk. m/MK,Cpy,Sph.

partier.

Tekt.: Breksjesone { sammenkittet m/kvarts:
32-32,2)

Minr.: Som foregdende m/MK Cpy og litt Sph.
spesielt i de lyseste partier.
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.,
:
B

150-160

80 - 90 80°,63°,63°

90 =100 660533'

700

100-110 ?

110-120 100°,90°,

100°

120-130 80°,80°,

100°

130-140 100°,90°,

80°,100°

?

90°

102,7: Granat m.omv.sone

1l1l4,6: Grent minr. Kalksp?

143,0: Klorit

156,7: Gneis m/kloritspetter

-

Dyp Lagdeling KJernetap Analyse Beskrivelse
so-50  47°,60°,73° Bergart: Orafitsk. 40-44,2, 44,3-ub,9,
45,05-46,2, 49,8-50. Grd gneis m/granat,
omvandl., granat ("kvartsgyne™) gl. klorit,
amf. i 44,2-4u4,8, 44,9-45,05, 46,2-49,9,
42,05: Py,MK,Sph,Cpy Minr.: Som 3040 m, men noe mer py.
Kalkspatfyllinger.
5060 60°,67° 52,8: Grafitsk.-gneis Bergart: Grafitsk. veksl. lys og mgrk.
53,5: Grafitsk./m.Cpy Der den er lys ligner den gneisen med omv.
granater + litt grafit {prgve).
Tekt.: Breksje sammenkittet m/kvarts:
50-50,2, 53,7~54,3. Flere knusesoner.
Minr.: En del pene spor med Cpy og MK.
Prgve 53,5.
60=70  60°,68°,us° Bergart: Graritsk. 1lys type fra 64-T0 m.
Tekt,!: Knusesone 66,7-67,0.
Minr.: Litt Cpy (spor) og MK. Mindre enn
foreg. kasse.
70-80  60,60,52,45°

Bergart: Veksl. grafitsk. og gri gn. med
og uten grafit.

Tekt.: Noen knusesoner,

Minr.: Litt MK, py, Cpy, Sph (spor)

Bergart: Grd gneis m/granat 80-82,7, 86,7-90
med et parti, smd graftisoner. Grafitsk og grad
gneis i veksl. 82,7-86,7.

Tekt.: Knusesoner (6 atk) 10-40 ca

fra 83=89 m.

Minr.: Kun svake Cpy-spor + MK og pPY.

Bergart: Biotit-granatgneis.
Minr.: Ikke spor.

Bergart: Som foreg. Granatstorrelsen vekslende
helt opp 1 1 cm. Noen steder omv. sone rundt
granatene. Prove,

Minr,: Ikke spor.

Bergart: Veksl. grafitsk., grafitholdig gn. og

gn. o/granat ca. 50/50. Soner med
gront minr. Kalkspat? litt for hardt. Ogsé
granater i grafithorisonter.

Tekte: Breksje sammenkittet lo7,4-108,10.
Ellers flere knusesoner.
Minr.: Bpor Cpy og litt MK sarlig i forb.

med sprekker og breksjesoner.

Bergart: Veksl. grafitsk og granatgneis som
foreg. dog mest gneis (% 2,5 m grafitsk)

Takt. ! Breksje semmenkittet 120,7-121,4,
knusesons: 122,5=122,8.
Minr.: Kun spor Cpy + MK og Py litt.

Bergart: Biotitgn. wed litt granater i besg.
som etter hvert blir borte.

Litt grafitsk og gneis 132-134 og 135,5-135,8.
Minr.: Spor Cpy i1 forb. med grafitsonene.
Bergart: Granat-biotit gneis med kraftige
kloritsoner 141,5-144,5, 146,3-147.

Granatene er delvis omv. m/korona av kvarts(?)
Minr.: Kun spor av MK og Cpy.

Bergart: Grd biotitgneis med lkun t4 granater,
men spekket med kloritspetter.

Minr.: Kun spor Cpy.
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170-180 80°%,70°,
80°,100°

190-200 ?

200-210

210-220,15 100°(?)

180-190 70°,80°,100°

o 0 + + + ©

169-170; * » = n

172,5: Klorit-muak.-cericit-

bergart n/Cpy, MK, Py.
173-174: Cu,Ni,Zn,Ag
175_176: ] It " n
1?6.177: : | n fn L1}

189,1: Kvartsit
180-181: Cu.
181182

182-183
183-184

184-185
185-186
186-187
187-188
188-189
189-190

192,0: Amf.gn.
190-191: Cu
191-192
192-193
193-194
194-195
195-196
196-197
197-198

202,5: Cericit m/Cpy
200-201: Cu

201-202

202-203

203204

204=205

205-206

206207

g3

2l4=215: Cu

215,%: Musk.-cericitgn.m/
py og spor (7) Cpy.

oo

Lagdeling Analyse Beskrivelae
160-170 ? 168-169: Cu,Zn,Ni,Ag Bergart: Grd gn. grovspettet m/klorit. Noe

windre klorit fra le6 m.

Minr.: Litt Cpy og py fra 166 m.

Sannis -~ 0,10 % Cu. Cpy rose 166,8.

Bergart: Lys gl.gneis (skifer) med mye
mugkovit (cericit) stedvis grent + kloritsoner
Minr.: Cpy, Mk, Py flekkvis i bestemte
goner. 5-10 c¢m. Disse utgjer lite totalt.
Stedvis ogsd betydelim med Py. Lite MK.

Cpy finnes ogsj utenom de anal. soner
muligens pd samme nivd, men svak mineraliserin

Bergart: Lys gn. m/klorit. amf.gl. m/granat.
Evartsitisk type pd slutten. .
Mior.: Cpy i hele kassen 0,1-0,2 % Cu.

Bergart: Gneis med amf. og klorit. biotit og
cericit.

MinT.: Svak Cpy = Py = minr. 19%0-198

~0,1 % 'Cu.

Bergart: Amf. gneis m/klorit, kvarts, cericit.
Minr.: Pen Cpyeimpr. serlig 202-205 m, men
hele kassen md anal.

Bergart: Cericit (musk) - klorit - gneis
m/amf.

Minr.: Vesentlig py, men ogsd litt Cpy.
( 0,1 %). Tar stikkpreveanalyse av en av
de beste metrs. ’




l 1976, Forlengelse av Bh. 3 fra 219,3% - 300 m.

I

Dyp Sp/pr.m Analyse Beskrivelss
l 219, 3=220 5 Ba. lys glimmerrik gneis.
220 = 230 Miperal. imp. gvovelkis
230 - 240 5 Ba. 230.0=-230,9 som foregdende kasse.
2%0,9-240 vekslende dioritisk gneis med
granat Mi. imp. svovelkis.
280-250 5 Som foreg. m.svake spor Cu pA siste m.
250=260 5 " " vekslende med lys gneis.
260-270 5 Ba. 260=-268,0 som foregdende, 268,0=-270 -
Kloritrik gneis. Mi. imp. svovelkis.
l 270-280 5 279-280,0: Cu Ba. 270-272,5 Kloritrik gneis. 272,5-280,0
vakslende kloritgneis (spetter) granatforende.
Mi. imp. svovelkis, 272,6-272,9 gods spor
l Cu + gvake spor i to siste m.
280-290 5 Ba. som foreg.(med granat og klorit spetter)
Mi. 280=-280,5 imp. svovelkis med god spor Cu.
l 208,5 .-290 imp. svovelkis.
290=300 5 297,0=-298,0: Cu Ba. som foregiende. Mi. imp. svovelkis
292,0-298,5 spor Cu bests m til analyse.
l 250°-70° sn Bh. 4 Start 23/9 ferdig 28/9 10 1/2 skift. Dyp 83,7 : 8,0 m/skift
' byp Lagdeling Kjernetap Analyse Beskrivelse
0-10  100°,50° 7-8 : Cu 0-3,0 overdekket
8-9 : " Bergart: Gneis m/smf. noen granater. Kraftig
I 9=10: " - cerisitisert (muskovit flak).
8,7 Py i cericitisk gn. Minr.: Mer og mindre Py-ferende 5-10 % Py
. som stadvis er gullig og felgelig trelig
l ferer noe Cu. Mest py fPa 7,0-10 m.
10=-20 10,8: Py i cericitisk gn. Bergart: Gneis lys vekslende, men mest
10-11: Cu cericitrik med amf. og granater (+ klorit)
l 1lel2: Minr.: Py hele veien, men mest 10-15 m.
12-13%: Noen f& grafitkorm.
13=lis:
l 14=15;
20~30 0-21: Cu Bergart: Som foregdende.
2l=22;: Minr.: Py som foreg. Hele kassen
I 29-30; " reanslyseres hvis Cu.
30=40 20=31: Cu Bergart: Som for.
31-32: " Minr.: Py som for, mest 30=35.
l 243G Gedigent Cu 2390.‘ Hele kassen reanalyseres
hvis Cu.
40= 50 4i=42: Cu Bergart: Som for, wen mindre py. Mye klorit.
l Y=l " Minr.: Noe mipdre Py enn tidligere.
_ 41,3 Kan se spor ME og Cpy. Anal, alt hvis Cu.
50=60 ~ 100° S50=51 Bergart: Klorit —emf.-granat gneis. Lik
l 51l=52 tidligere gneis, men noe mindre cericit-
52,7 + MK i Klorit muskovit.
Minr.: Py som foer. En del MK i klorit
l 52,3=53.
60=70 80 - 100 64,9 : Py - Cpy Bergart: Som fer, noe mer aliret p.g.a.
60=61: Cu stedvis store gramater. )
l 6l1-62 Minr, : Evartssone 64-64,5. Pen Cpy minr.
62=63 &4,5-65. Eller en god del gul py.
| 3
6968 , 68-£9, 69- T 0.




Dyp Lagdeling Kjernetap Analyse
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Begkrivelse

? 70=71: Cu
71=-72
72=73
73=74
74=75
75=76
76=77

70,6: Py-Cpy

80-8%,7 80-100° 80=-81: Cu
/0,05 Cu 8l-82:

85,0 : Granatgn. n/MK,py.Cpy

Bh. 5.

Dyp Lagdeling spr./m Analyse

Bergart: Grd gneis m/granat. Klorit amf,
Minr.: Tildels pen Cpy-holdig py fra
70-77 m. Dog sterkt vekslende. Ogsd
en del flekker med MK.

Analyse 70-77 m.

Bergart: GrA gneis sliret, som etter hvert
bIir sterkt granatferende.

Minr.: Lite Py, men den ser ut til &
inneholde Cpy. Litt Mk.

Beskrivelse

8-10 70-80° 8 mw o.d.

10-20  60-80° 8 spr.m 0 17-18
0,0 18-19
0,0 19-20
20-30 9 v 20-30

40-50 5 " . 40-41

80-30 3

90-100 6 o 91-92,3
0,1 92'5'94

100-110 5 102-103,5
~ 103,5-105
105-106
106107
107-108
108-109
109-110

' 30=40 12 " 30=-40

Cu

(en pr. m)

Cu 0,10
" 0’15

Ba: Veksl. dior. gneis og amf.~klorit gneis.
Kan ikke se granat. I den grove kjsrnen
gsees litt grafitskifer.

Ba: som foreghende.

Minr,: Meget fink. Cpy 18«20 m og litt MK.
Ellers spor av py.

Bas Ves. dior. gn. Kvartsferende 28-28,6

en kloritisk sone.

Minr.: Cpy i veksl. mengde, men ofte meget
fink. Enkelte klyser i forts. am/kvartsroser
og kloritsoner.

Ba: Homecgen dioritiek gneis.
Minr.: Spor Cpy. Svekt fra 36-40, men hele
kassen nd enalyseres. Noen striper med flusspa

Ba: Dior. gn. m/amf. og klorit. Litt
granat fra ca. 46 m.

Minr.: Meget lite Cpy 40=45 m.

34 ~/em CaPp - kvarts. AB! [ike Gafy mos auhyt

Ba: Dioritisk gn.(m/amf) m/Xlorit
og kvarts og granat.
Minr.: Litt Py og meget svake spor MK og Cpy.

Ba: Dioritisk gn. m/amf, klorit,kvarts

og spor granat.

Minr.: Litt py + spor MK og Cpy. Typepreve av
Py-sone v/66,8 og Cpy-stripe ved 64,3 m.

Ba: Dioritisk gn. m/amf., klorit, granat
og rel. mye kvarts. Enkelte 3-Scm kvartssoner.
Minr.: Litt py og meget svake spor MK og Cpy.

Ba: Dioritisk gn. m/e unf., klorit, kvarts
(ikke granat).
Minr.: Jewnt m/Py.

Ba:  Dioritisk (amf.) gneis mer vekslende
enn foreghende. En del kvarts og klorit.
Minr.: Fra 92,3 Cpy (lite) og Fy samt noen
striper CaFp . Me an hydly -

Hele kassen mé anal. hvis dette gir resultat.
Ba: -Dior. gn. med en del kvarts, amf.

og klorit.

Minr.: Py i hele kassen. Fra 103,5-110

Cpy, py og spor blyglans.
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Dyp Lagdeling spr./m Analyse Beskrivelase
110-120 ? 110=120 Cu BL Dior. gn. m. kvarts, muskovit, klorit
og amf. (ikke granat)
Minr.: Cpy, MK, Py. Bra med Cpy 1ll1-118.
Lite 118-120, men hele kassen md anal. Pene
angaml. Cpy i kvartssoner ofte med litt MK.
120-130 4 120=127 Cu Ba: Dior. gn. forholdavis homogen med
enkelte kvartssoner. Granat fre ca. 125,7.
Ellers klorit, amf. Noe Cr-glimmer ltts .
Minr.: Litt Cpy 120-127. Ellers pest Py og .
130=140 8 130-131 Cu Ba: Dior. gn. m/kvartssoner pd opptil 0,7 m
Musk. sk. Ba er svekt granatforende med noe
amf. og klorit.
Minr.: Svert lite Cpy, men spor i hele kassen.
Tar en stikkpreveanalyse 1Z0=131, Mot 140
vegentlig Py. Litt MK og noen rossr QEFE
i kvartssonene. P auligdrt
140=150 6 146-146,7 Pb,Ag,Cu Ba: Lys dioritisk gn. Mye glimmer
146,7=-148 n " (Glimmars»‘c)
148-149 L Minr.: Py. Blyglans fra 146,7-1%0, men en
149-150 nonm o tydelig sone PbS fra l46,7-148. Bpor Cpy
Tekt: En kan se at det har vert bevegelse
i minr. Pbesone med bl.a. kalkspatutfellinger
150=160 189-180 Cu Bas Dior. gn. med spetter av h.bl. som
delvis er omv. til klorit. + kvartas.
Minr.: Sveke spor Pbs i tekt. sone 150=154,3,
Dette m& evt. analyseres hvig l48=150 slir +il
. Ellers spor Cpy spea. mot 160 m. Stikkpreve
159-160. En del py. En god del CaFpi tekt.sone
gpes. ved 151,5. Uee Audgelr:f
160-170 3 160-161 Cu Ba: Som foregiende.
Minr.: Litt Cpy spes. 160-161 i et kloritrikt
morkt parti. Ellers for det meate Dy og spor
ME. 8Stjerner Cpy i hele kassen. 10 cn CaFy
170-180 3 Ba:  Som foreghende. ved 165,1.
Minr.: Ves. Dy, men enkelte korm Cpy. 10 cm
pen Cpy=- Minr. ved 172,6-172,7.
180-190 3 Ba: Somn foreg., men noe granat + fuchsit.
Minr.: Ves., py og ME, men spor Cpy.
190-200 3 197-1398 Cu Ba:  Som foreg.
198=199 Minr.: Cpy 190-191,3 og 197-200 0,2 % Cu
199=200 og litt spor i mellom -samt en del py +
litt MK.
200-210 4 200=-201 Ba: Homogen dior. gn. En del klorit og
1itt granat. .
209-210,6 Minr.: I forb. med kloritrike soner noe Cpy
i hele kassen + Py.
210-220 4 Ba: Litt grenat i dior. gn. Amfibolit
210,6=-21.2,3.
Minr.: "Sonen" forts. med litt (py frem til
amfiboliten ved 210,6.
Ellers er det litt py og spor Cpy.
220=231,3 3 Ba: Dior. gn. m. litt granat.

Amf. 221,5=-222,8.
Minr.: Litt py og spor Cpy wmen stort sett
svert lite.



Bh. 6.
Lagdeling spr./m

3

55

Beskrivelse

0-10 0-5|9 O.d. 6

10-20 ]

30-40 7

60-70 7

'80-90
90-100

100-110 6
110-120 6
120-130 5

120-140 : 8

Analyse

5,9=7 3 Cu,Ag (Fb)
P ag g MW
8-9; » =n
9-10; ™ *®
10=20 :

"Ikke tatt med
(1520 svak) i ferste omg.

20=30 : Cu

0=40: Cu Ag

59-60: Cu

60=61 : Cu

Ba: Lys dioritisk gn. m/spetter av delvis
omv. amf. ( i klorit). Opptil 10 cm’s
"rustsoner" nmr sprekker p.g.a. dypforvitring
Minr.: Jevnt iwmpr. med en meget fink. Cpy.

Kan ogsi se et blankt minr. AgS. ? Ab'

Ba: Som foreg. Noe fuchsit,

Minr,: Som foreg. frem til ca., 15 m, men hele
kassen ber anal. Ved 13,05 et markt minr.
n/boy glans AgS ? Au '

Ba:  Dioritisk spettet gn. homogen m/amf.
omv. til Klorit.
Minr.: Jevat impr. med Cpy og svert lite py.

Bas Som foreg.

Minr.: Svakt med Opy fra 30=-35, men
noe bedre 35-40. Ved 33,6, 34,7 og 38,9
svert mykt minr. MoS, ? AgS ? e !
Fahlerts 7 Frover.

Ba: Som foreg.

Minr.: Svake spor Cpy og litt py. Pen stripe
av det ukjente minr. ved 40,6 (prove). Ikke
analyse av denne kassen, men den ber anal.

hvig 30-40 bhar interesse. Cu- innh.

Ba: Som foreg. Fuchdit ved 56,3

Minr.: Spor Cpy i hele kassen. Stikkpreve-

analyse. Ellers litt pen py og spor MK.
Ba: Som foreg., men noe lysers.

Minr.: Spor Cpy i hele kassen. Stikkpreve-

analyse. Ellers litt py og ME. Evartssoner
6l,7-62,4, 67,4=567,6.

Ba:  Forskifret gn. med mye musk. og klorit,
men ogshk den typiske spettete dior.gn.

Litt fuchsit Au ! '

Minr.: Pyrit rel. mys (3=5 %).

Bvert lik foreg. kasse.

'Ba:  Dior.gn. litt forskifret.

Mi: -:‘\25% Py-

Ba: Dior.gn. m/granat som ved ca. 105 n
gir over i en forakifret type m/Fuchsit.
Minr.: Er del py (3=5 %) i hele kassen.

—

itt Cpy fra 100-102. = 0,1 %

[

: Dior.gn. m/kun spor av granat.
Minr.: Spor Cpy spes. i beg. av kasagen og
en del py og MK 3-5 %,

Bas Dior. gn.

Minr.: Spor Cpy. Spor (drdper) av ZnS
merk type og 35 % MK og Py.

Ba:  ‘Dior.gn.

Minr.: Py og Mk 3 - 5 %



Dyp

Lagdeling Spr./n

Anglyse

Beskrivelse

36

140-150

150-160

160~170

170-180

180-190C

190-1%%

Dyp

8

&

Bh, 7

Lagdeling spr./m

la2,7-144 : Cu
lag4 150 : "

1720 - 17 : Cu
171 =172 ¢+ "

Analyse

Ba: 140-143 tett dior. gn. m/smd granater.
Senere mer lys og forskifret.
Minr.: Py i hele kassen. Fra 142,7 1litt Cpy.
Tar anal. ut denne kassen.

Ba: Dior.gn. n/granat fra 152 m.

Minr.: Svert lite Cpy.

Py og MK ~ 1-3 %.

Bas Dior. gn. m. granat til 164 m

den typiske dioriten
Minr.: Spor Cpy. ~1
svovel nd.

Noe bedre 159-180.

allers

% py. Tydelig mindre

Ba: Dior. gn. typisk med tildels store

h. bl. ({(klorit) - lister.

Litt granat.

Minr,: Cpy (litt) i hele kassen. Mest til &

beg. med. Preove anal.

Ellers py og MK,

de to forste metre.

Ba: Dior. gn. m/granat. Mye granat spes.

fra 186 m.

Minr,: Svake aspor Cpy eller lite Py og MK.

Ba: Granatrik dioritisk gn. m/lister av
gr, hornbl. ( klorit) og kloritsoner.

Minr.: Py og MK.

Beskrivelss

3=10

10=-20

0-3 o.d. 12

15

10

10-20 : "Cu

20=21,3%: Cu 0,72
21,3-22: Cu o 0,05
22-23 :Cu o 0,01

35-36 : Cu
36~37 &
37=-38 1
38~39
39=40 ;

57-58 : Cu {evt. Ag)
58=-59 : "
59-60 : "

Ba: Lys utlutet dior. gn. spes. fra 3-6 m.

Minr.: Eun spor Py.
Lys dior. gn.

B

i

|

metre eor omv. til malakit. Litt py og

mobilisert grafit (?
Ba:  Lys dior.gn.

Minr.: Pent Cpy-minr. 20-21,3.

)

+¢ Fra ca. 11l m Cpy som i de forste

20-21,3. 21,3=30 granast-
ferende kloritrik gn.

for Cpy. Bare litt py og MK.

Senere fritt

Ba: Granatferende kloritisk gn. 30=35,0.
35=-40 1lys noe skifrig dior.gn.

35-36 en kloritrik
Py, MK og Cpy.

Minr.: Cpy 35=40 (~ 0,1 %)

Py og MK.
Bas Dior. gm.

Minr.: Spor Cpy i hele kassen og litt Py.

sone med vel nye

M4 snalyseres hvis 36-40 glimter til.

ellers en del

Ba:  Dior. gn. 57-59 et amf. og kloritrikt

parti.

Minr.: Svake spor Cpy.
Ved 57,2 svart blankt minr. Ellers noe

Py og MK,
Ba: Lys dior. gn.

Minr,: Cpy - MK ansaml. ved 67,05. Litt

Cpy=impr. videre 0,3 m.
* spor Cpy i kassen.

Lite Py og MK.

Noe bedre S57=60.

