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Sammendrag

The prospecting work done at Raitevarre is sununarizedfra 1962 ot 1980. Together 1445 m of core drilling is
carried out in 8 holes.

Low grade copper-goldmineralizations are found in considerable amounts. Sections of more than 20 m of
thickness with 0.44 %Cu are reported.

This type mineralization extends to the south and it is pointed on the possibilities to find favorable
structures where gold or gold/coppercould be deposited after remobilization.

It is belived that the extensive low grade alluvial gold deposits must have some major aourcesin this area.

Reduced geoghemical and geophysical maps, core log, gord report from Raitevarre by Hagen, gold
prospecting model etc. are enclosed.
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Target area Raitevarre

Introduction 


-TheRaitevarre area is situated 690 17' North, 250 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 detall by Røsholt. 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 rnetamorrhk sediments and valcanites
in the amphibolite facies. To the west and to the east the prefennokarelian
basal compiex (2800 m y) occurs with granodioritic and quartzdioritic gneisses
with rnigmatites to the west and granulites (Svekofennokarelian metamorphi.cs )
to the east. H. SkAlvoll (1911).

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
greotest activity in the period frorn 1967 to 1969.

mmar of ros e tin woric

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 electrornagnetic slingram and magnetic profiles
were done 1968. Later the same year there was done a helicopter survey by
Terratest AB that covered 45 km2 of the area. It was done magnetic and
electrornagnetic measurement in 582 profilekm's. In the center of the
geochernical anomalous areft see under "geochemistry")the profile distance
was 50 m and outside the distance was 100 m. The profiles were flown in
NE-SW direction zt right angle to the general strike of the rocks.

P./6
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
electrornagnetic 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 outcropa af this type of
mine ralization is found. The Out of Phase Component and the magnetic
ano:naly 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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Geochernistry


Strearn sediments

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

o£ 330 km2 was covered with b38 samples. The sarnples were taken each

260 m. This geochemical investigation resulted in different anomalies. One

of the anornalies was very clear with high values in copper, zinc and silver.

The highest copper and zinc contente were above 600 ppm and the highest

•ilver content was 0,9 ppm. Fig. 4 shows the copper contents in the stream

sedirnents in the Storfossen - Raitevarre area.

Soil sam lin

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 ie

250 m and distance between each sample in the profiles is 50 m.

The samptes were taken at depthe 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 sirnilar 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 etrike.

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 ridgee are caused by

the iee movernent. 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 chernical action on

the copper bearing gneise with deep weathering of the rock and leaching

of the copper.

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 have a 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
wateAoming out. Copper analyses of the water gave 0,040 ppm inffthe weli,


0,025 ppm 200 m down stream and less than 0,010 ppm 600 m from'the weiC

"The wellegave 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 «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.

Co er oisoned 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 patehes of several square meters are completely free

of vegetation. These pahhes are heavily poisoned and copper contents up to

3% is found here, Bølviken (NGU) who earlier had worked with poisoned areas

in southern part of Norway was informed of this poisoning. Together with Låg

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 poisoned area looks very much like ordinary

peat bogs.

Remote sensin

Infrared air photos.

Fjellanger-Widerøe 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,

Bølviken 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 rnicrons.
LANDSAT-1 resolution is limited to one pixel ( 0,4 hectars).

Over the actual areas a satellite image was enlarged. Close exarnination 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 approxirnately 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 rn 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 etudied due to lack of time and transport facilities.

The satellite image is computerised and this has given a model with different

lettere, 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".

ore drillin

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 elongateawith 80 m in 1976.

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

-5-
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Tabel over drilling results from Raitevarre 1 9

DrillGlacialDepthAnalyzed zone
hole No.Cover 111 rnfrom m -to rn

7 3 and 1976 


Thickness
of zone m

%
Cu

Ppm
Au

plmn
A

%
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

44'_ 3,0 83,7




- 40,1 * 0,17* 0,66 2,26

5 8,0 231,3 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





3 ei..s..tion




219,3








298,5
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Drillhole No. 4 is the only hole which is not vertical. It is drilled with 700

inclination in direction 250g 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 frorn 146,7 - 148,0 small amounts of galena is found in a

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 eulphur from holes No. 1, 2 and 3.
The Core:/4y5 are aiso enc/osed.

Latest rospecting 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 apring
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 morelas in the bottom of the valleys1where 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 rn 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 hae 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-
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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 metasedimersequence, we have the copper bearing

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

into chlorite. Red garnets are aleo 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. Sectione rather rich in fuchsite is

found in or near to the copper bearing gneise. Other sections with anhydrite

are -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,
slimestone and gneiss. In the black schist sequence there ar caleareou he scists,

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

drillingland as enclosures.

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

of chalcopyrite are also found. Chalcocite and native copper ie 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 amountflpyrite.

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

Sphalerite is found as traces in the black schists.

-8-
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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 aleo 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 rnean 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 ie rather much pyrite (2,26% S rnean content in 12
sample s).

Small gold grains in a number of 28 are found in 16 poliehed sectiona 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.

Small amounts of molybdenite is also reported by Hagen.
vitfiThe 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 approxirnately 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 pprn. 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 eamples 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.

-9-
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Recomandations for further prospecting wo rk

Primarily the most important factors of the prospecting work carried out

ehould be summarized:

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 ie 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 Bæivasgiedde. 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 "encouraging"

concentrations outside the ore, but not as alluvial gold like it is

found in the Raitevarre area. Fuchsiterich sedirnents are reported

from Biedjovagge, but they are not yet studied.

From the Kittila 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 schiet.

-10-
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Inc"7fewrandom 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 followin su estions
for a follow u work on the ros ectin work can be set u :

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

Detailed structural mapping of the area to find favorable units of

structure where possible remobilisation and enrichrnent of the gold

has taken place. Fig. 13 is a compilation of the distÅmtion of

different elongation directions of all geophysical, geochemical and

geological disiplines that are worked out in the Raitevarre area. In

NG1J-report No. 1561-02 1980,8. Rindstad deacribes 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 NGI.T'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.

Detailed geological rnapping should be carried out. We should

especially do follow up work on the volcanic -toeks.
Morrlson 980) 5+0.tes that aSsoeiaiion behmn Vr: neekd anti tnajor .9oktfields 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 necksore believed to have been significant in

this area.

Volcanic rocks, even agglomerates, are deacribed from the area

(Wennervirta 1968). Solid rock geochemistry and analyses of several

elements should guide us to find important volcanic eenters or

volcanic necks. Important host minerals like tourmaline and ankerite

should also be looked for.

Prospecting techniques of geochemistry and geophysics should be

considered after the geological and etructural work. Boyle and Hood
(1980) and Northern Miner (1979). (Enclosures).



Conclusional remarks and costs

The Raitevarre area has several similarities to other gold associated areas
in the vicinity (Biedjovagge and Kittila) and also to major gold producing
districts like Timmins Ontario. No gold deposits have been found in the
R.aitevarre area so far exept for the lowgrade 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 econornic ore of the Raite type.

Sydvaranger's premining consessions for the Raitevarre area Is rather soon
expiering (April 1981). The corning 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.

br-vev, n /98(

r/2,15-Lt,"*
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ANALYTICAL RESULTS FROM DRILLHOLES 18

No. 1 - 8 Cu, Au, Ag, S
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1973:

Kjernerapportog boroversiktRaitevarre




Bh. D Tidsrom Skiftm/skift




1 98,7 4-10/8 7(langsk.)6 13




2 155,05 13-29/8 198,2




3 220,15 1-21/9 32i6,8




4 53,7 23-28/9 1018,0




557,60 4/8 -28/9 698,1




1976:





5 231,3 27/7




6 196,0





7 157,4





8 223,5





3 79,2 7/9





887,4m 27/7-7/9 43 dg - 6 fridg-8dg.flytt= 29 dg





59 dg 58 sk.

): effekt 15,3m/skift

Med andre ord - antrentdet dobbelteav effektenfra 1973
med nesten tilsvarendemaskinen.



Bh 1 Start 4/8 ferdige 10/8. Dyp 99 m. 7 langskift. 13 m/skift.

DYP Lagdeling Kjernetap Analyse Beskrivelso

1
1
1

1
1

0 - 3,5 Overdekkot

3,5 - 10 ne90°




0,11




9-10: Cu,Ag,Ni,Zn

10- 20 ", 90






20- 30 90° 0,03




22-30: Cu,Ag,Ni,Zn




0,03




23-24: """"




0,05 +




35-36: " li

30 - 40 ev 80° 0,08 +




36-37: """ li




0,12 +




37-38: """"




0,13 +




38-39: """"




0,25 +




39-40: """"

40-50




0,24




• 40-41: Cu,Ag,Ni,Zn




0,35




41-42: """"




0,24




42,43: ""




0,11




43;.44:""""




0,03




44-45: """"




0,31




45-46: """




0,31




46-47: ""




0,13




47-48: """"




0,09 +




48-49: """"




0,09 4




49-50: ""4

50-60 90°

60-70


70-80

80-90 80-90°

90-98,7 80-90° •


P.g.e. dypforvitringmå dat bores jordboring

ned til 3,5 m. Spor Cpy i de grave kjernenesom

sennsynligviser insithublokk.

Lye dioritiskgneis med enkelte Merkerepertier
med amf., biotit og klorit. (Mulig også fuchalt

ved 9,8 m) Oppepr. ca, 10 spr/m.
MineraliserincliSpor Cpy nesten i hele kaeser,

men trolig L 0,1 % Cu. Noe bedre 9,6 - 9,7 m
med kloritt. Merkt blett ertaminr ? ved 9,2 m.

preve.

Som foregående,men mindre Cpy.

Preve 10,8 m av morkt ertsminr m/Cpy

" 13,6 m av Py og Mk for kjem. anelyseog slip.

Vesentligkloritrikgneis.

jnfl Mye py og spor Cpy spesielti forbindelse

med kloriten. Analyee av 22-24 m. Noe MK.

BeroartsGneis med tiltagendekloritinnhold
mot 40 ra,

Minr; Spor Cpy 30-35 m. Mot 40 m sterkerospor
og tildelepen mineralieeringmed Spy og MK,
Reletivt lite Py. 38-39 sor ut til å veirebeet,
Preve.

Bergart:Relativtmye klorit i gneisen.

Avtagendekloritinnh.mot 50 m.

Kvartsone 41.8 - 42 m.

Mineralisering:Stort sett pen impr. frem til 47,0m
Prøve 41,4 og 46,1 av pen Cpy-minr. 44-45, 48-49
og 49-50 svakt impr.

Bergart: Grå gneis med jevn fordelingav klorit.
Minr. Svak impr. av Cpy. Beste impr. 50-52 m.

Bergart:Som foreg.

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

Bergart:Som foreg.,men med klorit.

Prøve fra 70,2 m med klorit, Py, MK og litt CPY.

Minr. : Litt py og MK med rike tydeligeCpy-spor.

Bergart:Vanlig gneis 80-84,7 som foregående.
84,7-90 granat-glimmergneismed kvartsøyne.


Prøve 88,8 m.

Minr. : Litt Cpy og MK i kvarts ved 82,6.
Ellersmeget svake kobberspor. Kan ikke se Cpy i
granatgneisen. Forholdsvislite pyrit.

Bergart:Vesentliggranatgl.gneism/kvartsøyne,
men sonevismed den vanligegneis og hydrothermal-
kvartssonen.

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

med Cpy og Mk.

Hulldyp 99,0 m

Kjernelengde 98,7 m



17
Bh. 2. Start 13/8 ferdig etter nattskift29.8. Mask.havari16/8-23/8 ) i 19 skift 8,2 m/skift.

(3 hele skift + mange små stopp 6 skift v/prakk)
Dyp 155,o5. (Vmrt oppe i 23 m/skift 12 m/skift effektivt)

Dyp

0-5,0

LagdelingKjernetap

overd.

5-10 80°

10-20 90°

20-30 90°

30-40 80-90°

40-50 80-90°

50-60 80-90°

60-70




Analyse/prøve Beskrivelse

Overd. ca. 2 m. 2 - 5 m dypforvitring.

Bergart: Orov granatgl.sk. granater 1-2 cm. Soner

6,7 : MK og Cpy i med litt grafitt. Kis i soner med kvarts (?) og
lys b.a. feltspat.

9,05: Granat gl sk. Mineralisering: MK i sonermed kvarts (?) og

feltsp (prøve) MK også i granatgl.sk. Spor med

Cpy. Litt grafit.

Bergart: Som foregående10-15,2. 15,2-20etterhvert

lysere bergartmed spett av biotitt og diffuse

granater. Mot 20 som en lys grå gneis.

Mineralisering: MK 12,8 - 15,0 5 % kis. Mindre

kis 15-20m. 10-15m litt (spor) gratit.

Bergart: Vekslendegranatførendegl.gneis.

Lite granater fra 27 m. og soner med grønnstens-

(klorit)materiale med kvarts og kalkspatsoner.

På sluttenenkelte blåkvartssoner.

Minr.: Lite MK (spor)

38,85 MK og sph ? Bergart: Vekslendesom foregående,men bare få

39,5 " ? granater. Fremdeles "blåkvarts" i klorit-sonene.

Minr. : MK fra 3,7 - 40 i veksl. mengde-..,10 %

kis. Også sinkblende? prøve. En del karbonat
•

med kisen.

Grafit 33,95 - 34,20.

41,4 Granatm/korona Bergart: Vesentliggrå til mørk grå gneismed

med spredtegranater og tildelskalkførende.

Granatenehar en lys reaksjonssonerundt seg.

Minr.: Kun litt MK. Kan ikke se grafit.

56,4 Veksl. Kv og Bergart: Som foreg.,men mer skifrigog mindre

kalksp. granat. Flere kalkspatsonerpå opptil 2-3 an.

Kalkspatsonenevekslermed kvartssonerog gl.

Betydeligmed kalksp. i gneisen.

Minr.: 54,6-56 veksl. grafit kalksp./kvarts

54,8 Cp-ansaml. med litt MK og spor Cpy, særligmed grafit.

Prøve av størsteCpy-ansamling.

Bergart: Mørkere noe mer skifrig gneis. Kan ikke

se granater,men hvite spetter som kan tenkeså

være 101MV.granater.Joda, det stemmerdet !

kan se granatrelikteri de hvite minr.ansamlingene.

66,3 Omv.granat (Prøve) se prøve 41,4. Flere grafitrikesoner.

Tekt: Knusesoner63,9-64,3,65,4-65,5,

66,4-66,6,68,o-68,1,68,4-69,o,69,6-70,o.

Delvis breksiertfra 64-70m.

Minr.: Grafitsoneri hele kassen fra få cm opp

til ca. 1 m (nestensammenhengende61,5-62,5)

En del MK og noe Cpy i breksjesonenemed kalkspat

og euhedralkvarts. (Prøve)

£ 5 % sulfideri kassen.



Dyp Lagdeling Kjernetap Analyse Beskrivelse

7/R

70-80 90°

90-100 70-90°

110-120 70-900

120-130

130-140 70-90°

122,2:MK,Cpy

121,9:Cpy,Mk (Py)

e120 -121 : Cu,Ni,Zn,Ag

0,2 121 -122 : a

rel. 122 -122,9:lite

0 122,9-124 :


0 124 -125 :


0 125 -126,6:


0 126,6-127,6:


>0,3 127,6-128 :


4 128 -129 :


129 -130 :

130 - 1.81 :

131 - 132 :

132 - 133 :

133 - 134 :


134 - 135

ISS - is4
136 - 137 :

137 - 138 :

138 - 139 :

139 - 140
140,o:
137,5:

IT

Py og Cpy
Py, MK og Cpy

Bergart: Grafitskiferog kalksten("kalkgneis")

71,6-75,9. Kalkgneisogså som soner i grafit-

skiferen.

Tekt: En del knusesonerog breksiering,men

ikke så mye som i foregåendekasse.

Minr.: Grafit-rikskifer 70-71,6,71,9-72,2,

75,8-80, med litt kalk 78-78,5. Litt Cpy hele

veien i grafitsk. på speil. UbestemtMinr. med

høy glans i grafitsk. Prøve.

Py på små (L1 cm) ganger med Kv og kalksp.

Tar ut 77-78 til analyse.

Bergart: Grafitsk 80-83,1, 86,2-86,5 med noe

kalk på samme måte som foreg. kasse. 83,1-86,5

vekslendekalkgn. og granatførendevanlig grå

gneis. Granaterm/korona. 86,5-90 vanliggrå


gl.gn. med granaterm/korona.

Minr.: I grafitsk.Cpy på speil som foreg.

I gneisen også pene Cpy-spor,men på sprekkermed MK

Bergart: Vesentliggrå gn. m/granater. Enkelte

kvarts og kalkspatsoner.

Minr.: Litt MK og litt Cpy (spor). Hurtig

oksideringpå MK ! Belegg etter bare 2-3 dg !

Bergart: Som foreg. samt en del biotit og klorit.

Minr.: Litt MK og spor Cpy spes. på sprekker

i lysere partier (kvartsitrike).

Bergart: Grå gn. m/omv. granater samt endel

biotit og klorit. Kloritsone112,7-114,7.

Minr.: Litt Mk. Kan ikke se Cpy.

Bergart: Grå gn. med flekker som trolighar vært

granater granater ! En del biotit.

Tekt : Breksje 120,120,6. Kittet smmmenmed

kalkspat.

Minr.: Cpy-soner:120-122,9 , 127,6-130.

Siste sone har en del py m/Cpy.

Bergart: Grå gneis m/muskovitog biotit.

Kan ikke se granat.

Minr.: 150-140m mer eller mindre impregnert

med Cpy. Cpy-holdigpy og MK. Alle 10 m må

analyseres.

76,95-77,03:Minr.
m/høy glans i grafit

77-78: Cu,Ni,Ag,Zn

80-90 90 o

100-110 90°



DypLagdelingKjernetapAnalyse

(140-140,5 146,6:Gn.m/"kvartsøyne",MK,CPY

450 143,2:Gl.gnm/Py,Cpy

140-15070-90°+140,141:Cu,Ni,Zn,Ag
11!tt+141-142:

It11IItt+142-143:
IIII+143-144:

ttTI11+144-145:
tt1/li re+145-146:

rt+146-147:

+147-148:

o 148-149:
/1II11II+149-150:

Beskrivelse

Bergart: Grå gneis. Kan ikke se granat,

men "kvartsøyne" som kan minne om

amvandledegranater (prøve).Spettermed
klorit og sonermed biotit og muskovit.

Minr.: Mineralisertsom i forrige kasse

med Cpy-holdigPy, Fy, Cpy og Mk.

Hull - Dyp = Kjernelengde.

Bergart: 150-153,4 som før med spetter

av klorit (elleramfibol ?) Frøve.

Muligens noe granatrelikternærmere 153,4m.

153,4 - 155,05 en gl.gn. ed rikeligmed


granater (prøve).

Minr.: Svakeremed Cpy enn I siste kasse.

Svakere soor når granatenekommer inn,

men pen Cpy-Mk-stripeved 154,4.

Dette hullet burde ha vært kjørt lenger,

men ble avblåstp.g.a. dynamosviktog

pumpefestesvikt. Maskinen ble flyttetmens

dette ble reparertfor å utnyttetiden.

150-155,05 151,9: Lys gn.m/kloritMK,PY,Cpy

152,6:Gn spettetm.klorit

eller amf. ?

155,05:Gl.gn.m/granat+Cpy

+150-151:Cu,Ni,Ag,Zn

+151-152:

+152-153:

o 153,154:
o 154-155:" " "

0-5,5

5,5-lo

10-20





20-30 70-85°





mest70°





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





MK,Cpy,Sph.

30-40 67-70°




30-31: Cu,Zn,Ni,Ag

31-32:

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

Bh. 3. Start 1/9, ferdig 21/9. Helg 7-10/9 ): 32 i

Dyp Lagdeling Kjernetap Analyse

skift. Hulldyp 220,15

): 6,8 .m/skift

Beskrivelse

Overdekketog grov kjerneboring.

Bergart: Granatgn.5,5-7,7 og 9-10

m/kvartsøynesom er omv. granat og med

granat.

Grafitisk:7,7-9sterkt grafitholdig.

Minr.: Intet.

Bergart: Granatgn.m. klorit og amf.:

10-16,7, 16,9-17,2,17,25-17,35,19,3-19,5.

Feit grafitsk. 16,7-16,9, 17,2-17,25,

17,35-19,3,19,5-20.

Minr.: Intet. Spor av MK i grafit.

Bergart:Grafitsk.med noen få striper gneis

Veksl. grafitinnh.

