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Preface.

he author has worked as consulting geologist for Raffinerings-
verket A/S at the Fl4t mine and other nickel ore deposits in
the neighbourhood together with Dr. C. W. Carstens from 1939.

I wish to express my gratitude to Dr. Carstens and the
mining company which have kindly placed at my disposal all
results from the production work of the mine and from our
investigations.

I especially want to thank the director 5. Giertsen and the
mining engineers B. Thorkildsen, S. Smith Meyer, and Gjesteen
for their interest and help.

The laboratory investigations have been carried out by the
author by means of grants given by Norges Tekniske Hog-
skoles Fond.

Most of the photographs have been carried out by pre-
parator Anker Iversen, and the drawings by Mrs. Singsis, Trond-
heim.



Introduction.

The Flat nickel mine is situated in the parish of Evje on
the northern slope of the hill Mykledsen, 65 km north of
Kristiansand in southern Norway and about 400 m above the
sea level. The distance from the melting plant near Evje railway
station is about 6 km.

In the Iveland-Evje amphibolite area which has been geo-
logical and petrographical described by Tom Barth in the first
part of this paper! there also occur many small deposits of
nickel ore near the Flit mine at Lomtjern, Byttingsmyr, Vikstal,
Gullregn, and Bjorvatn. Farther south, in Iveland, small deposits
are known at Orreknappen and Bekken near Birkeland, at Mal-
land and Skripeland.

All of these deposits have recently been carefully investig-
ated, some of them by means of electrical survey and diamond
drilling, with negative results, all of them being to small and
poor for economical mining. In some of these deposits small
amounts of ore has been mined in previous periods and the ore
transported to the smelting plant at Evje.

The ore deposit at Flit was found in 1870 and the mine
has been worked continuously since 18721945 with exception
of the periods 1894—99 and 1920—27. The mine s now
exhausted and the production was laid down the 1st January
1046 while no more ore was available in the mine and the
extensive investigations carried out by the mine company in the
last 15 years both in the mine and in the surrounding areas have
not succeeded in finding any new ore.

Before 1917 the mine produced a smelting ore with 11y %
1145 % Niand | % Cu. 1.8t raw ore gave 11 smelting ore.
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Fig. 1. Flat nickel mine. From north,

In 1917 a flotation plant with a capacity of 1500 t a month was
builded. In 1927 the plant was rebuilded for a capacity of 4500 t
a month and in 1929 for 15000 t a month.

Table 1.

Production statistic of the Fldt mine in the periode 1927—44.

Length of diamond Raw ore Ni Cu Cu/Ni
Year drilling in m. t e b2
2 A e e R 17 360 0.892 0.582 .65
B e o e it (8 164 0974 0.541 0.61
2 TR e R T0 771 (1054 (LE36 0.61
LA R e 106 402 (1884 (L3T7 0.65
ey e e T7 342 0.898 0.584 .65
11020 R R 148 240 0.875 0.582 0.65
s s 441.08 146 ()51 0812 0.513 0.63
12 RN 52417 147 202 0.750 0.524 0.70
b L R 1 606.23 156 336 (1634 0.475 0.75
TR . o canmpina s 1 B35.18 166 800 0610 0.448 0.73
T o e R e 1 234 38 1001 346 (1631 (.471 0.74
1038 ... 2153 83 184 506 (1588 .40 060
BRI e 1 551.37 153 450 0577 0.403 050
1940 . T, 06 163 7049 0.538 404 0.75
i 1 e T TO0.95 118 200 0.581 0419 0.74
BOg3 . ... 347.28 112 107 0.614 0.428 (.70
e A iR 1001 193 (.60 (412 0.68
i e 576,86 04 953 0.553 0.372 AT
Sum 1927—44.. ... 1288580 2137343 (LS 0475 (LESS
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In the periode 1932—1940 the flotation plant produced
about 30 000 t concentrate a year, with 3—4 % Ni and near 3 %
Cu. The concentration was about 5.7 and the effiency of the
flotation was about 82 % for Ni and 90 % for Cu.

I. The Ore Minerals.

The only primary sulphidic minerals in the nickel ores of
Iveland-Evje are according to their sequence of crystallisation:

Pyrite (Fe5,).