Ellers er det bare
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Dyp Lagdseling 8pr./m Analyse Begkrivelsge
70-80 4 74=80 : Cu Bai Dior. gn. med rek. mye klorit fra
ca. 75 m.
Minr.: Litt Cpy i hele kassen. Noe "mer"
fra ¢ca. 75 m. Lite Py og MK.
80-90 5 ? Ba: Dior. gn.
Minr.: Opy i hele kassen, men for lite.
Bor analyseres hvis 74-80 glimter til.
Litt MK og Py.
90-100 4 96-100 : Cu Ba: Lys dier. gn.
Minr.: TLitt Cpy spes. fra 97-100. Meget
finimpr. Lite MK og Py.
100-110 4 100-110 : Cu (4g ?) Ba: Lys dior. gn. m/noen fuchaitstriper.
Minr.: BSvekt impr. m/ Cpy i hele kassen,
men vel svakt. HNoe bedre de aiste 4 m.
Mener Jeg ser det blanke minr.
Lite py og MK.
110=120 6 110=117 : Cu Ba: Dior. gn. m/ endel klorit.
Litt fuchsit.
Minr.: Forholdsvis mye Py, litt MK og Cpy.
Svert lite Cpy de siste 3 m. (P H0-Hfm)
120-1%0 5 Ba: Som foreg.
Minr.: Mye (5 %) Py ikke Cpy.
130=-140 5 Ba: Lys dior.gn. 1litt forskifret.
Minr.: Py ~ 3 %. Eun meget svake spor Cpy.
140-150 4 Ba: Lys dior. gn. (typisk) preve
Minr.: TLitt py og MK, ellers kun helt
. svake gpor Cpy.
150-157,4 ° 6 , Ba: Lys noe forskifret dior. gn. m/litt
fuchsit.
Minr.: Litt py og MK.
Bh. 8
Dyp Lagdeling spr./m Analyse Beskrivelse
0=10 0-5 o.d. 10 Ba: Lys dior. gn. m/granat i veksl.

m/ svartsk. svartsk ikke - radioaktiv.
Minr.: ME i svartsk. ikke Ni=-utslag med
dimetkylglyoksim pé frigke Lkjemer.

10-20 8 Ba: 10=-12,4 svartsk og 12.4-20 grd
dioritisk gn. m. smd rode granater.
Minr.: ME i svartsk.

20=30 7 Ba: Svartsk (40 %) i vekal. m/ grd
grenatforende dior. gn. Svartsk 29,3=-30.
Minr.: MK i svartsk. .

30-40 = 80° 20 Ba: Svartsk 30-34,8. 34,8«40 granat-
ferende gn. med opptil 0,5 cm granat-
porfyroblaster forskj. fra foreghende der
granatene var svert smi. Granatene er ogsi
omvandlet (i kvarts). Ikke radiosktiv.

4050 6 Ba: Dioritisk gn. med store tildels
omvandlete granatporfyroblaster.

S0=60 12 Ba: Gneis m/grove granatporfyroblaster
S0-55, 55-60 veksl. gneis og avartskifer,
megt svartskifer.

Minr.: MK og Py i svartakifer.



. Dyp Lagdeling  spr./m Analyse Beskrivelse j\"
60~70 = 720° 20 Ba: Svartsk i veksl. m/graneatgn.
Fra 69,0 granatgn.
l Tekt.: Noe breksiert og oppknust.
Minr.: MK og Cpy. Sinkb;. i knusesonen
ved €0,8. Ett spor Cpy !
l 70-80 10 Ba: Gneis med kvartseyne som vesentlig
er omv. granat.
Minr,: Noen soner med litt ME. Spor Cpy i
I MK - sonene.
80-90 6 Ba: Som foreg., men etterhvert en del
bornblende som et omv. til klorit.
l Minr.: Digseminert Py < 3 4.
90-100 5 Ba: Som foreg.
Minr.: Py som foreg.
l 100-110 Som forez. Et par smd korn Cpy.
110-120 8 116-117 : Cu Ba: Dioritisk gn. med kloritspetter.
117-118 : ¢ Noe lysere fra 116 m.
118-119 : n Minr.: Py 1 ferste del, men noe Cpy
119=120 : » fra 116 m. Spor CaFy . )
I 120-130 8 120-121 : Ba: Dior. gn. hvitspettet. Iitt granat
12]l-122 : " mot 130 m.
videre til 128 hvis Cu i Minr.: Litt Cpy frem til 128, men mest Py.
I 120122 Tar enal. av de forste to m.
" 130-140 ] 133-134 : Cu Ba: Som foreg. men noe mer gl.-rik.
134=135 : " Minr.: Noe py (3 %) og spor Cpy.
I 1%5-1326 : ** Tar stikkpreveanal. av 3 m fra 133-136.
140-150 6 148149 ¢ " Ba: Elorit-spettet gneis
149-150 ¢+ " Minr.: Hoe py (3 ¥) og spor Cpy. M& ta stikk
I preve anal. l48=150. 0,2 m CaFE ved 147 m.
150160 6 Ba:  Rel. mork kloritrik gneis.
Minr.: Litt py ~ 3 % og sveke spor Cpy.
I 150-153 anal. hvis 148-150 slar til
CaF, 159,5-139,8.
160-170 4 Ba: Grovspettet dior. klorit gn. 160 165
l Mot 170 m mer gl. rik (granat).
Minr.: Litt py.
170-180 6 Ba: Lys klorit gl. gneis.
' Minr.: Litt py og spor Cpy.
180-190 5 Ba: gom foregiende
l Minr.: Noe mer py enn foreg. og kun sveke
spor Cpy.
190-200 3 Ba: Spettet horubl. (klorit) - gneis
l og noen f4 amk granater.
Minr.: EKun spor Py.
& Ba: Som foreglende
' 200-210 Minr,: Litt Py og uhyre amid Cpy &por.
| 210-220 b Ba: Som foreg., men 219,1-220
- kloritsone.
Minr.: Litt Py og spor <Cpy.
Ba: Kloritaone 220-220,2.
220-22%,5 4 .
’ Ellers vanlig type.
Minr.: ©Litt py.
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BR/bS SIDENR.

Nr. 5. 5000. 5-74.

PRELIMINARY REPORT ON THE GOLD FROM RAITEVARRE.

Together 16 polished sections from the drillholes no. 5, 6, 7 and 8
are microscoped. ‘

The gold that is observed is extremely finegrained. 28 goldgraines
with size from u‘pm down to less than l/Lm are found. Most of the
goldgraines are less than 2 4m. The very finegrained size of the
graines makes it very hard to judge the silver content in the graines
from the colour.

The gold seems especially to be found in a parageneses with dessemi-
nated grains and grains of chalcopyrite and pyrrhotite grown together.
In a few grains there are small amounts of mackinawite in chalco-
pyrite. In this paragenesis is found goldgraines as inclusions in
chalcopyrite and in pyrrhotite. Goldgraines are also observed on the
crystal boundaries between chalcopyrite and pyrrhotite (fig. 1),
pyrrhotite/non opaque-facies and chalcopyrite/mackinawite. Some gold-
graines are also found as inclusions in none opaque facies, but al-
ways in the vicinity of sulphidegraines.

-

c o 3 chalcopyride
- [ . Pyrrhotite

:. S MoeKinawite
S =) Gold

Fig. 1. Gold on the crystal boundary between chalcopyrite and
pyrrhotite.

In a paragenesis of larger aggregates of chalcopyrite, pyrrhotite and
pyrite gold is found as inclusions in pyrite and as very small graines
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SIDE NR. 2

Nr. 5. 5000. 5-74.

in hair-line veinlets with chalcopyrite in pyrite. (Fig. 2).

Too few polished sections are studied to give any conclusions about
the occurence of the gold. The neutron activating analysis indicates
however also that the gold is very finegrained. For nearly all the
samples from Raitevarre the difference between the two parallel ana-
lysis of each sample are less than the standard error of the mean

for the analysis. (Samples from Bidjovagge where gold can be found in
much larger grains, shows less regularity between the parallels).

C] Pgm‘e
Chalcopyrite
None ppaque
(<] -Gold

Fig. 2. Two examples on hair-line veinlets with chalcopyrite and
gold in pyrite.

Unidentified minerals which might contain precious metals are observed
as inclusions in pyrite and pyrrhotite. Those facies occurs in very
small graines, but those will be tried to be identified with microprvba

A plan for the follow up work of the gold in Raitevarre could be

1. A further sampling of samples for polished sections. By comparing
the microscopic results with the analytical results the relation-
ship of the gold to the different oretypes can be mapped.

2. A mixed ore sample ("~ 3/4 kg) is grind down to 90 % = TH/um,
fractionated and each fraction is washed on superpanner to find
eventually larger gold graines.
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S81DE NR, 3

Nr. 5. 5000. 5-74.

3, A concentrate of chalcopyrite and a concentrate of pyrite is
grind down to 100 % + 45 4m, is cyanated and the residue is
analysed to registrate any submicroscopic gold.

In three of the sections, molybdenite is found in "not small" amounts.
This mineral should possibly be followed up by new ore tests ?

Blindern, June 1930,

Ragnar Hagen (sign.)




The Porcupine camp -

A model for gold expl
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The Porcupine camp has been a major
producer of gold over the past 66 years
during which time a total of about $2.0
billion worth of gold (caiculated at
$35.00/0z) has been mined from over
two dozen different deposits. From
maximum output in the early 1940s,
production has steadily declined and
today only four mines remain in opera-
tion. Although there has been a dra-
matic increase in the price of gold
in recent years, most of the typical
underground gold mines not oniy in
Timmins but throughout the Canadian
shicld have been struggling financially
because of their antiquated operations
and because the mines, designed for
vein-type ores, are labor intensive and
difficult to mechanize, Because of in-
creasing costs of conventional mining
and the depletion of known ore re-
serves, it appears that production will
continue to decline. ‘

All past and present producing mines
in Timmins were found and developed
during the period 1909 to 1935. No
significant new deposits have been
found in the past 40 years and as a
result it is the general impression of the
mining industry that the camp has been
well explored and is nearing exhaus-
tion. It should be noted however, that
all past geological investigations per-
taining to the origin of the deposits
were done using epigenetic models. No
modern studies examining the total
evolution of the rocks in the area and
their relationships to the deposits have
been done. In the light of past epi-
genetic models, the camp probably has
little to offer for future exploration,
but as will be shown in this paper, a
syngenetic model for the origin of the
deposits offers several important
exploration parameters.

Better models needed

Because most modern geophysical
and many geochemical techniques are
incapable of detecting gold ore under
overburden or at depth in rocks, it
appears that the only way new deposits
are going to be found, especially in
overburden aress, is to develop and
expand geological exploration param-
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Figure 1. Distribution of carbonate-rich )
rocks, porphyries and gold deposits in the Timmins ares

eters or guidelines. In order to do this
better models depicting the origin and
evolution of known deposits have 10 be
developed. In Timmins, and
elsewhere, the simple epigenetic mod-
els centred around felsic intrusions
(e.g.. Pearl Lake Porphyry) or fault
systems ( e¢.g., Porcupine-Destor
Fault) have had serious problems in
explaining several important features
of the deposits as well as the origin of
many of the deposits.

The only variation from the epi-
genetic theme was a model proposed by
Pyke (1975) in which he suggested that
the gold ores in Timmins are closely
related to and possibly derived from
altered flows of ultramafic rocks. In
areas outside of Timmins, particularly
at Larder Lake, Ridler (1976) and
Tihor ( pers. comm., 1977) have sub-
scribed 1o various forms of syngenetic
models to expiain the origin of gold
deposits in that camp.

In the Timmins area, the key to gold
mineralization must certainly lie in the

origin of the carbonate-rich rocks
which are an intimate feature of all 1he.'- present in the Timmins area (Fig.1).

deposits. In pasi epigenetic models,
these rocks have been interpreted as
will-rock alteration and although they
have been described in various detail in
many reports on the area, no areal
maps exist which show where the
carbonate-rich rocks are located and
what their reiationships are to the main
rock types and structures in the area.

Study initlated

As a result, a study was initiated by
the writer in 1976 to establish the
spatial distribution of carbonate-rich
rocks and their relation to gold depos-
its, and to determine if such rocks are
indeed crosscutting as the epigenetic
models imply or if they are concordant
with respect to the enclosing country
rocks. The main results of the inves-
tigation are listed below:
¢ Two major and one minor carbo-
nate-rich units, consisting mainly of
ankerite and/or magnesite, quartz,
chiorite and sericite and varying in
thickness from 20 m to over 200 m are

Canadian Mining Journal
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¢ Both major units are distinct strata-
bound units which can be followed
along strike for over 15 km and are
easily distinguished from one another.
All exposed contacts are concordant
with the enclosing rocks except in one
locality south of the Dome mine.

® All quartz-feldspar porphyries in the
area occur along or near one of the
carbonate-rich units and are intimately
associated with them.

® All deposits which ever produced
gold in the area are located on or near
the carbonate-rich rocks or the por-
phyries.

Based on these results and the fol-
lowing descriptions and illustrations of
the geology of gold in Timmins, it will
be demonstrated that gold was first
enriched in these ancient rocks during
felsic volcanism and exhalative activity

- which produced the carbonate-rich
rocks and that during subsequent
metamorphism and deformation asso-
ciated with the Kenoran Qrogeny, gold
was further concentrated into a net-
work of quariz-carbonate veins,

General geology

Timmins is located in the north-
western part of the Archean Abitibi
Greenstone Belt. In the immediate
area, metavolcanic rocks have been
divided into two groups: the lower
Deloro Group and the upper Tisdale
Group (Fig.2). In the early days the
distinction was made on lithological
differences and the fact that the two
groups are separated by an east-west
trending structure known as the Por-

September, 1978
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area are the easterly-plunging Pos-

S22 cupine Syncline and the Porcupine-

R A

»*~cupine-Desto
. Recently evidence from the distribu-

/ ¢ Fault (Ferguson, 1968).

tion of ultramafic flows has been used
by Pyke (1975) to confirm this age
relationship. Each group represents a
volcanic cycle, grading upward from a
series of basal ultramafic and high-
magnesium basalts to felsic meta-
volcanics. A major difference between
the two groups is the fact that the upper
portion of the Deloro Group contains
abundant oxide, sulphide and carbo-
nate facies iron formations whereas
iron formation is lacking in the Tisdale
Group. Although numerous showings
and prospects have been reported from
the Deloro Group iron formations, no
major concentrations of gold have been
found.

Metasedimentary rocks (mainly tur-
bidites} of the Porcupine Group (Pyke,
1975) formerly known as “‘Keewatin

sediments™ conformably overlie ihe '

Tisdale Group metavolcanics, Locally,
a younger turbidile: sequence, long
known as the Temiskaming, overlies
with distinct angular unconformity the
older metasediments and meta-
volcanics (Figs.2 and 3),

The most obvious structures in the

Destor Fault (Fig.3). The geometry of

32 the rocks has been delincated through
+4* the use of major marker horizons such

as the V8 and the V10B flows (Fer-
guson, 1968) and more recently
through the use of ultramafic flows
(Pyke, 1975). Although numerous pa-
pers (Hurst, 1936; Moore, 1953;
Davies, 1977) have dealt superficially
with the structures of the area no
rigorous analysis which explains the
structural evolution of the rocks is
available. The most obvious penetra-
tive planar and lincar elements seen in
the field can be related to the Por-
cupine Syncline and most of the ore
zones and porphyry bodies near the
nose of this fold have been re-shaped
and now plunge in the direction of that
fold. Other structures, such as the oval
interference structure in the Hollinger-
Conigurum arca as well as older linea-
tions and foliations indicate a pre-
Porcupine Syncline phase of isoclinal
folding as well as a fater phase of open
cross-folding {e.g., Vipond Anticline).

The major phases of folding are
reflected by the variety of vein config-
urations ranging from those which are
straight and undeformed to those
which are tightly folded or compleiely
broken by intensive deformation. The
main types of vein sets that have been
described (Jones, 1948) are: well-
defined, continuous veins that pinch
and swell such as the quartz-ankeriie
veins at the Aunor; sinuous folded
veins; tabular veins; and en-echeton,

PORCUPINE
GROUP

9830 m || G‘““#’ TURBIDITES
32,252 ft F2:5 KRIST FM FELSIC; VOLCANIC BRECCIA
SCHUMACHER .
e MAFIC; HIGH-FE THOLENITES
R SZ2Z]  UPPER CARBONATE-RICH UNIT
TISDALE
GRouP LOWER CARBONATE-RICH UNIT
GOOSE LAKE ULTRAMAFIC FLOWS + HIGH-MG
FM BASALTS
5600 m
183713 1t
INTERMEDIATE TO FELSIC:
TUFF-8RECCIA; INTERLAYERS OF
IRON FORMATION
DELORO
GROUP '
aeog;ous MAFIC; CALC ALKALINE; BASALTS
3
Oft

Figure 2. Stratigraphic column, Tisdale and Whitney townships, Timmins area

{Modified after Pyke, 1973)




- — —————

Ty

4

S-shaped veins. This variety of vein
shapes suggests vein formation to have
occurred periodically throughout the
deformation period.

Gold occurs as the native metal or in
sulphides, predominantly pyrite, in
systems of veins which consist pre-
dominantly of quartz and ankerite and
varying amounts_of sourmaline. Au:
iferous pyrite-rich zones have been

Theated in some rmines. (e.g., Aunor,
Schumacher). Other important ac-
cessory minerals are fuchsite, schee-

gold-silver tellurides. The ratio of gold
10 silver in the ores is about 510 1,

Carbonate-rich rocks

The lower carbonate (Fig.1) is the
thicker of the two majot units (average
70 m) and consists predominantly of
carbonatized ultramafic flows and tuffs
and some layered massive carbonate of
possible sedimentary origin. The
Lower Unit is characterized by the
predominance of magnesite (70 10 90
per cent) with lesser amounts of talc,

lite, arsenopyrite, albile,

"’ chalcopyrite, galens, sphalerite and

~ g

bass

TS\
g 1w

e

== < Unconformi
ile v

sericite, chlorite, quartz, fuchsite

GENERAL GEOLOGY PORCUPINE AREA |

Figure 3. General geology of the Porcupine area
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{chrome muscovite) and pyrite. Relict
textures, such as poly-suturing and
spinifex can be found in completely
carbonatized flows and in places bombs
and pyroclastic fragments are present
in the carbonatized ultramafic tuffs,
Stratigraphically, the Lower Unit
occurs near the upper part of the Goose
Lake Formation (Fig.2). Deposits
which occur on or near the Lower Unit
are: DeSantis, Kenilworth (Naybob),
Delnite, Aunor, Buffalo-Ankerite,
Edwards, Dome, Hollinger (?),
Schumacher (Mcintyre), Beaumont,
Hallnor, Broulan Reef, North
Whitney, Porcupine Lake, Pamour and
Hoyle.

The upper carbonate-tich unit
averages about 30 m in thickness and
occurs about 670 m stratigraphically
above the Lower Unit (Fig.2). In
Tisdale Township, the Upper Unit
closely follows the 99 flow™ of the
*‘Vipond Subgroup" (Ferguson,
1968), but towards the east in Whitney
Township, the unit is found a few
hundred metres below the **99 flow™
thus suggesting some regional trans-
gression. The Upper Unit is charac-
terized by the abundance of ankerite
(40 to 80 per cent) and the absence of
chrome muscovite (fuchsite). In addi-
tion to ankerite, other minerals include
chlorite, relict plagioclase, sericite,
quartz and pyrite. Unlike the Lower
Unit which is normally massive, and
medium to coarse-grained. the Upper

-

—

Unit is very fine-grained and is usually
well-foliated. Discontinuous lenses of
massive ankerite interlayered with sili
cate-rich lenses are a comman feature,
Relict textures and structures suggest
that much of the Upper Unit represents
either a carbonatized tufl or a mixture
of sedimentary carbonate and tuff.
Towards the west, in Ogden Township
in the vicinity of the McEnanecy de-
posit, the Upper Unit begins to change
laterally inte a graphitic phyllite. In
northeastern Tisdale Township in the
vicinity of the Davidson Tisdale prop-
erty, parts of the Upper Unit are
represented by carbonatized massive
and pillowed basalts. Deposits which
occur on or near the Upper Unit are:
McEnanay, Gold Top, Paymaster (?),
Dome, Moneta, Hollinger,
Schumacher (Mclntyre), Vipond (?),
Thompson (?), Coniaurum, Consoli-
dated Gillies, Davidson Tisdale,
Canusa and Porcupine Reef.

Staining technique

Because iron-magnesium carbonates
weather brown, they are easily recog-
nized on surface and thus readily
distinguished from the non-car-
bonatized mafic volcanic rocks which
weather greenish-black to black,
However, underground or in drill core,
the carbonate-rich units, particularly
the Upper Unit, are easily missed and
at manv of the mines in Timmins they

have been mapped as dacites,
andesites. bleached volcanics, etc. A
‘simple staining technique can be used
in the field to determine the presence

of both ankerite and magnesite,

Irregular bodies of quartz-feldspar

porphyry are an intimate association of
the lower carbonate unit. Only the

Greenstons
unditferentiated
Dacite and
andesite flows

Sediments

Porphyry

Approximate
0 400 800 fest

0 120 240 metras

Carbonate and highly
altered rock

Figure 4. Generalized geological plan of the Dome mine (Modified after T.C.

Holmes, 1948)




bigger bodies such as the Pearl Lake
and Paymaster porphyries are shown in
Fig. 1. In detail, however, numerous
thin lenses of porphyry, ranging from a
metre or two (o several tens of metres
thick are commonly found in the
Lower Unit. In general, the porphyries
consist of quartz, sodic plagioclase and
sericite with small amounts of pyrite.
Textures vary from massive to por-
phyritic and normally quartz-eyes are
common in most varieties. Fragments,
reminiscent of extrusive feisic volcanic
material can be found locaily, par-
ticularly in the smaller bodies. The
porphyries contain varying amounts of
ankerite and calcite, especially near the
contacts, and at the Schumacher Mine
{former Mclintyre), a variety of altera-
tion assembiages related to the Au-
Mo-Cu mineralization have been iden-
tified (Luhta, 1974).

Three Groups
In general, the goid deposits of the

Timmins area can be divided into three

groups:

1. those associated with carbonale and
large masses of porphyry;

2. those found in major fold structures
of carbonate units containing minor
porphyry,

3. those which occur along the local
unconformity near the main carbo-
nate units,

The two major areas represented by
group 1 deposits are centred around the

Pearl Lake and Preston-Paymaster por-
phyries. The Moneta, Hollinger,
Schumacher (Mclntyre) and Con-
iaurum deposits are located in and near
the fringes of the easterly-plunging
Pearl Lake Porphyry and also within
thickened parts of the upper carbonate
unit. The structural complexity in the
area makes stratigraphic interpreta-
tions difficult, but it appears that older
rocks of the lower Schumacher Forma-
tion (Fig.2) are exposed in the core of
the anticlinal dome in the immediate
arca. One outcrop of fuchsite-bearing
carbonate (green carbonate), identical
to that of the Lower Unit outcrops near
the old glory hole on the Hollinger
property. It is conceivable that both at
the Hollinger and at the deeper levels
of the Schumacher (Mclntyre), ore
associated with the Lower Unit was
also mined. -

The major mines in the vicinity of
the Preston-Paymaster Porphyry in-
clude the Dome, Paymaster and Pres-
ton. Carbonate rocks of the Lower Unit
have been well documenied at the
Dome (Fig.4) and it is possible that the
quartz-ankerite veins which strat-
igraphically occur within or near the
*99 flow" at the Dome and Paymaster
are equivalent to the Upper Unil.