Minr.: Pene spor av MK, Sph, Spy spesielt

i de lysere partier på sprekkerog i tynne

lag.

Bergart: Grafitsk.veksl. type og mørke

partier.

Tekt.: Breksjesone(sammenkittetm/kvarts:

52-32,2)

Minr.: Som foregåendem/MK Cpy og litt Sph.

spesielt i de lysestepartier.



3°
Dyp Lagdeling Kjernetap Analyse Beskrivelse

40-50 47°,60°,73° Bergart:Orafitsk. 40-44,2,44,8-44,9,
45,05-46,2,49,8-50. Grå gneis m/granat,

amvandl.granat ("kvartsøyne")gl. klorit,
amf. i 44,2-44,8,44,5-45,05,46,2-45,5.

42,05: 2y,MK,2ph,Cpy Minr.: Som 30-40m, men noe mer PY.
Kalkspatfyllinger.

52,8: Grafitsk.-gneis Bergart:Grafitsk.veksl. lys og mørk.
53,5: Grafitsk./m.Cpy Der den er lys ligner den gneisenmed anv.

granater + litt grafit (prøve).

	

Tekt.: Breksje sammenkittetm/kvarts:

50-50,2,53,7-54,3. Flere knusesoner.

Minr.: En del pene spor med Cpy og MK.

Prøve 53,5.

Bergart:Grafitsk.lys type fra 64-70m.

	

Tekt.: Knusesone66,7-67,o.

	

Minr.: Litt Cpy (spor)og MK. Mindreenn
foreg. kasse.

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

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

Beraart: Grågneism/granat80-82,7,86,7-90
med et parti,amågraftisoner.Gratitskog grå
gneisi vekel.82,7-86,7.

	

Tekt.: Knusesoner(6 stk)10-40co
fra83-89m.

	

Minr.: Kun avakeCpy-spor+ MK og py.

Beraart: Biotit-granatgneis.

Minr.: Ikkeapor.

Bergart:Somforeg. Granatstørrelsenvekslende
heltopp i 1 cm. Noenstederomv,sonerundt

102,7:Granatm.om•.sone granatene.Prøve.
Minr.: Ikke

Heraert: Veksl.grafitsk.,grafitholdiggn.og
gn.m/granatca. 50/50. Sonermed

114,6:Grøntminr.Kalksp? grøntminr.Kalkspat?littforheadt.Også
granateri gratithorisonter.
Tekt : Breksjesammenkittet1o7,4-108,10.
Ellersflereknusesoner.
Minr.: SporCpy og littMK smrligi forb.
med eprekkerog breksjesoner.

Seraart: Veksl.gratitakog granatgneissom
foreg.dogmestgneis(S2,5m gratitsk)
Tekt.: Breksjesammenkittet120,7-121,4,

knusesone:122,5-122,8.
Minr.: Kun sporCpy + MK og Py litt.
Beraart:Biotitgn.wedlittgranateri beg.
sometterhvertblirborte.
Littgrafitakog gneis132-134og 135,5-135,8.
Minr.: SporCpy i forb.med grafitsonene.

143,0:Klorit Bergart:Granat-biotitgneismed kraftige
kloritsoner141,5-144,5,146,3-147.
Granateneer delvisomv.m/koronaav kvarts(?)
Minr.: Kun sporav MK og Cpy.

156,7:Gneism/kloritspetterBergart:Gribiotitgneismed kun få granater,
men spekketmedkloritspetter.
Minr.: Kun sporCpy.

50-60 600,670

60-70 60°,68°,45°

70-60 60,60,52,45°

80 - 90 80°,63°,63°

90 -100 66°(?),
700?)

100-110

110-120 1000,900,

loo°

120-130 800,800,

loo°

130-140 1000,900,
ao°,3oo°

140-150

150-160 90°



Dyp Lagdeling Kjernetap Analyse Beskxivelse

160-170




168-169:Cu,Zn,Ni,Ag
169-170:""""

Bergart:Grign.grovspettetm/klorit.Noe
mindrekloritfra166m.




Minr.: LittCpy og py fra166 m.




Sanme= 0,10% Cu.Cpyrose166,8.

170-180 80°,70°,




172,5:Klorit-musk.-cericit-Dergart:Lys gl.gneis(skifer)medmye




800,1000




bergart m/Cpy, MK, Py. muskovit (cericit)otedvisgront+ kloritsoner




173-174:Cu,Ni,Zn,Ag
175-176:""""

Minr.:Cpy, Mk, Pyflekkvis i bestemte

soner.5-10cm.Disse utgjerlitetotalt.




176-177:" Stedviso så betdelimed• LiteMK.




Cpyfinneeogegutenomdeanal. soner

muligenspå sammenivå,men svekmineraliserin

180-190 700,80°,100°




189,1:Kvartsit Bergart:Lysgn.m/klorit.amf.81.m/granat.





180-181:Cu. Kvartsitisktypepå slutten.





181-182 Minr.: Cpy i helekassen0,1-0,2% Cu.





182-183





183-184





184-185





185-186





186-187





187-188





188-189





189-190




Bergart:Gneismed amf.og klorit.biotitog
cericit.
Minr.: SvakCpy - Py - minr.190-198
ns0,1% tu.

Bergart:Amf.gneism/klorit,kvarts,cericit.
Minr.: PenCpy-impr.merlig202-205m, men
helekassenmå anal.

Bergart:Cericit(musk)- klorit- gneis

m/amf.
Minr.: Vesentligpy,men ogsålittCpy.

( 0,1%).Tar stikkprøveanalyseav en av

de bestemetro.

	

190-200 192,0:Amf.gn.
190-191:Cu
191-192
192-193
193-194
194-195

195-196
196-197
197-198

	

200-210 202,5:Cericitm/Cpy
200-201:Cu
201-202
202-203

203-204
204-205
205-206

206-207

g
2o9-210

210-220,15100°(?) 214-215:Cu
215,3:Musk.-cericitgn.m/
py og spor(?)C.



Beskrivelse 139.,
Ba.lys glimmerrikgneie.
Mineral.imp.avovelkis
Ba.230.0-230,9somforegåendekasse.
230,9-240vekslendedioritiakgneismed

granat Mi. imp.svovelkia.

Somforeg.m.avakesporCu på siatem.
n n vekslendemedlys gaeis.

Ba.260-268,0somforegående,298,0-270-
Kloritrikgneis.Mi. imp.svovelkis.

Ba.270-272,5Kloritrikgneis. 272,5-280,0
vekslendekloritgneis(spetter)granatførende.
Mi. imp.avovelkis,272,6-272,9gode spor

Cu + avakegpori to sistem.

Ba.somforeg.(medgranatog kloritspetter)
Mi.280-280,5imp.avovelkismedgod aporCu.

208,5.-290imp.svovelkis.
Ba. som foregkende.Mi. imp.avevelkis
292,0-298,5sporCu bestem tilanalyse.

1976.Forlengelse av Bh.3

DypSp/pr.m

fra 219,3- 300m.

Analyee




219,3-220 5




220- 230





230- 240 5




240-250 5




250-260 5




260-270 5




270-280 5




279-280,0:Cu




280-290 5





290-300 5




297,0-298,0:0t:




250°-70°SN




Bh 4 Start23/9ferdig 28/9 10

1
1
1

1
1

1/2 skift. Dyp83,7 8,0 m/skift

Dyp Lagdeling Kj'ernetapAnalyse Beskrivelse

0-10 100°,50° 7-8 : Cu 0-3,0 overdekket

8-9 " Beraart:Gneism/amf.noengranater.Kraftig

9-10: cerisitisert(muskovitflak).

2,7 Py i cericitiskgn. Minr.: Mer og mindrePy-førende5-10% PY
somstedviser gulligog følgeligtrolig
ferernoe Cu.Mest py fra 7,0-10m.

10-20 10,8:Py i cericitiakgn. Be art:Gneislysvekslende,menmeat

10-11:
cerko rikmed amf,og granater(+klorit)

Cu
11-12: Minr.: Py heleveien,men mest10-15m.

12-13: Noenfå grafitkorn.

13-14:
14-15:

20-30 20-21:Ou Beraart:Somforegående.

21-22:" Minr.: Py somforeg. Helekassen

29-30:" reanalysereshvisCu.

30-40 30-31:Cu Beraart:Somfør.

31-32:" Minr.: Py somfør, mest30-35.

54-35:" GedientCu 90! Helekassenreanalyseres
hvisCu.

40- 50 41-42:Cu Beraart:Somfør,men mindrepy.Mye klorit.

42-43:" Minr.: Noe mindrePy enntidligere.

41,3 : Kan se sporMK og Cpy.Anal. elthvisCu.

50-60 100° 50-51 Beraart:Klorit-amf.-granatgneis.Lik

51-52 tidligeregneis,mennoemindrecericit-

52,7: MK i klorit muskovit.
Minr : fl somfer.En delMX iklorit

52,3-55.

60-70 80 - 100 64,9 : Py - Cpy Beraart:Som før, noemer aliretp.g.a.

' 60-61:Cu stedvisstoregranater.

61-62 Minr : Kvartssone64-64,5.PenCPY sinr.


62-63 64,5-65.Elleren goddelgulpy.

tn.
68-69,69 -



3 3
Dyp Iagdeling KjernetapAnalyse Beskrivelse

70-80 70-71:Cu Bergart:Grågneism/granat.Kloritamf.

71-72 Minr : Tildele222 cpy- holdigpy fra

72-73 70-77m. Dogsterktvekslende.Også

73-74 en del flekkermedMK.
74-75 Analyse70-77m.

75-76


76-77

80-83,7

II8-10
11 10-20

II 20-30

II

II

30-40

II

40-50

II 50-60

II 60-70

11
70-80

80-90

90- 100

Dyp

100-110

Bh.5.80-100°80-61:Cu70,6:Py-CpyL0,05cu81-82:"83,0:Granatgn.m/MK,py,Cpy


Lagdelingspr./mAnalyse





70-8008mo.d.





60-80°8spr.S017-18Cu






0,018-19"







 0,019-20"9"




20-30"(enpr.m)







12"30-40"





5°-40-41"





 3_4





4"






Minr.:





5"








3





3






6o91-92,3cu0,10





0,192,3-94"0,15





5102-103,5Cu,Pb,Ag





103,5405"





105-106





106-107





107-108





108-109





109110




Bergart:Grågneissliret,som etterhvert
blir sterktgranatførende.
Minr.: LitePy, menden serut tilå

inneholdeCpy. LittMk.

Beskrivelse

Ba:Vekal.dior.gneieog amf.-kloritgneis.
Kanikkese granat. I dengrovekjernen
seeslittgrafitskifer.

Ba: somforegående.
Minr.: Megetfink.Cpy18-20m og littMK.

.Ellerssporav py.
Bal Ves.dior.gn. Kvartsførende28-28,6
en kloritisksone.
Minr.: Cpy i vekel.mengde,menoftemeget 
fink. Enkelteklyseri forts.mfavartsroser
og kloritsoner.

Ba: Homogendioritiskgneia.

Minr.: SporCpy. Svaktfra36-40,.menhele
kassenmå analyseres.Noenstripermed flussps

Ba: Dior.gn.m/amf.og klorit.Litt

granatfraca.46 m.

 

Minr.: MegetliteCpy 40-46m.
.../c„,,cap2- kvarts.AIB!IKKeCe""44

Ba:

 

Dioritiakgn.(m/amf)m/klorit

og kvartsog granat.
LittPy og megetavakesporMK og Cpy.

Ba:




Dioritiskgn. mfamf,klorit,kvarts

og sporgranat.
Minr.- Littpy + sporMK og Cpy.Typepreveav

ePy-sonv/66,8 og Cpy-stripeved64,3 m.

Ba: Dioritiakgn. m/amf.,klorit,granat
og rel.myekvarts.Enkelte3-5cakvartasoner.
Minr.:Littpy og megetsvakesporMK og Cpy.

Ba: Dioritiakgn. m/amf.,klorit,kvarts
(ikkegranat).
Minr.:Jevntmay.

Ba: Dioritisk(amf.)gneismervekslende
ennforegående.ED delkvartsogklorit.
Minr.:Fra92,3 Cpy (lite)og Py samtnoen

striper Calip. 71144,44ky,4“-

Helekassenmå anal.hvisdettegirresultat.

Ba: Dior.gn.med øn delkvarts,amf.
og klorit.
Minr.:Pyihelekassen. Fra103,5-110
Cpy,py og sporblyglans.



Beskrivelse
34

Ba: Dior.gn.m. kvarta,muskovit,klorit
og amf.(ikkegranat)
Minr.:Opy,MK,Py. Bramed Cpy111-118.
Lite118-120,men helekassenmå anal. Pene
ansaml.Cpy i kvartasoneroftemedlitt

Ba: Dior.gn. forholdsvishomogenmed

enkeltekvartseoner.Granattra ca.125,7.
Ellersklorit,amf. NoeCr-glimmer hItt

Minr.:LittCpy120-127.EllersmeatPy og

Ba: Dior.gn.m/kvartesonerpi opptil0,7 m
Musk.ak. Ba er svaktgranatførendemed noe
aml.og klorit.
Minr.:SvertliteCpy,men spori helekassen.
Tar en stikkprøveanalyse130-131.Mot 140
vesentligPy.LittIIKog noenroser e.P2

46.40,./Fi kvartssonene.

Ba: Lys dioritiskgn. Mye glimmer
(Glimmersk)
Minr.:Py. Blyglansfra146,7-150,men en
tydeligsonePbS fra146,7-148.SporCpy
Tekt: En kan se at detharvartbevegelse
i minr Pb-sonemedbl.a.kalkematutfellinger

Baa Dior.gn.med spetterav h.bl. som
delviser omv.tilklorit.+ kvarts.
Minr.:SvakeeporPbs i tekt.sone150-154,3.
Dettemå evt.analysereshvis148-150slårtil
EllerssporCpyspes.mot 160m. Stikkprøve
159-160.Et delpy.Eh god delCaP2itekt.sone
gpes.ved 151,5. Arlm”-f

Ba: Somforegående.
Minr.:LittCpy spes.160-161 ietkloritrikt
mørktparti. Ellersfordet mentepy og spor
ME. StjernerCpy helekassen.10 cm Ca22

J. Somtoregående.
ved165,1.

Minr.:Ves.py,men enkeltekornCpy.10cm
penCpy- ved172,6-172,7.

11.21 Som foreg.,mennoegranat+ fuchsit.
Minr.:Ves.py og MK, men sPorC.

11.21 Somforeg.
Minr.:Cpy190-191,3og 197-200 0,2 % Cu
og litt spori mellom aamt en delpy +
littMK.

Ba: Homogendior.gn. En delkloritog
littgranat..
Minr.:I forb.medkloritrikesonernoe Cpy
i helekaseen + Py.

Ba: Littgranat i dior.gn. kmfibolit
210,6-212,3.
Minr.:"Sonen" forts.medlittCpyfremtil
amfibolitenved210,6.
Ellerser detlittpy og spor Cpy.

Ba: Dior.gn.m. littgranat.
Amf. 221,5-222,8.
Minr.:Littpy og sporCpy men stortsett
evert lite.

DypLagdeling

110-120

spr./m Analyse


110-120 Cu

120-130 4 120-127 Cu

130-140 8 130-131 Cu

140-150 6 146-146,7
146,7-148
148-149
149-150

Pb,Ag,Cu
flfl"

flflfl

flflI.

150-160




159-160 Cu

160-170 3 160-161 Cu

170-180 3




180-190 3




190-200 3 197-198 Cu




198-199





199-200




200-210 4 200-201





209-210,6




210-220





220-231 , 3 3






Dyp

0-10

Bh.6.

Analyse

5,9-7 :
7 - 8 :

8 - 9 :

9 -10 :

Cu,Ag(Pb)
ee

""
n

Lagdelingsprdm

0-5,90.d.6

10-20 6 10-20: """Ikketattmed




(15-20 svak)i førsteomg.

20-30 4 20-30: Cu

30-40 7 30-40:CuAg

40-50 8




Beskrivelse

Ba: Lys dioritiakgn.m/spetterav delvis
omv.amf.( i klorit).Opptil10 cm's
"rustsoner"neersprekkerp.g.a.dypforvitring
Minr.:Jevntimpr.meden megetfink.Cpy.
Kanogsåse et blanktminr. AgS? 4441

Ba: Somforeg. Noefuchait.
Minr.:Somforeg.fremtilca. 15m, menhele
kaseenbøranal. Ved13,05et merktminr.
m/høyglans AgS? hbI
Ba: Dioritiskspettetgn.homogenm/amt.
omv.tilklorit. '
Minr.:Jevntimpr.medCpy og ennertlitepy.

Ba. Somforeg.
Minr.:SvaktmedOpy fra 30-35,men
noebedre35-40. Ved 33,6, 34,7 og 38,9
evartmyktminr. M0S2? AgS ? 4/4.(

Fahlerts? Prøver.

Ba: Somforeg.
Minr.:SvakesporCpyog littpy. Pen atripe
av detukjenteminr.ved 40,6(prøve).Ikke
analyaeav dennekaasen,mendenbør anel. 
hvia30-40 har intereese.Cu- innh.

50-60 7 59-60: cu Ba: Somforeg. Fuchuitved 56,3
Minr.:SporCpy i helekassen.Stikkprøve-
analyee.Ellers.littpenpy og aporMK.

60-70 7 60-61 : Cu Ba: Somforeg.,mennoe lyeere.
Minr.:SporCpy i belekaasen.Stikkprøve-
analyee.Ellerslittpy og MK. Kvartssoner
61,7-62,4,67,4-67,6.

70-80 7 Ba: Forskifretgn.medmyemuak.og klorit,
menogsådentypiakespettetedior.gn.
Littfuchsit Au kie.1

Minr Pyritrel.mye (3-5%).
Svartlik foreg.kaase.

80-90 6

90-100 4 Dior.gn.littforskifret.
Minr.:^.)5 % PY.

100-110 6 Ba: Dior.gn.m/grenatsomved ca.105 m
gåroveri en forakifrettype m/Fuchait.
Minr.:En delpy (3-5%) i halekassen.
LittCpy fra100-102.= 0,1%

110-120 6 Ba: Dior.gn.m/kunsporav granat.
Minr.:SporCpy apes.i beg.av kassenog
en del py og MK 3-5 %.

120-130 5 Baa Dior.gn.
Minr..SporCpy. Spor(dråper)av ZnS
mørktype og 3-5 % MK og Py.

130-140 8 Ba: .Dior.gn.
Minr.:Py og Mk 3 - 5 %



36
DYP Lagdeling spr./m Analyse




Beskrivelse

140-150




8 142,7-144: Cu




Ba:140-143 tettdior.gn.m/amågranater.




144-150: "




Seneremer lysog forskifret.





Minr.:Py i helekassen.Fra142,7litt Cpy.





Taranal.ut dennekassen.

150- 160





Ba:Dior.gn. m/granatfra152 m.





Minr..SvertliteCpy.Noe bedre159-160.





Pyog MK1-3 %.

160-170




4




Ba:Dior. gn.m. granattil 164mellers
dentypiakedioriten.





Minr.:SporCpy.,-J1% py.Tydelig mindre
svovelnå.

170-180




4 170- 171 : Cu




Ba:Dior. gn.typiakmed tildelsstore




171- 172 : "




h. bl.(klorit) - lister.Litt granat.





Minr.:Cpy (litt)i helekassen.Mesttilå
beg.med.Prøve anal.de to førstemetre.






Ellerspy og MK.

180 - 190




4





Ba:Dior. gn.m/granat.Mye granatspes.
fra186m.






Minr.:SvakesporCpyeller litePy og MK.

190-196




6





Ba.Oranatrik dioritiskgn.m/listerav
gr.hornbl.(klorit) og kloritaoner.






Minr.:Py og MK.




Akz-Z






Dyp Lagdeling spr./m Analyse




Beakrivelse

3-10 0-3 o.d. 12





Ba:lays utlutetdior.gn. apee.fra 3-6m.






Minr.:Kun sporPy.

10-20




15 10-20: 'Cu




Ba:Lya dior.gn.






Minr.:Fraca. 11 mCpy som i de første
metreer omv,tilmalakit.Litt pyog
mobilisertgrafit(?)

20-30




8 20-21,3:cu




0,72 Ba:Lys dior.gn.20-21,3.21,3-30granat-





21,3-22:Cu o 0,05 førendekloritrikgn.





22-23: Cu o 0,01 Minr.:PentCpy-minr.20-21,3.Senerefritt
forCpy.Bare littpy og MK.

.30-40




6 35-36: Cu




Ba:Granatferende kloritiskex.30-35,0.