Pyrrhotite (Fe, Sqi)

Pentlandite (Fe, Ni 5).

Chalcopyrite (Cu Fe S,).

No primary minerals which indicate a low temperature form-
ation of the deposits have been observed.

Arsenic-bearing minerals have never been encountered. As
secondary minerals millerite (Ni S) and violarite occur in some
parts of the deposit a Flat.

The oxydic ore minerals are magnetite (Fe,0,) and ilmenite
(FeTiO,) with lamellae of hematite (Fe,0,). Magnetite seems
to belong to the silicate phase and has not been observed im-
bedded in sulphidic ore minerals. llmenite on the oher hand has
in some samples been found imbedded in pyrrhothite. Both
magnetite and hematite also occur as secondary minerals
together with millerite near the ore contact against granite peg-
matites.

The Pyrite.

The pyrite of the nickel ore deposits in Iveland-Evje differs
from the pyrite of the Norwegian pyrite ores by its crystal
habit. The pyrite of the nickel ores is the first crystallized
sulphidic mineral and generally developed in well defined
crystals which always show the faces of the octahedron (111),
the corners of which some times are cut off by the faces of the
cube (100), while the crystals of the Norwegian pyrite deposits
are developed as cubes or pyritohedron. (Figs. 2, 3.) The pyrite
of the granite pegmatites of the district however has a similar
crystal form as in the nickel ore deposits. [If the temperature
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Fig. 2. Vertical sections of the ore in direction E—W in the southern
part of the Flit mine.

should be the chief factor for the development of the crystal
form, this should be in good accordance with the temperature
of 600° which has been mentioned by W. H. Collins as the
probable temperature of the solidification of the nickel ores at
Sudbury (7, p. 35).

As previously published by Bjerlykke (3) X ray spectro-
gramms of the pyrite from Norwegian nickel ores show con-
siderable contents of Cobalt. In Table 2 are given the X ray
spectral analyses of pyrites from the nickel ore deposits in the
Iveland-Evje area.

Analyses of 7 different samples of pyrite from the Flit mine
show that the content of cobalt differs from 0.60—1,00 % with
an average of 0.77 %. Analyses of samples from the outer and
inner part of one crystal from this deposit gave the same value
for the content of Co and thus shows that a homogenous compo-



Fig. 3. Ore, Flat mine. Crystall of pyrite (Py) imbedded in pyrrhotite
(Ph) and violarite (V), Q quartz. Pol. sec. ord. light 90 3.

Table 2
X ray analyses of pyrite of the nickel ore deposits in the
area Iveland-Evje.

Co Intensities of g
o Ni ke. Cu ko
Flat mine:
1. Octaedral crystals of pyrite ._............. .62 0 0
2. Pyrite in fine-grained rich ore ............ 0.60 0 0
3 — without crystall outlines ......... 0.0z weak weak
4. — in fine-grained ore ............c..... 1.00 0 0
5 — in poor impregnation ............... (.88 strong 0
6. — ore level dDE .. rnnanaas 60 0 L]
7. — without crystall outlines ......... 080 0 0
Ore deposits in lveland:
8. Pyrite (111) (100), Lomtjern ............ 0.533 0 1]
0, — with inclusions of chalcopyrite
Eamtiern ol T 0 strong
1. — Large crystall, Paascheskjerpet... (L87 ] ]
1. — octaedral chystalls imbedded in
pyrrhotite, Malland .........oone e 087 weak 0
12. — large crystall, Orreknappen ...... .98 ] strong
13. - — — 100 [t 0
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sition of the crystal. Of the analyses of pyrites from other
deposits in the area, the pyrite from the Lomtjern deposit shows
the lowest content with 0.47 % Co.

The pyrites from the nickel ores in this way differs from
those from the Norwegian pyrite deposits which according to
analyses given by C. W. Carstens (6) only contain 0.01—0.1 %
Co. Analyses of pyrites from Norwegian magmatic granite peg-
matites however show contents of Co around 0.3 % . Besides the
similarity in the development of the crystals, the relative high
content of Co in both types of deposits may indicate a similar
temperature of solidification,

Some of the samples of pyrite showed lines of Ni and Cu
which seemed to belong to inclusions of other minerals. In most
of the samples however, no lines of Ni K, were visible indicating
a content of Ni less than 0.01 %. Nickelliferous pyrites as
described from South African nickel ore deposits by P. A
Wagner (19) and others have not been encountered in the nickel
ore deposits of this area.