Deposits of group 2 located at noses
of folds or in fexures in the carbonate
units and associated with small bodies
of porphyry are represented by the
DeSantis, Kenilworth (Naybob),
Delnite, Aunor, Buffalo-Ankerite,
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Edwards and North Whitney mines. At
many of these deposits, the carbonate
unit has been well mapped (e.g.
Aungr-Delnite), but in places the unit
has been interpreted as dacite, andesite
or bleached country rocks. The correla-
tion between structure and location of
vein systems is well illustrated at the
Buffaio- Ankerite and Aunor where the
ore zones plunge in the same direction
as the Vipond Syncline.

The third group of deposits is repre-
sented by the Dome, Broulan Reef,
Hugh Pam, Hallnor, Pamour and
Hoyle Mines. Minerslization at these
deposits is located, mainly in sedi-
ments, at a local angular unconformity
between the older sequence of mafic
metavolcanics and metasediments
(Keewatin} and the younger succession
of conglomerates and turbidites (Tem-
iskaming). The striking feature about
these deposits is that each is located
where a carbonate unit is cut by the
unconformity (Fig.1). This is well il-
lustrated by the geology in the vicinity
of the Hallnor and West Pamour prop-

-erties (Figs.5 and 6). In this area, both

the metavolcanics and carbonate units
as well as the angulzr unconformity are
overturned and dip at different angles

_to the north. The lines of intersection

between the moderately dipping carbo-
nate units and the steeply dipping
unconformity plunge northeast and
coincide remarkably well with the
plunge of gold-bearing vein systems in
the sediments. This explains why the

Porcupine
reef

—

Upper mins \

ore zones |

(9 1320 feet i’
g e

Figure 5, Surface geology In the vicinity of the Hallnor mine

HALLNOR] PAMOUR

Uppar
Hallnor
mine

- S LEVEL

Thh LEVEL

Lower
Halinor
mine

onh LEVEL

Figure 6. Block diagram showing projection of auriferous
units onto plane of unconformity, Hallnor mine
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type gold-copper
depotitio

17 = 2000 FT

Figure 7. Formation of feisic domes and ocean floor
carbonatization tirough volcanic and exhalative activity

Figure 8. Regional metamorphiam and deformation, result-
ing in concentration of gold into quartz-carbonate veins ai
structuraily favorable sites

Canadian Mining Journal

L T TL S

S amoO90 oV N g rm w—ll -t o, S ) o =TI By o o

SO =T O

AT O C al WO OSSR g b8

e aRTAT™ o e N E TaQn D



. %X gt

ore zones in the upper part of the
Haltnor plunge into the nearby Pamour
property and why ore was intersected in
the lower part of the mine where the
upper unit was encountered (Fig.6).
Other examples of this type of control
are evident at the Pamour.

It is interesting to note, that apart
from the lenses of porphyry beneath
the unconformity at the Dome, no
porphyries of any description are found
in or near the other deposits of group 3.
The only exception, perhaps, is the
carbonatized felsic rock, known as the
“Hallnor trachyte’ at the Hallnor

(Fig.5) which has been mapped inter-.

mittently by the writer in parts of
Whitney Township. _

- - e

The model

A model depicting the genesis of the
gold deposit in the Timmins area must
take into consideration the following
facts:
® Although quartz vein systems are
cornmon in all the metavolcanic-meta-
sedimentary rocks of the area, gold-
bearing veins occur only within, and
mostly. near the carbonate-rich units
of major porphyry bodies as illustrated
in Fig. 1.
® The carbonate-rich rocks form dis-
tinct, stratabound units. The only
exception of crosscutting carbonate
rocks is found on the west contact of
the Preston-Paymaster Porphyry south
of Dome. The writer believes that the
Preston-Paymaster Porphyry is partly
intrusive and located in a volcanic vent
and that the crosscutting carbonate is
associated with the vent area,
® All quartz-feldspar porphyries in the
area occur within a narrow stratigraphic
interval which in most places is coinci-
dent with the lower carbenate unit. An
exception may be the Preston.
Paymaster Porphyry, parts of which
may be associated with the Upper Unit.
® All rocks, including the carbonate
units and porphyries, have been pen-
etratively deformed by at least three
phases of deformation.
® The variety of deformed gold-bear-
ing vein systems indicates a close
chronological association with regional
deformation and metamorphism.
# Fragments of green carbonate are
found in the Krist Formation of the
upper Tisdale Group (Fig.2) and in the
conglomerates of the younger (Tem-
iskaming) sediments.
& Meuls enriched in the deposits and
host rocks include those which nor-
mally show affinities to mafic-uitra-
mafic rocks {e.g.. Ni, Cr) and those
which are normally enriched in felsic
rocks such as B, W, Mo, Te, Pb, and
5b. Other metals also present are Cu,
Zn, Ag and Mo.
® Breccia containing a matrix of au-
riferous sulphides in altered mafic
volcanics is commeon in the No. 6 shaft
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area of the Schumacher (McIniyre)
Mine. The alteration and breccia are
widespread, crosscutting and irregular
and may represent vent areas in rocks
stratigraphically beneath the Pearl Lake
Porphyry.

Formation of deposits

Based on these facts and the numer-
ous detailed accounts of individual
deposits {Ferguson, 1968), the follow-
ing sequence of events which led to
the formation of the deposits is en-
visaged. Extrusion and high ievel intru-
sion of feisic rocks and extensive
exhalative-fumarolic activity resulted
in the carbonatization of a variety of
rock types on the ocean floor along the
rock-water interface, particularly in the
vicinity of major vents such as the
Pearl Lake and Paymaster-Preston
areas (Fig.7). In addition in places away
from venis, some sedimentary carbo-
fate was deposited. It was at this time,
that gold and a number of other
elements were first enriched in these
tocks. Also the low-grade, dissemi-
nated Mo-Au-Cu deposit in the Pearl
Lake Porphyry was formed during this
stage.

Subsequent regional greenschist
metamorphism and deformation of the
volcanic pile resulied in the remobiliza-
tion of gold and other trace elements,

%

previously enriched in the carbonate~
units, into dilatant fractures where they
were deposited as veins during the
various phases of deformation (Fig.3).
Fold noses, porphyry contacts and the
plane of the local unconformity wers
particularly favorable sites for the for-
mation of gold-bearing veins.

The foregoing syngenetic model has
several implications regarding explora-
tion for new deposits as well as the
possibility of developing low-grade,
high-tonnage deposits. Stratigraphic
units of intensely carbonatized rock
have greatest potential for gold miner-
alization, particularly in major vent
areas which may be represented by
masses of quartz-feldspar porphyry or
altered breccia zones in underlying
rocks. Recognition of carbonate-rich
rocks, particularly in drill core, is best
done by staining. For ankerite, the
stain_can be done usin tass
ferricyanide in_dilute d per cent)

ydrochtoric acid, For magnesit £
mmmmﬁﬁh
M@n (It should
be noted that although ~metamorphic
carbonate™ (calcite) is present inall the
volcanics in the area, none is found in
the carbonate units). :

Within and near such units, inten-
sely folded or deformed sections or
areas of associated quartz-feldspar por-
phyry are most favorable for high-
grade, vein-type mineralization.

Sulphide-bearing zones in less
deformed parts have potential fot low-
grade, high-tonnage type deposits.

Al present there is no method for
evaluating the potential of the favora-
ble carbonate-rich strata covered by
overburden except by intense drilling.
Even this method is limited.
Lithogeochemical studies being con-
ducted by the Ontario Geological Sur-
vey and McMaster University may
result in the deiineation of simple
geochemical parameters which will as-
sist in such an evaluation. CM.J
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Geochemical and geophysical
techniques for gold exploration

By R.W. BOYLE and P.J. HOOD
Resource Geophysics and Geochemistry Div,

Geological Survey of Canada

Practically all the geochemical
methods of prospecting are appli-
cable in the search for auriferous

" deposits. The methods employed

depend essentially upon the ter-
rain, the degree of weathering of
the deposits, availability of soils,

! drainage sediments, vegetation,

snd so on. The gold pan (heavy
mineral prospecting) is a time-
honored method of locating con-
centrations of gold in both placers
and primary deposits. Details re-
specting geochemical prospecting
for auriferous deposits are given in
Boyle (1979).

The favorable rocks for the

Table 1. Favorable rocks for the
occurrence of gold deposits

1. Volcanic {bassits, andesites, dacites,
rhyolites)
Equivalent tuffs and brecciss
Greenstons, greenschist and propy-
litic belts
2 Sedimentary
Greywacke-siate belts
Iron formations
itic-sulphidic

siates and schists
Carbonate-skarn amemblages
3. Sadimenuwy
Pyritic or hematitic quartz-psbble
conglomenstes
Pyritic quartzites
4, Sedimentary
Modern and fomil placers
8. lgneous
Quartz-feldspar porphyry
Syenite

Granite

occurrence of auriferous deposits
are listed in Table 1. Categories 1
and 2 harbor most gold-quartz
deposits and Category 3 contains
major gold reserves, particularly in
the Witwatersrand, South Africa.
Attention is drawn to Category 5
@8 possible large tonnage low
grade deposits.

Favorable structures for the
deposition of gold are noted in
Table 2 which is essentially self
explanatory. The chemically fa-
vorable rocks for replacement de-
posits are listed in Table 3.

Table 2. Favorable structures for
the occurrence of gold deposits

1. Carbonated shesr and schist zones
in greenstone belts.

2. Faults, fractures, shested and bree-
cisted zones in propylitic beits.

3. Faults, fractures, bedding plana dis-
continuities and shears, drag folds,
crushed zones and openings on anti-
clines (saddie resfs) in greywacke-
siste sssemblages and other sedi-
mantary rocks.

4, Fracture zones, shear zones, brec-
clated {stockwork) zones in igneous
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Gold is a good indicator of
auriferous deposits; other specific
indicator (pathfinder) elements
for gold are Ag, As, Sb, and Te.

Table 3. Chamically favorable
rocks for the occurrence of gold
deposits

1. Carbonate rocks, calcarsous shales
and schists,

2. Porous smandstons, arkoss and con-
glomerate.

3. Tuffs, iron formations.

4, Ultrabesic, basic and intermediate
igneous rocks.

Table 4 lists other indicators for

use in all types of geochemical
surveys. The indicator to be
chosen depends on the type of
deposit, its elemental constitution
and weathered characteristics, and
on the nature of the primary and
secondary halos associated with
the deposit.

Table 4. Indicator {pathfinder)
slemants and compounds of gold
depotits in approximate order of
effectiveness

80, GO, BFS

K, Na, Rb

Cu, Zn, Pb Hg, W

U, Mo, Pt metals

Au, Ag, Bi, Te, W, B, As, Sb, Sn,
Zr, P, Pt matals (indicators of
placer deposits}

nature. Notes respecting both

PRRppN

These surveys are of i recon-
naissance (regional) and detailed
types are given in Tables Sand 6 .

- Table 5. Regional lithochemical
_ surveys for gold deposits

1. Anslyses of unselected rocks snd/or
mineral ssparates on a regional

2. Analyses of spacific rock types and/
or mineral separates on a regionsl
scale {e.9. porphyry dykes; batho-
liths and small stocks of porphyry,
syenite and granite; specific beds or
formations such as quartz-pebble
eon'donmnu, iron formations,
ste).

3. Anslyses of materisls of all obsery-
od “leakage halos” on a regional or
areal scale, including shear zones,
fault breccia, fracture fillings,
quartz veing, alteration zones, jas-
peroid, etc.

Table 6. Detailed lithochemical
surveys for gold deposits

1. Analyses of materisls of sl “leak-
age halos”” s in {3} in Table 5.

2. Analyses of rocks on profiles across
shear zones, stockworks, ate utiliz-
ing gold and its indicator slements
in Table 4,

3. Analyses of rocks on profiles acrom
shear 20nes, stockworks, etc utiliz-
ing major slamental ratios, 0.9.
K/Na, $i0,/CO,, ate.

Attention is called to the analyses
of the materials of *“leakage
halos” on both a regional and
detailed scale. Methods involving
major elemental ratios, e.g. K/Na
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Table 7. Pedochemical surveys for
gold deposits

1. Near surface pedochemicsl surveys
utilizing samplos of soil, till, etc
snd/or mineral separates (heavy
minerals) from these materials.
Deep overburden surveys utilizing
near badrock unconsolidsted mate-
rials and/or minaral ssparates
'(uk.hnw minerais} from these mate-

and 8i0;/CO;, should receive
more attention in detailed explo-
ration for ore shoots.

Pedochemical surveys

The types of pedochemical sur-
veys applicable in the search for
auriferous deposits are listed in
Table 7. Near surface surveys
based on humus sampling (A hori-
zon) have proved effective in
many parts of Canada. Deep over-
burden surveys utilizing near bed-
rock unconsolidated materials are
recommended where the soils, till,
gravel and other surficial materials
are thick (over 5 m). Heavy miner-
surveys of near surface and basal
soil, till, and other glacial mate-
rials have not been extensively
employed but should prove useful
in most terrains.

Hydrochemicat surveys

These include those based on
witer, drainage sediments, precip-
itates, and heavy minerals from
drainage sediments (Table 8).

Table 8. Hydrochemical surveys
for gold deposits

1. Water {underground, spring,
surface, snow).

2 Dnl;'ln- sediments {stream, river,
lake).

3. Heavy minerals from desinage sedi-
ments (panning}.

4, Precipitates on stream sediments
(Ilmonite coatings, wad crusts, etc).

8. Precipitates at spring orifices (limo-
nite, wad, silica-slumina gels, stc).

Water surveys are not particularly
effective for outlining auriferous
belts using gold as indicator; other
pathfinders such as Zn, Cu, and
As may be effective in some areas.
Drainage sediments and panned
heavy mineral separates from
these sediments have proven ef-
fective in outlining auriferous
belts in many parts of the world.

Biogeochemical surveys
These surveys are listed in Ta-
ble 9. There are no specific indica

Tabls 9. Biogeochemical surveys
for gold deposits

e

, _Geobotanicgl )

Analyses of plants and animais
Analyses of fomil residues (coal
bitumen, thucholite, anthraxolite,
ote).

. Anslysss of humic horizons of soil
and till profites,

Anglyses of bogs.

Analyses of termite and ant hills,
gopher and groundhog mounds, stc.

tor plants or animals of auriferous| Thus, the application of geo-
deposits, although many plants {:yﬁ“ in gold prospecting has
accumulate gold. Analyses of} been mainly confined to indirect
these plants provide a method of|{ methods that delineate geological
outlining favorable auriferous|structures with which gold may be

7

zones. Many fossil residues partic-| associated,

ularly thucholite and anthraxolite
may be auriferous (e.g. Witwater-
srand, South Africa). Analyses of
these residues may be an indicator
of quartz-pebble conglomerates
and other types of gold deposits.

Analyses of the humic horizons of!
soils has proven effective in out-

lining auriferous zones in many|
parts of the world.

Atmochemical surveys

Some auriferous deposits cons
tain small quantities of thoriu
and urgnium which yield heli
and radon as disintegration pro;
ducts. Such deposits may be in
dicated by their higher than nor
mal emanative helium and rado
content.

Radiometric surveys

Certain types of auriferous de-
posits contain thorium and urani-
um at the minor and trace ele-
ment level. Examples are the
Witwatersrand quartz-pebble con-
glomerates and various Pro-
terozoic and younger vein-type
deposits {(e.g. Tennant Creek,
Northem Territory, Australia).
Most vein and lode gold deposits
are also marked by alteration
zones in which potassium (includ-
ing the radioactive *°K isotope) is
considerably enriched, Certain
placers are enriched in radioactive
minerals such as monazite and
zdrcon.

These features provide a meth-

od, utilizing gamma-ray spectro-
meters and other radiometric ap-
paratus, for detecting and outlin-
ing many types of gold deposits.

Little work of this nature has|

been done in Canada; during the
1980 field season the Geological
Survey will commence detailed
radiometric studies of various au-
riferous areas to evaluate the
methods.

| tour value i.e. vertical contact
Geophysical prospecting for mapper;

goid

Geophysical techniques have
not hitherto been much utilized
directly in prospecting for gold,
mainly because gold is usually
present in such small amounts in

its deposits that the element does;
not alter the physical properties

of its host rock to any measurable

of the Geological Sunréy of Can?va] D'Or

da's aeromagnetic gradiometer as . .
a tool for detailed geological pro- " ?.’;i:'f,’ﬂ; f:"m:“’;;yu;:tb;}
grams it is readily apparent thaty,, A oiiation of Prospectors of

such surveys will be of consider- . .
able value in elucidating some of ﬁib(e:‘;d?l;:cwl;lrle::“;itthhewﬂg: r;
the complicated geological Struc- 1\ mber of important gold de-
mll.:ls c?;t :"P: mf:':u;: i:f m‘:‘:_posits are associated. If the results
8o te hexl-’e' to ill ptr to PP fof the experimentsl gradiometer
f‘;’ p °t ustra ’f"m:l:’ survey appear to be useful for
¢ advaniages o ©gold exploration, then hopefully
ascromagnetic gradiometer tech- an enlarged program could be
nique in comparison to the ﬁn‘lecarried out if the appropriate
sensor instrument. The aeroma- funding is made gvailable
gnetic gradiometer consists simply . . . '
of two magnetometers separated a
short distance apart so that the
difference in readings of the two
instruments can be measured.

Since 1975, more than 40,000
line miles of gradiometer data
have been obtained as a result of
about 20 surveys in a variety of
Precambrian terrains to demon-
strate the effectiveness of the gra-
diometer technique. These have
resulted in the publication to date
of 45 vertical gradient maps con-
toured at an interval of 0.025
gammas per metre in addition to
six Open Files of the surveys.
Thus, there is now a sufficient
body of experimental evidence to
demonstrate the improved capa-
bility of the gradiometer tech-.
nigue over single sensor surveys.
These advantages are summarized
as follows: N

With the recent development ..
o : sheet (NTS 32 C/4) in
1980 using the GSC Queenair

1) superior resolution of anom-
alies produced by closely-spaced
geological formations;

2) anomalies produced by near-
surface features are emphasized
with respect to those resulting
from more deeply-buried rock for-
mations;

2o-Bd

3) direct delineation of vertical
contacts by the zero gradient con-

drives av sovietiske geokjemikere. Ny-
T mYo

lig fant de en gulldre ved analyse av
bjerkesevje. Gullinnholdet 1 sevien
gker sterkt nfir treet vokser over rike
Arer. (Ny Teknik, p.7, nr 25, 19.

Mineralleting med hjelp
av vegetasjonen

4) regional gradient of the earth’s
magnetic field and diurnal varia-
tion are automatically removed.

We expect that interest in the I_
vertical gradiometer will continue |
to grow and that it will be utilized
to survey problem areas of the
Canadian Precambrian Shield

degree, However, it is to be ex- where the geology is complex

pected that the induced polariza-

tion technique would respond

andfor is covered by drift, and .
where the superior definition of

where disseminated gold was pre- , gradiometer (with its higher

sent in sufficient concentration

although it would not be expected

cost) is warranted. "
As an experiment to ascertain

that such cases would be very the value of the aeromagnetic

frequent, Where gold occurs in
association with sulphides the ex-|
ploration target is much easier to
o o hosical techmicues.!

. gradiometer technique to gold ex-
ploration programs, the Geologi-
cal Survey of Canada will refly the



Consider aeochemistry when seeking
dd-eite:lion limit of E“ 553‘ i

Initially it was not man that
sought goll but nature that brought
it to him in the form of alluvial
grains and nuggets ghitering on a
stream bed, Since early Egvptian
times (4000 B.C.) prospecting for
gold has been dependent on visual
recognition, Today with the aid of
eochemistry man’s capability 1o
clect gold has heen preatly ex.
tended, making it possible to find
deposits that have no physical sur-

face expression,

¥ Cold is a member of Group 1B of

the Perindic Tuble which includes
copper, sitver and gold, In its chem-
ical reactions gold (Au) resembles
silver {Ag} in some respects. but its
chemical character is markedly .
morce noble. The principal oxidation
states of gold are Au (I} (aurous)
and Au (D) (buric). These states are
unknown as aquo-ions in solutions.
the ¢lement being present mainly in
complexes of the type [Au(CN),)”
[AuCh]T [Au(OH )" [AuCly| and
jAus| :
The abundance of gold in the up- -
t lithosphere is about 5 parts per
illion (ppb) and the gold/silver
ratio is about 0.1. The average gold
content of igneous-iype rocks in

rts per billion is — uitrabasic (4).
gabbro-basalt (7). dioritc-andesite
{5y and granite-rhyolite (3): in sedi-
meniary rocks the averape s —
sandstone and conglomerate {300,
normal shale (4). and limestone (3).
Certain graphitic shales. sulphide
schists, phmphnrilcs and some
types of sandstones and conglom-
crates may contain up to 2,1 ppb i
gold of more, o

The average gold content of sails
is S ppb and the average for natural
fresh waters is 0.03 ppb: for sea
water the average is 0.012 ppb. Most

lants and animals contain less than
000 ppb in the ash.

The principal types of gold
deposits are quartz-pebble con-
glomerates (Witwatersrand type).
.gold quartz veins and stockworks
(Yellowknife type), disseminated
deposits (Carlin type), and modern
placers. In all these deposits the
principal gold mineral is native
gold: ather auriferous mincrals in
gold deposits include various tellu-
nides and aurostibite. The tenor of
most gold deposits ranges from 1-35
ppm gold (1 = |l

Als with 50 llp.anx other elements,
applications of geochemical explor:
300 tEchiques T the search for
gold have incréased due in 3 large
part_to advancements in analytical
techniques. Thé two most common
analytical methods employed for

old in commercial laboratories in

anada involve determination of
the metal by a combined fire assay
and neutron activation methed or
combined fire assay and atomic ab-
sorption  spectropholometric
method. Detection limits using 10
grams of sample are in the order of
! ppb for the former method and 5
ppb for the latter. For plant analy-
sis. Minski_ct al (19
described. a sensitive and precise
method wsing a nondéstrucuve peu:

{ron activation technique which re-
Cuires 250 m= - -rm. and has a

11)_have

Reconnaissance  surveys: The
most effeclive reconnaissance
method in prospecting for gold. es-
pecially in areas with well devel-
oped drainage systers, is panning
followed by chemical analysis for

8old in the heavy mineral separates. |
The authors (Boyle and Gleeson,

1972) analyzed some 400 heavy
mineral concentrates for gold from
stream sediments over a 1,900

uare mile area centred on Keno

Hill. Yukon. All of the known gold
deposits were indicated by the dis-
persion trains of gold in the heavy

mineral concentrates: in addition
several anomalous aseas not known
to contain gold were defined (Fig-
ure 1). 1t is interesting to note that
examination of the concentrates
under a binoculur microscope prior
to chemical analysis indicated that
gold was present only in samples
taken from placer gold workings.
Much of the gold fuwcted by the
chemical analyses is bound in other
minerals. especially in secondary
iron hydroxides such as limonite
and goethite.