36-37:




35-40lys noe skifrigdior.gn.





37-38:




35-36en kloritriksonemed velmye





36-39:




Py,MX og Cpy.





39-40:




Minr.:Cpy35-40(N,0,1 95) ellersen del
pyog MK.

40-50




8





Ba: Dior.gn.






Minr.:SporOpy i helekassenog littPy.






Må analysereshvis6-40limter til.

50-60




10 57-58: Cu (evt.Ag) Ba:Dior. gn. 57-59et amf.og kloritrikt





56-59: "




parti.





59-60: "




Minr.:SvakesporCpy.Noe bedre57-60.






Ved57,2svart blanktminrEllers noe
pyogMK.

60-70




6





Ba:Lys dior.gn.






Minr: Cpy- MK"ansaml.ved 67,05.Litt
Cpy-impr.videre0,3 m. Ellerserdet bare

• sporCpy i kassen. LitePy og MX.



DYP

70-80

Lagdelingsprdm

4

Analyse

74-80: Cu




80-90 5




90-100 4 96-100: Cu




100-110 4 100-110: Cu (Ag?)

110-120 6 110-117: Cu




Ba: Dior.gn. med rek. mye kloritfra

ca.75 m.
Minr.:LittCpy i helekassen. Noe "mer"
fraca. 75 m. LitePy og MK.

Ba: Dior.gn.
Minr.: Opy i helekassen,men forlite.

Børanalysereshvis74-80 glimtertil.
Litt MK og Py.

Ba: Lyn dior.gn.
Minr.. LittOpyspes. fra97-100. Meget

finimpr.Lite MK og Py.

Ba: Lys dior.gn.m/noenfuchsitstriper.

Minr.: Svaktimpr.m/ Cpy i helekassen,

menvel avakt. Noebedrede siste4 m.
Menerjeg serdetblankeminr.
Lite py og MK.

Ba: Dior.gn.m/ endelklorit.

Littfuchsit.
Minr.: Forholdavismye Py, littMK og Cpy.

Svmrtlite Cpy de siste 3 m.5rafig-///n1)


120-130 5 Ba: Somforeg.
Minr.: Mye (5%) Py ikkeCpy.

	

130-140 5 Ba: Lys dior.gn.littforakifret.
Minr : Py 3 %. KunmegetevakesporOpy.

140-150 4 Ba: Lys dior.gn. (typisk)2E!z2
Minr.: Idttpy og MK, ellerskunhelt

svakesporC.

Beekrivelse
37

150-157,4' 6

Bh.8

Dyp Lagdeling spr./m

0-10

10-20


20-3o

0-5 o.d. 10

8

7

30-40 80° 20

Ba: Lys noe forskifretdior.gn. m/litt

fuchait.
Minr.: Littpy og MK.

Analyse Beekrivelse

Ba: Lys dior.gn. m/granati veksl.

m/ svartak.avartskikke-radioaktiv.
Minr.: MK i avartak.ikkeNi-utalagmed
dimetkylglyoksimpå friske kjerner.

Ba: 10-12,4 svartskog 12.4-20grik

dioritiskgn. m. smårødegranater.
Minr.: MK i avartak.

Ba: Svartek (40%) i vekal.m/ grå
granatførendedior.gn. Svartak29,3-30.

Minr.: MK i svartsk.

Ba: Svartek30-34,8.34,8-40 granat-
førendegn.medopptil 0,5 cm granat-
porfyroblaaterforskj.fra foregåendeder

granatenevar aviertsmå. Granateneer også
omvandlet(i kvarts). Ikkeradioaktiv.

Ba: Dioritiakgn.med storetildels
omvandletegranatporfyroblaster.

Ba: Gneism/grovegranatportyroblaster

50-55. 55-60 veksl.gneisog svartskifer,

meatavartakifer.

Minr.: ME og Py i avartskifer.

	

40-50 6

	

50-60 12



Dyp Lagdeling spr./m Analyse Beskrivelse 33
60-70

70-80


80-90

90-100

100-110


110-120

120-130

130-140

140-150

.150-160

160-170

170-180


180-190

190-200

70°20




Ba:Svartak i veksl.m/granatgn.
Fra69,0granatgn.




Tekt.:Noe breksiertog oppknust.




Minr..MK og Cpy.Sinkbl.i knusesonen
ved60,8.Ett sporCpy !

10




Bet.Gneis med kvartsøynesomvesentlig
er omv.granat.




Minr..Noen sonermedlittMK.Spor Cpy i




MK - 800800.

6




Ba:Som foreg.,men etterhverten del
hornblende80M et omv,til klorit.




Minr.:Disseminert Py= 3 %.

5




Ba:Som foreg.




Minr.:Pysom foreg.

5




Somforeg.Et par småkornOpy.

8 116-117:Cu Ba:Dioritisk gn.medkloritapetter.




117-118:" Noelyserefria116m.




118-119:" Minr.:Fi førstedel,mennoeCpy




119-120" fra116m.SporCaF2 .

8 120-121 BatDior. gn.hvitepettet.Littgranat




121-122:" mot130 m.




videretil128 hvisCu i Minr :LittCpyfram til128,men mestPy.




120-122




Tar anal.av de førsteto m.

6 133-134: Cu Ba:Som foregmen noe mer gl.-rik.




134-135




" Minr.:Noe py (3 %) og sporCpy.




135-136: ". Tar stikkproveanal.av 3 m fra 133-136.

6 148-149:




Ba:Klorit-opettet gneis




149-150: " Minr.:Noe py (3 %) og sporCpy.Må ta stikk
prøveanal.148-150.0,2 m CaF2ved147 m.

6





Ba:Rel. mørkkloritrikgneis.





Minr..Litt py < 3 % og svakeaporCpy.





150-153anal. hvis148-150slårtil





0872 159,5-159,8.

4





Ba.Grovepettet dior.kloritgn. 160165





Mot170mmer gl. rik(granat).





Minr.:Litt py.

6





Ba:Lye kloritgl. gneis.





Minr.:Litt py og gporCpy.

5





Ba:som foregående





Minr.:Noe merpy ennforeg.og kun svake
sporCpy.

3





Ba:Spettet hornbl.(klorilt)- gneis
og noenfå smågranater.





Minr.:Kun sporPy.

4





Ba:Som foregående





MinrLitt Py og uhyresmåCpyspor.

4





Ba:Som foreg.,men 219,1-220
kloritsone.
Minr : Litt Py og spor Cpy.

Kloritsone220-220,2.-
Ellersvanligtype.
Minr.. Litt py.

200-210

I/

210-220

220-223,5



BR/bs SIDE N R.

PRELIMINARYREPORT ON THE GOLD FROM RAITEVARRE.

Together 16 polished sectionsfrom the drillholesno. 5, 6, 7 and 8

are microscoped.

The gold that is observedis extremelyfinegrained.28 goldgraines

with size from 14pm down to less than litm are found.Most of the

goldgrainesare less than 2Am. The very finegrainedsize of the

graines makes it very hard to judge the silver contentin the graines

from the colour.

The gold seems especiallyto be found in a parageneseswith dessemi-

natedgrains and grains of chalcopyriteand pyrrhotitegrown together.

In a few grains there are small amountsof mackinawitein chalco-

pyrite. In this paragenesisis found goldgrainesas inclusionsin

chalcopyriteand in pyrrhotite.Goldgrainesare also observedon the

crystal boundariesbetween chalcopyriteand pyrrhotite(fig. 1),

pyrrhotite/nonopaque-faciesand chalcopyrite/mackinawite.Some gold-

graines are also found as inclusionsin none opaque facies,but al-

ways in the vicinityof sulphidegraines.

Ckutico pyl 3e

fricLePCivla tO/ le

G.olde

0 4

Fig. 1. Gold on the crystalboundarybetweenchalcopyriteand

pyrrhotite.

In a paragenesisof largeraggregatesof chalcopyrite,pyrrhotiteand

pyrite gold is found as inclusionsin pyrite and as very small graines
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1

1

1
1

1
1
1

1

Nr.

5.
5000.

5-74.
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in hair-lineveinletswith chalcopyritein pyrite. (Fig.2).

Too few polishedsectionsare studiedto give any conclusionsabout
the occurenceof the gold. The neutronactivatinganalysisindicates
however also that the gold is very finegrained.For nearly all the
samplesfrom Raitevarrethe differencebetweenthe two parallelana-
lysis of each sample are less than the standarderror of the mean
for the analysis.(Samplesfrom Bidjovaggewhere gold can be found in
much largergrains, shows less regularitybetweenthe parallels).

Pynie

Cheficopyrile

Novie Opal ue

GoIcL

tr"

Fig. 2. Two exampleson hair-lineveinletswith chalcopyriteand
gold in pyrite.

Unidentifiedmineralswhich might containpreciousmetals are observed
as inclusionsin pyrite and pyrrhotite.Those facies occurs in very
small graines,but those will be tried to be identifiedwith microprobe

A plan for the follow up work of the gold in Raitevarrecould be :

1 A furthersamplingof samplesfor polishedsections.By comparing
the microscopicresultswith the analyticalresultsthe relation-
ship of the gold to the differentoretypescan be mapped.

2. A mixed ore sample (^,-3/4kg) is grind down to 90 % t 74/km,
fractionatedand each fractionis washed on superpannerto find
eventuallylargergold graines.

e



4/ !
SIDE NR. 3

3. A concentrateof chalcopyriteand a concentrateof pyrite is

grind down to 100 % t 45/4m,is cyanatedand the residueis

analysedto registrateany submicroscopicgold.

In three of the sections,molybdeniteis found in "not small"amounts.

This mineral shouldpossiblybe followedup by new ore tests ?

Blindern,June 1950.


Ragnar Hagen (sign.)

Nr.

5.
5000.

5-74.
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The Porcupinecamp-
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111guro1. DIstributIon of corbonato-rich
rocks, porphyrios and oold doposits in tha TImmins ano

Porcupinecamphasbeena major
producerof goldoverthe past66 years
during whichtime a totalof about$2.0
billion worth of gold (calculatedat
835.00/oz) hasbeenminedfrom over
two dozen different deposits. From
maximum output in the early 1940s,
production has steadilydeclined and
todayonly four minesremainin opera-
tion. Although there has been a dra-
matic increasein the price of goM
in recent years, most of the typical
undergroundgold mines not only in
Timmins but throughoutthe Canadian
shield have beenstrugglingfinancially
becauseof their antiquatedoperations
and becausethe mines, designedfor
vein-typeores,are laborintensiveand
diff1cult to mechanize.Becauseof in-
creasingcostsof conventionalmining
and the depletion of known ore re-
serves, it appearsthat productionwill
continue to decline.

An pastandpresentproducingmines
in Timmins werefoundand developed
during the period 1909 to 1935. No
significant new deposits have been
found in the past 40 years and as a
resultit isthegeneralimpressionof the
miningindustrythatthecamphasbeen
well explored and is nearingexhaus-
tion. It shouldbe notedhowever,that
all past geologicalinvestigationsper-
taining to the origin of the deposits
weredone usingepigeneticmodels.No
modern studies examining the total
evolution of the rocksin the areaand
their relationshipsto the depositshave
been done. In the light of past eDi-
geneticmodels,the campprobablyhas
hule to offer for future exploration,
but as will be shownin this paper, a
syngeneticmodelfor the origin of the
deposits offers several important
explorationparameters.

Better models needed
Because most modern geophysical

and many geochemicaltechniquesare
incapableofdetectinggold ore under
overburden or at depth in rocks, it
appearsthat the onlywaynewdeposits
are going to be found, especiallyin
overburden areas, is to develop and
expand geologicalexplorationparam-




etersor guidelines.In order to do this
bettermodelsdepictingthe originand
evolutionof knowndepositshaveto be
developed. In Timmins, and
elsewhere,the simpleepigeneticmod-
els centred around felsic intrusions
(e.g.. Pearl Lake Porphyry) or fault
systems ( e.g., Porcupine-Destor
Fault) have had serious problemsin
explainingseveral important features
of the depositsas wellas the originof
manyof the deposits.

The only variation from the epi-
geneticthemewa a modelproposedby
Pyke(1975) in whichhesuggestedthat
the gold ores in Timmins are closely
related to and possiblyderived from
altered flows of ultramafic rocks. In
areasoutsideof Timmins, particularly
at Larder Lake, Ridler (1976) and
Tihor ( pers, comm.. 1977) have sub-
scribedto variousforms of syngenetic
models to explain the origin of gold
depositsin thatcamp.

In theTimmins area,the key to gold
mineralizationmustcertainlylie in the
origin of the carbonate-rich rocks
whicharean intimatefeatureof all the


deposits.In past epigeneticmodels,
these rockshave been interpretedas
wall-rockalterationand althoughthey
havebeendescribedin variousdetailin
many reportson the area, no areal
maps existwhich show where the
carbonate-richrocks are locatedand
whattheirrelationshipsare to the main
rocktypesand structuresin the area.

Study initlated
As a result,a studywasinitiatedby

the writer in 1976 to establishthe
spatial distribution of carbonate-rich
rocksand their relationto golddepos-
its, and to determineif suchrocksare
indeed crosscuttingIIS theepigenetic
modelsimplyor if theyareconcordant
with respectto the enclosingcountry
rocks.The main resultsof the inves-
tigationare listedbelow:

Two major and one minor carbo-
nate-rich units, consistingmainly of
ankerite and/or magnesite, quartz,
chlorite and sencite and varying in
thicknessfrom 20 m to over200 m are
presentin the Timminsarea (Fig.1).
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#flgeilupine-Destor Fault (Ferguson,1968).

series of basal ultramafic and high-
magnesium basalts to felsic meta-

relationship.Eachgroup representsa
volcaniccycle,gradingupwardfrom a

Uonof ultramaficflowshasbeenused
by Pyke (197$) to confirm this age

Recently evidencefrom the distribu-

volcanics.A majordifferencebetween
the twogroupsisthe factthatthe upper
portionof the Deloro Group contains
abundant mtide, sulphideand carbo-
nate facies iron formations whereas
iron formationis lackingin the Tisdale
Group. Although numerousshowings
and prospectshavebeenreportedfrom
the Deloro Group iron formations,no
majorconcentrationsofgoldhavebeen
found.

Metasedimentaryrocks(nainly tur-
bidites)of the Porcu ineG (P kroup y e,
1975) formerly known as "Keewatin
sediments" conformably overlie the
TisdaleGroup metavolcanics.Locally,
a younger turbidite- sequence, long
known as the Temiskaming,overlies
with distinctangularunconformitythe
older metasediments and meta-
volcanics(Figs.2and 3).

The mostobviousstructuresin the

area are the easterly-plungingPor-
. cupine Synclineand the Porcupine-

DestorFault (Fig.3). The geometryof
.;;;;the rockshasbeendelineatedthrough

the useof majormarkerhorizonssuch
as the V8 and the V1OBflows (Fer- 1

guson, 1968) and more recently
through the use of ultramafic flows
(Pyke, 1975). Althoughnumerouspa-
pers (Hurst, 1936; Moore, 1953;
Davies, 1977) have dealtsuperficially
with the structuresof the area no
rigorousanalysiswhich explainsthe
structural evolution of the rocks is
available.The most obviouspenetra-
tive planarand linearelementsseenin
the field can be related to the Por-
cupineSynclineand most of the ore
zonesand porphyry bodiesnear the
noseof this fold have beenre-shaped
andnowplungein thedirectionof that
fokl. Otherstructures,suchasthe oval
interferencestructurein the Hollinger-
Coniaurumareaas wellasolder linea-
tions and foliations indicate a pre-
PorcupineSynclinephaseof isoclinal
folclingaswellasa laterphaseof open
cross-folding(e.g.. VipondAnticline).

The major phasesof folding are
rellectedby the varietyof vein config-
urationsrangingfrom thosewhichare
straight and undeformed to those
whichare tightlyfoldedor completely
brokenby intensivedeformation.The
main typesof veinsetsthathave been
described (Jones, 1948) are: well-
defined, continuousveins that pinch
and swellsuchas the quartz-ankerite
veins at the Aunor; sinuous folded
veins; tabular veins;and en-echelon,

.••  •••  •

1........-- —....—
—..—....,—...

Bothma or unitsare distinctstrata-
bound units which can be followed
along strike for over 15 km and are
easilydistinguishedfrom one another.
All exposed contactsare concordant
with the enclosingrocksexceptin one
localitysouth of the Dome mine.

All quartz-feldsparporphyriesin the
area occur along or near one of the
carbonate-richunitsandare intimately
associatedwith them.

All deposits which ever produced
goldin the areaare locatedon or near
the earbonate - rich rocks or the por-
phyries.

Basedon theseresultsand the fol-
lowingdescriptionsand illustrationsof
the sology of gold in Timmins, it will
be demonstratedthat sold was first
enrichedin theseancientrocksduring
felsicvolcanismandexhalativeactivity
"ithich produced the carbonate-rich
rocks and that during subsequent
metamorphismand deformationasso-
clatedwith the KenoranOroseny,gold
was further concentratedinw a net-
work of quartz-carbonateveins.

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
differencesand the fact that the two
groupsare separatedby an east-west
trendingstructure known as the Por-

BOOMERAtiin INTERMEDIATE TO FELSIC•
FM TUFF-BRECCIA;INTERLAYERS OF


	 IRON FORMATION

MAFIC.CALC ALKALINE; BASALTS

0 m

0 ft

Flgur. 2. Stretlgraphle coIumn, TIsdat• and WhItmey towashIps, TImmIns area
(aloelrbse after Psbe. 212)

DELORO

GROUP

REDSTONE

FM

PORCUPINE
GROUP ene

9830 in
92,252 ft ::::KRIST FM. 	

TURBIDITE8

FELSIC.VOLCANIC BRECCIA

TISDALE

GROUP

SCHUMACHER

FM

CIZ1

GOOSELAKE

FM

mars;HIGH-FE THOLEIITES

UPPERCARBONATE-RICHUNIT

LOWERCARBONATE-RICHUNIT

ULTRAMAFIC FLOWS+ HIGH-MG
BASALTS

5600 m
18.373 tt  




September,1978



S-shaped veins. This variety of vein

shapes suggestsvein 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

yuyitts amounts_opourmaline. kdj:
Terous rite-rich zones- have been

tneat in some mmes (e.g., Aunor,

Schumacher). Other important ac-

ansory minerals areft_~, schee-

lite, anenopyrite, gbize„, waqtizg,
chalcopyrite, E5a. sphalerite and


gokksilver tellurides. The ratio 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 ultramaftc flows and tuffs

and some layered massive carbonate of

possible sedimentary oriøin. The
Lower Unit is characterized by the

predominance of magnesite (70 to 90

per cent) with ksser amounts of tak,

sericite, chlorite, quartz, fuchsite 


(chrome muscovite) and pyrite. Relict

textures, such as poly-suturing and
spinifex can be found in completely

carbonatized flows and in placesbombs

and pyroclastic fragments are present

in the carbonatized ultramafic tuffs.

Stratigraphically, the Lower Unit
occursnear 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), Beaurnont,

Hallnor, 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
Ttsdale 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

‘sr0 112 fAile

Poreupine
1101. grouP'

czi Tisdale group

0.111
1E15 Deloro group

Fault
Uneontorrnity

GENERAL GEOLOGY PORCUPINE AREA

Flgure & General tmology of the Porcupine area

Unit is very Ene-grained and is usually

well-foliated. Discontinuous lenses of

massive ankerite interlayered with sili-

cate-rich lenses are a common feature.

Relict textures and structures suggest

that much of the Upper Unit represents

either a carbonatized tuff or a mixture

of sedimentary carbonate and tuff.

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. 1n

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 (McIntyre), 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 many ef 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 associationof

the lower carbonate unit. Only the

Carbonete and highly
altered roek

Diabase

Orebodin

ev."." Fault

— — Contact

f
rif:4

-

tatiekatilirafr

Greenstone
undifferentiated
Dacite and
andesits flows

	 Sediments

Porphyry

Approximate

400 800 feet

120 240 metras

Flgure 4. amerallied geologleal plan of the Clems mlne (Modlfied afbar T.C.

Holmea, 1948)



bigger bodies such as the Pearl Lake
and Paymaster porphyries are shown in
Fig. I. In detail, however, numerous
thin lenses of porphyry, ranging from a
metre or two to several tens of metres
thick are commonly found in the
Lower Unit. In general, the porphyries
consist of quartz, sodic plagiociaseand
sericite with small amounts of pyfite.
Textures vary from massive to por-
phyritic and normally quartz-eyes are
common in most varieties. Fragments,
reminiscent of extrusive fetsic 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 MeIntyre), a variety of altera-
tion assemblages related to the Au-
Mo-Cu mineralization have been iden-
rified (Luhta, 1974).