The Pyrrhotite and Pentlandite.

The pyrrhotite is the most abundant sulphidic mineral in
the nickel ores.

Usually the pyrrhotite occurs in finegrained masses, in some
parts of the ores however it is rather coarse and with a somewhat
darker brown colour. The pyrrhotite always occur together with
pentlandite,

Most of the pentlandite builds small granular stringers
around pyrrhotite grain boundaries and along fissures in this
mineral. These often seem to replace the pyrrhotite and are
distinctly younger than this mineral. (Figs. 4 and 5.) Small
amounts of pentlandite also occur as oriented blades, lenses and
flakes whithin the pyrrhotite crystals and seems to be formed by
unmixing of a solid solution. (Fig. 6.)

Many attemps have been made to extract the fine pulverized
pyrrhotite from the pentlandite by means of a magnet, but
X ray spectrograms of the two fractions have always shown that
it is impossible to get a real separation of the two minerals in
this way.
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Fig. 4. Ore, Flit mine. With pyrite (Py), pyrrhotite (Ph},

il
4\."!\!"" R -

pentlandite (P},

and violarite (V). Pol. sec. ord. light 90 x.

Fig. 5. Ore, Flat mine. Fissure fillings of pentlandite (P
(Phy. Pol sec. ord. light 90 .

) in pyrrhotite
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The relation Ni:Co in pentlandite-bearing pyrrhotite,
determined by means of the relative intensities between the Ni kg,
and Co ka, lines in the X ray spektrograms was found to be about
80 : 1. The quotient Ni : Co is thus higher than in the Sudbury
ore where the same relation has been determined by C. W.
Dickson (8) to be 41 : 1.

No distinct difference was found in the ratio between the
unmagnetic fraction which consisted chiefly of pentlandite and
the magnetic fraction with small content of pentlandite.

Violarite.

In the ore samples from Melland, nearly all of the pent-
landite is converted into a rose coloured mineral which seems
to be identical with a mineral described as violarite (NiFe),S,)
by M. N. Short and Earl V. Shannon (19). In many of the
violarite grains small remeniscenses of pentlandite are visible
(Figs. 9 and 10). Violarite has also been observed in some ore
samples from the Flat mine, especially near the contact against
younger granite pegmatite veins. (Figs. 7 and 8.)

Millerite.

(Ni5) also occurs as a secondary mineral in some parts of the
Flat ore and previously been described by the author (2). It
has not been observed in ore samples from the other nickel ore
deposits of the area. i

The millerite occurs in a special ore type which consists
chiefly of hematite and magnetite with millerite and small
amounts of pyrite, chalcopyrite and violarite. This ore type has
been formed by hydrothermal metamorphism of the usual ore at
the contact against younger granite pegmatites.

The millerite in the Flat ore exhibits an unusual crystal
form as short-prismatic crystals. It was identified as millerite
by means of Debye-Sheerer diagrams. In polished sections the
mineral is easely identified under the microscope by being
distinctly anisotropic. Millerite of supergen origin has not been
found in this area.
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Fig. 6. Ore, Flat mine. Pyrite and blades of pentlandite (P) in pyrrhotite
(Ph). Pol sec, ord. light 500 .

Chalcopyrite.

The chalcopyrite is the latest sulphidic mineral in the nickel
ores of the area. In polished sections under the microscope it
is often seen to replace other sulphidic minerals, especially the
pyrrhotite, It is also often observed filling fissures in the sur-
rounding silicate minerals. X ray spectrograms of the chalco-
pyrites do not show any characteristic minor constituents.

Ilmenite and Hematite.