Surveys by the Geological Survey

of Canada in which gold particles
were counted in heavy mineral con-
centrates from tills and eskers in the
Kirkland Lake area are effective in
defining auriferous glacial trains
(Lee. 1963, 1965), Chemical analysis
of heavy mineral concentrates from
eskers is on¢ of the few surface re-
connaissance  geovhemival  tech-
nigues that can be used in arcas cov-
ered by glacio-lacustrine sediments.
Analyses of heavy mineral concen-
trates from till samples at depth
have also proven to be a viable
semi-reconnaissance  exploration
technique in heavily overburdened
arcas (Gleeson and Hernbrook,
1975). .

In Northern Ontario auriferous
alteration halos in Precambrian fel-
siv plutonic rocks have been defined
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by chemical analyses for gold. W J,
Wolle (1976) states that limited sys-
tematic sampling of granitic
intrusions at 30-50 randomly dis-.

" tributed sites may be sufficient to

estimate the gold exploration poten-
tial of stock-sized bodies. Analyses
of rock samples for gold were pri-
marily responsible for defining fine-
rained disseminated gold deposits
in the Carlin-Cortez area in Nevada

. (U.S. Geal. Surv.. 1968). From these

examples it follows that where suf-
ficicat oulcrop is present tock geo-
chemistry utilizing gold as the indi-
cator can be an effective tool lor
selecting wrget areas and defining
depusits,

Detailed surveys: The presence of |
gold in living J\Iunls and the en-»
richment of gold in the humus layer |

e
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of the soil were demonstrated some
42 years ago {Goldschmidt. 1937).
lncly‘= more recenlly by Curtin er af

" (1968). who have shown that gold in

humus-rich forest spil is effective in
delineating gold_deposits covered

by colluvium and glacial drift in_the
Ernr'eu_c..dlsum_t :Colorado. Sim-

. ilarty, soil surveys carried out by

one of the authors (CFG) in the
Kirkland Lake, Noranda. and Val
d’Or areas have shown that the best
itiop i

i In areas where
wetl-developed podsols occur there
is much less enrichmemt of gold in

. the “B” horizon over known gold

occurrences. whercas there are
marked gold anomalies in the

_ highly decomposed humus from the

same sites (Figure 2). Follow up

- drilling on humus anomalies was

80% successful in finding auriferous

zones buried beneath 3-120 A of

- permeable glacial cover. The an-
. omalies in the humus appear

directly over the subcrop of the au-
riferous zones. and their dispersion
patierns appear litle affected by

slope or glacial transport. Gold in
humus fr e 3,000 sam

humus from some 3,000 samples
taken. from gold properties in_t
Abitibi area of Quebec ranged EElg

- less than 5 ppb to 8.300 ppb with an
average {median value) of about 12

. Significant_anomalous values
were generally greater than 100 ppb

In an oxidizing environment the
uptake of gold by planis and its sub-
sequent conceniration in humus has
been auributed principally 0 cy-
anides (Lakin er al, 1974) produced
by the hydrolysis of cvanogenic gly-
cocides. Over 1.000 species of plants
are known to produce free cyanide
naturally. Lakin and his co-authors
(1974) concluded that:

“... ample hydrogen cvanide is
formed in the soil by hydrolysis of
cyanogenic plants. animals and
fungi to result in solution of gold in
an oxygenated environment. The

gold-cyanide thus formed is ab-

sorbed by planis but they do notuse
it as a nutrient. [t is therefore found

accumulating as a_reject in the

e -

i
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FIGURE 2 Gold in humus and *B" horizon seils over certain gu:nla’-fmaw‘n,gi

sones in the Abitibi region of Quebec,

W&aﬂafmt- The decom-
position of plant debris resulls in the

reduction of the gold in the plant

. material and gold accumulation in

the humus horizon of 1he soil.”

In areas covered by impermeable
glacial deposits such as glacio-lacus-
trine silts and clays surface sampling
of soils and humus gives negative
results for gold. In these environ-
ments sysiematic till sampling at
depth has proven effective in
delimiminF gold zones covered by
3-160 f1. of glacio-lacustrine mate-
rial. The best anomaly definition
has been obtained from gold anal-
vses on the heavy mineral fraction
of the till. In such a situation one is

defining gold dispersed as particles

in a non-oxidizing environmem.
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Target area Raitevarre

Introduction

Raitevarre area is situated 690 17' North, 25° East and lies about 40 km's
SW of the village Karasjok in Finmark about 300 m above sea level, The

area is mapped in detail by Rpsholt, See Fig. 2,

The Karasjok area is regionally mapped by H, Wennervirta (1968). Most

of the rocks in the area belong to the Karasjok group which is Svekofenno-
karelian (2000 m y). The rocks are metamorphic sediments and valcanites

in the amphibolite facies. To the west and to the east the prefennokarehan
basal complex (2800 m y) occurs with granodioritic and quartzdioritic gneisses
with migmatites to the west and granulites (Svekofennokarelian metamorphics )
to the east. H. Skilvoll (1971).

The attached map Fig. 1 shows the southern part of the Karasjok area,

Several typss of prospecting activities age carried out in the area with the

gregtest activity in the period from 1967 to 1969,

ummar of rospecting work

Geophysics

Regional aerial magnetometry and electromagnetics was measured by NGU
in 1962 over a large part of Finnmark., The rather flat topozraphy is very

good for aircraft measurements.

At Raitevarre some recognizing electromagnetic slingram and magnetic profiles
i Ll Ak

were done _1_232_;'.__ Later the samezyear there was done a helicopter survey by
Terratest AB that covered 4% km" of the area. It was done magnetic and
electromagnetic measurement in 582 profilekm's. In the center of the
geochemical anomalous arep see under "geochemistry”,the profile distance
was 50 m and outside the distance was 100 m, The profiles were flown in

NE-SW direction at right angle to the general strike of the rocks.
P15
Fig. 3 shows the electromagnetic In Phase Component over the area, It is

measured in ppm of the primary field. A clear NW-SE-strike is seen on the
electromagnetic anomalies due to the black schists. There are also electro-
magnetic anornalies to the NE that are believed to be caused by black schist
and pyrrhotite in the amphibole gneisses, Several outcrops of this type of
mineralization is found. The Out of Phase Component and the magnetic
anomaly map also indicates the NW -SE -strike ol the rocks.

Under "enclosures' in the back of this report copies of EM and magnetic

measurements are enclosed.
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Geochemistry

.SLtream sediments

In 1967 the NGU did stream sediment sampling for Sydvaranger. An area

of 330 kmz wasg covered with 838 samples. The samples were taken each
250 m. This geochemical investigation resulted in different anomalies. One
of the anomalies was very clear with high values in copper, zinc and silver.
The highest copper and zinc contents were above 600 ppm and the highest
silver content was 0,9 ppm. Fig. 4 shows the copper contents in the stream

sediments in the Storfoasen - Raitevarre area,

Soil sampling

In the field soil samples are taken over an area of 10 k.m2 in a grid of
250 x 50 m with E-W -going profiles, The distance between the profiles is

250 m and distance between each sample in the profiles is bU m,
The samples were taken at depths from 0,5 to 1,0 m.

Fig.'s No. 5, 6, 7 and 8 shows the distribution of Cu, Ag, Zn and Ni. The
copper and silver anomalies give a fairly similar pattern while the zinc and
nickel distribution is more or less random with mostly background metal

contents,

On Fig, 5 the copper anomalies show two areas with copper contents moure

than 1000 ppm. The largest anomaly has a copper content above 1000 ppm
over an area of approximately 5 ha. In this area the copper bearing dioritic
gneiss is cropping out. There are three distinct ridges with a NNW strike,
This strike is parallell to the ice movement direction. It is not believed,
however,that the ice movement has caused the shape of the anomalies, The
area just NNW of the highest copper anomaly-area is definite low in copper,
so it is not likely to belive that the NNW anomaly ridges are caused by
the ice movement, This statement is confirmed by the silver anomalies,
which have no elongations parallell to the ice movement, Fig. 6,
The areas with very high copper content are belived to be caused by at least
to factors.

1. Above the copper bearing dioritic gneiss there is a black schist rich in

pyrrhotite. Both the black schist and gneiss is nearly flatlying witha
gentle slope to the NW and have therefore a rather large area of exposure,
The weathering of the pyrrhotite results in a strong chemical action on
the copper bearing gneiss with deep weathering of the rock and leaching

of the copper.

2. The copper anomalies are concentrated in the lower parts of the te rrain,

Analyses of water that comes out the morraine in the lower parts of the
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terrain havea high copper content. The copper content in the water
decreses rapidly (see below) and the copper is belived mainly to be

deposited here,

In the copper anomaly area W of Raitevarre ground
/. » ot
wateﬁgcoming out, Copper analyses of the water gave 0, 040 ppm in the well,

0,025 ppm 200 m down stream and less than 0,010 ppm 600 m from ‘the well,

“The well gave more than enough water to supply the drilling of one machine

throughout a dry summer. We can then assume that it produces at least 5000
liters per hour 200 days a year.

With these figures approximately 1 kg of, copper will be deposited pro anno
from this well. If this process has been going on since the end of the last ice
age, 10000 kg's of copper has been deposited. This amount of copper is of the

same order what is belived to be in the anomaly area W of Raitevarre.

Copper poisoned areas

Two major copper poisoned areas can be pointed out, These areas are

coinsiding with the copper anomaly areas. Early in the work of this area we
became aware of the peculiar vegetation of the poisoned areas. The grass has

a reddish colour throughout the whole summer. Lots of Viscaria Alpina or

the 'copper flower' is found in the areas and the normal ground cover vegetation
is mostly replaced by Juncus trifidus, Festrica avine and Deschamps flexuoa.

In the center of the areas pa.tChes of several square meters are completely free
of vegetation. These palches are heavily poisoned and copper contents up to

3% is found here, Bglviken (NGU) who earlier had worked with poisoned areas
in southern part of Norway was informed of this poisoning, Together with Lig
he visited the area and they have described the poisoning (1974).

Fig, 9 is a air photo that shows the copper poisoning in a hill. The copper
bearing gneiss is cropping out nearly on top of a hill and tongues of poisoned
areas are seen from the outcrops and down the hill, This pattern is rather
unique and the prospector should of course be aware of such features, NW

of this unique pattern is the large poisoned area W of Raitevarre. On the black
and white air photos this large pasoned area looks very much like ordinary
peat bogs.

Remote sensing

Infrared air photos,

Fjellanger-Widerge A/S has taken infrared photos from air over the area for

NGU. The poisoned areas are really showing up very good on these photos.

They are nearly equal to the results from the soil samples, and anomalies
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with copper contents above 1000 ppm are seen very well, The areas rich in
copper are getting grey blue on the infrared film while the ordinary healthy

vegetation appears with a red colour,
Satellite images

Satellite images over the area from the LANDSAT-1 are studied by Lyon,
Bglviken et al (1976). LANDSAT-1 images are taken from an altitude of

900 km's and each image coveres an area of 185 km in square. The camera

in the LANDSAT-1 is a multispectral camera with four channels (No. 4-7)
which registrates energy from waves with wavelengths from 0,5 to 1,1 microus,

LLANDSAT -1 resolution is limited to one pixel ( 0,4 hectars).

Over the actual areas a satellite image was enlarged. Close examination of

this revealed a ninepixel linear bright area in channel 5 that seemed to coincide
with the soil sample copper anomaly W of Raitevarre shown in the center of

Fig. 5. The size of this anomaly is approximately 600 m long and 80 m wide.
Two smaller anomalies just SE of this anomaly with sizes 120 m long end 12 m
wide and 35 m long and 7 m wide were also studied. These two smaller anomalies
could not be detected on the satellite image due to the LANDSAT resolution
capability. The largest copper anomaly to the SE near Noaiddejokka (Fig. 5) was
not studied due to lack of time and transport facilities.

The satellite image is computerised and this has given a model with different
letters, Fig. 10. Each letter represents one pixel and the poisoned area is
believed to be represented by C's. The anomaly W of Raitevarre is believed to
be the N-S-groupings of C's called '""camp corridor anomaly'" on Fig. 10. Fig.
10 covers 800 hectars or 2000 pixels around the copper poisoned area or 'camp

corridor anomaly".

Core drilling

~
Diamond core drilling was carried out at Raitevarre with@@'y‘m 1973 and

/4%S ‘-L;@m 1976. As shown on map fig. 2 holes No, 1-4 were drilled in 1973 and
" in 1976 holes No. 5-8. In addition hole No. 3 was elongatedwith 80 m in 1976,

The results from the drilling is summarized in the following tabel:



Drillhole No. 4 is the only hole which is not vertical, It is drilled with 70°
inclination in direction 2508 and it has only 2 copper content of 0,016%. A
number of 10 samples gave an average content of 0,17 ppm Au and 0,66 ppm

Ag and a number of 12 samples gave an average content of 2,26% S.

In drillhole No, 5 from 146,7 - 148, 0. small amounts of galena is found ina

tectonic zone. The lead content was 0, 72% with traces of copper and silver,

Fig. No. 11 shows drillholes No. 1, 2, 3 with the results from 1973. This

figure gives an impression of the size and position of the copper bearing gneiss,

In the back of this report the anlytical results are presented graphically for copper

from all drillholes, for gold, silver and sulphur from holes No, 1, 2 and 3.
The Core/ys are also evclosed.

Latest prospecting activity

No active prospecting is carried out by Sydvaranger since 1976 in the Raitevarre
area. NGU however, has done helicopter measurements and core drilling

south of Raitevarre in 1980, This work was carried out because the premining
consessions owned by the norwegian government over the iron-manganese-
deposits south of Raitevarre expires in April 1981,

Sydvaranger's premining consessions over Raitevarre will also expire at the
same time, All results from NGU's latest activity will be free during spring
1981. This will enable us to do a much better interpretation of the geology

and important structures in the vicinity of Raitevarre.

Geology

Most of the inner parts of Finnmark country is covered with glacial till from

1 to 4 m and often more,as in the bottom of the valleys,where the thickness of
the overburden can go up to 20 m. _

At Raitevarre the average thickness of the glacial till is 4,8 m from the 8
drillsites. The actual thickness of the glacial till is less than 4,8 m since a
deep weathering from 0,2 - 1,2 m is found in the copper minera lized gneiss.
The reason for this can be both chemical weathering and frost action. Stratigra-
fically above the copper bearing gneiss there is a black schist rich in pyrrhotite
(see Fig. 2). This pyrrhotite is believed to be decomposed into sulphuric acid

and limonite., Together with the frost action the sulfuric acid has acted on the
underlying gneiss and this has resulted in the deep weathering, The weathered
gneiss is partly very rusty even if similar unweathered gneiss is practically free
of iron compounds, It is therefore reasonable to believe that the rusty colour

of the weathered gneiss is limonite from the decomposed pyrrhotite,

v




Fig. 2 shows a geological map of the Raitevarre area. The map is based
on observations from a few outcrops especially along the river Noaiddejokka,
trenches, geophysics and drilling.

In the lower parts of the metasedime‘r%?lsequence, we have the copper bearing

iss. . R ‘o iesa d co . X
gneis This gneiss is mostly dioritic in composition with amphiboles altered
into chlorite. Red garnets are also common in varying amounts. They are

often partly altered into quartz and chlorite. In the upper parts of the gneiss

there are also bands with limestone, Sections rather rich in fuchsite is

found in or near to the copper bearing gneiss., Other sections with anhydrite
ere -also found, (J-F-Davies 1980).

The contact to the mineralization seems to be rather sharp on the hanging
wall, but is gradually fading out against the footwall. Chlorite is found

near and in the mineralized area,

Above the gneiss there is a black schist. The contact is gradually changing

from the black schist to the gneiss with alternating bands of black schist,

. . . calearecvs
limestone and gneiss. In the black schist sequence there are -8chists,

micaschists, garnet-micaschists and chlorite-schisits. The black schist itself

has a great variation in the graphite content, In the areas with highest graphite

content there are also much pyrrhotite and somepyrite. Sphalerite is also

found in the black schist, Above the black schist there is a more massive

amphibole gneiss. There are also bands of dioritic gneiss in this amphibole

gneiss, but the amphiboles are dominating.

Copper and gold minera lizations

It should be stated that the Raitevarre minera lization today is a subeconomic

deposit. Still it should be noted that sections of more than 20 m has copper

contents of 0,44%. For comparison the Boliden mine Aitik in N-Sweeden is
e ——"

mined on 0,4% Cu with a cut off grade at 0,22% Cu. The copper-Gold-silver-

sulphurcontent in the drillcores can be seen in the table under the chapter

drilling,and as enclosures.

Chalcopyrite is the main copper mineral, and it is disseminated., Veinlets

of chalcopyrite are also found. Chalcocite and native copper is also registered.

Pyrite and a little pyrrhotite is also found in the minera lized zones, but the

fpyrite.

areas rich in copper seem to be associated only with small amounts’

In the areas with much pyrite, there is little or no copper.

Sphalerite is found as traces in the black schists.




In the copper mineral ized areas there is also found galena. The galena

is not associated with the copper. Some places the galena occurs in partly
brecciated zones, but it is also found in undisturbed zones,

Gold and silver is found in nearly all samples analyzed., The gold content

N
varies from zero up to 8 ppm, while the mean gold content generally is the \{‘
same in ppm as the copper content in percent. ‘

It should be noted that a little gold also is found in copperfree zones like in
drillhole No. 4. Here it is rather much pyrite (2,26% S mean content in 12

samples),

Small gold grains in a number of 28 are found in 16 polished sections from

drillholes 5, 6, 7 and 8. See report by Ragnar Hagen, enclosed. Hagen
reports that the gold is bound to a parageneses of dessiminated grains of
pyrrhotite and chalcopyrite grown together,
This is a very important registration and will be followed up in the ore dressing
tests (see next chapter) to obtain as much gold as possible.

Ore dressing test carried out on the drillcores from drillhole No. 3 the gold
was enriched 24 times in the copper concentrate while the copper was enriched
40 times,

wit
The silver content is relatively low compared gold. In drillhole No. 2, 3

Small amounts of molybdenite is also reported bgr Hagen,
and 4 it is only 1 ppm Ag and in drillhole No, 1 approximately 3 ppm.

Ore dressing tests

Flotation tests are done on core samples from drillhole No. 2 and 3. The
conclusions from these tests are that the chalcopyrite is very finegrained and
often mixed with pyrite, It is therefore difficult to make a good copper concen-
trate. The best copper concentrate was obtained from the samples from
drillhole No, 3 with a copper content of 10,7 % Cu. This is a concentration
ratio of 40. The gold content in the copper concentrate was 6,39 ppm and

the silver content 22 ppm. Compared to copper a little more than 50% of the

gold and silver was concentrated in the copper concentrate.

More flotation tests are now carried out at the Technical University of Trondheim
on the samples from drillhole No, 5, 6, 7 and 8. The fact that gold is found
in parageneses of pyrrhotite and chalcopyrite grown together is taken into

account in these tests.



Recomandations {for further prospecting work

Primarily the most important factors of the prospecting work carried out

should be summearized:

1.

The low grade copper-gold bearing gneiss is found along the strike
of the rocks from Raitevarre to Beeivasgiedde (fig. 1},

This is a distance of at least 20 km, Some places the copper content
is up to 0,44% over 20 m of thickness,

Together with the copperminera lizations it is gold with mean
contents in ppm of the same order as copper in percent. Gold is
also found in pyritic zones. Alluvial gold deposits along the river
of Karasjokka and Bavtajokka have been worked on, in several
periods since the 17th century, and alluvial gold is found all over

the area,

The chromium mica fuchsite is found several places in the area.
This can indicate that the existing sedimentary rocks partly are

derived from an environment of ultramafic rocks.

NGU has done geophysical measurements by helicopter 1980 over
a rather large area between Raitevarre and Beeivasgiedde., The
results from these measurements and from some core drillings

will be given free this spring,

Wennervirta (1968) has mapped the Karasjok area. He also has
made a tectonic map (fig. 12, transparent overlay to fig. 1).

It should be stated that the area is well covered by glacial till exept

along the major rivers and on the highest tops.

The Biedjovagge copper-gold mine 90 km's W of Raitevarre is
situated in the same Precambrian formation., Here it is important
gold concentrations in the ore. Gold is also found in "encoWraging™
concentrations outside the ore, but not as alluvial gold like it is
found in the Raitevarre area. Fuchsiterich sediments are reported
from Biedjovagge, but they are not yet studied.

From the Kittild area, however, which is some 190 km's S of Raite-
varre it is described an area with chromian marble (Pekkala and
Puustinen 1978). The chromian marble is sulphide impregnated,
Some places the sulphide content is as high as 30% and the rock is
then called a sulphide schist,

-10-
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In few random samples from this sulphide bearing schist the gold

content is as high as 0,5 ppm.

Gold is found in quartz-ankerite veins in Finnish Lapland.

Bearing in mind the information summarized above and that the mineralogy

and geology at Raitevarre is very similar to the Timmins area in Ontario

Canada (Karvinen 1978%¥), Davies 1980, Morrison 1980, the following suggestions
for a follow up work on the prospecting work can be set up:

*The Karvinen paper is so important that it is enclosed to this report,

1. Detailed structural mapping of the area to find favorable units of
structure where possible remobilisation and enrichment of the gold
has taken place, Fig. 13 is a compilation of the dist}';bution of
different elongatior directions of all geophysical, geochemical and
geological disiplines that are worked out in the Raitevarre area. In
NGU-report No, 1561-02 1980,B, Rindstad describes the use and benefits
of an EDB-program of digitalisation -statistics, plots and grids of
lineaments red by Landsat 1, 2 and 3.