Thrse Groups
In general, the gold deposits of the

Timmins area can be divided into three
groups:
I. those associated with carbonate and

large masses of porphyry;
those found in major fold structures
of carbonate units containing minor
porphyry;
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 (McIntyre) and Con-
iaurum depositsare 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
area. 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 (McIntyre), 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 rower Unit
have been well documented 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 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,

Edwardsand North Whitney mines. At
many of these deposits, the carbonate
unit has been well mapped (e.g.
Aunor-Delnite), but in placesthe unit
has been interpreted as dacite, andesite
or bleachedcountry rocks.The correta-
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-
sented by the Dome, Broulan Reef,
Hugh Pam, HMInor, Pamour and
Hoyle Mines. Mineralization at these
deposits is located, mainly in sedi-
ments, at a local angular unconformity
between the older sequence of mafic
metavolcanies 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.I). This is well il-
lustrated by the geology in the vicinity

of the Halinor and West Pamour prop-
erties (Figs.5 and 6). 1n 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 interseaion
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
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ore zones in the upper part of the
Hallnor 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 depositsof group 3.
The only exception, perhaps, is the
carbonatized felsic rock, known as the
"Hallnor trachyte" at the Hafinor
(F7g.5) which has been mapped inter-.
mittently by the writer in parts of
Whitney Township.

The model
A model depicting the genesisof the

gold deposit in the Timmins area must
take into consideration the following
facts:

Although quartz vein systems are
coMmon in all the metavolcanic-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. I.

The carbonate-rich rocks form dis-
tinct, stratabound units. The only
exception of crosscutting carbonme
rocks is found on the west contan 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 Me lower carbonate 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.

Metals enriched in the deposits and
host rocks include those which nor-
mally show affinities to mafic-ultra-
mafic rocla (e.g.. Ni, Cr) and those
which are nonnally 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 a matrix of au-
riferous sulphides in altered malic
volcanics is common in the No. 6 shaft

Kantraen

area of the Schumacher (McIntyre)
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 level intru-
sion of felsic 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 placesaway
from verns, some sedimentary carbo-
nate wasdeposited. 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 Pearl
Lake Porphyry was formed during this
stage.

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


previously enriched in the carbonate-
units, into dilatant fractureswhere they
were deposited as veins during the
various phasesof deformation (Fig.8).
Fold noses, porphyry contactsand the
plane of the local 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 carbonalized rock
have greatest potential for gold miner-
alization, particularly in major vent
areas which may be rePreseuled bY
massesof quanz-feldspar porphyry or
altered breccia zones in underlying
rocics. Recognition of carbonate-rich
rocks, particularly in drill core, is best
done _by staining, For ankerite, the
stain can be don usin ta
emcyantde i dilute
y roc onc acid. or ma ne it se
a ye ow m tute 5

r e solution (It should
be noted that althoug "metamorphic
carbonate" (calcite) is present in all the
volcanics in the area, none is found in
the carbonate units).

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

Sulphade-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 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 delineation of simple
geochemical parameters which will as-
sist in such an evaluation. CMJ
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Geochemicalandgeophysical
techniquesforgoldexploration

#7

By R.W. BOYLE and P.J. HOOD
ResourceGeophysicsand GeochemistryDiv,
GeologicalSurveyof Canada

Fractically all the geochemical
methods of prospecting81eappli-
cable in the searchfor auriferous
deposits. 11te methods employed
depend essentially upon the ter-
nit, the degree of weatheringof
dte deposits, availabilityof soils,
drainage sediments, vegetation,
and so on. The gold pan (heavy
mlneral prospecting) is a time-
honored method of locatingcon-
centrationsof goldin both placers
and primary deposits. Details re-
apecting geochemical prospecting
for auriferousdepositsaregivenin
Boyle(1979).

The favorable rocks for the

Table 1. Favorable rocksfor the
occurrenceof golddeposits

Vokenie (beealts, andesites, dadtes,
rhyollte)
Egulvelent tuffs and briteeies
Grentons, greensehist and propy-
1ltIe belts
Sedlmentery
Oreyweeke-date belts
Iron fonnations
Cerboneeeeuegraphitinsulphidle
dates and gehists
Carbonateekern assemblages

& Sedmentary
Pyritle OFhiematltic guanzaebble
conglornerstes
Pyritie guartzltes
tadmentary
Modem and fossil platen
Ignmus
Quartz-feldspar PorPhyrY
Syenite
Grenire

occurrenceof auriferousdeposits
arelisted in Table 1. Categories1
and 2 harbor most gold-quartz
deposits and Category3 contains
majorgold reserves,particularlyin
the Witwatersrand,South Africa.
Attention is drawnto Category5
as possible large tonnage low
gradedeposits.

Favorable structures for the
deposition of gold are noted in
Table 2 which is essentially self
explanatory. The chemically fa-
vorable rocks for replacementde-
positsare listedin Table3.

Table 2. Favorable structures for
the occurrence of gold deposits

Carbonated dtear and sehist zones
In greenstone belts.
Faults, fraetures, sheeted and bree-
eleted zones in proPaine beln.
Faulte, freetures, bedding plane dn-
eontnuities and Mears, drag folds,
aushed zona and arenhvi on anti-
efinee Iseddle neefel in nyweeke-
date membleas and other sai-
ntentery teeks.
Preeture zones, Mear zones, bree-
aated atoekworkl zones in igneous
rocks.

Gold is a good indicator of
auriferousdeposits;other specific
indicator (pathfinder) elements
for gold are Ag, As, Sb, and Te.

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

1. Carbonate rocks, ealeanous shales
and sehIsts.

2. Porous andetone, arkoa and eon-
glomerate.

3. Tuffe, Iron formetIons.
4. UltrabSe. beek and intennedlats

roda

Table 4 lists other indicatorsfor
use in all types of geochemical
surveys. The indicator to be
chosen depends on the type of
deposit, its elementalconstitution
and weatheredcharacteristics,and
on the natureof the prhnaryand
secondary halos associated with
the deposit.

Table 4. IndIcator (pathfinder)
elements and compounds of gold
deposits in approximate order of
effectiveness

1. Au, Ag, As, 5b, Te
2.SK1,. CO,. 13,P,5

K, Rb
CU, 2n, Pb, hig, W
U,Mo,Ptm.tals

5. Au, Ag, Te, VV,B, As, Sb, Sn,
P, Pt metels (Indleaton of

plwer deposIts1

nature. Notes respecting both

t000.

These surveys are of a recon-
naissance(regional)and detailed
typesaregivenin Tables5 and6 .

Table 5. Regional lithochemical
surveysfor gold deposits

I. Analysesof unseleeted roeke and/or
mineral separetes on • regIonal
seale.
Analysesof sPendle roek types ende
or mineral aparates on e regIonsl
sede (e.g. porphyry dykes; betho-
lithe and smell stoeks of porphyry,
sysate and granIttsPealle beds Or
forrnations such at guartz-pebble
eonglomerates, iron fonnsdons,
etel.
Analysesof materiels of all observ-
ed "leakage halos" on a regIonal or
areal seale, ineadIng iher zones,
fault breeeia, fraeture fillings,
guartz veins, alteratIon zones, Joe
Peroid, ete.

Table 6. Detailed lithochemical
surveysfor gold deposits

Analysesof metanals of all leak-
agehelos" as in (3)1n Table 5.
Analyses of roas on profIles aeroes
shear zones, stoekworks, ete utilIz-
ing gold and itt indieator elements
in Table 4.
Anahrsesof roeks on profiks aeroes
dtear zones, stoekworks, ete utIllz-
ing major elemental ratios, e.g.
K/Ne, SiO, /CO3, ete.

Attentionis called to the analyses
of the materials of "leakage
halos" on both a regional and
detailed scale. Methodsinvolving
majorelemental ratios,e.g. K/Na

TOTALFIELD AND VERTICAL GRADIENTPROFILES
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TeMe7. Pedochamicalsurveysfor
golddePosits

Nsereurhicepadochemical1101611

utilizlng amples of soiI,
and/ormineralamerams(hmitY
mlnents)from dweematerials.
Dent overhurdensurnys utinzing
nearbadroekunconsolidatedmate-
rialsand/ormineraIwparates
(havy mlnerals)from theseman

and SiOn/CO2, should receive
more attention in detailedexplo-
rationfor oreshoots.

Pedochemical surveys
The typesof pedochemicalsur-

veys applicable in the searchfor
euriferousdeposits are listed in
Table 7. Near surface surveys
basedon humussampling(A hori-
zon) have proved effective in
man partsof Canada.Deepover-
burdensurveysutilizingnearbed-
rock unconsolidatedmaterialsare
recommendedwhere the soils, till,
gravelandother surficialmaterials
arethick(over 5 m). Ileavyminer-
surveysof near surface and basal
soil, till, and other glacialmate-
rials have not been extensively
employed but shouldproveuseful
in most terrains.

Hydrochemical surveys
These include those based on

water,drainagesediments,precip-
itates, and heavy minerals from
drainage sedirnents (Table 8).

Table8. Hydrochemicalsurveys
for golddeposits

t. Weter(underground,sprIng,
surfece,snow).

2. Dralnagendiments (stram, rIver,
lake).
Heevymlnenls from drektegsmdi-
ments(panning).
ProcIpitateson streamsedImentt
(ilmonin coatings,waderuset.etc).

& Preelphatesat stwingorifins (limo-
nte, wed,silica-aluminagels,enc).

Watersurveysare not particularly
effective for outlining auriferous
belts usinggold as indicator;other
pathfinderssuch as Zn, Cu, and
As maybeeffective in sorneareas.
Drainagesediments and panned
heavy mineral separates from
dtese sediments have proven ef-
fective in outlining auriferous
belts in many partsof the world.

Biogeochemical surveys
These surveys are listed in Ta-

ble 9. Thereare no specificindica-
Table9. Biogeochamicalsurveys
for golddeposits ,

-tc-)
1. GeobotanI I
. An yemof plantsandanImals

Analysesof fown nwidues(coal
tiltumm, thucholite,anthraxolite,
etc).
Analysesof humie horizonsof soil
andtIll profiles.

s. Analysesof
Analysesof terinitemd ant hIlls,
gophermd groundhogmounds,etc.

tor plantsor anirnalsof auriferous4 Thus, the applicationof tieo-
deposits, although many plants physics in gold prospectinghas
accumulate gold. Analyses o been mainlyconfmed to indirect
these plants provide a method of methods that delineetegeological
outlining favorable auriferousstructureswith whichgoldmaybe
zones. Many fossil residuespartic- essociated.
ularlythucholiteand anthraxolite With the recent development

nf the GeologicalSurvey
of eam-71/9a180D'uOsrinsiret(NTS 32 C/4 inmay be auriferous(e.g. Witwater-

srand,South Africa).Analysesof the GSC Queenair
da's aeromagneticgradiometerassurveyaircraft.The survey is be-these residuesmay be anindicator a tool for detailedgeologicalpro-

of quartz-pebble conglomerates . . carriedout at the requestof
and other types of gold deposits. grams apparea a the Associationof Prospectorsof


such surveys will be of consider-
Analysesof the humichorizonsof Quebecand will coverthe impor-

able value in elucidatingsome of
soils has proven effective in out- tant CadillacBreakwith whicha

the complicatedgeologicalstruc-
lining auriferouszones in many number of importent gold de-

tures that are a featureof many
partsof the world. gold camps. Perhapsit is appro-PerneareasarcIated.If reaultaof the experimentalgradlometer

priate hen to illustratesome of
Atmochemical surveys survey appear to be useful for

Some auriferousdepositscon the advantages of the  tainsmall quantities of thoriu aeromagnetic gradiometer tech-sgoueularged , en ope u y

nique in comparisonto the single program could be
and uraniumwhich yield heli carried out if the appropriate
an

be

sensor The aerompfundingis madeavailable.d radon as disintegrationpr instrument.
gneticgradiometerconsistssimply --ducts. Such deposits may in

nodicated by their higher than of two magnetometersseparateda

mal emanativehelium and rado short distance apart so that tIte

content. differencein readingsof the two
instrumentscanbe measured.

Since 1975, more than40,000
Radiometric surveys tine miles of gradiometerdata

have been obtained as a resultofCertaintypes of auriferousde-
about 20 surveysin a varietyposits contain thoriumand ureni-  of
Precambrianterrains to demon-um at the minor and trace ele-
strate the effectivenessof thegra-ment level. Examples are the diometer technique. These haveWitwatersrandquartz-pebblecon- resultedin the publicationto dateglomerates and various Pro- of 45 verticalgradientmapscon-terozoic and younger vein-type toured at an interval of 0.025deposits (e.g. Tennant Creek, gNorthern Territory, Australla).ammas per metre in additiontorix Open Fes of the surveys.

Mostvein and lode gold deposits il
us  arealso marked by alteratIon " then is now a sufficient

whichpotassium(nclud-zones in body of experimentalevidenceto

ing the radioactiveaaK isotope) is demonstratethe i

considerably enriched. Certain"tY of the gradiometertech-11

mproved capa-

placersan enrichedin radioactivenique over single sensorsurveys.
These advantagesaresummarizedminerals such as monazite and

zircon. as follows:
These featuresprovidea meth-; superior resolution of anom-od, utilizing gamma-rayspectro- alies produced by closely-spaced

meters and other radiometricap- geologicalformations; "paratus,for detecting and outlin- > •••
0ing many types of gold deposits. anomalies produced by near- at. a to ;


Little work of this nature has

been done in Canada;duringm-

	

e surface features are emphasized 4å-2 1:5

1980 (leld season the Geological 5with respect to those resulting
frommoredeeply-buriedrockfor- ilie •

Survey will commence detalled
radiometticstudies of variousau- mations; Esi r4Z

methods.
.4= li1 0 -11riferous areu to evaluate the = • '

dinct delineation of vertical ).
contacts by the zerogradientcon- 071. p

	

1tour value Le. vertical contact — > >•
co 03 4a, § S z

prospecting for mapper; tli  
1•1. t.;

r13.

of its host rockto anymeasurableCanadian PrecannbrianSlueld
degree. However, it is to be ex- wItere the geology is complex
pected that the inducedpolariza-and/or is covered by drift, and
tion technique would respondwhere the superiordefinition of
where disseminatedgold wu pre- the gradiometer(with its higher
sent in sufficient concentration
althoughit wouldnot be expected

cost) is warranted.Asan experimentto ascertain

that such cases would be very the value of the aeromagnetic
frequent. Where gold occurs in  associationwith sulphidesthe ex- gradiometertechniqueto goldex- 'i thploration programs, e Geologi-
ploration target is mucheatier to calSurveyof Canadawill refly the
:-;,te . , .o .h .isical technicues

Geophysical
gold

Geophysical techniques have
not hitherto been much utilized
directly in prospectingfor gold
mainly because gold is usually
presentin such small amountsin
its depositsthat the element does
not alter the physical properties

We expect that interestin the ,
verticalgradiometerwill continue
to growandthat it willbe utilized
to survey problem areas of the

4) regionalgradientof the earth's

magneticfield and diurnalvaria-
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Consideraeochemistrywhenseelanggolo
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The authors (Boyle and Gleeson. / I
1972) analyzed sorne 400 heavy
mineral concentraks for gold from /


stream sediments over a f.900
square mile area centred on Keno
F1111.Yukon. All of the known gold
depositswere indicated by the dis-

••••.•

kb.t»MPle-
Reconnaitnanee sinveys: The

most effective reeonnaissance
method in prospectingfor gold. es-
pecially in areas with well devel-
oped drainage systems.is panning
followed by chernical analysis for
gold in the heavy mineral separates._
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Initially it was nitt man that
sought gola bta nalure that brought
it to him in the form of allut ial
grains and nuggets glinering on a
stream Ised. Since early Egyptian
times (4(110 13.C.) prospecting for
gold has heen dependent on visual
recognition. Today with the aid of
geochemistry man's capability to
deteel gold has been greally ex-
tended, making it possible to ('md
dcposits that have no physical sur-

face expression.
Gold is • mcmher of Group 113of

the Periodie Tahle which includes
copper, silvcr and gold. In its chem-
kal reactions gold (Au) resembles
Silyer (Ag) in some respects. hut its
chemical character is markedlv
more noble. The principal oxidation
stales et gold are Au (I) (aurous)
and Au (III) (aurk). These statesare
unknown as aquo-ions in solutions.
the element being present mainlv in
complexes of the type (Au(C19)217
(AuC121: 1.4u( )4I1AuC141* and
lAuSr

The abundancc of gold in the up-
per lithosphere is about 5 parts per
billion (ppb) and the gold/silver

ratio is ahout 0.1. The average gold
content of igneousdype rocks in

parts per hilhon is - ultrahasic (4).
gabbro-basalt (7). diorite-andesite ,
(5) and granite-r1”olite (3): in sedi-
mentary rocks the average is -
sandstone and conglomerate (30).
normal shale (4). and hmestone (3 ),
Certain graphitie shales. sulphide
sehists, phosphorites and some
types of sandstones and conglom-
crates may contain up to 2.100 pph
gold or more.

The avcrage gold content of soils
is 5 ppb and the avcrage for natural
fresh waters is 0.03 ppb; for sea
water the averagc is 0.012 ppb. Most
plants and animals contin lessthan
1.000 ppb in the ash.

The principal types of gold
deposits are quartz-pebble con-
glomerates (Witwatersrand type).

4old quartz veins and stockworks
(Yellowknife type), disseminated
deposits(Carlin type), and modern
placen. 1n aU these deposits the
principal goId mineral is native
gold; other auriferous minerals in
gold deposits include various tellu-
rides and aurostibite. The tenor of
most gold deposits rangesfrom 1-35
ppm gold 1

As with so many stherilemeals.
yplicationk of geochemieduplon:
ation teriiniques in ifie learch tar

- Edd have-jiacte71-due in alakge
,rt tgjgvancemencsinn annlytical

technicees. The-tWeiTioitTtiminon
anafytical inethods employed 'for
gold in commercial laboratories in
Canada involve determination of
the metal by a combined fire assay
and neutron activation method or
combined fire assayand atomic ab-
sorption spectrophotometric
method. Detection limits using 10
grams of sample are in the order of
I ppb for the former method and 5
ppb for the latter. For plant analy-
sts. Minsk L al (19724_havs
deschecLaasensitive and precise
method usinta nondeirructive iku--

Ifaaglitratioateckniqueshkim-
:tdres 251imr:Ltiun . and has a


of Canada in which gold panicles
were counted in heavy mineral con-
centratesfrom tills and eskersin the
Kirkland Lake area are effective in
defining auriferous glucial trains
(Lee. 1963. 1965).Chemical unalysis

of heavy mineral concentrates from
eskers is one of the few surface re-
connaissance geochemical tech-
niques that ean he used in areascov-
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
areas (Gleeson and Ilornhrook.
1975).

1n Northern Onutrio auriferous
alteration halos in Precambrian  fel-
sie plutonic rocks hase been defined
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by chemical analyses for gold. W..1,
Wolfe (1976) states that limited sys-
tematie sampling of granitie
intrusions at 30-50 randomly dis-,
tributed sites may be suffieient to
estimate the gold exploration polen-
tial of stock-sizedbodies. Analyses
of rock samples for gold were pri-
marily responsible for defining fine-
grained disseminated gold deposits
in the Carlin-Cortez area in Nevada
(US. Geol. Surv.. 1968).From these
examples it follows that where suf-
ficient outerop is present rock .geo-
chemistry utilaing gold as the mdi-
cator can be an effective tool for
selecting target areas and defining
deposits.

Detailed suneys: The presenceof
eld in liv ing plants and the en-
richmein of gold in the humus laver

mineral concentrates; in addition .

severalanomalous areasnot known
to contain gold were defined (Fig-
ure I). 1t is interesting to note that
examination of the concentrates
under a binocular microscope prior
to chemical analysis indicaled that
gold was present only in samples
taken from placer gold workings.
Much of the gold deteeted by (he
chemkal analyses is bound in other
minerals. especially in secondary
iron hydroxides such as limonite
and goethite.