. Together with the information that will be free from NGU's work in
the area, the structural analyses over Raitevarre (fig. 13}, the
digitalisation of the lineamnents registrated by the Landsatelites and the
work done by Wennervirta (fig. 12} there should be a good base for

the follow up work on the structural problems,

2. Detailed geological mapping should be carried out, We should
especially do follow up work on the volcanic rocks. .
Morrison (1980) stodes that assoscation between voleanic neeks and major gold
fields has been observed elsewhere on the Abitibi greenstone Belt
of north-eastern Ontario and north-western Quebec,
The erosion and redeposition of soft sediments and fresh lavas, sub-
marine furnarolic activity, and the remobilization of quartz and gold
by heat from volcanic necksare believed to have been significant in
this area.
Volcanic rocks, even agglomerates, are described from the area
(Wennervirta 1968). Solid rock geochemistry and analyses of several
elements should guide us to find important volcanic centers or
volcanic necks, Important host minerals like tourmaline and ankerite

should also be looked for,

3. Prospecting techniques of geochemistry and geophysics should be
considered after the geological and structural work., Boyle and Hood
(1980) and Northern Miner (1979). (Enclosures).
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Conclusional remarks and costs

The Raitevarre area has several similarities to other gold associated areas
in the vicinity (Biedjovagge and Kittild) and also to major gold producing
districts like Timmins Ontario. No gold deposits have been found in the
Raitevarre area so far exept for the |{owgrade gold content in Raitevarre
and 2 ppm Au in a quartz vein from Storfossen. In Finnish Lapland however

narrow gold-ankerite veins are found.

Alluvial gold is found all over the inner Finnmark., The total amount of gold
must therefore be of considerable magnitude., If the gold bearing rocks are
not totally eroded it is believed that there must still exist some major sources
to the alluvial gold. These sources are considered to be remobilised and

accumulated gold from ore types like Raitevarre.

We should also prospect for mineable copper ore of Raitevarre type, The
possibilities to find gold deposits of the type described above seems however,
to be at least as good as for finding economic ore of the Raite type,

Sydvaranger's premining consessions for the Raitevarre area is rather soon
expiering (April 1981), The coming seasons we therefore should raise our
efforts to carry throug a prospecting program which ends up with a satisfactional

answer if there are any minable copper-gold deposits in the area or not,.
Costs
A ———

In the field season of 1981 only geological and structural mapping will be done.
Additional costs will be field transportation and analytical costs. The 1981 costs
are therefore believed to be covered under the 1981 budget,

Ha be Uit fe bruary zY 198/
Tooraid (s s
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Em in phase
EM out of phase

Magnetic vertical gradient
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ANALYTICAL RESULTS FROM DRILLHOLES 18

Noe. 1 - 8 Cu, Au, Ag, S
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Kjernerapport og boroversikt Raitevarre

1973:
Bh. Dyp Tidsrom Skift m/skift
1 98,7 4-10/8 7(langsk.) £13
2 155,05 13-29/8 19 8,2
3 220,15 1-21/9 323 6,8
4 83,7  23-28/9 103 8,0
Sum 557,60 4/8 - 28/9 69 8,1
1976:
5 231,3 27/7
6 196,0
7 157,4
8 223,5
3 79,2 779
887,4 m 27/7-7/9 = 43 dg - 6 fridg-8dg.flytt = 29 dg

50 dg 58 sk.

): effekt 15,3 m/skift

Med andre ord - omtrent det dobbelte av effekten fra 1973

med nesten tilsvarende maskinen.




Bh 1

Start 4/8

ferdige 10/8.

Dyp 99 m,

7 langskift,

13 m/akift. ~ 65\

Lagdeling

K jernatap

Analys

Baskrivelse

3,5 = 10

10 - 20

20 - 30

30 = 40

40-50

55-60

60=70

70-8¢

80-90

90-98,7

~ 90°

~ 90

~ S0

~ gno°

~As 90

Bo-50°

80-90°

Overdakket

0,11

0,03
0,03

0,05
0,08
0,12

0,13 +
0,25 +

0,24
0,35
0,24
0,11
0,93
0,3

0,31
0,13
0,09

0,09

i

9=102

22-30:
23=24:

35-36:
36=372
37-3081
38-39:
39=-401¢

Lo-41:
41-42:
L2-43:
4344,
Ll-ls,
4545
bp=-147:
L7=-48:
b8-49:
b9-50:

Cu,Ag,Ni,Zn

Cu,Ag,Ni,Zn

"

P.g.n. dypforvitring md det bores jordbering
ned til 3,5 m., Spor Cpy i de grove kjernene scm
sannsynligvis ar insithublokk.

Lys dioritisk gneis med snkelte merkere pertier
med amf,., biotit og klorit, (Mulig ogsd fuchsit
ved 9,8 m) Oppspr., ca, 10 spr/m,
Miperalissring: Spor Cpy nesten i hele kasser,
men trollg / 0,1 % Cu, Noe bedre 9,6 - 9,7 m
med kloritt, Merkt blett wertsminr ? ved 9,2 m,
preve,

Som foregidsnde, men mindre Cpy.
Prave 10,8 m av merkt srtsminr m/Cpy
" 12,6 m sv Py ag Mk for kjem, snalyse og slip

Vesentlig kloritrik gneis,
Minr; Mye py og spor Cpy spesielt i forbindelse
med kloriten, Analyse av 22-24 m, Noe MK,

Bsrgart: Gneis med tiltagends kloritimnholod

mot 40 m,

Minr: Spor Cpy 30-35m, Mot 40 m starkere spor
0og tildele pen mineralisering med Spy og MK,
Relativt lite Py, 38-39 ser ut til & vere best,
Prave,

Bergart: Relativt mye klorit 1 gneisen.

Avtagende kloritinnh. mot 50 m.

Kvartscone 41,8 - 42 m.
Mineralisering: Stort sett pen impr. frem til 47,0
Prgve 41,4 og U6,1 av pen Cpy-minr. bLi=k5, L3-y4S
og 49-50 svakt impr.

Bergsrt: Grd gneis med jevn fordeling av klorist.
Minr. : Svak impr. av Cpy. Beste impr. 50-52 m.

Bercgart: Som foreg.
Minr. : Litt MK og Py og kun svake spor av Cpy.

Bergart: Som foreg., men med klorit.
Prgve fra 70,2 m med klorit, Py, MK og litt Cpy.
Minr. : Litt py og MK med rike tydelige Cpy-spo

Bergart: Vanlig gneis 80-84,7 som foregdende.
84,7-90 granat-glimmergneis med kvartsgyne.
Preve 85,8 m. '

Minr. ; Litt Cpy og MK i kvarts ved 82,6.

Ellers meget svake kobberspor. Kan ikke se Cpy i
granatgneisen. Forholdavis lite pyrit. ‘

Bergart: Vesentlig granatgl.gneis m/kvartsdgyne,
men scnevis med den vanlige gneis og hydrothermal-
kvartsgpnen.

Minr.: Noe Py hele veien, men svert svake spor

med Cpy og Mk.
Hulldyp 99,0 m
Kiernelengde 93,7 m
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Bh., 2. Star:t 13/8 ferdig etter nattskift 29.8. Mask.haveri 16/8-23/8 ) i 19 skift 8,2 m/skift.
(3 hele skift + mange smi stopp 6§ gkift v/prakk)
Dyp 153,05. (Vert cope 1 23 m/skift 12 m/skift effektivt)
Dyp Lagdeling Kjernetap Analyse/prgve Beskrivelse
0=5,0 overd. Qverd. ca. 2m. 2 - 5m dypforvitring.
510 ~ BG® Bergart: Orov granatgl.sk. granater 1-2 e¢m. Soner
6,7 : MK og Cpy i med litt grafitt. Kis i soner med kvarts (?) og
lys b.a. feltspat.
§,05: Granat gl sk. Mineralisering: MK I soner med kvarts (?) og
feltsp (prgve)l MK ogséd i granatgl.sk. Spor med
Cpy. Litt grafit.
10=20 90° Bergart: Som foregiende 10-15,2. 15,2-20 etterhver
lysere bergart med spett av biotitt og diffuse
granatar. Mot 20 som en lys grd gneis.
Mineralisering: MK 12,8 - 15,0~ 5 % kis. Mindre
kis 15-20 m. 10-15 m 1litt {spor) grafit.
20-30 90° Bergart: Vekslende granetfgrende gl.gneis.
Lite granater fra 27 m. og soner med grgnnstens-
{klorit) materiale med kvarts og kalkspatsoner.
P4 slutten enkelte blédkvartssoner.
Minr.: Lite MK (spor)
30-40 83=-90° 38,85 MK og sph ? Bergart: Vekslende som foreglende, men bare ra
39, " " " 2 granater. Fremdeles "blakvarts" i klorit-sonene.
Minr, ¢ MK fra 3,7 - 40 i veksl. mengde ~s 10 %
kis. Ogsd sinkblende ? prgve. En del karbonat
med kisen.,
Grafit 33,95 - 34,20. ]
4050 3a-90° 41,4 @Granat m/korona Bergart: Vesentlig gra til megrk gri gneis med
med spredte granater og tildels kalkfgrende.
Granatene har en lys reaksjonssone rundt seg.
Minr.: Kun litt MK. KXan ikke se grafit,
50=£0 80-90° 56,4 Veksl. KV 0Og Bergart: Som foreg., men mer skifrig og mindre
kalksp. granat. Flere kalkspatsoner pd opptil 2-3 om,
Kalkspatsonene veksler med kvartssoner og gl.
Betydelig med kalksp. i gneisen.
Minr,: 54,6-56  veksl. grafit kalksp./kvarts
&Y4,8 Cp=-ansaml. med 1litt MK og spor Cpy, serlig med grafit.
Prgve av stgrste Cpy-ansamling.
€0=-70 Bergart: M¢rkere noe mer skifrig gneis. Kan ikke

66,3 Omv.granat

se granater, men hvite spetter som kan tenkes &
vere omv. granater. Joda, det stemmer det !

kan se granatrelikter i de hvite minr.ansamlingene.
(Prgve) se prgve 4l,4. Flere grafitrike soner.
Tekt: Knusesoner 63,9-64,3, 85,4-65,5,
66,4-66,6, 68,0-68,1, 68,4-69,0, 69,6-70,0.

Delvis breksiert fra €470 m.

Minr.: Grafitsoner i hele kassen fra fd cm opp
til ca. 1 m {nesten sammenhengende 61,5-62,5)

En del MK og noe Cpy i breksjesonene med kalkspat
og euhedral kvarts. {(Prgve)

l. 5 % sulfider i kassen.
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Dyp Lagdeling Kjernetvap Analyse Beskrivelse

70=-60 ~ 90° Bergart: Grafitskifer og kalksten("kalkgneis")
71,6=75,9. Kalkgneis ogsd som scner i grafit-
skiferen.

Tekt: En del knusesoner og breksiering, men
ikke 84 mye som i foreglende kasse,
Minr.: Grafit-rik skifer 70-71,6, 71,9-72,2,
75,5-80, med itt kalk 78-78,5. Litt Cpy hele
veien i grafitsk. pé speil. Ubes temt minr. me
76,95-77,03: Minr, hpy glans i grafitsk. Pregve.
m/h¢y glans i grafit
Py péd smd (/ 1 cm) ganger med Kv og kalksp.
77-78: Cu,Ni,Ag,2n Tar ut 77-78 til analyse.

80-90 90° Bergart: Grafitsk 80-83,1, B86,2-86,5 med noe
kalk pd samme mite som foreg. kasse. £3,1-86,5
vekslende kalkgn. og granatfgrende vanlig gréd
gneis. Granater m/korona. 56,5-90 vanlig gré
gl.gn. med granater m/korena.

Minr.: I grafitsk. Cpy pd speil som foreg.
I gneisen ogs& pene Cpy-spor, men pd sgrekker med

90-100 70-90° Bergart: Vesentlig grd gn. m/granater. Enkelte
kvarts og kalkspatsoner.

Minr.: Litt MK og litt Cpy (épor). Hurtig
oksidering p& MK ! Belegg etter bare 2-3 dg !
100-110 90° Bergart: Som foreg. samt en del biotit og klor:
Minr.: Litt MK o©g spor Cpy spes. pd sprekker
i lysere partier (kvartsitrike!l.
110=-120 70-90° Bergart: Grd gn. m/omv. granater samt endel
biotit og klorit. Kloritsone 112,7-114,7.
Minp.: 1.itt Mk. Kan ikke se Cpy.
120-130 122,2: MK,Cpy Bergart: Grd gn. med flekker som trolig her varti
121,9: Cpy,Mk (Py) granater + granater ! En del biotit.
#1209 =121 Cu,Ni,Zn,Ag Tekt : Breksje 120,120,5. Kittet sammen med
0,2 121 -122 #oom o wo " kalkspat.
ii%é 122 -122,9: " " " " Hinr.: Cpy-soner: 120-122,9 , 127,6-130.
0 122,5-124 w o woon oa Siste sone har en del py m/Cpy.
g 124 -12% : " *oMoM
0 125 -126,6: " " v "
0 126,6-127,6: " " "
>0,3 127,6-128 womonmoom
$ 128 -129 : " "ot
# 129 =130 monomo
130=-140 70-90° 130 - 151 “w ® w» «  Bergart: Grd gneis m/muskovit og biotit.
121 132 ;3 oMo owoM Kan ikke se granat.
132 133 now o onoon Minr.: 150-140 m mer eller mindre impregnert
133 13y ; nonmoowoo® med Cpy, Cpy-holéig py og MK. Alle 10m mé
134 - 135 ; v onwon analyseres.
135 - | L
LT BRI B R
137 - 13y ¢ " v o row
138 - 139 momorow
139 - 1S 52 b "o
137,5: Py, MK og Cpy




Dvp Lagdeling Kjernetap Analyse

Beskrivelse

| {1l40-140,5 146,6: Gn.m/"kvartspyne" ,MK,Cpy

4o 143,2: Gl.gn m/Py,Cpy

140-159  70-90° +140,141;
+141-142;
+142-14%;
+143-144;
+lbb4-345,
+145=-146:
+146-147:
+147-14Y:

o 148-149:
+149-150:

150-155,05% 151,9: Lys gn.m/klorit MK,PY,Cpy

Cu,Hi,in,Ag

" n " "
" " " ]

n " "n "

152,6: Gn spettet m.klorit
eller amf, 7

155,05: @l.gn.m/granat+Cpy

+150-151:
+151-152:
+152-153:
o 153,154:
0 1h4-155:

Bh. 3. Start 1/9, ferdig 21/9.

Helg 7-10/9

Cu,Ni,Ag,2Zn

n " LU L
" " n "
" " " "

" " n "

Bergart: @ré gneis. Kan ikke se granat,
men "kvartsgyne’ som kan minne om
omvandlede granater (prgve), Spetter med
klorit og soner med biotit og muskovit.
Minr.: Mineralisert sem i ferrige kasse
med Cpy-holdig Py, Py, Cpy og kk.

Hull - Dyp = Kjernelengde.

Bergart: 150-153,4 som fgr med spetter
av klorit (eller amfibol ?) Prgve.
Muligens noe granatrelikter namere 153,°2
153,4 - 155,05 en gl.gn. med rikelig med
granater (prgve).

Minr.: Svakere med Cpy enn i siste kasse.
Svakere spor nidr granatene kommer inn,

men pen Cpy-Mk~stripe ved 154,4.

DPette huliet burde ha vart kj¢rt lenger,
men ble avbldst p.g.a. dynamosvikt og
punpefestesvikt. Maskinen ble flyttet mens
dette ble reparert for & utnytte tidern.

Y: 32 } skift. Halldyp 220,15

y: 6,8 m/skift

Dyp Lagdeling Kjernetap Analyse Beskrivelse
0-5,5% Overdekket og grov kjerneboring.

5,5-10 Bergart: Granatgn. 5,5-7,7 og 9-10
m/kvartsgyne som er omv. granat og med
granat.

Grafitisk:7,7=9 sterkt grafitheldig.
Minr.: Intet.
10-20 Bergart: Granatgn. m. klorit og amf.:
10-16,7, 16,9-17,2, 17,25-17,3%, 19,3-1¢,
Feit grafitsk. 16,7-16,9, 17,2-17,25,
17;35'19339 1915'20-
Minr.: Intet. Spor av MK i grafit.
20-30 70-85° Bergart: Grafitsk. med noen f& striper gn
mest 70° Veksl. grafitinnhe.

22,7-22,9: Grafitsk., og gn.m/

30-40 67~70°

1 31_32: ”n

38,6: Grafitsk. m/MK,Cpy,Sph.

MK ,Cpy,Sph.

i 30-31: Cu,Zn,Ni,Ag

i " "

Minr.: Pene spor av MK, Sph, Spy spesiel
i de lysere partier pd sprekker og i tynn
lag.

Bergart: Grafitsk. veksl. type og m¢rke
partier.

Tekt.: Breksjesone (sammenkittet m/kvart
32-32,2)

Minr.: Som foregiende m/MK Cpy og litt S
spesielt i de lyseste partier.



Dyp Lagdeling Xjernetap

Analyse

AL

Seskrivelse

Lo-50 u47%,60%,73°

50-60 £0°,67°

60-70  60°,68°,45°

70-80  60,60,52,45°

80 - 90 80°,63°,63°

g0 =100 66°E?;,

100-110 ?

110=120 100°%,90°,
100°

120-130 80°,80°,

100°

130-140 100°,90°,

80°,100°
140-150 ?
150-160 90°

42,05: Py,MK,Sph,Cpy

52,8: Grafitsk.-gneis
53,5: Grafitsk./m.Cpy

102,7: Granat m.oav.sone

114,6: Grent minr. Ealksp?

143 ,0: Kloxit

156,7: Gneis m/kloritapetter

Bergart: Orafitsk. 40-44,2, 44,8-44,6,
u5,05«46,2, 49,8-50. Gré gneis m/granat,
omvandl. granat ("kvartsgyne") gl. klorit,
amf, i 44,2-44,8, 44,9-45,05, U6,2-49,9,
Minr.: Som 30=40 m, men ncoe mer py.
Kalkspat{yllinger.

Bergart: Grafitsk. veksl. lys og mgrk.
Der den er lys ligner den gneisen med omv.
granater + 1litt grafit (preve).

Tekt . : Breksje sammenkittet m/kvarts:
50-50,2, 52,7-54,3. TFlere knusesoner.
Minr.: En del pene spor med Cpy og MK.
Prgve 53,5.

Bergart: Grafitsk. lys type fra 64-70 m.
Tekt.: Knusesone 66,7-67,0.

Minr,: Litt Cpy (spor) og MK. Mindre enn
foreg. kasse,

Bergart: Veksl. grafitsk. og gré gn. med
og uten grafit, '

Tekt.: Noen knusesoner.

Minr.: TLitt MK, py, Cpy, Sph (spor)

Bergart: Gréd gneis n/granat 80-82,7, B86,7-90
med et parti smA graftisoner. Grafitsk og g
gneis i veksl. B2,7-86,7.

Tekt.,: Knusesoner (6 stk) 10=40 ¢m

fra B3-89 m.

Minr.: Kun svake Cpy~-spor + MK og DP7.

Bergart: Biotit-grenatgneis.
Minr.: Ikke spor.

Bergart: Bom foreg. Granatsterrelsen veksle.
helt opp 1 1 em. Noen steder omv. sone rupdt
granetene. Preve.

Minr.: Ikke spor.

Bergart:  Veksl. grafitsk., grafitholdig en.

gn. n/granet ca. 80/50. Soner med
grent minr. Kalkspat? litt for hardt. Ogséd
grapater i grafithorigonter,

Tekte: Breksje sammenkittet lo7,4-108,10.
Ellers flere kpusesoner.
Minr.: Bpor Cpy og litt MK serlig i forb

med sprekker og breksjescner.

Bergart: Veksl. ‘grafitsk og granatgneis so
foreg. dog mest gneis (% 2,5 m grafitsk)

Tekt,: Breksje sammenkittet 120,7-121,4,
knusesgone: 1l22,5=-122,8.
Minr.: Kun spor Cpy + MK og Py litt.

Bergart: Biotitgn. wed litt granater i beg.
som etter hvert blir borte.

Iitt grafitsk og gneis 132-134 og 135,5-135,8
Minr.: Spor Cpy i forb. med grafitsonene.
Bergart: Granst-biotit gneis med kraftipge
kloritsoner 1l4l1,5-144,5, 146,3=147.
Grapnetene er delvis omv. m/Rorona av kvarts(
Minr.: Kun spor av MK og Cry.

Pergart: Grd biotitgneis med kun fé granster,
men spekket med kloritspetter.

Minr.: Kun sper Cpy.
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Dyp Lagdeling Kjernetap  Analyse Besgkrivelse
1e0-170 ? 168-169: Cu,Zn,Ni,Ag Bergart: Grd gn. grovspettet m/klorit. Noe
169-170: ®» ®* w ¥ mindre klorit fra 166 m.
Mipr.: Litt Cpy og py fra 166 m.
Sanus < 0,10 % Cu. Cpy rose 166,8.
170=180 80°.70°, 172,5: Kloritemusk.~cericit~ Bergart: Lys gl.gneis (skifer) med mye
BO°,100° bergart m/Cpy, ME, Py. puskovit (cericit) stedvis grent + kloritson
173-174: Qu,Ni,2n,Ag Minr,: Cpy, Mk, Py flekkvis i bestemte
175~176: » » = ® soner. 5«10 cm. Disse utgjer lite totalt.
176=177: » % n 0 Stedvis ogsd betydelig med Py. Lite MK.
Cpy finnea ogsi utenom de anal. soner
muligens pd samme nivd, men svak pineraliser
180-190 70°,80°,100° 189,1: Evartsit Bergart: Lys gn. m/klorit. emf.gl. m/granat.
180-181: Cu. Kvartsitisk type p4 slutten.
181-182 Minr,: Cpy i hele kassen 0,1-0,2 % Cu.
182-183
183-184
184-185
185-186
186-187
; 187-188
‘ 188-189
189-190
180-200 ? 192,0: Amf.gn. Bergart: Oneis med amf. og klorit. biotit og
190-191: Cu cericit.
191-192 Minr.: 8Svak Cpy - Py -~ minr. 190-198
; 192-193 ~0,1 % Cu.
! 193-194
194195
‘ 195-196
196-197
. 197-198
? 200.210 202,5: Cericit m/Cpy Bergart: Anmf. gneis m/klorit, kvarts, cerici
: - 200-201: Cu Minr.: Pen Cpy-impr. serlig 202-205 m, mer
o 201-202 hele kassen né anal.
+ 202=-203
+ 203-204
+ 204-205
. o 205-206
o 206~-207
g 83433
o 209~210
210-220,15 100°(?) 214-215: Cu Bergart: Cericit (musk) - klorit - gneis

215,3: Musk.=-cericitgn.m/
Py og spor (?) CPF.

t
1

m/amf.

Minr.t Vesentlig py, men ogsh litt Cpy.
{ 0,1 ¥). Tar stikkpreveenalyse av en av
de beste metre.



1976. Forlengelse av Bh. 3
Dyp Ep/pr.o .

fra 219,3 = 200 m.
Analyse

32
Beskrivelse N

219,3-220
220 - 230
230 = 240 5

208,5 .-290 imp. svovelkis.

10 1/2

Ba. lys glimmerrik gneis.

Mineral. imp. svovelkis

Ba. 23%0.0-230,9 som foreghende kasse.
230,9=240 vekslende dioritisk gueis med
granat Mi. dimp. svovelkis.

Som foreg. m.evake spor Cu pd miste o.

" " vekslende med 1lys gneis.

Ba. 260-268,0 som foreghende, 268,0-270 -
Kloritrik gneis. Mi. imp. svovelkis.
Ba. 270-272,5 Kloritrik gneis. 272,5-280,0
vekslende kloritgneis (spetter) granatferend
Mi. imp. svovelkis, 272,6-272,9 gode spor
Cu + sveke spor i to siste m.

Ba. som foreg.(med granat og klorit spetter)
Mi. 2B0-280,5 imp. svovelkis med god spor Cu

Ba. som foreghende. Mi, imp. svovelkis
292,0-298,5 gpor Cu beste m til anslyse.

skift. Dyp 83,7 : 8,0 m/=skift

Beskrivelse

260-250 5

250-260 5

260-270 5

270-280 5 279-280,0: Cu

280290 5

290-300 5 297,0-298,0: Cu

250°-70° sN Bh. & Start 23/9 ferdig 28/9

Dyp . Lagdeling Ejernetap Analyse

0-10  100%,50° 7-8 1 Cu
89 ¢ M
9-10: "

10-20

20~30

50-60 ~ 100

&0~70 80 - 100

8,7 Py i cericitisk gn.

10,8: Py i cericitiek gn.
10=11: Cu

1l=12:

12=-13%:

13-14:

14=15;

20-21: Cu
21-22: "
29-30:
30-31: Cu
21-32: "
34=35; "

41=-42: Cu
42=431 "
41,3 =

5051
51-52
52,7 : MK i klorit

64,9 1+ Py = Cpy
€0=61: Cu
61-62

62~63

%% .
69-68 , 68-£9, 69- 70

0-3,0 overdekket

Bergart: Gneis n/amf. noen granater. Kralftig
cerisitisert (muskovit flak).

Minr.: Mer og aindre Py-forende 5=10 % Py
som stedvis ear gullig og felgelig trolig
ferer noe Cu. Mest py fra 7,0-10 m.

Bergart: Gneis lys vekslende, men mest
cericitrik med amf. og granater (+ klorit)
Minr.: Py hele veien, men mest 10-15 m.
Noen f& grafitiorn.

Bergart: Som foreglende.
Minr.: Py som foreg. Hele kassen
reanalyseres hvie Cu.

Bergart: Som fer.

Minr.: Py som for, mest 3035,

Gedigent Cu ! Hele kassen resnalysere:
bvis Cu.

Bergart: Som for, men mindre py. Mye klorit.
Minr,.: Noe mindre Py enn tidligere.
Kan se spor ME og Cpy. Anal. alt hvis Cu.

Bergart: Klorit -amf.-granat gneis. Lik
tidligere gneis, men noe mindre cericit-
muskovit.
Minr.: Py son fer. En del MK i kKlorit
52,3-53.

Bergart: Som fer, mnoe mer sliret p.g.a.
stedvis store granater.

Minr.: Evartssone 64-64,5. Pen Cpy minr.
64,5-65. Eller en god del gul py.
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Dyp Lagdeling Kjernetap Analyse Beskrivelse i
2080 7 20-71: Cu Bergart: Grd gneis m/granat. Klorit amf. ‘
7i-72 Minr.: Tildels pen (Cpy-holdig py fra
72=7% 70-77 m. Dog sterkt vekslende. Ogsé
7374 en del flekker med MK.
U=75 Analyse 70=77 m.
75=76
76-77
70,6: Py=Cpy
80-83,7 B80-100° 80-81: Cu Beggl art: Grd gneis aliret, som etter hvert

/0,05 Cu 81-82: "

83,0 : Granstgn. n/MK,py.CPy

r sterkt granatferende.
Minr.: Lite Py, men den ser ut til &
inneholde Cpy. Litt Mk.

109-110

Bh, 5.
Dyp Legdeling spr./m Analyse Beskrivelse
8-10  70-80° 8 & o.d. Ba: Veksl. dior. gneis og amf.-klorit gneis.
Kan ikke se granat. I den grove kjermen
gees litt grafitskifer.
10-20  60-80° 8 spr.m O 17-18 Cu Ba: som foregdende.
0,0 18-19 * Minr.: Meget fink. Cpy 18-20 m og litt MK.
0,0 19-20 " Ellers spor av py.
20-30 g n 20=3%0 ¥ (en pr. m) Bay Ves. dior. gn. Kvartsforende 28-28,¢
en kloritisk sons.
Minr.: Cpy i veksl. mengde, men ofte meget
fink. Enkelte klyser i forta. m/kvartsroser
og kloritsoner.
20=40 2 30=40 " " Ba: Homogen dioritisk gneis.
Minr.: 8por Cpy. BSvakt fra 36-40, men hele
kassen pd- apelyseres. Noen striper med fluss
40=50 5 =n 40-41 * Ba: Dior. gn. n/amf. og klorit. Litt
granat fra ca. 46 m.
Minr.: Meget lite Cpy 40-46 m.
F=dt "'/ﬂl'v Gan - kvarts. NB: IK“B ':ag’ueum:
50-60 4 ® Ba: Dioritisk gan.(m/amf) m/klorit
og kvarts og granat.
Minr.: Litt Py og meget svake Epor MK og Cp
60=-70 5 " Ba: Dioritisk gn. m/amf, klorit,kverts
©og spor grenat.
Minr.: Litt py + spor MK og Cpy. Typepreve
Py-sone v/66,8 og Cpy-stripe ved &4,3 m.
70-80 z Ba: Dioritisk gn. m/emf., klorit, granat
og Tel. mye kvarts. Enkelte 3-5cn kvartssone
Minr.: Litt py og meget sveke spor MK og Cpj
80-90 2 Ba: Dioritisk gn. m/a mf., klorit, kvart:
(ikke granat).
Minr.: Jewvnt m=/Py.
90=100 & o 91-92,3 (Cu 0,10 Ba: Dioritisk (amf.) gneis mer vekslende
0,1 92,394 v 0,1% enn foreghends., En del kvarts og klorit.
Minr.: Pra 92,3 Cpy (lite) og Py sant noer
striper CaFy « N anhydist-
Hele kassen md anal. bvis dette gir resultas
100-110 5 102-103,5 Cu,Pb,Ag Ba: -Dior. gn. med en del kvarts, amf.
10%,5-105 * og klorit.
105-106 " Minr.: Py i hele kassen. Fra 103,5-110
106~-107 " Cpy, Py og spor blyglans. '
107=108 .
108=109 "
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Dyp Lagdeling spr./m Analyse Beskrivelse
11C=120 ? 110=120 Cu Ba: Dior. gn. m. kvarts, puskevit, klorit
og anmf. (ikke granat)
Minr.: Cpy, MK, Py. Bra med Cpy 1l11-118.
Lite 118-120, men hele kassen md anal. Pene
ansaml. Cpy i kXvartssoner ofte med litt MK. -
120-1%0 4 120-127 Cu Ba: Dior. gn. forholdsvis hooogen med
enkelte kvartasoner. Granat fra ca. 125,7.
Ellers klorit, amf. Noe Creglimmer i
Minr,: Litt Cpy 120-127. Ellers pest Py og
130140 8 130-131 Cu Ba: Dior. gn. m/kvartssoner pd opptil 0,7
Musk. sk. Ba er svakt granatfersnde med noe
amf. og klorit.
Minr.: Svert lite Cpy, men spor i hele kasse:
Tar en stikkproveanalyse 130-1%1, Mot 140
vesentlig Py. Litt ME og noen roser Q?Fz
i kvartssonene. e anltfe
140-1%0 6 l46-146,7 Po,Ag,Cu Ba: Lys dioritisk gn. Mye glimmer
146,7-148 " » " (Glimmersk)
148=14% L Minr.: Py. Blyglans fra 146,7=150, men en
149-150 o0 tydelig sone PbS fra l46,7=148. Spor Cpy
Tekt: En kan se at det bar vert bevegelse
i minr. Pb-sone med bl.z. kalkapatutfelling
150-160 159-160 Cu Bai Pior. gn. med spetter av h.bl. som
delvig er omv. til klorit. + kvarts.
Minr.: Svake spor Pbs 1 tekt., sone 150-154,
Dette md evi. analyseres hvis l48-150 slir ¢
Ellers spor Cpy spes. mot 160 m. Stikkpreve
159-1€0. En del py. En god del CaFoi tekt.so
spes. ved 151,5. ™ Qe Guhyce!
160~170 3 160161 Cu Ba: Som foreghende.
Minr.: Litt Cpy spes. 160-161 i et kloritri
merkt parti. Ellers for det meste py og spe
ME. Stjerner Cpy 1 hele kasaen. 10 cm CeFy
ved 165,1.
170-180 3 Ba; Som forsgiende.
Minr.: Ves. py, men enkelte korn Cpy. 10 em
pen Cpy~ Minr ved 172,6=172,7.
180-190 3 Ba: Som foreg., men noe grenat + fuchsit.
Minr.: Yes. py og MK, men spor Cpy.
1%0-200 3 197-198  Cu Ba:  Som foreg.
198-199 Minr.: Cpy 190-191,% og 197-200 0,2 % Cu
199~200 og litt spor i mellom' -samt en del py +
litt ME.
200=-210 & 200-201 Ba:  Homogen dior. gn. En del klorit og
litt granat.
209-210,6 Minr.: I forb. med kloritrike soner noe Cpy
i hele kassen + Py.
210-220 4 Ba:  Litt granet i dior. gn. Amfibolit
210,6=-212, 3.
Minr.: "Sonen” forts. med litt Cpy frem ti
amfiboliten wed 210,6.
Ellers er det litt py og spor Cpy.
220-231,3 3 Ba:  Dior. gn. m. litt granat.

Anf. 221,5-222,8.
Minr.: Litt py og spor Cpy men stort sett
gvert lite.
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Bh. 6.
Dyp Lagdeling Bpr./m Anelyse Beskrivelse
0-10 0=5,9 Q.d. & 5,9=7 : Cu,Ag (Pb) Ba: Lys dioritisk gn. m/spetter av delvics

?7~8: " " omv. amf. ( i klerit). Opptil 10 cm’s

8-9: " » "rustsoner" nmr sprekker p.g.a. dypforvitri

9=10: " " Minr.: Jevnt impr. med en meget fink. Cpy.
Kan ogsd se et blankt minr. AgB? A’

10-20 6 10-20 : "fkke tatt med Ba: Som foreg. Noe fucheit.

(15=-20 svak) i1 forste omg. Minr.: Som foreg. frem til ¢a. 15 m, men hel
kassen ber anal. Ved ?!.5,05 et merkt minr.
m/hey glans AgS 7 Ak

20-30 4 20=30 : Cu Ba: Dioritisk spettet gn. homogen m/smf.
omv. til klorit.
Minr.: Jevnt impr. med Cpy og svert lite py.

20=40 ? 30-40: Cu Ag Ba: Som foreg.
Minr.: Svakt med Cpy fra 30«35, men
noe bedre 35-40. Ved 33,6, 34,7 og 38,9
svart oykt minr. MoS, 7 AgS ? A%
Fahlerts ? Prever.

40=50 8 Ba: Som foreg.
Minr.: Svake spor Cpy og litt py. Pen stripe
av det ukjente minr. ved 40,6 (preve). Ikke
anslyse av denne kassen, men den ber anel.
hvis 30-40 har interesse. Cu- innh.

50-60 ? 59=-60: Cu Ba: Som foreg. Puchsit ved 56,3
Minr.: Spor Cpy i hele kasaen. Stikkprove-
enalyse. Ellers litt pen py og spor MK.

£0=-70 7 60-61 : Cu Ba: Som foreg., men noce lysere.
Minr.: Spor Cpy i bele kassan. Stikkprove-
analyse. Ellers litt py og MK. Evartssoner
61,7-62,4, 67,4=67,6.

70=80 7 Ba: Forgkifret gn. med mye musk. og klori
men ogsd den typiske spettete dior.gn.
Litt fuchsit Au ! WA
Minr.: Pyrit rel. mye (3=5 %).
Svert lik foreg. kassge.

‘80=90

90-100 4 Ba: Dior.gn. litt forskifret.
Minr.: ~ 5% Py.

100-110 6 Ba: Dior.gn. o/granat som ved ca. 105 n
gar over i en forskifret type m/Fuchsit.
Minr.: En del py (3=5 %) i hele kassen.
Litt Cpy fra 100-102. < 0,1 %

110-120 6 Ba: Dior.gn. m/kKun spor av granat.
Minr.: Spor Cpy spes. i1 beg. av kassen og

. en del py og ME 3=5 %,

120-130 5 Bas Dior. gm.
Minr.: Spor Cpy. Epoer (dridper) av ZaS
nerk type og 3-5 % MK og Py,

13%0-140 8

Ba: Dior.gmn.
Minr.: Py og Mk 3 = 5 %
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Dyp

Lagdeling

spr./m

Analyse

IS¢

Beskrivelse

140-150

150-160

160-170

170-180

180-190C

190-196

Dyp

Bh. 7

Lagdeling

8

spr./m

142, 7=14d : Cu
144 <150 : "

170 - 171 ¢ Cu
i7fl-172: ©

Analyae

Ba: 140-143 tett dior. gn. m/amé granater
Senere mer lys og forskifret.

Minr.: Py i hele kassen. Frs 142,7 litt Cpr
Tar anal. ut denne kasasen.

Ba; Dior.gn. m/granat fra 152 m.

Minr.: Svert lite Cpy. Noe bedre 159=160.
Py og MK ~ 1-3 4.

Ba: Dier. gn. m. granat til 164 m ellers
den typiske dioriten.

Minr.: Spor Cpy..~ 1 % py. Tydelig mindre
svovel nh.

Ba: Dicr. gn. typisk med tildels store
b, bl. (klorit) = lister. Litt granat.
Minr.: Cpy {(1litt) i hele kassen. Mest til 2
oeg. wed. Prove anal. de to forste metre.
Ellers py og MK.

Ba: Dior. gn. m/granat. Mye granat spes.
fra 186 uw.
Minr.: Svake spor Cpy eller lite Py og MK.

Ba: Granatrik dioritisk gn. m/lister av
gr. hormbl., ( klorit) og kloritsoner.
Minr.: Py og MK.

Beakrivelse

3=10

10-20

0=3 o.d.

12

15

10

10-20

Cu

20=-21,3: Cu 0,72
2l,3=-22: Cu ¢ 0,05
22-23 : Cu o 0,01

Cu

3536
36~37
57=-38
38-39
30=40

o ar se W

57-58
58-39
59-60

Cu (evt. Ag)

as  ws  me

Ba: Lys utlutet dior. gn. spes, fra 3-6 z
Minr.: Kun spor Py.

Lys dior. gn.
Minr.: Fra ca. 11 m Cpy som i de forste
metre er omv. til malakit. Litt py og
mobilisert grafit (7)

£

Ba: Lys dior.gn. 20=21,3. 21,3=-30 grenat
ferende kloritrik gu.

Minr.: Pent Cpyeminr. 20-21,3. GSensre fritt
for Cpy. Bare litt py og MK.

Ba: Granstferende kloritisk gn. 30-35,0.

35~40 lys noe skifrig dior.gn.
35=36 en kloritrik sone med vel noye

Py, MK og Cpy.

Minr.: Cpy 3540 {~ 0,1 %) ellers en del
Py og MK.

Bas Dior. gn.

Minr.: Spor Cpy i hele kassen og litt Py.

Mi snalyseres hvis 36=40 glimter til,

Ba: Dior. gn. 57-59 et amf. og kloritril
parti.

"Minr.: Svake spor Cpy. Noe bedre 57-60.

Ted 57,2 svart blankt minr. Ellers noce
PY og MK.

Ba: Lys dior. gn.

Minr.: Cpy = ME ansaml. ved €7,05. Litt
Cpy-impr. videre 0,3 m. Ellers er det bare

- gpor Cpy i kassen. Lite Py og MK.
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byp Lagdeling spr./m Analyae Begkrivelae
70=-80 4 P4=80 1 QCu Bas Dior. gn. med rek. wmye klorit fre
ce. 75 m.
Minr.: Litt Cpy i hele kassen. Noe "mer"
fra ca. 75 m. Lite Py og MK.
80=90 5 ? Ba: Dior. gn.
Minr.: OCpy i hele kassen, men for lite.
Ber analyseres hvis 7480 glimter til.
Litt MK og Py.
90=100 4 96=-100 : Cu Ba: Lys dior. gn.
Minr.: Litt Cpy spes. fra 97-100. Meget
finimpr. Lite MK og Py.
100=-110 4 100=110 : Cu (Ag ?) Ba: Lye dior. gn. m/noen fuchgitstriper.
Minr.: Svakt impr. m/ Cpy 1 hele kassen,
wen vel svakt. NRoe bedre de siste 4 m.
Mener jeg ser det blanke minr.
Lite py og MK.
110-120 6 110-117 : Cu Ba: Dior. gn. m/ endel klorit.
Litt fuchsit.
Minr.: Forholdevis mye Py, litt MK og Cpy.
Svert lite Cpy de siste 3 m. @m/f0-/Im)
120-130 5 Ba: Som foreg.
Minr.: Mye (5 %) Py ikke Cpy.
130-140 5 Ba: Lye dior.gn. litt forskifret.
Minr.: Py~ 3 %. Eun meget svake spor CI
140150 4 Ba: Lys dior. gn. (typisk) preve
Minr.: Litt py og MK, ellers kun helt
svake spor Cpy.
150-157,4 6 Ba: Lys noe forskifret dior. gn. m/lit:
fuchsit.
Minr.: Litt py og WMK.
Bh, 8.
Dyp Lagdeling spr./o Anslyse - Beskrivelse
0=10 0=5 ¢.d. 10 Ba: Lys dior. gn. n/granat i weksl.
m/ svartsk. svartsk jkke radioaktiv.
Minr.: MK i svertsk. ikke Ni-utslag med
dimetkylglyoksim pA frigke kjemaer.
l0-20 8 Ba: 10-12,4 svartsk og 12.4-20 gré
dioritisk gn. . smd rode granater. '
Minr.: ME i svartsk,.
20=30 7 Ba: Svartsk (40 ¥) 1 veksl. m/ gri
granatferende dior. gn. Svartsk 29,3-30.
Minr.: ME i svartak. :
3040 = 80° 20 Ba:  GSvartsk 30-34,8. 34,840 grenat-
forende gn. med opptil 0,5 ¢m granat-
porfyroblaster forekj. fra foreghende der
grenatene var svert smd. Granatene er ogsé
omvandlet (i kvarts). Ikke radioaktiv.
40-50 6 Ba: Dioritisk gn. med store tildels
omvandlete granatporfyroblasters
S0=€0 12 Ba: Gneim m/grove granatperfyroblaster

50-55. 55-60 veksl. gneis og svartskifer.
mest svartskifer.
Minr.: MK og Py i svartskifer.
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Analyse Beskrivelse
60-70 = 70° 20 Ba: Svartsk i veksl. m/granatgn.
Fra 69,0 granatgn.
Tekt.: Noe breksiert og oppknust.
Minr.: MK og Cpy. Sinkbl. i knusesonen
ved €0,8, Ett spor Cpy !
70=80 10 Ba: Gneis med kvartseyne som vesentlig
er omv. granat.
Minr.: Noen soner med litt MK. Spor Cpy i
MK - sonene.
80-90 & Ba: Som foreg., men etterhvert en del
hornblende som et omv. til klorit.
Minr,: Disseminert Py < 3 4%,
90100 2 Ba: Som foreg.
Minr.: Py som foreg.
100-110 Som foreg. Et par sméd korn Cpy.
110-120 8 116-117 : Cu Ba: Dioritisk gn. med kloritspetter.
117-118 : " Noe lysere fra 116 m.
118-119 ; * Minr.: Py i ferste del, men noe Cpy
119320 ¢ ® fra 116 m. Spor CaF, .
120-1%0 8 120-1217 ; v Bas Dior. gn. hvitspettet. Litt granat
121=122 : " mot 130 m.
videre til 128 hvis Cu i Minr.: Litt Cpy fram til 128, men mest Py
120-122 Tar znal. av de ferste to m.
130=140 6 133-134 : Cu Ba: Som foreg. men noe mer gl.-rik.
134135 : " Minr.: Noe py (3 %) og spor Cpy.
135-1%6 : " Tar stikkpreveanal. av 3 m fra 133-13%6.
140-1530 & lag-l49 : M Ba: Elorit=spettet gneis
149-150 : " Minr.: Noe py (3 %) og spor Cpy. (12 ta sti
preve anal. 148-150. 0,2 m t'.'.ali'2 ved 147 m.
150-160 & Ba: Rel. merk kloritrik gneis.
Minr.: ILitt py « 3 % og svake spor Cpy.
150«153 anal. hvis 148-150 sldr til
CaF, 159,5-159,8.
160-170 4 Bas Grovspettet dior. klorit gn. 160
Mot 170 m mer gl. rik (granst).
Minr.: Litt py- -
170-180 & Ba:  Lys klorit gl. gneis.
Minr.: Litt py og spor Cpy.
180-190 5 Ba: son foreghende
Minr.: Noe mer py enn foreg. og kun svake
spor Cpy.
190=200 3 Ba: Spettet hormbl. (klorit) - gneis
og noen fi smd granater.
Minr.: EKun sper Fy.
0 4 Ba: Som foreghende
zoo- Mipr.: Litt Py og ubyre smd Cpy spor.
s . 219,1-220
210-220 4 Ba: . Som foreg., men 219,
kKloritsone.
Minr.: Litt Fy og spor Cpy.
! Kloritsone 220=220,2. .
220-223,5 4 Be:

Ellers vanlig type.
Minr.: Litt py.
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Nr. 5. 5000. 5.74,

PRELIMINARY REPORT ON THE GOLD FROM RAITEVARRE.

Together 16 polished sections from the drillholes no. §, 6, 7 and 8
are microscoped.

The gold that is observed is extremely finegrained. 28 goldgraines
with size from H’pm down to less than 1lum are found. Most of the
goldgraines are less than 2 4m. The very finegrained size of the
graines makes it very hard to judge the silver content in the graines
from the colour.