Surveys by the Geological Survey

Min

enatres, 9 	 9 isiktlemetnt

FIGURE Gold in heavymineral coneentrates.Duhlin Gukh area. Yu.
afler BoyleaS Gleeson.1972 - seerekrenees).
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of khesoil were demonstrated some

42 years ago (Goldschmidt. 1937).

and more recentiv by Curtin er al
(1968). who have ihown that gpld in
. .

delineating, gftW deposits covered
lunum and lacial drift in the

m_ pjtt.Aistnçj. olorado. Sim-
ila y. soil surveys carried out by
one of the authors (CFG) in the
Kirkland Lake, Noranda, and Val
dy_r areas have shown that the best

itio
obtaine

In areaswhere
well eveloped podsolsoccur there
is much lessennchment of gold in

, the "B" horizon over known gold
occurrences. whereas there are
marked gold anomalies in the
highly decomposedhumus from the
same sites (Figure 2). Follow up
drilling on humus anomalies was
801 successfulin finding auriferous
zones buried beneath 3-120 ft. of
permeable glacial cover. The an-

, omalies in the humus appear
direaly over the subcropof the au-
riferous zones, and their dispersion
pa(terns appear little affected by
slope or glaceal transport. Gold in
hu s fr e 3 000 sam

laken from gold pronerties in the
Abitibi area of Ouebscrangfrom
Iessthan 5 b to 8.300 bwithan
avera e median value) c)1111 12

.i ne ecantanoma ous values
were generalr reater than 100 b

In an oxidizing environment the
uptake of guld by plarusand ib sub-
sequentconcentration in humus has
been attributed principally to cy-
anides (Lakin er al. 1974) produced
by the hydrolysisof cyanogenicgly-
cocides.Over 1.000speciesof plants
are known to produce free cy•anide
naturally. Lakin and his co-authors
(1974) concluded that:

... ample hydrogen cyanide is
formed in the soil by hydrolvsis of
cyanogenic plants. animals and
fungi to result in solution of gold in
an oxygenated environment. The
igtd—eyanide thus formed is ab-
mbetiby_plants but they desnotine
it ass nutrient-ifii therefore found
accumufaiing  as a reiect in the
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FIGURE 2. Gold In humusand "8" horkon soitsovereersaingold-bearing
zonesin theAhIsIbIregionof Quebee.

tooduarts oft plat. Thedecom-
positionof plant debris resultsin the
reduction of the gold in the plant
material and gold accumulation in
the humus honzon of the soil."

In areascovered bv impenneable
glacial depositssuchis glacio-lacus-
trenesiltsand clayssurfacesampling
of soils and humus gives negative
results for gold. In these environ-
ments systematic till sampling at
depth has proven effective in
delimitating gold zones covered by
3-160 ft. of glacio-lacustrine mate-
rial. The best anomaly dellnitibn
has been obtained from gold anal-
vseson the heavy mineraI fraction
Of the till. In sucli a situation one is
defining gold dispersed as particles
in a non-oxiclizingenvironment.
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Target area Raitevarre

Introduction 


7he Raitevarre area is situated 690 17' North, 250 East and lies about 40 km's

SW of the village Karasjok in Finmark about 300 rn above sea level. The

area is mapped in detail by Resholt. 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 ie Svekofenno-

karelian (2000 rn y). The rocks are metamorphk sediments and valcanites

in the amphibolite facies. To the west and to the east the prefennokarelian

basal cornplex (2800 rn y) occurs with granodioritic and quartzdioritic gneisses

with migmatites to the west and granulites (Svekofennokarelian metamorphi-cs )

to the east. H. Skålvoll (1911).

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.

ummar of ros ectin won

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 sarne year there was done a helicopter survey by

Terratest AB that covered 45 km2 of the area. It was done magnetic and

electromagnetic measurernent in 582 profilekm's. In the center of the

geochemical anomalous arep. see under "geochemistry"1the profile distance

was 50 m and outside the distance was 100 rn. The profiles were flown in

NE-SW direction at right angle to the general strike of the rocks.
2/5

Fig. 3 shows the electromagnetic In Phase Component over the area. It is

measured in pprn of the prirnary field. A clear NW-SE-strike is seen on the

electromagnetic anornalies 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 outcropa of this type of

mineralization is found. The Out of Phase Component and the magnetic

anornaly map also indicatee the NW-SE-strike of the rocks.

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

measurernents are enclosed.

I.
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Geochernistry


Stream sediments

In 19617 the NGU did stream sediment sampting for Sydvaranger. An area

of 330 km2 was covered with 838 samples. The samples were taken each

250 in. Ttus geochemicat investigation resulted in different anomaties. One

of the anornalies was very clear with high values in copper, zinc and silver.

The highest copper and zine contents were above 600 pprn and the highest

silver content was 0,9 ppm. Fig. 4 shows the copper contents in the strearn

sediments in the Storfoasen - Raitevarre area.

Soil sam lin

In the field soit samples are taken over an area of 10 km2 in a grid of

250 x 50 rn with E-W-going profiles. The distance between the proffies is

250 m and distance between each sarnple in the profites is U rn.

The sampLes were taken at depths from 0,5 to 1,0 rn.

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

mckel. 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 approxirnately 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 rnovement direction. It is not believed,

however,that the ice rnovement has caused the shape of the anomalies. The

area just NNW of the highest copper anornaly-area is definite low in copper,

so it is not likely to belive that the NNW anomaly ridges are caused by

the iee 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 bearin dioritic gneiss there is a black schist rich in

pyrrhotite. Both the black sehist 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 chemical action on

the copper bearing gneiss with deep weathering of the rock and leaching

of the copper.

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

-1-
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terrain have a high copper content. The copper content in the water

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

depos ited here.

In the copper anomaly area W of Raitevarre ground
wateAoming out. Copper analyses of the water gave 0,040 ppm in'the welf,


0,025 ppm 200 m down strearn and less than 0,010 ppm 600 rn from the welL

'The wellygave more than enough water to supply the drilling of one rnachine

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.

Co er oisoned 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 patehes of several square meters are completely free

of vegetation. These palehes are heavily poisoned and copper contents up to

3% is found here, Bølviken (NGU) who earlier had worked with poisoned areas

in southern part of Norway was informed of this poisoning. Together with Låg

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 ie 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 pcisoned area looks very much like ordinary

peat bogs.

Remote sensin

Infrared air photos.

Fjellanger-Widerøe 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 frorn the soil samples, and anomalies

-4 -



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,

Bølviken 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 rnicror.s.

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 "carnp

corridor anomaly".

Core drillin

Diamond core drilling was carried out at Raitevarre with(5582m 1973 and

887 im 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:
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Drillhole No. 4 is the only hole which is not vertical. It is drilled with 70°
inclination in direction 250g 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 0166 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 in a
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 aulphur from holes No, 1, 2 and 3.
The doredcys are also enc/ned.

Latest r o s ecting 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 epring
1981. This will enable us to do a much better interpretation of the geology
and irnportant structures in the vicinity of Raitevarre.

Most of the inner parts of Finnmark country is covered with glacial till from
1 to 4 m and often morelas in the bottom of the valleyslwhere 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 rrhotite
(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 sirnilar 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 decornposed pyrrhotite.

-7-
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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 metasediment sequence, we have the copper bearin

gneis_s. This gneiss is n-iostly dioritic in composition with amphiboles altered

into chlorite. Redianets 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

are-also found. (-F-Davies 1980).

The contact to the mineralization seerns 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 alternatin bands of black echist,
ta. out

limestone and neiss. In the black schist se uence there are
eare schists,

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

has a great variation in the graphite content. In the areas with hi hest raphite

content there are also much pyrrhotite and somepyrite. S halerite is also

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

arnphibole 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

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.

-8-



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 old content
varies from zero up to 8 ppm, while the mean old content enerall 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 I 2
samples).

Small gold rains 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.

Small amounts of rnolybdenite is also reported by Hagen.
WITh

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.
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Recomandations for further prospecting work

Prirnarily the most important factors of the prospecting work carried out

should be sumrnarized:

The low grade copper-gold bearing gneiss is found along the atrike

of the rocks from Raitevarre to Bæivasgiedde (fig. 1).

This is a distance of at least 20 km. Some places the copper content

is up to 0,44% over 20 rn 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 Bæivasgiedde. The

results frorn 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

eituated in the same Precarnbrian forrnation. Here it is important

gold concentrations in the ore. Gold is also found in "encovraging"

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 Kittila area, however, which is sorne 190 km's S of Raite-

varre it is described an area with chromian marble (Pekkala and

Puustinen 1978). The chromian marble is sulphide irnpregnated.

Some places the sulphide content is as high as 30% and the rock is

then called a sulphide schist.

-1 0 -
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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 Tirnmins area in Ontario

Canada (Karvinen 1978t), Davies 1980, Morrison 1980, the followin su estions

for a follow u work on the ros ectin work can be set u :

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

Detailed structural rnapping 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 distbution 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 19801B. 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 inforrnation that will be free from NGU's work in

the area, the structural analyses over Raitevarre (fig. 13), the

digitalisation of the lineaments 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.

Detailed geological mapping should be carried out. We should

especially do follow up work on the volcanic -rocks.
Nornson(S980)Stoiss fhat a5SoGioAion between voleamc nee gs and major gol Ct
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 neckscre 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 118 to find important volcanic centers or

volcanic necks. Important host minerali like tourmaline and ankerite

should also be looked for.

Prospecting techniques of geochemistry and geophysics should be

considered after the geological and structural work. Boyle and Hood

(1950) and Northern Miner (1979). (Enclosures).



Conclusional remarks and costs

The Raitevarre area has several sirnilarities to other gold associated areas

in the vicinity (Biedjovagge and Kittila) 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 lowgrade 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 rnagnitude. 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 econornic 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.

biruev egV 38(

72/S 11,144
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ANALYTICAL RESULTS FROM DRILLHOLES
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1973:

Bh.

Kjernerapportog boroversiktRaitevarre

DTidsromSkiftm/skift




1 98,7 4-10/8 7(langsk.)6 13




2 155,05 13-29/8 198,2




3 220,15 1-21/9 3216,8




4 83,7 23-28/9 1018,0




Sum 557,60 4/8 - 28/9 698,1




19 76:






5 231,3 27/7





6 196,0





7 157,4





8 223,5





3 79,2 7/9





887,4m 27/7-7/9= 43 dg - 6 fridg-ddg.flytt= 29 dg





59dg




58 sk.

): effekt 15,3m/skift

Med andre ord - antrentdet dobbelteav effektenfra 1973
med nesten tilsvarendemaskinen.



DYP




Start 4/8 fertige

Kjernetep

10/8.Dyp 99 m.7

Analyse

lengekirt.13 m/skift.
•

Beekrivelse




Legdeling

0 - 3,5




Overdekket




P.g.a. dypforvitringmå det boree jordboring

ned til 3,5 m.Spor Cpy 1 de grove kjernenesom


eannsyn11pvis•r ine1thublokk.

3,5 - 10 a:900




Lys dior1tiekgnefe med enkelte merkerepertier

med amf.,biot1t og klor1t.(Mullg også fucheit

ved 9,8 m)Oppepr.ce.10 spr/m.





Mineralisering:Spor Cpyneeten i hela kaseer,

men trolig 2 0,1 % Cu.Noe bedre9,6 - 9,7 m




0,11 9-10:Cu,Ag,N1,2n med kloritt.Merkt blettertemlnr 7ved 9,2 m.

preve.

10 - 20 90o




Som foregående,men mindre Cpy.






Prenna10,8 mev merkt artsminrm/Cpy






"13,6 mev Py og Mk for kjem. anelyseog sli

20 - 30 iv 900 0,03 22-30:Cu,Ag,N1,2:1 Vesentligkloritrikgnels.





0,03 23-24:"""" ISULL Mye py og.epor Cpy spesielti fortindelse

med kloriten.Analyse ev 22-24 m.Noe MK.





0,05 t 35-36:""""




30 - 40 r800 0,08 + 36-37;"""" Beronrt: Gneis med tiltagendekloritinnhold





0,124 37-38:""•" mot 40 m„





0,13 38-391"""" 1:11muSpor Cpy 30-35 m.Mot 40 m starkerespor





0,25 39-40:"""" ogtildele pen mineraliseringmed Spy og MK.






Rialativtlite Py.38-39ser ut til å vere best,

Preve.

40-50




0,24 40-41:Cu,Ag,Ni,Zn Bergart:Relativt mye kloriti gneisen.





0,35 41-42:"""" Avtagendekloritinnh.mot 50 m.





0,24 42-43:"""" Kvartsone41.8 - 42 m.





0,11 43-44:"""" Mineralisering:Stort sett pen impr. frem til 47,0





0,03 e 44-45:"""" Prøve 41,4og 46,1av pen Cpy-minr.44-45,1:8-4..?





0,31 45-46:"""" og 49-50svakt impr.





0,31 46-47:""





0,13 47-48:""""





0,09 4 48-49:"





0,09s. 49-50:"




50-60 ^,90° Bergart: Grå gneis med jevn fordeling av klorit.

Minr. : Svak impr. av Cpy. Beste impr. 50-52 m.

60-70 Bergart: Som foreg.

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

70-80 Bergart: Som foreg.,men med klorit.

Prøve fra 70,2 m med klorit,Py, MK og litt Cpy.

Minr. : Litt py og MK med rike tydeligeCpy-spe

80-90 80-90° Bergart: Vanlig gneis 80-84,7 som foregående.

84,7-90 granat-glimmergneis med kvartsøyne.

Prøve 88,8m.
Minr. : Litt Cpy og MK i kvarts ved 82,6.

Ellers meget svake kobberspor. Kan ikke se Cpy i.

granatgneisen. Forholdsvislite pyrit.

90-98,7 80-900 Bergart: Vesentliggranatgl.gneism/kvartsøyne,

men sonevismed den vanlige gneis og hydrothermal-
kvartssonen.

Minr.: Noe Py hele veien,men evert evake spor

med Cpy og Mk.

Hulldyp 99,0 m

Kjernelengde 98,7 m



Bh. 2.Start 13/bferdig etter nattskift29.8.

'

2
Mask.havari16/8-23/8)i19 skift8,2 m/skift.
(3 hele skift i mange små stopp6 skift v/prakk)




Dyp155,05.




(Vært oppe i 23 m/skift12 m/skift effektivt)

0YP LagdelingKjernetap Analyse/prøve Beskrivelse

0-5,0 overd.




Overd. cg.2 m.2 - 5 mdypforvitring.

5-10 A.980°

6,7: MK og Cpy I
lys b.a.

Bergart:Grov granatgl.sk.granater 1-2 cm.Soner

med litt grafitt.Kis i soner med kvarts (?) og

feltspat.




9,05:Granat gl sk. Mineralisering:MKi sonermed kvarts (?) og

feltsp (prøve)MKogså i granatgl.sk.Spor med




Cpy.Litt grafit.

10-20 90o




Bergart:Som foregående10-15,2.15,2-20 etterhver

lysere bergartmed spett av biotitt og diffuse

granater.Mot 20som en lys grå gneis.





Mineralisering:MK12,8 -5 % kis.Mindre

kis 15-20m.10-15 mlitt (spor)grafit.

20-30 900




Bergart:Vekslende granatførendegl.gneis.





Lite granaterfra 27 m.og soner med grønnstens-





(klorit)materialemed kvarts og kalkspatsoner.





På sluttenenkelte blåkvartssoner.





Minr.:Lite MK(spor)

30-40 80-90° 38,85 MK og sph ?
39,5,,n„

Bergart:Vekslende som foregående,men bare få

granater.Fremdeles"blåkvarts"i klorit-sonene.





Minr.:MEfra 3,7 - 4oi veksl.mengde-J 10 %

kis.Også sinkblende?prøve.En del karbonat

med kisen.,

Grafit33,95 - 34,20.

40-50 80-90° 41,4 Granat m/korona Bergart:Vesentlig grå til mørk grå gneis med

med spredtegranater og tildelskalkførende.





Granatenehar en lys reaksjonssonerundt seg.





Minr.:Kun litt MK.Kan ikke se grafit.

50-6o 80-90° 56,4 Veksl. Kvog

kalksp.

Bergart:Som foreg.,men mer skifrigog mindre

granat.Flere kalkspatsonerpå opptil 2-3 cm.

Kalkspatsonenevekslermed kvartssonerog gl.

Betydeligmed kalksp. i gneisen.

Minr.: 54,6-56 veksl. grafit kalksp./kvarts

54,8 cp-ansaml.	 med litt ME og spor Cpy, særligmed grafit.


Prøve av største Cpy-ansamling.

60-70 Bergart:Mørkere noe mer skifriggneis. Kan ikke

se granater,men hvite spettersao kan tenkes å

være omv. granater.Joda, det stemmerdet

kan se granatrelikteri de hvite minr.ansamlingene.

86,3 Omv.granat (Prøve) se prøve 41,4. Flere grafitrikesoner.

Tekt: Knusesoner63,9-64,3,65,4-65,5,

66,4-66,6,66,0-68,1,68,4-69,o,69,6-70,o.

Delvis breksiert fra 84-70m.

Minr : Grafitsoneri hele kassen fra få cm opp

til ca. 1 m (nesten sammenhengende61,5-62,5)

En del MK og noe Cpy i breksjesonenemed kalkspat

og euhedralkvarts. (Prøve)

L• 5 % sulfider i kassen.



Dyp Lagdeling Kjernetap Analyse Beskrivelse

70-b0
a, 90 0 Bergsrt:Grafitskifer og kalksten("kalkgneis"

71,6-75,9. Kalkgneisogså som soner i grafit-

skiferen.

Tekt.En del knusesOnerog breksiering,men

ikke så mye som i foregåendekasse.

Minr.:Grafit-rik skifer 70-71,6,71,9-72,2,

75,8-80, med litt kalk 78-78,5. Litt Cpy hele

veien igrafitsk. på speil.Ubestemt minr.

høy glans i grafitsk.Prøve.

Py på små (L1 cm) gangermed Xv og kalksp.

Tar ut 77-78 til analyse.

76,95-77,03:Minr.
m/høy glans i grafit

77-78: Cu,Ni,Ag,Zn

80-90 90° Bergart:Grafitsk 80-83,1, 86,2-86,5 med noe

kalk på samme måte som foreg.kasse. 83,1-86,5

vekslendekalkgn. og granatførendevanlig grå

gneis. Granaterm/korona. 66,5-90 vanliggrå

gl.gn. med granaterm/korona.

Minr.:I grafitsk.Cpy på speil san foreg.

I gneisen også pene Cpy-spor,men på strekkermea

90-100 70-90° Bergart: Vesentliggrå gn. m/granater. Enkelte

kvarts og kalkspatsoner.

Minr.: Litt MK og litt Cpy (spor). Hurtig

oksideringpå MK ! Belegg etter bare 2-3 dg !

Bergart: Som foreg. samt en del biotit og klor-2

Minr.: Litt MK og spor Cpy spes. på sprekker

lysere partier (kimrtsitrike).

Bergart: Grå gn. m/omv. granater sult endel

biotit og klorit. Kloritsone112,7-114,7.

Minr.: Litt Mk. Kan ikke Se Cpy.

Bergart: Grå gn. med flekkersom trolig har vært

granater granater ! En del biotit.

	

g Tekt : Breksje 120,120,6. Kittet sammenmed

kalkspat.

	

Minr.: Cpy-soner:120-122,9, 127,6-130.

Siste sone har en del py m/Cpy.

" " Bergart: Grå gneis m/muskovitog biotit.

Kan ikke se granat.

Minr.: 150-140m mer ellermindre impregnert

med Cpy, Cpy-holdigpy og MX. Alle 10 m må

analyseres.

ø 11

100-110 go°

	

110-120 70-90°

120-130

	

130-140 70-90°

0 122,9-124 :

0 124 -125 :


0 125 -126,6:


0 126,6-127,6:


>0,3 127,6-128 : " "


4 128 -129 : " "

129 -130

130 - 151 :

131 - 132 : " "

132 - 133 :

133 - 134 :

134 - 135 :
155- /35 » •
136 - 137 :

137 - 136 :

138 - 139 : " "

122,2:MK,Cpy

121,9:Cpya (py)

	

e120 -121 Cu,Ni,Zn,A

	

0,2 121 -122 :

rel. 122 -122,9: " " " "
lite

11 11

11 ø

11 11

ø


il

139 - 140 4 4 4 4
Py og Cpy

137.5: PY, MK og DPY



DypLagdeling Kjernetap Analyse Beskrivelse

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

14312: Gl.gn m/Py,Cpy

+140,141: Cu,Ni,Zn,Ag

+142-143: "
+143-144:

+144-1(15:

+145-146:

+146-147:

+147-148:

148-149:

+149-150:

151,9: Lys gn.m/kloritMK,PY,Cpy

152,6: Gn spettetm.klorit

eller amf. ?