The gold seems especially to be found in a parageneses with dessemi-
nated grains and grains of chalcopyrite and pyrrhotite grown together.
In a few grains there are small amounts of mackinawite in chalco-
pyrite. In this paragenesis is found goldgraines as inclusions in
chalcopyrite and in pyrrhotite. Goldgraines are also observed on the
crystal boundaries between chalcopyrite and pyrrhotite (fig. 1),
pyrrhotite/non opaque-facies and chalcopyrite/mackinawite. Some gold-
graines are also found as inclusions in none opaque facies, but al-
ways in the vicinity of sulphidegraines.

Cialcc pyrite
- Pgrr‘hoé'*e

Mo.e Kina wi'te

Spld.

Fig. 1. Gold on the crystal boundary between chalcopyrite and
pyrrhotite.

In a paragenesis of larger aggregates of chalcopyrite, pyrrhotite and
pyrite gold is found as inclusions in pyrite and as very small graine:s
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N, 5. 5000. 5-74.

in hair-line veinlets with chalcopyrite in pyrite. (Fig. 2).

Too few polished sections are studied to give any conclusions about
the occurence of the gold. The neutron activating analysis indicates
however also that the gold is very finegrained. For nearly all the
samples from Raitevarre the difference between the two parallel ana-
lysis of each sample are less than the standard error of the mean
for the analysis. (Samples from Bidjovagge where gold can be found in
much larger grains, shows less regularity between the parallels).

[ Pynte
Chalcopyrite
None pprque
E::] .Gold

Fig. 2. Two examples on hair-line veinlets with chalcopyrite and
gold in pyrite.

Unidentified minerals which might contain precious metals are observe:
as inclusions in pyrite and pyrrhotite. Those facies occurs in very
small graines, but those will be tried to be identified with microprd

A plan for the follow up work of the gold in Raitevarre could be

1. A further sampling of samples for polished sections. By comparing
the microscopic results with the analytical results the relation-
ship of the gold to the different oretypes can be mapped.

2. A mixed ore sample (~3/4 kg) is grind down to 90 % < 74 fcm,
fractionated and each fraction is washed on superpanner to find
eventually larger gold graines.
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Nr. 5, 5000. 5-74.

3. A concentrate of chalcopyrite and a concentrate of pyrite is
grind down to 100 % =« us,am, is cyanated and the residue is
analysed to registrate any submicroscopic gold.

In three of the sections, molybdenite is found in "not small" amount
This mineral should possibly be followed up by new ore tests ?

Blindern, June 1980.

Ragnar Hagen (sign.)



map of the southern region of Karasjok.
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Main features of the gedogy in the lowest
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The Porcupine camp -

A model for gold exploration =+ ==-,

in the Archean_

- A

By WILLIAM O. KARVINE

Ontario Ministry of Natural Resources

The Porcupine camp has been a major
producer of gold over the past 66 years
during which time a total of about $2.0
billion worth of gold (calculated at
$35.00/0z) has been mined from over
two dozen different deposits. From
maximum output in the early 1940s,
production has steadily declined and
today enly four mines remain in opera-
lion. Although there has been & dra-
malic increase in the price of gold
in recent years, most of the typical
underground gold mines not only in
Timmins but throughout the Canadian
shieid have been struggling financially
because of their antiquated operations
and because the mines, designed for
vein-lype ores, are labor intensive and
difficult to mechanize. Because of in-
creasing costs of conventional mining
and the depletion of known ore re-

serves, it appears that production will

continue 10 decline.

All past and present producing mines
in Timmins were found and developed
during the period 1909 to 1935. No
significant new deposits have been
found in the past 40 years and as a
result it is the general impression of the
mining industry that the camp has been
well explored and is nearing exhaus-
tion. It should be noted however, that
ail past geological investigations per-
taining 1o the origin of the deposits
were done using epigenetic models. No
modern studies examining the total
evolution of the rocks in the area and
their relationships to the deposits have
been done. In the light of past epi-
genetic models, the camp probably has
little to offer for future exploration,
but as will be shown in this paper, a
syngenctic model for the origin of the
deposits offers several important
exploration parameters.

Better models needed

. Because most modern geophysical
and many geochemical techniques are
incapabie of detecting gold ore under
overburden or at depth in rocks, it
appears that the only way new deposits
are going to be found, especially in
overburden areas, is to develop and
expand geological exploration param-
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Figure 1. Distribution of carbonate-rich
rocks, porphyries and gold deposits in the Timmins area

eters or guidelines. In order 1o do this
better models depicting the origin and
evolution of known deposits have 1o be
developed. In Timmins, and
eisewhere, the simple epigenetic mod-
els centred around felsic intrusions
(e.g.. Pearl Lake Porphyry) or fault
systems { e.g., Porcupine-Destor
Fault} have had serious problems in
explaining several important features
of the deposits as well as the origin of
many of the deposits.

The only variation from the epi-
genetic themne was a model proposed by
Pyke (1975) in which he suggested that
the gold ores in Timmins are closely
related 1o and possibly derived from
altered flows of vliramafic rocks. In
areas outside of Timmins, particularly
at Larder Lake, Ridler (1976) and
Tihor ( pers. comm., 1977) have sub-
scribed to various forms of syngenetic
modeis to explain the origin of gold
deposits in that camp.

In the Timmins area, the key to gold
mineralization must certainly lie in the
origin of the carbonate-rich rocks X
which are an intimate feature of all the '

deposits. In past epigenetic models,
these rocks have been interpreted as
wall-rock alteration and aithough they
have been described in various detail in
many reporis on the area, no areal
maps exist which show where the
carbonate-rich rocks are located and
what their relationships are {o the main
rock types and structures in the area.

Study initiated

As a resull, 3 study was initiated by
the writer in 1976 to establish the
spatial distribution of carbonate-rich
rocks and their relation o gold depos-
its, and to determine if such rocks are
indeed crosscutting as the epigenetic
models imply or if they are concordant
with respect 10 the enclosing country
rocks. The main results of the inves-
tigation are listed below:
® Two major and one minor carbo-
nate-rich units, consisting mainly of
ankerite and/or magnesite, quartz,
chlorite and sericite and varying in
thickness from 20 m to over 200 m are
present in the Timmins area (Fig.1).

Canadian Mining Journal
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through the use of ultramafic flows
(Pyke, 1975). Although numerous pa-
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® Both major units are distinct strata-
bound unils which can be followed
tlong strike for over 15 km and are
easily distinguished from one another.
All exposed contacts are concordant
with the enclosing rocks except in one
locality south of the Dome mine.

® All quartz-feldspar porphyries in the
are2 occur along or near one of the
carbonate-rich units and are intimaiely
associated with them.

® All deposits which ever produced
gold in the area are located on or near
the carbonate-tich rocks or the por-
phyries.

Based on these results and the fol-
lowing descriptions and illustrations of
the geology of gold in Timmins, it will
be demonstrated that gold was first
enriched in these ancient rocks during
feisic volcanism and exhalative activity

* Which produced the carbonate-rich
rocks and that during subsequent
metamorphism and deformation asso-
ciated with the Kenoran Orogeny, goid
was further concentrated ino a net-
work of quartz-carbonate veins.

Genersal geology

Timmins is located in the north-
wesiern part of the Archean Abitibi
Greenstone Belt. In the immediate
arca, metavolcanic rocks have been
divided into two groups: the lower
Deloro Group and the upper Tisdale
Group (Fig.2). In the early days the
distinction was made on lithotogical
differences and the fact that the (wo
groups arc separated by an east-west

=

#>cupine-Destor Fault (Ferguson, 1968).

P

Recently evidence from the distriby-
tion of uliramafic flows has been used
by Pyke (1975) to confirm this age
relationship. Each group represents s
volcanic cycle, grading upward from a
series of basal ultramafic and high-
magnesium basalts to felsic meta-
volcanics. A major difference between
the two groups is the fact that the upper
portion of the Deloro Group contains
abundant oxide, sulphide and carbo-
nate facies iron formations whereas
iron formation is lacking in the Tisdale
Group. Although numerous showings
and prospects have been reported from
the Deloro Group iron formations, no
major concentrations of gold have been
found.

Meuasedimentary rocks (mainiy tur-
bidites) of the Porcupine Group (Pyke,
1975) formerly known as “‘Keewatin
sediments™ conformably overlie the
Tisdate Group metavolcanics, Locally,
a younger turbidite sequence, long
known as the Temiskaming, overlies
with distinct angular unconformity the
older metasediments and meta-
volcanics (Figs.2 and 3).

The most obvious structures in the

pers (Hurst, 1936; Moore, 1953;
Davies, 1977) have dealt superficially
with the structures of the area no
rigorous analysis which explains the
structural evolution of the rocks is
available. The most obvious penetra-
tive planar and linear elements seen in
the field can be related to the Por-
cupine Syncline and most of the ore
zones and porphyry bodies near ihe
nose of this fold have been re-shaped
and now plunge in the direction of that
fold. Other structures, such as the oval
interference structure in the Hollinger-
Coniaurum area as well as older linca-
tions and foliations indicale a pre-
Porcupine Synctine phase of isoclinal
folding as well as a later phase of open
cross-folding (e.g., Vipond Anticline).
The major phases of folding are
reflected by the variety of vein config-
urations ranging from those which are
straight and undeformed to those
which are tightly foided or completely
broken by intensive deformation. The
main types of vein sets that have been
described (Jones, 1948) are: well-
defined, conlinuous veins that pinch
and swell such as the quartz-ankerite
veins al the Aunor; sinuous folded
veins; tabular veins; and en-echelon,

PORCUPINE
GROUP .
8830 m DI
R,252 1 ki FELSIC; VOLCANIC BRECCIA
SCHUMACHER .
p MAFIC; HIGH.FE THOLEIITES
T T2 2] UPPER CARBONATE-RICH UNIT
TISDALE
GRrouP LOWER CARBONATE-RICH UNIT
GOOSE LAKE ULTRAMAFIC FLOWS + HIGH-MG
FM BASALTS
5600 m
18,373 ft Fii:
INTERMEDIATE TO FELSIC:
TUFF-BRECCIA; INTERLAYERS OF
IRON FORMATION
DELORO § i
GROUP *
{ neog:’ous MAFIC: CALC ALKALINE; BASALTS
Om
0h

'R

Figure 2. Stratigraphic column, Tiadele and Whitney townships, Timmins area
{Modified after Pyke, 1978)

trending structure known as the Por-

September, 1978
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S-shaped veins. This variety of vein
shapes SUggesis vein formation to have
occurred periodically throughout the
deformation period.

Gold occurs as the nalive metal of in
sulphides, predominantly pyrite, in
systems of veins which consist pre-
dominantly of quartz and ankerite and
varying amounts_of jourmaline. Al
iferous pyrite-rich zones have been

lineated in some mines le.g.. Aunor,
Schumacher). Other important ac-
cessory minerals are fuchsite, schee-

lite, arsenopyrite, albils, ]
chalcopyrite, galena, sphalerite and

gold-silver tellurides. The tatio of gold
to silver in the ores is about 5 to 1.

Carbonate-rich rocks

The lower carbonate (Fig.1} is the
thicker of the two major units (average
70 m) and consists predominantly of
carbonatized ultramafic flows and wifs
and some layered massive carbonate of
possible sedimenitary ofigin. The
Lower Unit is characterized by the
predominance of magnesite (70 to %0
per cent) with lesser amounts of talc,
sericite, chlorite, quartz, fuchsite

{ Porcupine
{ group’

¥

%Tisdale group
|

=== Deloro group |

Fault
= Unconformity

GENERAL GEOLOGY PORCUPINE AREA

Figure 3. General geology of the Porcupine srea
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(chrome muscovite) and pyrite. Relict
textures, such as poly-suturing ani
spinifex can be found in completely
carbonatized flows and in places bombs
and pyroclastic fragments are present
in the catbonatized uitramafic tuffs,
Stratigraphically, the Lower Unin
occurs near the upper part of the Goose
Lake Formation (Fig.2). Deposits
which occur on or near the Lower Unit
are: DeSantis, Kenilworth (Naybob),
Delnite. Aunor, Buffalo-Ankerite,
Edwards, Dome, Hollinger (?),
Schumacher (Mclntyre), Beaumont,
Halinor, Broulan Reef, North
Whitney, Porcupine Lake, Pamour and
Hoyle.

The upper carbonate-rich unit
averages about 30 m in thickness and
occurs about 670 m stratigraphically
above the Lower Unit (Fig.2). In
Tisdale Township, the Upper Unit
ciosely follows the “*99 flow' of the
“Vipond Subgroup' (Ferguson,
1968). but towards the east in Whitney
Township. the unit is found & few
hundred metees befow the 99 fiow™
thus suggesting some regional trans-
gression. The Upper Unit is charac-
terized by the abundance of ankerile
(40 to 80 per cent) and the absence of
chrome muscovite (fuchsite). In addi-
tion to ankerite, other minerals include
chlorite, relict plagioclase, sericite,
quartz and pyrite. Unlike the Lower
Unit which is normally massive, and
medium to coarse-grained. the Upper

"

Unit is very fine-grzined and is usuaily
well-foliated. Discontinuous lenses of
massive ankerite interlavered with sili-
cate-rich lenses are a common feature.
Relict textures and structures suggest
that much of the Upper Unit represents
cither a carbonatized wff or a mixture
of sedimentary carbonate and wliT.
Towards the west, in Ogden Township
in the vicinity of the McEnaney de-
posit, the Upper Unit begins to change
laterally into a graphitic phyllite. In
northeastern Tisdale Township in the
vicinity of the Davidson Tisdale prop-
erty, parts of the Upper Unit are
represented by carbonalized massive
and pillowed basalts. Deposits which
occur on or near the Upper Unit are:
McEnanay, Goid Top, Paymaster (?),
Dome, Moneta, Hollinger,
Schumacher (Mclntyre), Vipond (?),
Thompson (?), Coniaurum, Consoli-
dated Gillies, Davidson Tisdale,
Canusz and Porcupine Reef.

Staining technique

Because iron-magnesium carbonates
weather brown, they are easily recog-
nized on surface and thus readily
distinguished from the non-car-
bonatized mafic volcanic rocks which
weather greenish-black to black.
However. underground or in drill core,
the carbonate-rich units, particularly
the Upper Unit, are easily missed and
o1 manv of the mines in Timmins they

have been mapped as dacites,
andesites. bleached voicanics, etc. A
;lmple staining technique can be used porphyry are an intimate assogiation of
in the ficid to determine the presence

of both ankerite and magnesite.
Irregular bodies of quartz-feldspar

the lower carbonate unit. Only the

Greenstons
undifferentiated

Dacite and
sndetite flows

Sediments

Porphyry

Approximate
0 400 500D feet

0 120 240 metres

Carbonate and highly
altered rock

E Disbase
/= Orsbodies

o Faglt
— — Contact

Figure 4, Generalized geological plan of the Dome mine {Modified after T.C.
Holmes, 1948}



bigger bodies such as the Pear! Lake
and Paymaster porphyries are shown in
Fig. 1. In detail, however, numerous
thin lenses of porphyry, fanging from a
metre or two (o several tens of metres
thick are commonly found in the
Lower Unil. In general, the porphyries
consist of quartz, sodic plagioclase and
sericite with small amounts of pyrite.
Textures vary from massive to por-
phyrilic and normally quarz-eyes are
common in most varicties. Fragments,
reminiscent of extrusive felsic volcanic
material can be found locally, par-
ticularly in the smaller bodies. The
porphyries contain varying amounts of
ankerite and calcite, especially near the
contacts, and at the Schumacher Mine
(former Mclntyre), s variety of aliera-
tion assemblages related lo the Au-
Mo-Cu mineralization have been iden-
tified (Luhtz, 1974).

Three Groups
In general, the gold deposits of the

Timmins area can be divided into three

groups:

1. those associated with carbonate and
large masses of porphyry.

2. those found in major fold structures
of carbonate unils containing minor
porphyry,

3. those which occur along the local
unconformity near the main carbo-
nate units.

The two major areas represented by
group ! deposits are centred around the

Pearl Lake and Preston-Paymaster por-
phyries. The Monetz, Hollinger,
Schumacher (Mclniyre) and Con-
iaurum deposits are located in and near
the fringes of the easterly-plunging
Pearl Lake Porphyry and also within
thickened parts of the upper carbonate
unit. The structural complexity in the
area makes stratigraphic inlerpreta-
tions difTicult, but it appears that older
rocks of the lower Schumacher Forma-
tion (Fig.2} are exposed in the core of
the anticlinal dome in the immediate
area. One outcrop of fuchsite-bearing
carbonate (green carbonate), identical
to that of the Lower Unit ouicrops near
the old glory hole on the Hollinger
property. It is conceivable that both at
the Hollinger and at the deeper levels
of the Schumacher (Mclntyre), ore
associated with the Lower Unit was
also mined.

The major mines in the vicinity of
the Preston-Paymaster Porphyry in-
clude the Dome, Paymaster and Pres-
ton. Carbonate rocks of the Lower Unit
have been well documented at the
Dome (Fig.4) and it is possible that the
qQuartz-ankerite veins which strat-
igraphically occur within or near the
*99 Mow™ at the Dome and Paymaster
are equivalent to the Upper Unit.

Deposits of group 2 located at noses
of folds or in flexures in the carbonate
units and associated with small bodies
of porphyry are represented by the
DeSantis, Kenilworth {Naybob),
Delnite, Aunor, Buffalo-Ankerite,

%5

Edwards and North Whitney mines. At
many of these deposits, the carbonate
unit has been well mapped (e.g.
Aunor-Delnite), but in places the unit
has been inmerpreted as dacite, andesite
ot bleached country rocks. The correla-
tion between structure and location of
vein systems is well illustrated at the
Buffalo- Ankerite and Aunor where the
ore zones plunge in the same direction
as the Vipond Syncline,

The third group of deposits is repre-
senied by the Dome, Broulan Reef,
Hugh Pam, Hallnor, Pamour and
Hoyle Mines. Mineralization at these
deposits is located, mainly in sedi-
ments, al a local angular unconformity
between the older sequence of mafic
metavolcanics and metasediments
(Keewatin) and the younger succession
of conglomerates and turbidites (Tem-
iskaming). The striking feature about
these deposits is that each is located
where a carbonate unit is cut by the
unconformity (Fig.1). This is well il-
lustrated by the geology in the vicinity
of the Hallnor and West Pamour prop-
erties (Figs.$ and 6). In this area, both
the metavolcanics and carbonate units
as well as the angular unconformity are
overturned and dip at different angles
to the north. The lines of intersection
between the moderately dipping carbo-
nate units and the steeply dipping
unconformity plunge northeast and
coincide remarkably well with the
plunge of gold-bearing vein systemns in
the sediments. This explains why the

Porcn;pine I = y amour
ree — T
Upper carbonate -~ Up?er r{ﬁnl \
\d River) Ore ZOoNnes j
go‘«\ { Sediments i =
o‘ t‘d" & -]
« N\ Q
é‘/ 0 1320 feet
qé é p—
o 0 400 metres

Figure 5. Surface geology in the vicinity of the Halinor mine

HALLNOR I PAMOUR

Upper
Hallnor
mine

o LEVEL

17th LEVEL

Lower
Hallnor
mine

Ww LEVEL

Figure 8. Block diagram showing projection of suriferous
units onto plane of unconformity, Halinor mine
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deposition

™ 2000 FT !

Figure 7. Formation of fslsic domes and ocean foor
carbonatization through volcanic and sxhalative activity

Figure B. Regional metsmorphism and deformation, resuit-
ing in concentration of gold inte quartz-carbonale veins at
structurally favorable sites
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ore zones in the upper part of the
Hallnor plunge into the nearby Pamour
properiy and why ore was intersected in
the fower part of the mine where the
upper unit was encountered (Fig.6).
Other examples of this type of control
are evident at the Pamour.

It is interesting to note. that apart
from the lenses of porphyry beneath
the unconformity at the Dome, no
porphyries of any description are found
in or near the other deposits of group 3,
The only exception, perhaps, is the
carbonatized felsic rock, known as the
“*Hallnor trachyte™ at the Hallnor

(Fig.5} which has been mapped inter-.

mittently by the writer in parts of
Whitney Township.

The model

A model depicling the genesis of the
gold deposit in the Timmins area must
take into consideration the foliowing
facts:
® Although quartz vein systems are
common in all the metavoicanic-meta-
sedimentary rocks of the area, gold-
bearing veins occur only within, and
mostly, near the carbonate-rich units
or major porphyry bodies as illustrated
in Fig. 1,
® The carbonate-rich rocks form dis-
tinct, stratabound units. The only
exception of crossculling carbonate
rocks is found on the west contact of
the Preston-Paymaster Porphyry south
of Dome. The writer believes that the
Preston-Paymaster Porphyry is partly
intrusive and located in a volcanic vent
and that the crosscutting carbonate js
associated with the vent area,
® Ali quartz-feldspar porphyries in the
area occur within a narrow stratigraphic
interval which in most places is coinci-
dent with the lower carbonate unit. An
exceplion may be the Preston-
Paymaster Porphyry, parts of which
may be associated with the Upper Unit.
® All rocks, including the carbonate
units and porphyries, have baen pen-
etratively deformed by at least three
phases of deformation.
® The variety of deformed gold-bear-
ing wvein sysiems indicaies a close
chronologiczl association with regional
deformation and metamorphism.
® Fragments of green carbonate are
found in the Krist Formation of the
upper Tisdale Group (Fig.2) and in the
conglomerates of the younger (Tem-
iskaming) sediments.
® Meuls enriched in the deposits 2nd
host rocks include those which nor-
mally show afTinities to mafic-ultra-
mafic rocks (e.g.. Ni, Cr) and those
which are normally enriched in felsic
rocks such as B, W, Mo, Te, Pb, and
Sb. Other metals also present are Cu,
Zn, Ag and Mo.
® Breccia containing s matrix of su-
riferous sulphides in altered mafic
volcanics is common in the No. 6 shafl
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area of the Schumacher (Mclniyre)
Mine. The alteration and breccia are
widespread, crosscutiing and ircegular
and may represent vens areas in rocks
Stratigraphically beneath the Pearl Lake
Porphyry.

Formation of deposits

Based on these facts and the numer-
ous detailed accounts of individual
deposits (Ferguson, 1968), the follow-
ing sequence of events which led to
the formation of the deposits is en-
visaged. Extrusion and high level intru-
sion of felsic rocks and extensive
exhalative-fumarolic activity resulted
in the carbonatization of a variety of
fock types on the ocean floor along the
rock-water interface, particularly in the
vicinity of major vents such as the
Pearl Lake and Paymaster-Preston
areas (Fig.7). In addition in places away
from vents, some sedimentary carbo-
Rate was deposited. It was at this time,
that gold and a number of other
elements were first enriched in these
rocks. Also the low-grade, dissemi-
nated Mo-Au-Cu deposit in the Peari
Lake Porphyry was formed during this
stage.