155,05:Gl.gn.m/granat+CPY

+150-151:Cu,Ni,Ag,Zn

+151-152:" tt

	

+152-153:" 11 11

153,154:" 11 11

154-155:" " " "

(140-140,5

45°

140-150 70-90°

150- 155,05

11

Bergart: Grå gneis. Kan ikke se granat,

men "kvartsøyne" som kan minne an

amvandledegranater (pr$ve). Spettermed

klorit og soner med biotit og muskovit.

Minr.: Mineralisertscm i fcrrige kasse

med Cpy-holdigPy, 1111,Cpy og Mk.

Hull - Dyp Kjernelengde.

Bergart: 150-155,4 som før med spetter

av klorit (elleramfibol ?) Prøve.

Muligens noe granatrelikterruenmere153,4

153,4 - 155,05 en gl.gn. med rikeligmed

granater (prøve).

Minr.: Svakeremed Cpy enn i siste kasse

Svakere stor når granatene kanmer inn,

men pen Cpy-Mk-stripeved 154,4.

Dette hullet burde ha vært kjørt lenger,

men ble avblåstp.g.a. dynamosviktog

pumpefestesvikt. Maskinen ble tlyttetmen5

dette ble reparertfor å utnytte tiden.

Bh. 3. Start 1/9, ferdig 21/9. Helg 7-10/9 ): 32 I skift. Halldyp 220,15

): 6,8 m/skift

Dyp Lagdeling Kjernetap Analyse Beskrivelse

10-20

Overdekketog grov kjerneboring.

Bergart: Granatgn.5,5-7,7 og 9-10

m/kvartsøynesom er amv. granat og med

granat.

Grafitisk:7,7-9sterkt grafitholdig.

Minr.: Intet.

Bergart: Granatgn.m. klorit og amf.:

10-16,7,16,9-17,2,17,25-17,35,19,3-19,

Feit grafitsk. 16,7-16,9, 17,2-17,25,

17,35-19,3,19,5-20.

Minr.: Intet. Spor av MK i grafit.

Bergart:Grafitsk.med noen få striper gn

Veksl. grafitinnh.

Minr.: Pene spor av MK, Sph, Spy spesiel

i de lysere partier på eprekkerog i tynn

lag.

Bergart: Orafitsk.veksl, type og mørke

partier.

Tekt : Breksjesone(sammenkittetm/kvart

32-32,2)

Minr.: Som foregåendem/MK Cpy og litt t

spesielti de lysestepartier.

0-5 , 5

5,5- lo

20-30 70-850

mest 70°

22,7-22,9:Orafitsk.og gn.m/
MK,Cpy,Sph.

30-40 67-700
30-31: Cu,Zn,81,Ag

31-32: " " " "

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

i.



.7)
C'

Dyp LagdelingKjernetap Analyse Beskrivelse

40-5 0 47°,60°, 7 3°




Bergart:Grafitsk.40-44,2,44,8-44,9,

45,05-46,2,49,8-50.Grå gneis m/granat,

amvandl.granat("kvartsøyne")gl. klorit,
amf.i44,2-44,8,44,9-45,05,46,2-49,9.




42,05:Py,MK,Sph,Cpy Minr.: Som 30-40 m, men noe mer nY.




Kalkspatfyllinger.

50-60 60°,67° 52,8: Grafitsk.-gneis Bergart:Grafitsk.veksi. lys og mørk.




53,5: Grafitsk./m.Cpy Der den er lys ligner den gneisenmed anv.

granater + litt grafit(prøve).




Tekt.:Breksje sammenkittetm/kvarts:




60-50,2,53,7-54,3.Flere knusesoner.




MinrEn del pene spor med Cpy og MK.




Prøve 53,5.

60-70 60°,68°,45°




Bergart: Orafitsk.lys type fra 64-70m.





Tekt:Knusesone 66,7-67,0.





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

foreg. kasse.

70-b0 60,60,52,45°




BerRart:Veksl. grafitsk.og grå gn. med

og uten grafit.

80 - 90 80°,63°,63°

110-120 l0o°,90°,

loo°

120 - 130 so°,ao°,
loo°

130-140 100°,90°,
ao°,1oo°

140-150

Tekt.: Noen knusesoner.

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

Bergart:Grå gneism/granat80-82,7,86,7-90
med et partismågraftisoner.Grafitskog gi
gneisi veksl.82,7-86,7.
Tekt.: Knusesoner(6 stk)10-40cm
fra83-89m.
Minr.: Kun svakeCpy-spor+ MK ogpy.

Bergart:Biotit-granatgneis.
Minr.: Ikkespor.

Bergart:Somforeg. Granatstørrelsenveksle,
heltopp i 1 cm: Noenstederomv.sonerundt

102,7:Granatm.omv.sone granatene.Prøve.
Minr.: Ikkespor.

Bergart: Veksl.grafitsk.,grafitholdiggn.
gn.m/granatca. 50/70. Sonermed

114,6:Grentminr.Kalksp? grentminr.Kalkspat?litt.forhardt.Også
granateri gratithorisonter.

Breksjesammenkittet1o7,4-108,10
Ellersflereknusesoner.
Minr.: SporCpyog littMK smrligi forb
med sprekkerog breksjesoner.

BsEsin: Veksl.grafitekog grenatgneisso.
foreg.dog mestgneis(NE2,5m gratitsk)
Tekt.: Breksjesammenkittet120,7-121,4,

knusesone:122,3-122,8.
Minr.: Kun sporCpy + MK og Py litt.
Bergart:-Biotitgn.eedlittgranateri beg.
sometterhvertblirborte.
Littgrafitakog gneis132-134og 135,5-135,8
Minr.: SporCpy i forb.med grafitsonene.

143,0:Klorit Bergart:Granst-biotitgneismedhraftige

kloritsoner141,5-144,3,146,3m.147.
Granateneer delvisomv.m/koronaav kvarts(
Minr.: Kun sporavMK og Cpy.

136,7:Gneism/kloritspetterBergart:Gribiotitgueismed kun få granater,

men spekketmedkloritspetter.
Minr.: Kun spor Cpy.

90 -100 66°(?),
70°(?)

100-110

150-160
90o



3 I
Dyp Lagdeling Kjernetap Analyse Beskrivelse

160-170




168-169:Cu,Zn,Ni,Ag
169-170:"""

Bergart:Grågn.grovspettetm/klorit.Noe

mindrekloritfra166m.




Minr.:Litt Cpy og py fra166 m.




Sanas0,10 % Cu.Opyrose166,8.

170-180 80°,70°,




172,5:Klorit-musk.-cericit-Bergart:Lyegl.gneis(skifer)medmye




80°,100°




bergartm/Cpy,MK,Py. muskovit(cericit)stedvisgrent+ kloritson




173-174:Cu,Ni,Zn,Ag

	

175-176:""""
fl

	

176-177:"""

Minr.:Cpy, Mk, Pyflekkvis i bestemte

soner.5-10cm.Diese utgjerlitetotalt.

Stedviso såbetdelimed. IdteMK.




Cpyfinnesogsåutenomdeanal, soner

muligenspå sammenivå,men svakmineraliser

180-190 70°,80°,100°




189,1:Kvartsit Kergart:Lysgn.m/klorit.amf.g1.m/granat.




180-181:Cu. Kvartsitisktypepi slutten.





181-182 Minr.:Cpy i helekassen0,1-0,2% Cu.





182-183





185-184





184-185





185-186





186-187





187-188





188-189





189-190




190-200

200-210

210-220,151000(7)

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

202,5:Cericitm/Cpy
- 200-201:Cu
o 201-202
+ 202-203
+ 203-204
+ 204-205

o 205-206
o 206-207

o 2o9-210

214-215:Cu
215,3:Musk.-cericitgn.m/

py og spor (?)C.

Bergart:Gneismedami.og klorit.biotitog

cericit.
Minr.:Svak Cpy - Py - minr.190-198

^J0,1%Cu.

Bergart:Amf.gneism/klorit,kvarts,cerici

Minr..Pen Cpy-impr.merlig202-205m, mer

helekassenmå anal.

BergarttCericit(musk)- klorit- gneis

m/amf.
Minr.1Vesentlig py,men ogsålittCpy.

( 0,1%). Tar stikkpriveanalyseav en av

de bestemetre.



1976.

Dyp

219,5-220

220 - 250

230 - 240

240-250

250-260

260-270

270-260

280-290

290-300

250°-70°

Dyp.

Porlengelse

Sp/pr.m_

5


5

5


5


5

5

5

5

$V

Iagdeling

av Bh. 3fra 219,3- 300m.

Analyse

279-280,0:Cu

297,0-298,0:Cu

Bh. 4Start 23/9ferdig 28/9 10

KjernetapAnalyse

Beskrivelse

Ba.lys glimmerrikgneis.
Mineral.imp.svovelkis
Ba.230.0-230,9somforegåendekesse.
230,9-240vekslendedioritiakgneismed
granat Mit imp.svovelkis.

Somforeg.m.svakesporCu på sistem.
" " vekslendemedlys gneis.

Ba. 260-268,0somforegående,268,0-270
Kloritrikgneis.Mi. 1mp.evovelkis.

Ba. 270-272,5Kloritrikgnels. 272,5-280,0
vekslendekloritgneis(spetter)granatførend
Mi. imp.svovelk1s,272,6-272,9godespor

Cu + wvakespori to sistem.

Ba. somforeg.(medgranatog kloritspetter)
Mi. 280-280,5imp.evovelkismedgod sporC

208,5.-290imp.svovelkis.
Ba. som foregkende.Mi. imp.svovelkis
292,0-298,5sporCu bestem tilanalyse.

1/2 skift. Dyp 83,7 : 8,0 m/skift

Beskrivelse

7-8 : Cu 0-3,0 overdekket

8-9 : " Bergart:Gneism/amf.noengranater.Krafti

9-10:" cerisitisert(muskovitflak).

8,7 Py i cericitiskgn. Minr.: Merog mindrePy-førende5-10%
somstedviser gulligog følgeligtrolig
førernoe Cu.Mest py fra 7,0-10m.

10,8:Py i cericitiskgn. Be art:Gneislysvekslende,men mest

10-11:Cu
cer1c1rikmedamf.og granater(+klorit)

11-12: Minr.: Py heleveien,men mest10-15m.

12-13: Noenfå grafitkorn.

13-14:

14-15:

20-21:Cu Bergart:Somforegående.

21-22:" Minr.: Py somforeg. Helekassen

29-30: reanalysereshvieCu.

30-31:Cu Bergart:Somfør.

31-32:" Minr.: Py somfør, mest30-35.

34-35: " GedientCu I Helekassenreanalysere:
hvisCu.

41-42:Cu Bergart:Somfør,menmindrepy.Mye klorit.

42-43:" Minr.: NoemindrePy enntidligere.

41,3 : Kan se sporMK og Cpy.Anal.althvisCu.

50-51 Bergart:Klorit-amf.-granatgneis.Lik

51-52 tidligeregneis,mennoemindrecericit-

52,7: MK i klorit muskovit.
Minr.: Py som før.En delMX i klorit

52,3-53.

64,9 Py - Cpy Bergart:Somfør, noemer sliret p.g.a.

60-61:Ou stedvisstoregranater.

61-62 Minr.: Kvartssone64-64,5.Pen Cmy minr.


62-63 64,5-65.Elleren goddelgulPY.

fl
ts.+3.72t

6 , 68-69.69-70

	

0-10 100 0 ,50 0

10-20

20-50


30-40

40-50

	

50-60 100°

	

60-70 80 - 100



Dyp

70-80

80-85,7

Dyp

8-10

10-20

20-30

30-40

40-50

50-60

60-70

80-90

90-100

100-110

Lagdeling

i




KjernetapAnalyse

70-71:Cu
71-72

72-73

73-74
74-75


75-76


76-77




70,6: Py-Cpy

80-100°




80-81:Cu




L..0,05Cu 81-82:"




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

Bh. 5.




Lagdeling




spr./mAnalyse

70-80°




8 m o.d.

6080°




8 spr.m017-18Cu




0,0 18-19"




0,019-20"




9"20-30• (enpr. m)




12"50-40"




5" 40-41"




4"




5"




3




3




6o 91-92,5 Cu 0,10




0,192,3-94"0,15




5102-103,5 Cu,Pb,Ag




105,5-105"




105-106




106-107




107-106




108-109




109-110

Beskrivelse

Bergart:Grågneism/granat.Kloritamf.

Minr.: Tildelspea opy-holdigpy fre

70-77 m. Dogsterktvskelende.Også

en del flekkermedMK.

Analyse70-77 m.

Be art:Grigneissliret,som etterhvert
ir sterktgranatførende.

Minr.: LitePy, menden serut til å

inneholdeCpy. LittMk.

Beakrivelse

Ba.Vekal.dior.gneisOg amf.-kloritgneis.
Kan ikkese granat. I den grovekjernen

seeslittgrafitskifer.

Ba: aomfortgående.

Minr.: Megetfink.Cpy18-20m og littMK.

Ellerseporav py.
Ba: Ves.dior.gn. Kvartaførende28-28,(
en kloritiaksone.
Minr.: Cpyi vekal.mengde,menoftemeget 

fink. Enkelteklyseri forts.m/kvartsroser

og kloritsoner.

Ba: gomogendioritiskgneis.
Minr.: SporCpy. Svaktfra 56-40,men bele


kassenmå.snalyseres.Noenstripermed fluag

Ba: Dior,gn. m/amf.og klorit.Litt

granatfraca.46 m.
Minr.: MegetliteCpy 40-46m.
3-4 •••hrsv 0812 kVartS. A/13:Ii(Xe Ccxr2iimem

Ba: Dioritiskgn.(m/amf)m/klorit

og kvartsog granat.
Minr.: LittPy og megetsvakesporMK og Cp

Ba: Dioritiskgn. klorit,kvarts

og sporgranat.
Minr • Littpy + aporMK og Cpy.Typepreve

Py-sonev/66,8og Cpy-stripeved64,3m.

Ba: DioritiSkgn.m/amf.,klorit,granat

og rtl.myekvarte.Ehkelta3-5cmkvartssone

Minr.:Littpy og megetsvakesporMK og Cp

Ba: Dioritiakgn.m/aaf.,klorit,kvart:

(ikkegranat).
Minr.:Jevntm/Py.

Ba: Dioritiak(amf.)gneismervekelende
ennforegående.Et delkvartsogklorit.

Minr.:Pra92,5 Cpy (lite)og Py samtnoe:

striper25!2. AfedA5,4444r/1-
Belekassenmå anal.hvisdettegirresultal

Ba: .Dior.gn. meden delkvarts,amf.
og klorit.
Minr Py i helekassen.Fra 103,5-110

Cpy,py og sporblyglans.



Beskrivelae

Be: Dior.gn. m. kvarts,muskovit,klorit
og amf.(ikkegranat)
Minr.:Cpy,MK, Py. Bramed Cpy111-118.
Lite118-120,men helekassenmå anal. Pene

ansaml.Cpy i kvartssoneroftemedlittMK.

Ba: Dior.gn. forholdsvishomogenmed

enkeltekvartssoner.Grenatfraca.125,7.
Ellersklorit,amf. NoeCr-glimaer htt

Minr.:LittCpy 120-127.EllersmestPy og

Ba: Dior.gn.m/kvartesonerpå opptil0,7
Musk.sk. Ba er svaktgranatferendemednoe
amf,og klorit.
Minr.:SwertliteCpy,men spori helekassa
Tar en stikkprøveanalyse130-131.Mot 140
vesentligPy.LittMK og noenroser qaF2
i kvartssonene. Persql#

Ba: Lys dioritiskgn. Mye gliamer

(Glimmersk)
Minr.:Py. Blyglansfra146,7-150,men en
tydeligsonePbS fra146,7-148.SporCPY
Tekt: En kan se at detharwertbevegelse
i minr. Pb-sonemed bl.a.kalkspatutfelling

Ba: Dior.gn.med spetterav h.bl. som
delviser omv,tilklorit.+ kvarts.
Minr.:SvakesporPbs i tekt. sone 150-154,

Dettemå evt.analysereshvis148150 slårt
EllerssporCpy spes.mot160 m. Stikkprøve
159-160.Eh delpy. En god delCaP2itekt.so
spes.ved 151,5. MjGully(rd

Ba: Somforegående.
Minr.:LittCpy gpes.160-161 i et kloritri
mørktparti. Ellersfordet mestepy og spo
MK. StåernerCpy i helekassen.10 cm CaE2

Ba: Somforegående.
ved165,1.


Minr.:Ves.py, men enkeltekornCpy.10cm
penOpy-rn(nr. ved 172,6-172,7.

Ba: Somforeg.,mennoe granat+ fuchsit.
Minr.:Ves.py og MK,men aPorCPY.

Somforeg.
Minr.:Cpy190-191,3og 197-200 0,2 * Cu
og littspori mellon eamt en delpy +
littMK.

Ba: Homogendior.gn. En delkloritog
littgranat.
Minr.:I forb.med kloritrikesonernoe Cpy
i helekassen + Py.

Ba: Littgranati dior.gn. Amfibolit
210,6-212,3.
Minr.:"Sonen" forts.med littCpyfremti:
amfibolitenved 210,6.
Illerser detlittpy og spor Cpy.

Ba: Dior.gn.m. littgranat.
Amf. 221,5-222,8.
Minr.:Littpy og sporCpy men stortsett
swertlite.

DypLagdeling spr./m Analyse




110-120 7 1140-120 Cu

120-130 4 120- 127 Cu

130-140 8 130-131 Cu

140-150 6 146-146,7Pb,Ag,Cu




146,7-148"""




148-149 M




149-150 WII

150-160




159-160 Cu

160-170 3 160-161 Cu

170 180 3




180-190 3




190..200 3 197-198 Cu




198-199





199-200




200-210 4 200-201





209-210,6




210-220 4




220-231,3 3



Bh.6.

Dyp Lagdeling spr./m Analyse Beskrivelse

	

0-10 0-5,90.d. 6 5,9-7: Cu,Ag(Pb) Ba: Lys dioritiskgn.m/spetterav delvis
7 - 8 : " " omv.amf. ( i klorit).Opptil10 cm's
8 - 9 : " n "rustsoner"nmr sprekkerp.g.a.dypforvitri
9 -10 : " II Minr.:Jevntimpr.meden megetfink.Cpy.

Kan ogsåse et blanktminr. AgS? Akt I

	

10-20 6 10-20: " n n
Ikketattmed Ba: Somforeg. Noefucheit.

(15-20 evak)i fersteomg. Minr.:Somforeg.fremtilca. 15m, men hel
kassenbør anal. Ved13,05et merktminr.
m/høyglans AgS ? Åk.'

	

20-30 4 20-30: Cu Ba: Dioritiskspettetgn. homogenm/amf.
omv.tilklorit. '
Minr.:Jevntimpr.medCpyog ervertlitepy.

30-40 7 30-40:Cu Åtg Ba: Somforeg.
Minr.:Svaktmed Cpy fra 30-35,men
noebedre35-40. Ved 33,6,34,7og 38,9
evartmyktminr. MoS2? AgS ?
Fahlerts? Prøver.

40-50 8 Ba: Somforeg.
Minr.:SvakesporCpyog littpy.Pen stripe
av detukjenteminr.ved40,6(preve).Ikke
analyseav dennekassen,men denber anal. 
bvis 30-40 bar interesee.Cu- innh.

50-60 7 59-60:Cu Ba: Somforeg. Fuchsitved 56,3
Minr.:SporCpy i belekassen.Stikkprøve-
analyse.Ellerslittpenpy og sporMK.

60-70 7 60-61: Cu Ba: Somforeg.,mennoe lysere.
Minr.:SporCpy i belekassen.Stikkprøve-
enalyse.Ellerslittpy og MI. Kvartssoner
61,7-62,4,67,4-67,6.

70-80 7 Ba: Forskifretgn.medmye muak.og klori
men ogsådentypiskespettetedior.gn.
Littfuchsit Au
Minr.:Pyritrel.mye (3-5%).
Svært lik toreg.kasae.

80-90 6

90-100 4 Ba: Dior.gn.littforskifret.
Minr.:-v 5 % PY.

100-110 6 Bas Dior.gn.m/granetsom vod ca. 105m
gåroveri en forakifrettype m/Fuchsit.
Minr.:Et delpy (3-556) i belekassen.
LittCpy fra100-102.‘.0,1 %

110-120 6 Ba: Dior.gn.m/kungporav granat.
Minr.:SporCpy spes.i beg. av kassenog
an delpy og MK 3-5%.

120-130 5 Ba: Dior.gn.
Minr.:SporCpy. Spor(dråper)av ZnS
mørktype og 3-5% MK og Py.

130- 140 8 Ba: Dior.gn.
Minr.:Py og Mk 3 - 5%
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Dyp Lagdeling spr./m Analyse




Beskrivelse

la0-150




8 142,7-144: Cu




Ba:140-143 tettdior.gn.m/smågranater




144-150: "




Seneremer lysog forskifret.





Minr.:Py i helekassen.Pra 142,7litt Cpy





Taranal.ut dennekassen.

150-160





Ba:Dior.gn. m/granatfra152 m.





Minr.:SvmrtliteCpy.Noe beåre159-160.





Pyog MX1-3 %.

160-170




4




Ba:Dior. gn.m. granettil164mellers
dentypiskedioriten.





Minr.:SporCpy.~1 % PY.Tydelig mindre
svovelnå.

170-180




4 170- 171 : Cu




Ba:Dior. gn.typiakmed tildelsstore




171- 172 : "




h. bl.(klorit) - lister.Litt granat.





Minr.:Cpy (litt)i helekassen.mesttilå
beg.med.Prøve anal.de to førstemetre.






Ellerspy og MK.

180-190




4





Ba:Dior. gn.m/granat.Mye granatspes.
fra186m.






Minr.:SvakesporCpyeller litePy og MK.

190-196




6





Ba:Granatrik dioritiskgn.m/listerav
gr.hornbl.(klorit) og kloritsoner.






Minr.:Py og MK.




1212:.-2






Dn Lagdeling apr./m Analyse




Beskrivelse

3-10 0-3 o.d. 12





Ba:Lys utlutetdior.gn. spes.fra 3- 6






Minr.:Kun sporPy.

10-20




15 10-20:Ou




Ba:lays dior.gn.






Minr.:Fra ca.11 mCpy som i de ferste
metreer omv.tilmalakit.Litt pyog
mobilisertgrafit(?)

20-30




8 20-21,3:cu




0,72 Ba:Lya dior.gn.20-21,3.21,3-30granat





21,3-22:Cu o 0,05 førendekloritrikgn.





22-23: Cu o 0,01 Minr.:PentCpy-minr.20-21,3.Senerefritt
forCpy.Bare littpy og MK.

	

30-40 6 35-36 : cu Ba: Granatførendekloritiskgn. 30-35,0.
36-37 : 35-40 lysnoe skifrigdior.gn.
37-38 : 35- 36 en kloritriksonemed vel mye

38-39 : Py,MK og Cpy.

39-40 : Minr.:Cpy 35-40 (n+0,1%) ellersen del
Py og MK.

	

40-50 8 Bal Dior.gn.
Minr.:SporCpyi helekassenog littPy.
Må analysereshvie 6-40 limtertil.

10 57-58 Cu (evt.Ag) Ba: Dior.gn. 57-59 et amf.og
58-59 " parti.
59-60 : " 'Minr.:SvakesporCpy. Noe bedre57-60.

Ved 57,2 avartblanktminr. Ellersnoe
py og MK.

	

60-70 6 Ba: Lys dior.gn.
Minr.:Cpy - MK ansaml.ved 67,05.Litt
Cpy-impr.videre0,3m. Ellerserdet bare
sporCpy i kassen. LitoPy og MX.

• 50-60



Dyp Lagdeling sprdm Analyse

70-80 4 74-80 Cu

Beskrivelse
37

Ba; Dior.gn. med rek. mye kloritfre
ca.75m.
Minr.:LittCpy i helekassen. Noe "mer"
fraca. 75m. LitePg og MK.

Be: Dior.gn.
Minr.: Opy i helekassen,men forlite.
Børanalysereshvis74-80 glimtertil.
Litt MK og Py.

Ba: Lys dior.gn.

Minr.: LittCpy spes.fra97-100. Meget
finimpr.Lite MK og Py.

Ba: Lys dior.gn.m/noenfuchaitstriper.
Minr.: Svaktimpr.m/ Cpy i helekassen,
menvel svakt. Noe bedredo siste4 m.
Menerjeg serdet blankeminr.
Lite py og MK.

80-90 5

90-100 4 96-100: Cu

100-110 4 100-110: Cu (Ag?)

Ba: Dior.gn. m/ endelklorit.

Iittfuchsit.
Minr : Forholdevismye Py, littMK og Cpy.

Svertlite Cpy de siste3
Ba: Somforeg.
Minr.: Mye (5 %) Py ikkeCpy.

Ba: Lysdior.gn. littforakifret.
Minr.: %. KunmegetevakesporCr

Ba: Lys dior.gn. (typiek)Etaxe

Minr.: Littpy og MK, ellerskunhelt
svakesporCpy.

Ba: Lys noe forekifretdior.gn. m/lit;
fuchsit.
Minr.: Littpy og MK.

110-120 6 110-117: Cu

	

120-130 5

	

130-140 5

	

140-150 4

150-157,4 6

Bh.8

Dyp Lagdeling spr./m Analyse

	

0-10 0-5 o.d. 10

	

10-20 8


Beskrivelse

Ba: Lys dior.gn. m/granati veksl.
m/ svartsk.svartakikke radioektiv.
Minr.: MK i svartek.ikkeNi-utslagmed
dimetkylglyoksimpå friske kjerner.

Ba: 10-12,4 evartakog 12.4-20grå

dioritiskgn. m. småredegranater. *
Minr.: MK i svartak.

20-30 7 Ba: Svartek (40%) vekel.m/ grå
granatførendedior.gn. Svartek29,3-30.
Minr.: MK i evartak.

i.

30- 40

50-60

80°20

6

12

Ba:Svartsk 30-34,8.34,8-40 granat-
ferendegn.med opptil 0,5 cm granat-
porfyroblasterforskj.fra foregåendeder
granatenevar svertamå. Granateneer også
omvandlet(i kvarts). Ikkeradioaktiv.

Ba: Dioritiskgn.med storetildels
omvandletegranatporfyroblaster.

Ba:Gneis m/grovegranatporfyroblaster

50-55.55-60veksl.gneisog svartakifer,

mestevartakifer.

Minr.: MK og Py i evartekiter.



Dyp Iagdeling spr./m Analyse Beskrivelse

	

60-70 . 700 20 Ba: Svartski veksl.m/granatgn.
Fra69,0granatgn.
Tekt.: Noebreksiertog oppknust.
Minr : MICog Cpy.Sinkbl.i knusesonen
ved60,8. Ett sporCpy

	

70-80 10. Ba: Gneismed kvartsøynesomvesentlig
er omv.granat.
Minr.: Noensonermed littMX. SporCpy i
MK - sonene.

	

80-90 6 Ba: Somforeg.,men etterhverten del
hornblendesom et omv, til klorit.
Minr.: Disseminert Py 4 3 96.

	

90-100 5 Ba: Somforeg.
Minr.: Py somforeg.

	

100-110 5 Som foreg. Et par småkorn Opy.

	

110-120 8 116-117 : Cu Ba: Dioritiskgn.medkloritspetter.
117-118 : " Noelyserefra116m.
118-119 : " Minr : Py i førstedel,mennoeCpy
119-120 : " fra116m. Spor 0812 .

	

120-130 8 120-121 : " Ba: Dior.gn. hvitspettet.Littgranat
121-122 : " mot130m.
videretil128hvisCu i Minr.: Litt Cpy framtil 128,menmestPy
120-122 Taranal.av de førsteto m.

	

130-140 6 133-134: Cu Ba: Somforeg.mennoe mergl.-rik.
134-135: " Minr.: Noepy (3%) og sporCpy.
135-136: " Tar stikkprøveanal.av 3 m fra133-136.

	

140-150 6 148-149: " Ba: Klorit-spettetgneis
149-150: " Minr.: Noepy (3%) og sporCpy. ilåta sti

prøveanal.148-150.0,2m 0812ved 147 m.

	

150-160 6 Ba: Rel.mørkkloritrikgneis.
Minr.: Littpy 4 3 % og svakesporCpy.
150-153 anal hvis148-150slårtil
CaF2 159,5-159,8.

	

160-170 4 Ba: Grovspettetdior.klorit gn. 160 1
Mot170m mergl. rik (granat).
Minr.: Littpy.

	

170-180 6 Ba: Lys klorit gl.gneis.
Minr.: Littpy og spor Cpy.

	

180-190 5 Ba: somforegående
Minr : Noemer py ennforeg.og kun svake
sporCpy.

I. 190-200 3 Ba: Spettethornbl.(klorit)- gneis

	

200-210 4

	

210-220 4

og noenfå små granater.
Minr.: Kun spor Py.

Ba: Somforegående
Minr : LittPy og uhyresmåCpy gpor.

Ba: Somforeg., men219,1-220
kloritsone.
Minr.: LittPy og spor Cpy.

220-223,5 4 2.41 Kloritsone220-220,2.-
Ellersvanligtype.
Minr.: Littpy.
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PRELIMINARYREPORT ON THE GOLD FROM RAITEVARRE.

Together 16 polished sectionsfrom the drillholesno. 5, 6, 7 and 8

are microscoped.

The gold that is observedis extremelyfinegrained.28 goldgraines

with size from 4 pm down to less than 1/4m are found.Most of the

goldgrainesare less than 2,4m• The very finegrainedsize of the

graines makes it very hard to judge the silvercontentin the graines

from the colour.

The gold seems especiallyto be found in a parageneseswith dessemi-

natedgrains and grains of chalcopyriteand pyrrhotitegrown together.

In a few grains there are small amountsof mackinawitein chalco-

pyrite. In this paragenesisis found goldgrainesas inclusionsin

chalcopyriteand in pyrrhotite.Goldgrainesare also observedon the

crystal boundariesbetween chalcopyriteand pyrrhotite(fig. 1),

pyrrhotite/nonopaque-faciesand chalcopyrite/mackinawite.Some gold-

graines are also found as inclusionsin none opaque facies,but al-

ways in the vicinityof sulphidegraines.

• • • • • . • •

C;16.kcr9(je

PCirrho4de

HcLep( rta.L.) e

0

iu m

Fig. 1. Gold on the crystalboundarybetween chalcopyriteand

pyrrhotite.

In a paragenesisof larger aggregatesof chalcoPyrite,pyrrhotiteand

pyrite gold is found as inclusionsin pyrite and as very small graine:
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in hair-lineveinletswith chalcopyritein pyrite. (Fig. 2).

Too few polishedsectionsare studiedto give any conclusionsabout
the occurenceof the gold. The neutronactivatinganalysisindicates
however also that the gold is very finegrained.For nearly all the
samples from Raitevarrethe differencebetweenthe two parallelana-
lysis of each sample are less than the standarderror of the mean
for the analysis.(Samplesfrom Bidjovaggewhere gold can be found in
much largergrains, shows less regularitybetweenthe parallels).

Pyrde

Chalcopyrik.

None cpalue

! Golcie

er

Fig. 2. Two exampleson hair-lineveinletswith chalcopyriteand
gold in pyrite.

Unidentifiedminerals which might containpreciousmetals are observe
as inclusionsin pyrite and pyrrhotite.Those faciesoccurs in very
small graines,but those will be tried to be identifiedwith microprc

A plan for the follow up work of the gold in Raitevarrecould be :

A furthersamplingof samplesfor polishedsections.By comparing
the microscopicresultswith the analyticalresultsthe relation-
ship of the gold to the differentoretypescan be mapped.

A mixed ore sample ("-3/4kg) is grind down to 90 % i 74,km,
fractionatedand each fractionis washed on superpannerto find
eventuallylarger gold graines.
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3. A concentrateof chalcopyriteand a concentrateof pyrite is
grind down to 100 % t 45/4m, is cyanatedand the residueis
analysedto registrateany submicroscopicgold.

In three of the sections,molybdeniteis found in "not small"amount
This mineral shouldpossiblybe followedup by new ore tests ?

Blindern,June 1950.


RagnarHagen (sign.)



Tectonic map of the southern region of Karasjok.

After K Wennerwirta 1968.

Scale 1100 000
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Main features of the gectogy in the lowest

series of the Karasjok Group S of Karasjok
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The Porcupinecamp -
A modelfor goldexploration
inthe Archean

~••••••
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1.•••
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By WILLIAM 0. KARVINEN
Ontarlo Mlnistry of Natural R•sources

ne Porcupine camp has been a major
producer of gold over the past 66 years
during which time a total of about 52.0
billion worth of gold (calculated at
335.00/oz) 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 only in
Timmins butthroughoutthe Canadian
shield 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. h 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. 1n 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
Recause 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 areas, is to develop and
expand geological exploration param-

eters or guidelines. 1n order to do this deposits. 1n past epigenetic models,better models depicting the origin and these rocks have been interpreted asevolution of known deposits have to be wall-rock alteration and although theydeveloped. 1n Timmins, and have beendescribed in variousdetail inelsewhere, the simple epigenetic mod- many reports on the area, no arealels centred around felsic intrusions maps exist which show where the
Pearl Lake Porphyry) or fault carbonate-rich rocks are located andsystems ( e.g., Po rcu pine-Des tor what their relationships are to the mainFault) have had serious problems in rock typesand structures in the area.explaining several important features

of the deposits as well as the origin of
many of the deposits. Study initlated

The only variation from the epi- As a result, a study was initiated bygenetic theme wasa model proposed by the writer in 1976 to establish thePyke (1975) in which he suggestedthat spatial distribution of carbonate-richthe gold ores in Timmins are closely rocks and their relation to gold depos-related to and possibly derived from its, and to determine if such rocks artaltered flows of ultramafic rocks. 1n indeed crosscutting as the epigeneticareas outside of Timmins, particularly models imply or if they are concordantat Larder Lake, Ridler (1976) and with respect to the enclosing countryTihor ( pers. cortun.. 1977) have sub- rocks. The main results of the inves-scribed to various forms of syngenetic tigation are listed below:
models to explain the origin of gold • Two major and one minor carbo-




deposits in that atrnD. nate-rich units, consisting mainly of1n the Timmins area, the key to gold ankerite and/or magnesite quartz,mineralization must certainly lie in the chlorite and sericite and varying inorigin of the carbonate-rich rocks thickness from 20 to over 200 m arewhich are an intimate feature of all the present in the Timmins area (Fig.1).
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Figure 1. Dishibution of carbonate-rich
rocks, porphyrias and gold deposits in the Timmins area

Pabger.
?•fle

VISA,C.t
-

44

.75.1

<>

•

48
Canadian Mining Journal



= =

t assan*
Sie

e

~ ami•

c11.1"//

I

lssas
Fault (Ferguson, 1968).

Recently evidence from the distribu-
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 twogroups 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 prospeas 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 the
Tisdale Group metavolcanics. Locally,
a younger turbidite sequence, long
known as the Temiskarning, overlies
with distinct angular unconformity the
older metasediments and meta-
volcanics (Figs.2 and 3).

The most obvious structures in the

\ area are the easterly-plunging
cupine Syncline and the Porcupine-




Destor Fault (Fig.3). The geometry of
the rocks has been delineated through
the use of major marker horizons such
as the V8 and the VIOB 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 linear 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-
Coniaurum area as well as older linea-
tions md foliations indicate a pre-
Porcupine Syncline phase of isoclinal
folqing as well as a later phase of open
cross-folding (e.g., Vipond Anticline).

The major phases of folding are
ref1ected by the variety of vein config-
urations ranging from those which are
straight and undeformed to those
which are tightly folded or completely
broken by intensive deformation. The
maM typesof vein sets that have been
described (Jones, 1948) are: well-
defined, continuous veins that pinch
and swell such as the quartz-ankerite
veins at the Aunor; sinuous folded
veins; tabular veins; and en-echelon,

PORCUPINE

GROUP

9830
32,252 tt KRIST FM 	

TISDALE

GROUP

SCHUMACHER

FM

Cr=*•'

TURBID1TE$

FELSIC•VOLCANIC BRECCIA

Mails;HIGH.FE THOLEIITES

UPPERCARBONATE.R1CHUNIT

' LOWERCARBONATE-RICHUNIT

GOOSELAKE

FM

ULTRAMAFIC FLOWS• HIGH-MG
tlASALTS

5600 m
18.373 tt

.............

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 excem 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 locand 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

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

General geology
Timmins is located in the north-

western pan of the Archean Abitibi
Greenstone Belt. 1n the immediate
area, metavolcanic rocks have been
divided inco 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 u the Por-

September. 1978

BOOMERANG INTERMEDIAn TO FELSIC•
pki TUFF.BRECCIA; INTERLAYERS OF

 IRON FORMATION

DELORO
GROUP

REDSTONE

FM

MAFIC• CALC ALKALINE; BASALTS

0 m
tt

Flouro 2. Strollgraphle eolumn, Tledolo and WhItnoy townshIpe, Thnrnina anba
(ModItIod aftot Pyks, 1975)
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S-shaped veins. This variety of vein
shapes suggestsvein formation to have
occurred periodically throughout the
deformation pefiod.

Gold occursas the nalive metal or in
sulphides, predominantly pyfite, in

systems of veins which consist pre-
dominantly of quartz and ankerite and
varying amounts_of lourmaline. 6ja:
•erous rite-rich zones. have been

lineated in some mines (e.g. Aunor,

Schumacher). Other important ac•
oessory minerals are fuchsite, schee-

lite, arsenopyrite, Jbiis. gyobatitg.,
chalcopyrite, galena, sphalerite and


12K-silver tellurides. The ratio 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 tuffs

end some layered massive carbonate of
possible sedimentary origin. The
Lower Unit is characterized by the
predominance of magnesite (70 to 90

per cent) with lesser amounts of talc,
sericite, chlorite, quartz, fuchsite 


(chrome muscovite) and pyrite. Relirt
textures, such as poly-suturing 1nd

spinifex can be found in completely
carbonatized flows and in placesbombs

and pyroclastic fragments are present
in the carbonatized ultramafic tuffs.
Stratigraphically, the Lower Unit
occursnear 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 (Mclnlyre), Beaumont,
Hallnor, Broulan Reef, North
Whitney, Porcupine Lake, Pamour and

Hoyle.
The upper cerbonate-rich unit

averages about 30 rn in thickness and
occurs about 670 rn 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 llow"

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

t z- .;titg7J/as-
ar, .!‘ • C=1 Porcupins

a group

Tisdale group

Cf=1 Deloro group

Fault
Unconformity

GENERAL GEOLOGY PORGUPINE AREA4

Flguro 3. Gonand swology of the Poreupine arsa

Unit is very fine-grained and is usually

well-foliated. Discontinuous lenses of

massive ankerite interlayered with sili-

cate-rich lenses ane a common feature.

Relict textures and structures suggest
that much of the Upper Unit represents
either a carbonatized tuff or a mixture

of sedimentary carbonate and tufT.
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 Me
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 (McIntyre), 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
*I VINAIIV nr ihr mines in Timmins thev

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
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bigger bodtes such as the Pearl Lake
and Paymaster porphyries are shown in
Fig. I. In detail, however, numerous
thin lenses of porphyry, ranging from a
metre or two to several tens of metres
thick are commonly found in the
Lower Unit. In general, the porphyries
eonsist of quartz, sodic plagioclaseand
sericite with small amounts of pyfite.
Textures vary from massive to por-
phyritic and normally quartz-eyes are
cornmon in most varieties. Fragments,
reminiscent of extrusive felsic volcanic
material can be found locally, par-
ticularly in the smaller bodies. The
porphyries contain varying amounts of
nkerite and calcite, especially near the

eontacts, and at the Schumacher Mine
(former McIntyre), a variety of altera-
tion assemblages related to the Au-
Mo-Cu mineralization have been iden-
tifeed (Luhta, 1974).

Thres Groups
In general, the gold deposits of the

Timmins area can be divided into three
groups:
I. those associated with carbonate and

large masses of porphyry;
those found in major fold structures
of carbonate units containing minor
PorPhyrY;
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 Moneu., Hollinger,
Schumacher (Mcintyre) 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
area. One outcrop of fuchsite-bearing
earbonate (green carbonate), identical
to that of the Lower Unit outcropsnear
the old glory hole on the Hollinger
property. lt is conceivable that both at
the Hollinger and at the deeper levels
of the Schumacher (McIntyre), 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 rower Unit
have been well documented at the
Dome (Fig.4) and it is possiblethat the
quartz-ankerite veins which strat-
igraphically occur within or near the
"99 flow" 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,

Edwards and North Whitney mines. At
many of these deposits, the carbonate
unit has been well mapped (e.g.
Aunor-Delnite), but in placesthe unit
has been interpreted as dacite, andesite
or bleached country rocks. The correla-
tion between structure and localion of
vein systems is well illustrated at ihe
Buffalo-Ankerite and Aunor whereIhe
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. Mineralization 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 asthe 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 systems in
the sediments. This explains why the
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ore zones in the upper part of the
Hallnor 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
arbonatized felsic rock, known as the
"Hallnor trachyte" at the Hallnor
(Fig.5) which has been mapped
mittently by the writer in parts of
Whitney Township.