Subsequent regional greenschist
metamorphism and deformation of tha
volcanic pile resulted in the remobiliza-
lion of goid and other trace elements,

%

previously enriched in the carbonale~
units, inio dilatant fractures where they
were deposited as veins during the
various phases of deformation (Fig.8).
Fold noses, porphyry contacts and the
plane of the locat unconformity were
particularly favorable sites for the for-
mation of gold-bearing veins.

The foregoing syngenetic model has
several implications regarding explora-
tion for new deposits as well as the
possibility of developing low-grade,
high-tonnage deposits. Stratigraphic
units of intensely carbonatized rock
have greatest potential for gold miner-
alization, particularly in major vent
aress which may be represenied by
masses of quartz-feldspar porphyry or
ahiered breccia zones in underlying
rocks. Recognition of carbonate-rich
rocks, particularly in drill core, is best
done by staining. For ankerite. the

slain_can be done usin L3,
ferricyanide in_dilule & r
hydrochloric acid. For ma nesite, use
ian_yellow in_dilute (5

sodium hydroxide solution (It shoyld
be noted that althoug “metamorphic
carbonate’ (calcite) is present in ali the
volcanics in the area, none is found in
the carbonate units).

Within and near such units, inten-
sely folded or deformed sections or
areas of associsted quartz-feldspar por-
phyry are most favorable for high-
grade, vein-type mineralization.

Sulphide-bearing zones in less
deformed parts have potential for low-
grade. high-tonnage type deposits.

At present there is no method for
evaluating the potential of the favora-
ble carbonate-rich straa covered by
overburden except by intense drilling.
Even this method is limiteg,
Lithogeochemical studies being con-
ducted by the Ontario Geological Sur-
vey and McMasier University may
result in the delineation of simple
geochemical parameters which will as-
sist in such an evaluation. CMJS
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Geochemical and geophysical
techniques for gold exploration

By R.W. BOYLE and P.J. HOOD
Resource Geophysics and Geochemistry Div,

Geological Survey of Canada

Practically all the geochemical
methods of prospecting are appli-
cable in the search fer auriferous
deposits. The methods employed
depend essentially upon the ter-
frain, the degree of weathering of
the deposits, availability of soils,
drainage sediments, vegetation,
md so on. The gold pan (heavy
mineral prospecting) is a time-
honored method of locating con-
centrations of gold in both placers
and primary deposits. Details re-
specting geochemical prospecting
for auriferous deposits are given in
Boyle (1979).

The favorable rocks for the

Table 1. Favorable rocks for the
occurrence of gold deposits

1. Volcanic (basslts, andesites, dacites,
rhyolites)

Equivalent tuffs and breccias

Greenstone, greenschist snd propy-

litic belts
2 Sedimentary

Greywacke-siate belts

Iron formations

Carbonaceous-graphiticsulphidic

siates and schists

Carbonate-skarn amemblages
3 Sedimentsry

Pyritic or hematitic quartz-pebble

conglomerstes

Pyritic quartzites
4. Sadimentary

Mcedern and fossil placers
8, Igneous

Quartz-feldspar porphyry

Syenite

Granite
occurrence of auriferous deposits
are listed in Table 1. Categories 1
and 2 harbor most gold-quartz
deposits and Category 3 contains
major gold reserves, particularly in
the Witwatersrand, South Africa.
Attention is drawn to Category §
as possible large tonnage low
grade deposits.

Favorable structures for the
deposition of gold are noted in
Table 2 which is essentially self
explanatory. The chemically fa-
vorable rocks for replacement de-
posits are listed in Table 3.

Table 2. Favorable structures for
the occurrence of gold deposits

1. Carbonated shear and schist zones
in greenstons beits.

2. Faults, fractures, sheeted snd brec.
tisted zones in propylitic balt.

3. Faults, fractures, bedding plane dis-
continuities and shears, drag folds,
crushed zones and openings on anti-
clines (saddie reefs) in greywacks-
siate assemblages and other sedi-
mantary rocks.

4. Fracture zones, shesr 20nes, brec-
cisted {stockwork) zones in igneous
rocks.
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Gold is a good indicator of
auriferous deposits; other specific
indicator (pathfinder) elements
for gold are Ag, As, Sb, and Te.

Table 3. Chemically favorable
rocks for the occurrance of gold
deposits

9. Carbonate rocks, calcarsous shales
and schists,

2 Porous sandstons, arkoss and con-
glomerme.

3. Tuffs, iron formations,

4. Ultrabasic, basic snd intermediate
igneous rocks.

Table 4 lists other indicators for
use in all types of grochemical
murveys., The indicator to be
chosen depends on the type of
deposit, its elemental constitution
and weathered characteristics, and
on the nature of the primary and
secondary halos associated with
the deposit.

Table 4. Indicator {pathfinder)
slements and compounds of gold
deposits in approximate ordar of
sffectiveness

Au, Ag, As, Sb, Te
$0,,€0,,B8FS

X, Ns, RS

., Cu, Zn, Pb, Hg, W

U, Mo, Pt metals

. Au, Ag, Bi, Te, W, B, As, b, Sn,
Zr, P, Pt metals {indicators of
placer deposite)

nature. Notes respecting both

T

These surveys are of a recon-
naissance (regional) and detailed
types are given in Tables Sand 6.

Table 6. Regional lithochemical
surveys for gold deposits

1. Analyses of unselected rocks and/or
mineral ssparates on s regional
scale.

2 Analyms of specific rock types and/
or minersl separates on a ragional
scale (0.5. porphyry dykes; batho-
liths and smal stocks of porphyry,
sysnite and granite; specific beds or
formations such as quartz-pebbie
eon)domlnm, iron formations,
*tc).

3. Analyses of materisis of all observ-

od “Teakage halos’ on a regional or
sresl acaie, including shear zones,
fault breccia, fracture fillings,
quartz veins, siteration zones, jas-
peroid, stc.

Table 6. Detailed lithochemical
surveys for gold deposits

1. Ansiysss of materials of all “Yeak-
age halos” m in (3) in Teble 5.

2. Analyses of rocks on profiles across
shesr zones, stockworks, etc utiliz-
ing gold and its indicator elements
in Table 4,

3. Anslyses of rocks on profiles scros
shear zones, stockworks, stc utiliz-
ing major elemental ratios, e.g.
K/Ns, §i0, /CO,, otc.

Attlention is called to the analyses
of the matedals of “leakage
halos” on both a regional and
detailed scale. Methods involving
major elemental ratios, ¢.g. K/Na



Table 7. Pedochemica! surveys for
gold deposits

4. Near surfsce pedochemical surveys
utilizing samples of soit, till, etc
snd/or mineral separates (hasvy
minerals} from these materiats.
Deesp overburden surveys utilizing
near bedrock unconsolidated mate-
rials and/or minera! separates
(heavy minerals] from these mate-
risls.

and Si0,/CO,, should receive
more attention in detailed explo-
ration for ore shoots.

Pedochemical surveys
The types of pedochemical sur-
| weys applicable in the search for
i auriferous deposits are listed in
Table 7. Near surface surveys
based on humus sampling (A hori-
! zon) have proved effective in
many parts of Canada. Deep over-
burden surveys utilizing near bed-
rock unconsolidated materials are
recommended where the soils, till,
gravel and other surficial maternials
are thick (over S m). Heavy miner-
surveys of near surface and basal
soil, till, and other glacial mate-
rials have not been extensively
employed but should prove useful
in most terrains,

! Hydrochemical surveys

1 These include those based on
water, drainage sediments, precip-
itates, and heavy minerals from

| drainage sediments (Table 8).

Table 8. Hydrochemical surveys
for gold deposits

. Water {underground, spring,
surface, snow).
Drainsge ssdiments {stream, river,
take),
., Hesvy minerais from drainage sedi-
ments (Panning).
. Pracipitates on stream ssdiments
{limonite coatings, wad crusts, stc).
. Precipitates at spring orifices {limo-
nite, wad, silica-slumina gels, etc).
Water surveys are not particularly
effective for outlining auriferous
belts using gold as indicator; other
pathfinders such as Zn, Cu, and
I As may be effective in some areas.
Drainage sediments and panned
heavy mineral separates from
* these sediments have proven ef-
! fective in outlining auriferous
belts in many parts of the world.

[ I S~ N R

. Biogeochemical surveys
I These surveys are listed in Ta-
ble 9, There are no specific indica-

Table 8. Biogeochemical surveys
for gold deposits
-~

r 1. Geobotanicsl,
A yses of plants and snimals

3. Anslyses of fomsil residues (coa!
| bituman, thucholite, anthraxolite,
el

4. Analysss of humic horizons of soil
snd till profiles.

6. Anslyses of bogs.

8. Anplysss of termite and snt hills,
gopher and groundhog mounds, stc.

tor plants or animals of auriferous
deposits, although many plants
accumulate gold. Analyses of
these plants provide a method of
outlining favorable auriferous
Zones. Many fossil residues partic-

ularly thucholite and lnthnxolite,'

may be auriferous {e.g. Witwater-
grand, South Africa). Analyses of|
these residues may be an indicator
of quartz-pebble conglomerates
and other types of gold deposits.
Analyses of the humic horizons of
soils has proven effective in out-
lining auriferous zones in many
parts of the world,

Atmochemical surveys

Some auriferous deposits cond
tain small quantities of thoriunq
and uranjum which yield helium
and radon as disintegration prof
ducts. Such deposits may be in:
dicated by their higher than nor
mal emanative helium and radon
content.

Radiometric surveys

Certain types of auriferous de-
posits contain thorium and urani-
um at the minor and trace ele-
ment level. Examples are the
Witwatersrand quartz-pebble con-
glomerates and various Pro-
terozoic and younger vein-type
deposits (e.g. Tennant Creek,
Northern Territory, Australia).
Most vein and lode gold deposits
are also marked by alteration
zones in which potassium (includ-
ing the radioactive *°K isotope) is
considerably enriched. Certain
placers are enriched in radioactive
minerals such as monazite and
zircon.

These features provide a meth-
od, utilizing gamma-ray spectro-
meters and other radiometric ap-
paratus, for detecting and outlin-
ing many types of gold deposits.
Little work of this nature has
been done in Canada: during the
1980 field season the Geological
Survey will commence detailed
radiometric studies of various au-
riferous areas to evaluate the
methods.

Geophysical prospecting for
gold

Geophysical techniques have
not hitherto been much utilized

directly in prospecting for gold,
mainly because gold is usually’
present in such small amounts in

its deposits that the element does

not alter the physical properties

of its host rock to any measurable
degree. However, it is to be ex-
pected that the induced polariza-
tion technique would respond
where disseminated gold was pre-
sent in sufficient concentration
although it would not be expected
that such cases would be very
frequent. Where gold occurs in
association with sulphides the ex-
ploration target is much easier to
locate by geophysical techniques.

'3) direct delineation of wvertical

' Thus, the application of gro- y g
physics in gold prospecting has
been mainly confined to indirect
methods that delineate geological
structures with which gold may be
associated.
With the recent development!

of the Geological Survey of Cah:rgdaon g:in?e::ljnggcnogﬁl

da's seromagnetic gradiometer as : e .

a tool for detailed geological pro- ,-':W:irl-":“ﬂ; T:\ethsurvey 1st
ams it is readily apparent that 8 necd out at Lhe reques

er the Association of Prospectors

such surveys will be of consider- . .
able value in elucidating some ofgetbgd‘iﬂ:cwﬁl:,?f:igewﬂfi
the complicated geological struc-p, -\ 2™ ¢ important gold "
tures that are a feature of many posits are associated. If tlfe resn
gold camps. Perhaps it is appro- : ] Lo
priate here to illustrate some of::n?; ::;:::n :gtty::;&r:w:
the advvlnug?s of thel‘i)ld exploration, then hopefu:
aeromagnetic gradiometer tech-.n enlarged program could
nique in comparison to the single carried out if 5: e appropriz
sensor instrument. The seroma- funding is made available
gnetic gradiometer consists simply = . ’
of two magnetometers separated 2
short distance apart so that the
difference in readings of the two
instruments can be measured.

Since 1975, more than 40,000

Jline miles of gradiometer data

have been obtained as a result of
about 20 surveys in a variety of
Precambrian terrains to demon-
strate the effectiveness of the gra-
diometer technique. These have
resulted in the publication to date
of 45 vertical gradient maps con-
toured at an interval of 0.025
gammas per metre in addition to
six Open Files of the surveys,
Thus, there is now a sufficient
body of experimental evidence to
demonstrate the improved capa-
bility of the gradiometer tech-
nique over single sensor surveys.
These advantages are summarized
as follows:

|

1) superior resolution of anom-
alies produced by closely-spaced
geological formations,

2) anomalies produced by near-
surface features are emphasized
with respect to those resulting
from more deeply-buried rock for-
mations;

e “o 2’[0 - ?b

contacts by the zero gradient con-
tour value i.e. vertical contact
mapper,

T

4) regional gradient of the earth's
magnetic field and diumal varia-
tion are automatically removed.

lig fant de en gullire ved analyse av
bjgrkesevje. Gullinnholdet 1 sevjen

Mineralleting med hjelp

drives av sovjetiske geokjemikere. Ny-
gker sterkt nir treet vokser over rike
arer. (Ny Teknik, p.7. nr 25, 19. juni

av vegetasjonen

)

We expect that interest in the

vertical gradiometer will continue

to grow and that it will be utilized
to survey problem areas of the
Canadian Precambrian Shield
where the geology is complex '
andjor is covered by drift, and .
where the superior definition of
the gradiometer (with its higher
cost) is warranted. -

As an experiment to ascertsin
the value of the aeromagnetic

‘gradiometer technique to gold ex-

ploration programs, the Geologi-
cal Survey of Canada will refly the



Consider aeochemistry when seeking

Tnitially it wits not maa that
stight gold) but natare that brought
it to o the form of alfuviad
grains and nuggets ghilening on a

streum bed. Since carly Egvptian

tmes (SN0 B.C) prospecting for

guld has been dependent on visual

recopnition. Todiy with the aid of
gcocmcmiqr_v man’s capability 1o
dewet gold has been preatly ex-
tended, making it possible o find
deposits that have no physical sur-
face expression.

Gold is a memberof Group 1B of
the Periodic Table which includes
copper. silver and pold. Inits chem-
ical reactions gold (Aw) resembles
silver (Ag)in some respects, but s
chemical character is markedly
more noble. The principal ovidation
states of pold are Au (D) {aurous}
and Au (1) tauric). These states are
unknown as aquo-ions in solutions,
the clement betng present mainty in
complexes of the tvpe [Au(CN),)”
fAuCL)T [AuCOH )T [AuCLY and
[AuS)

The abundance of gold in the up- -

t lithosphere is about § parts per

illion (ppb) and the gold silver
ratio is about 0.1, The average potd
content of igneous-type rocks in
parts per hillion is — ultrabasic (4.

gabbro-basalt (7), dioritc-andesite

(5 and grunilc-rh_\ulilc (3% in g«cdi-
mentary rocks the average 18 —
sandstone and  conglomerate (30,
nurmal shale (3). and limestone (3).
Cenain graphitic shales. sulphide
schistx, phnqphnl‘ilt‘ﬂ and some
types of sandstones and conglom-
crates may contain up 1o 2400 ppb
gold or more, .

The average pold content of soils
is 5 pph and the average for natural
fresh waters is 0.03 pph: for sea
water the average is0.01 _2 ppb. Most

lants and animals contain Jess than
000 ppb in the ash.

The principal types of gold
deposits are quanz-pebble con-
glomerates (Witwatersrand type).

.gold quariz veins and stockworks
(Yellowknife type), disseminated
deposits (Carlin type). and modern
placers. In all these deposits the
principal gold mineral is native
gold: other auriferous minerals in
gold deposits include various tellu-
ndes and aurostibite, The tenor of
most gold deposits ranges from 1-35
ppm gold (1 oz./tan == 3438 ppm )

As with so many other elements,
applications of geochemical explot-

j.fign_ush_niqu&ﬁ}hsxmh for
gold have incréased due in 3 Jarge
part_io advancements in analytical
techniques. The two most common
analytical methods employed for

old in commercial laboratories in
anada involve determination of
the metal by a combined fire assay
and neutron activation method or
combined fire assay and atomic ab-
sor%lion spectrophotometric

method. Delection limits using 10

Erams of sample are in the order of

ppb for the former method and §

b for the latter. Fer plant analy-

sis. Mingki o1 af (1977) have

described a sensitive and precise
metbod using a nondestruguive neu-
tron_aclivation technigue which rg-

quires 250 mg of sample and has a

Sury

e Vb [

ey of Canada, (Hwa

cleclion limit_of 0.).]1 pph - .
dependiiig on the sodTum soniatof CLE-
the sample..

Reconneiwanze surveys: The
most elfective reconnaissance
method in prospecting for gold, es-

. pecially in areas with well devel-

. oped drainage systems. is panning
followed by chemical lnn!;‘sis for

i gold in the heavy mineral scparates.

The authors (Buyle and Gleeson,
1972) analyzed some 400 heavy
mineral concentrates for gold from
stream sediments over a 1,900
square milc area centred on Keno
Hill. Yukon. All of the known gold
deposits were indicated by the dis-
persion trains of gold in the heavy

mineral concentrates: in addition
scveral anomalous areas not known
to contain gold were defined (Fig-
ure 1). It is interesting 0 note that
examination of the concentrales
under a binocular microscope prior

l-llng Q

go‘u sMitstes, Lid . Ougwa, and (it':‘ll"gl\.l

Placer Au arma

§ Wiles

1o chemical onalysis indicated thit  [e}  riiesetresd 0

e |

mn losetres

gold was present only in samples LN

taken from placer gold workings.

Much of the gold detected by the FIGURE I+ Gold in heavy mineral concentrates. Dublin Guich urca,
chemical analyses is bound in other ‘afier Bovle and Glecson, 1972 — see references),

minerals, especially in secondary ' ° 7
iron hydroxides such as limonite LFE. H. A.. 1963. Gluciul funs in il from
and gocthite. the Kirkland lake fouh; a method of
Surveys by the Geologicul Survey  gold exploration Geol. Surv. Canada.
) Puper 64-45. 36 p.
of Canada in which gold particles LEE. H. A.. 1965 | Investigarion of ex-
were counted in heuvy mincral con-  kers for mineral exploranon; 2. Buried
centeates from tills and eskens in the  vaflers mcar Nirklund Lake, Ontario,
Kirkland Lake area are effective in G0l Surv. Can.. Paper 6514, 20 p.
; I AR O MINSKL M. S, GIRLING. C. A and
defining auriferous glacial trains o e b e ™ 8 5 1997 Derer-
re. 1963, 1965). Chemical analysis iy Ny

(Lee. i ) Mmination of gold and ursenic in plant
of hc‘“‘:." mineral CoNCentrates from — yiriof by newtron activation unalys,
- eskers is one of the few surface re-  Radivchem. Radioanl. Leners, 30 p.

connmaissance  gewchemical  tech.  179-186. .
niques that can be used in areas cov- UNITED  STATES GEOLOGICAL
ered by placio-lacustrine sediments. SU';" EY. '9&;- U.S. Geological Sur-
Analyses of heavy mineral concen. VOV vy pietais program progress e
trates from till samples at depth  Ports 1908 and fvn7. USGS Lirc. 360.

have also proven to be a viable WO br w1 19%. Gold in carly Pre-
scmi-reconnaissance  CxplOGON ynihrian Superior Province plutonic
technique in heavily overburdened  ,uck+. Ont. Div. Mines Geosence
areas (Gleeson and Horobrook,  Swds 16,11 p.
1975).
In Northern Ontario auriferous py chemical analvses for gold. W. J.
alteration halos in Precambrian fel- wolle (1976) states that limited svs-
sic plutonic rocks have been defined (ematic sampling of graniiic
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Dutailed surveys: The presence of
gold in living plants and the en-
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of the soil were demonsiraled some
42 vears ago (Goldschmidi, 1937),
and more recently by Curtin e a/
(1968}. who have shown that gold in
humus-rich forest soil »s effective in
delineating gold deposits _covered
bv colfuvium and ptacial dzifin the
Empire _districl.  Colorado. Sim-
ilarly, soil survevs carried out by
onc of the authors (CFG) in the
Kirkland Lake, Noranda. and Val
¢'Or areas have shown that the best

anomaly definitiop i 1ed
M at_obtained
ftpm gold in humus. In areas where

well-developed podsols occur there
is much less enrichment of gold in
the “B™ horizon over known gold
occurrences. whereas there are
marked gold anomalies in the
highly decomposed humus from the
same sites (Figure 2). Follow up
drilling on humus anomalies was
80% successful in finding auriferous
zones buried beneath 3-120 fi. of
permeable glacial cover. The an-
omalies in the humus ar:pear
direcily over the subcrop of the au-
riferous 2ones, and their dispersion
patterns appear litle affected by
slope or glacial transport. Gold in
humus from some_3.000 samples
laken_from gold_propertics in_the
Abitibi area of Quebec ranged from

less than S ppb 10 8,300 ppb with an_

avérage (median value) of about 12
ppb._Significant_anomalous values
were generally greater than 100 ppb

Eold.

In an oxidizing environment the
uptake of gold by plants and its sub-
sequent concentration in humus has
been auributed principally to cv-
anides (Lakin er af. 1974) produced
by the hydrolysis of cvanogenic gl -
cocides. Over 1,000 species of plants
arc known 1o produce free cvanide
naturally. Lakin and his co-authors
(1974) concluded that:

“... ample hydrogen cvanide is
formed in the soil by hvdrolysis of
cyanogenic plants, animals and
fungi to result in solution of gold in
an oxygenated environmeni, The
gold cyanide thus formed_is ab-
sorbed by plants but they do not use_
it as a nutrient, [Lis therefore found
accumulating as a reject in the
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FIGURE 2 Gold in humus and “B" hurizon soils over certuin gold-hearing

zunes in the Abitibi region of Quebec.

woody parts of a plant. The decom-

positton of plant debris results in the
reduction of the gold in the plant
malerial and gold accumulation in
the humus horizon of the soil.™

In areas covered by impermeable
glacial deposits such as glacio-lacus-
trine siits and clays surface sampling
of soils and humus gives negative
results for goid. In these environ-
ments sysiematic till sampling at
depth has proven effective in
de!imiulinf gold zones covered by
3-160 fi. of glacio-lacustrine mate-
rial. The best anomaly definition
has been obtained from gold anal-
yses on the heavy mineral fraction
of the ll. In such a situation one is
defining gold dispersed as particles
in a non-oxidizing environment.

i



Main features of the gedogy in the lowest
| series of the Karasjok Group S of Karasjok.
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