The model
A model depicting the genesis of the

gold deposit in the Timmins area musl
take into consideration the following
facts:

Although quartz vein systems are
common in all the metavolcanic-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 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 carbonate 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 deforrned 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.

Metals enriched in the deposits and
host rocks include those which nor-
mally show affinities to mafic-ultra-
mafic rocks (e.g.. Ni, Cr) and those
which are norrnally 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 a matrix of au-
riferous sulphides in altered mafic
volania is common in the No.6 shaft

Karvinen

area of the Schumacher (McIntyre)
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 level intru-
sion of felsic rocks and extensive
exhalative-fumarolic activity resulted
in the carbonatization or 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 placesaway
from vems, some sedimentary arbo-
nate was deposited. It was at this time,
that gold and • number of other
elements were first enriched in these
rocks. 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 resulted in the remobiliza-
tion of gold and other trace elements,


previously enriched in the carbonate-
units, Mto dilatant fractureswhere they
were deposited as veins during the
various phasesof deformation (Fig.8).
Fold noses, porphyry contactsand the
plane of the local unconformily were
particularly favorable siles for the for-
mation of gold-bearing veins.

The foregoing syngeneticmodel 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
havegreatest 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 )y stainina. For ankerite,_the
smin an be done usin
erricyani e in dilute
y roc ortc acid. or ma nesit se

n ye ow in iule 5
som h dr ' e solution (It should
be noted that althoug "metamorphic
carbonate" (calcite) is present in all the
volcanics in the area, none is found in
the carbonate units).

Within and near such units, inien-
sely folded or deformed sections or
areasof associatedquartz-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 melhod for
evaluating the potential of the favora-
ble carbonate-rich strata covered by
overburden except by imense drilling.
Even this method is limited.
Lithogeochemical studies being con-
ducted by the Ontario Geological Sur-
vey and McMaszer University maY
result in the delineation of simple
geochemical parameters which will as-
sist in such an evaluation. CMJ
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Geochemicalandgeophysical #
techniquesforgoldexploration
By R.W. BOYLE and P.J. HOOD
ResourceGeophysicsand GeochemistryDiv,
Geological Surveyof Canada

Practically all the geocheznical
methods of prospecting are appli-
cable in the search for auriferous
deposits. lite methods employed
depend essentially upon the ter-
rain, the degree of weathering of
the deposits, availability of soils,
drainage sediments, vegetation,
and $o on. The gold pan (heavy
mineral prospecting) is a time-
honored method of locating con-
centrations of gold in both placers
and prirnary deposits. Details re-
specting geochemical prospecting
for auriferous deposits are given in
Boyle (1979).

The favorable rocks for the

Table I. Favorable rocks for the
occurrence of gold daposits

VoIeenie (besolts, andesita docitm,
rhyolites)
Equiyalent tuffs and breocias
Greenstone, greenwhistandpropy-
gue trnits
SedimenterY
Greywackealate belts
Iron formetions
Cerbonaceous-graphitiesulphidic
datm and sehists
Carbonaa-skarn amemblages
Sedimentary
Pyritie or Isematiticquartz-pebble
—onwretes
Pyritic quartzites

1. Sedmentary
Modern and fossil plactera

5. Igneous
Ouartz-feldwar porphyry
Syenite
Granite

occurrence of auriferous deposits
are listed in Table I. Categories I
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
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

Carboneted shear and mehistzones
In meenstone belts.
Faults, fraetures• Warted end Wee-
ciated zonee in propylitie balts.
Feults, fractures, bedding plane dis-
eontinultIes and shears, dreg
ertahod zones and opmings on ent-
clina (saddie reefs) in meyneke-
Rete mesmbleges and other sedi-
mentery roeks.
Fracture zones, sheer iffles, bree-
dand Istockwork) zones in ignatous
rocks.

Gold is a good indicator of
suriferous deposits; other specific
indicator (pathfinder) elements
for gold are Ag, As, Sb, and Te.

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

Carbonste rocks, caleareous shales
and sehists.
Porous sandttom, arkow and con-
glomerate.
Tutfs, iron formations.
Ultrabmic, basie and intermediate
ineous roeks.

Table 4 lists other indicators for
use in all types of geochemical
ourveys. 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 (asthfindsr)
elements and compounds of gold
deposits in approximate order of
effectiveness

Au, Ag, As, Sb, Te
2. 9102,
9. K, Na, Rb
4. Cti, Zn, Pb, Hg, W
5. U. Mo, Pt metals
5. Au, Ag, Bi, Te, W, As, Sb, Sn.

2r, P, Pt metals lindicators of
plwar deposits)

nature. Notes respecting both

These surveys are of a recon-
naissance (regional) and detailed
types are given in Tables 5 and 6 .

Table 5. Regional lithochemical
surveysfor gold deposits

Analyws of unselseted rocks and/or
mineral geparateson a nagional
wele.
Knalyses of sPecific rock types ancl/
or mineralseparates on i regional
male (e.g. porphyry dykes; batho-
liths and small stocks of porphyry,
syenite and granite;sPecific beds Or
formagons wch as quansoebble
oonglomerates, iron formations,
ete).
Analyses of matarialsof all observ-
ed 'laskage halos" on a regionel or
anal seale, including shear zones,
fault breccia, fracture
quenz veins, altention zones, jes-
peroid. etc.

Table 6. Detailed lithochemical
surveys for gold deposits

Analwas of materiels of all "Isak-
em helos" as in (3) in TeMe 5.
Analys of rocks on profilm across
Wear zonee, stockworks, ete utiliz-
ing gold and its indicator elements
in Table 4.
Andysesof rocks on profiles mroas
Steffirzonm, stockworks, etc utiliz-
Ing mojorMemenal rantios,e.g.
K/Na, SiO, /CO2, ete.

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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tor plants or animals of auriferous ' Thus, the application of geo-
deposits, although many plants physics in gold prospecting has
accumulate gold. Analyses of been mainly confined to indirect
these plants provide a rnethod of
ou tIining favorable auriferous
zones. Many fossil residues partic- associated.
ularly thucholite and anthraxolite! With the recent development
may be auriferous (e.g. Witwater- —Val D'Or sheet (NTS 32 C/4)

3f the Geological Survey of Cana- 1980 • th GSC

soils has proven effective in out- ing "nle o tffil Cadillac Break with whicithe complicated reolorical struclining auriferous zones in many - -----.number of important goldtures that are a feature of many
parts of the world. t

gold camps. Perhaps it is appro-ntpositsare associated 1f the reparadiome,
priate here to illustrate some of--survey appear to be usefulthe advantages of the
aeromagnetic gradiometer tech-gold exploration, then hopefit

nique in comparison to the singlean .ed out If the approprUeniargedprogram could

sensor instrument. The aeroma.
carrt
funding made avadable.

	

gnetic gradiometer consists sirnply .
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
Radiometric surveys line miles of gradiometer data

have been obtained as a result ofCertain types of auriferous de-
about 20 surveys in a variety ofposits contain thorium and urani-
Precambrian terrains to demon-um at the minor and trace ele-
strate the effectiveness of the gra-ment level. Examples are the
diometer technique. These haveWitwatersrand quartz-pebble con-
resulted in the publication to dateglo m erates and various Pro-
of 45 vertical gradient maps con-terozoic and younger vein-type
toured at an interval of 0.025deposits (e.g. Tennant Creek,
gammas per metre in addition toNorthern Territory, Australia).

Most vein and lode gold deposits six Open Files of the surveys.

ar Thus, there is now a sufficiente also marked by alteration
body of experimental evidence to

th
zones in which potassium (includ-

demonstrate e improved capa-ing the radioactive 40K isotope) is
considerably enriched. Certain ot the gradiometer tech-

placers are ennched tn rachoactive

minerals such as monazite and

its

cts 5 ..r4Z -‘z

k era
b 7,31 > •-•
1 ma- c:«gi

151. ...) . bo
..‘ . ...1 (1.1

:E. .2 o
I

2 o > . l3
1. rDE -2 o ":
o 4) C C t! CL S
E z .rogE:5 .•

c = ep :?-4 o
rp ...&.,.0-u
:•.,ai

 
W r ii •-• 0.,


= jb > 1:3> T'..>,

a) ei., .0 g 4.,u2— . t )
= » LJa Id.te,..:a r
• a •c beIt.bc r"
Z es caa likce ."4

:

present in such small amounts
We expect that interest in the ,in vertical gradiorneter wiU continue

its deposits that the element does to vow and that it val be utilized
not alter the physical properties
of its host rock to any rneasurable

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- and/or is covered by drift, and ;
tion technique would respond where the superior definition of
where disseminated gold was pre- the gradiometer (with its higher
sent in sufficient concentration cost) is warranted.
although it would not be expected As an experiment to ascertain
that such cases would be vetY the value of the aeromagnetic
frequent. Where gold occurs in
association with sulphides the -

gradiometer technique to gold ex-

ploration target is much easier to
exploration programs, the Geologi-

cal Survey of Canadawill relly the
locate by geophysical techniques.

Table 7. Pedochemical surveys for
gold deposits

1. hl•ar surface adochsmical survas

utiliting amplas of soil, till, etc

andior minoral sroarata (hearY

minerals) from tham materials.

2. Dorp overburden survas utilizing
nar adrock unconsolidand man-
rials anclior mineral saanals
Useavyminsols1 from the• man-

and SiLlt/CO2, 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 rnaterials
an 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.

Hydrochemical surveys
These include those based on

water, drainage sediments, precip-
itates, and heavy minerals from
drainage sedirnents (Table 8).

Table 8. Hydrochemical surveys
for gold dePosits

INater (undarground,spring,
surface, snow).
Drainage Siments (stream, rivw,
laka).
Heary minrals from drainage Isdi-
monts (panning).
Pracipltates on stream sedinwas
(Ihnonite coatinga wad crusts, etc).
Precipitata at spring orificas gimo-
nit•, wad, silicaaumina gsls,escl.

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.

1
Drainage sediments and panned
heavy rnineral separates from
these sediments have proven ef-

; fective in outlining auriferous

1belts in rnany parts of the world.

Biogeochemical surveys
These surveys are listed in Ta-

1
ble 9. There are no specific indica-
Table 9. Etiogeochemical surveys
for gold deposits

11. Ceoboienical.  2. Anolyses of plants and animals
3. Analys of fasil midues (coal

bitumen, aucholite, anthraxolite,
atc).
Analysa of humic horizons of soil
and till profiles.
Analym of bogs.

5. Analysas of armite and ant hills,
gopher and groundhog mounds, atc.

methods that deineate geological

structures with which gold may be

srand, South Africa). Analyses of
dtese residues may be an indicator
of quartz-pebble conglomerates
and other types of gold deposits.
Analyses of the humic horizons of

da's aeromagnetic gradiometer assurvey aircraft. The survey is ..
a tool for detailed geological gpro-in__ carried out at the requestgrams it is readily apparent that the Association of Prospectorssuch surveys will be of consider-. . . Quebec and will cover the imp,

Atmochemical surveys
Some auriferous deposits con

tain small quantities of thoriu
and uranium which yield heliu
and radon as disintegration pr
ducts. Such deposits may be in
dicated by their higher than nor
mal emanative heium and rado
content.

nique over single sensor surveys.
These advantages an summarized

zircon. as follows:

These features provide a meth-
od, utilizing gamma-ray spectro- 1) superior resolution of anom-

meters and other radiometric ap- alies produced by closely-spaced

paratus, for detecting and outlin- geological formations;

ing many types of gold deposits. „
anomalies produced by near-

beLittlework of this nature has sendone in Canada: during theurface features are emphasized

1980 field season the Geological with respect to those resulting

Survey will commence detailed from more deeply-buried rock for-

radiometric studies of various au- mations;

riferous areas to evaluate the
methods. '3) direct delineation of vertical

contacts by the zero gradient con-
, tour value Le. vertical contact

Geophysical prospecting for maPPer;
gold

Geophysical techniques have4) regjonal gradient of the earth's

prospecting for gold ti
magnetic field and diurnal varia-not hitherto been much utilized on are automatically removed.

directly in  
mainly beceuse gold is usuall;



Consideraeochemistrywhenseeionggoto minales. I.Id . ana Geolog9.11
Surses of Canada. Ottewa

Initiall• it was n o man that
sought gold but nature that hrought

in the forin of allus ial
grains and noggels glinering on a
stream hed. Sinee early Egyptian :
Iimes f41100 B.C.) prospeciing for
gold has heen dependent on visual
recognition. loday with the aid of !
geochemistry man's capability to
deteci gokl has heen greatly cx-
lended, making il possible to find
deposits that have no physical sur-

.
face expression.

0014 h • memher of Oroup 1B of
the Periodie Tuhle whkh ineludes
eopper. silver and gold. In its chem-
kal reaelions gold CAtil resemhles
silver (Ag) in some respects. hut its
chemical character is markedly
more noble. 1 he principal osidatiori
slates ul gold are Au 11) (auroust
and Au (111)(auric). Thesc states are
unknown as atiuo-ions in solutions.
the element being present mainlv in
compleses of the Imse lAutchl)21r
lAu(1:1: lAut OH1417lAuCI4r and
IAusr

Thc ahundance of gold in the up- •
per lithospherc is about 5 parts per
billion (pph) and the gold•silver

ratiu is about 0.1. The average gold
coment of igneous-type roeks in
paris per hillion is - uhrahasie (4).
gahhro.hasall (7), diorite-andesite ,
(3) and grunile-rh5olke (3): tn sed).

mentary rucks, the average -
sandstone and conglomerate (30).
normal shale (4). and limestone (3).
Certain graphitic shales. sulphide
schist%, phosphorites and some
types of sandstoncs and conglom-
eratcs may contain up to 2.100 pph
gold Of Illore.

The average gold content of soils
is 5 pph and the average for natural
fresh waters is 0.03 pph; for sea
water thc averagc is 0.012 pph. Most
plants and animalscontriin lessthan
1.000 ppb in the ash.

The principal types of gold
deposits are cluanz-pebble con-
glomerates (Witwatersrand type).

,gold quartz veins and stockworks
(Yellowknife type). disseminated
deposits(Carlin tzpe). and modern
placen. 1n all t ese deposits the
principal gold mineral is native
gold; other auriferous minerals in
gold deposits include various tellu-
rides and aurostibite. The tenor of
mostgold deposits rangesfrom 1-35
ppm gold 1

As with to many other rtrninws,
applications ofgeochemical explorr
atiPaitZ1(niquesiiiihicareh for
aold havehicreirailue in .3.1akge
part tpidVer-i-eements in analytical
tiChniques..Th(Mfb-MinfZOMMon
irtalYbial 'mentods employed 'for
gold in commercial laboratories in
Canada involve determination of
the metal by a combined fire assay
and neutron activation method or
combined fire assayand atomic ab-
sorption spectrophotometric
method. Detection limits using 10
grams of sample are in the order of
1 ppb for the former method and 5
ppb for the latter. For plant analy-
m. Minski stALL1973)_have
Scribed aatonsilive and,preise
0141hodtoingo.nondestruclive ncur
tion_aciwistion technique whichie-
ouires 250 me. of samrdeand has a

etection limit of  0.1-1 ppb
deertu t• • of

tbeample-
Reeonnaissanze surveys: The

most effective reconnaissance
method in prospectingfor gold. es-
pecially in areas with well devel-
oped drainage systems. is panning
followed by chemical analysis for
gold in the heavy mineralseparates.

The authors (Buyle and Gleeson,
1972) analyzed some 400 heavy
mineral concentrates for gold from
stream sediments over a 1.900
square mile area centred on Keno
Hill, Yukon. All of the known gold
deposits were indicated by the dis-
persion trains of gold in the heavv

mineral concentrates: in addition
several anomalous areas not known
to contain gold were derined (Fig-
ure I). It is interesting to nole that
esamination of the concentrates
under a binucular microscope prior
to chemical analysis indicated that
gold was present only in samples
taken from placer gold workings.
Much of the gold delected by the
chemical analyses is bound in other
minerals, especially in secondary
iron hydroxides such as limonite
and goethite.

Surveys by the Geologieal Survey

of Canada in which gold particles
were counted in heavy mincral con-
centrales from tills and eskers in the
Kirkland Lake area are effective in
derming auriferous glacial trains
(Lee. 1963. 1965).Chemical analysis
of heavy mineral concentrates from
eskers is une of the few surface re-
connaissanee geochemical tech-
niques that ean be used in areas cov-
ered by glaeio-lacustrine sediments.
Analyses of heaskr mineral cuneen-
irales from liii ;amples at depth
have also prosen to he a viable
semi-reconnaissanee explorMion
technique in heasily overburdened
areas (Gleeson and Hornbrook.
1975).

1n Northern Ontario auriferous
alteration halos in Preeambrian  tel-
5k plutonic rocks hase been defined
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hy chemical analyses for gold. W. J.
Wulfe (1976) states that limited sys-
tematie 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 detIning fme-
grained disseminated gold deposits
in the Carlin-Cortez area in Nevada
(US. (eol. Surv.. 1968).From these
examples it follows that where suf-
ficient outerop is present mek geo-
chem istrv utilizing gold as the indi-
cator cah be an effective too) for
selecting target areas and defming
deposits.

Octaikd surveys:The presenceof
gold in ing plank and Ihe en-
nehnwni of gold in the humus laser



50of the soil were demonstrated some
42 years ago (Goldschmidt. 1937).
and more recentiv In Curtin el al
( I tkat). who have ihoWn thaigo)d in
IMIII4striChlultSLSQii.152iftelittie
delineating sold depostis covered

colluviumaaglacialdr.ift in "tlic
rin-pife:distruct. Crororado. Sim-
ilarly. soil surveys carried out by
one of the authors (CFG) in the
Kirkland Lake. Noranda. and Val
1132rareas have shown that the best
altnMaly.dermizio •

tobtaine
rom gold in humus. In areaswhere

well-developed podsolsoccur there
is much lessenrichment of gold in
the "B" horizon over known gold
occurrences. whereas there are
marked gold anomalles in the
highly decomposedhumus from the
same sites (Figure 2). Follow up
drilling on humus anomalies was
80% successfulin finding auriferous
zones buried beneath 3-120 ft. of
permeable glacial cover. The an-
omalies in the humus appear
directly over the subcrop of the au-
riferous zones,and their dispenion
patterns appear hule afTected bv
slope or glacial trampon
humus from sonye 3.000,samples
taken_from_gold_soperties in tbe
Ajjtfltj area of ChiebecraSelfrom
lessthan 5_orthtor.3002ph wuh an
average (median value) ofilvout 12
ppb. Stgruticarn anomalous  .ahtes
weregenefilly reater than1W-
19-1-1L

In an oxidizing environment the
uptake of gold hy plants and ussub-
sequentconeentration in humus has
been attributed principally to cy-
anides (Lakin et at 1974) produced
by the hydrolysisof cyanogenicgl -
cocides.Over 1.000speciesof plants
are known to produce free cyanide
naturally. Lakin and his co-authors
(1974) concluded that:

... ample hydrogen cyanide is
formed in the soil hy hydrolvsis of
cyanogenic plants. animals and
fungi to result in solution of gold in
an oxygenated environment. The
gold cyanide_thus_ forated. is ab-
sorbedby plants but they do notiuse_
it asa nutrzent,lt is therefonfound
aCC•i0ulatiri a rejeci jnjhj

ød.
In

2001

100

kalt

,MA is tann

In
MA10

9" 10111201110115^
j i

updv pans of a phat. The decom-
positionof plant debris resultsin the
reduction of the gold in the plant
material and pld accumulation in
the humushonzon of the soil."

1nareascovered bv impenneable
glacialdepositssuchasglacio-lacus-
trine siltsand clayssurfacesampling
of soils and humus gives negative
results for gold. 1n these environ-
ments svstematic till sampling at
depth has proven effective in
delimitating pld zonescovered by
3-160 of glacio-lacustrine mate-
rial. The best anomaly deftnitibn
has been obtained from gold anal-
yseson the heavv mineral fraction
of the till. 1nsuch a situation one is
defining gold dispersedas particles
in a non-oxidizing environment.

ta 9 110111M500.0

• Ilitss•VU
ser NIXIZONSOIL ISIPU

ta ZONE
FIGURE 2 Gold in humusand "flurizon sailt oPertenain gold-heanng
:anes in ihe regian of Quebec.
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