In some types of pyrrhotiterich ore from Flat mine ilmenite
occur as well defined crystals imbedded in pyrrhotite. Polished
<ections under the microscope exhibit small lenses of hematite



Fig. 7. Ore, Flit mine. Millerite (M) and violarite (V). Pol. sec.
ord, light 90 =,

Fig. 8. Ore, Flat mine. Millerite (M) and violarite (V). Pal, sec.
ord, light 500 .



Fig. 9. Ore, Molland. Pyrite and pyrrhotite with violarite (V) containing
rests of pentlandite (white spots). Pol. sec. ord. light 90 .

within the ilmenite crystals. An X ray spectrogram showed no
characteristic minor constituents.

Secondary formed hematite occurs together with millerite
near the ore contact against granite pegmatites.

Magnetite.

Magretite with microscopical lenses of ilmenite occurs
aboundantly in the gabbro rock and among the silicate minerals
in the ore but has never been observed imbedded in sulphidic
minerals. Magnetic extractions of the waste from the sulphidic
flotation show that the raw ore from the Flat mine contains an
average about 8 % magnetite. X ray spectral analyses of nearly
pure magnetite from this fraction showed a content of about
1 % Ni. The nickel in the waste from the sulphide flotation is
therefore mostly present as a substitute for iron in the magnetite.
The X ray spectrograms of the magnetite concentrate also show
small amounts of Cr,

Morges Geol. Unders, Mo, 168D, 2
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Apatite,

The average content of phosporic acid in the raw ore of
the Flat mine is about 1.7 % P,0, corresponding to about 4 %
apatite. As Norway during the last war was without any sup-
ports of phosphoric acid for agricultural use, attempts were
made to make use of this apatite content of the ore. By means of
flotation of the waste from the sulphidic flotation it was possible
to produce a concentrate with 28—30 % P,0.. This concentrate
also contained 1—1.1 % S and 6—7 % Fe and was used for the
manufacture of superphosphate by the Lysaker chemical plant.
The production reached the last years 3000 t. a year.

Il. The Ores.

The Flat nickel ore deposit is the largest which has heen
mined in Norway.

The shape of the ore body is shown by the maps (PL 1
and 2). The upper part of the ore has a very regular flattened
elongated form which strikes NE, dipping 45° to SE. The length
of the ore body in the direction of the strike is 100 to 150 m and
the horizontal thickness varies from 15—30 m. The axis of
the ore dips 45° to the south. From the 282 m level and down-
wards, however, the ore body gradually flattens out and the
vertical thickness increases to a maximum of nearly 100 m, As
indicated in the vertical profils 780 S and 820 S (Fig. 2) the
ore in the southern part of the mine seems to split into two bodies.
The western of these is situated about 20 m lower than the
eastern. The total length of the ore along the ore axis is about
900 m.

The ore body chiefly consists of impregnated silicate rocks
which have been petrographically described by Tom Barth in
the first part of this paper.:

As an average the mined ore consists of about 75 % silicate
minerals 12—13 % sulphides, about 8 % magnetite and 4 %
apatite. In all the Flit mine has produced about 2.7 mill. t. raw
ore with an average content of about 0,72 % Ni and 0.48 % Cu.
During the last periode of production fra 1927—44 the Flat

_
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Fig. 10, Ore, Malland. Pyrrhotite with violarite and rests of pentlandite
{P). Pol. sec. ord. light 500 .

mine has produced about 2 mill. t. raw ore with an average
content of 0.60 % Ni and 0.475 % Cu. In the same periode
12 885.80 m of diamond drill holes have been carried out in the
mine and its near environments. The production and content of
Ni and Cu together with the lenght of the drill holes for each
year is given in Table 1.

The Table demonstrates that the average composition of
the ore does not differ very much from year to year. The con-
tent of Ni in the raw ore decreases very slowly from values up
to 0,95 % Ni in the first year to 0.55 % Ni in the last year 1944.
At the same time the content of Cu in relation to the Ni is a little
higher in the last years of the period. A study of the ore in the
mine shows however that the ore is very different in the different
parts of the ore body. The lumps of ore mined differ in com-
position from nearly 100 % sulphides to dioritic rocks only
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Table 3.
Analyses of diamond drill cords.
Content of Number of Average content of:
Ni analyses Ni Cu 5 CuNi S-ScwNi
Flat: i) G b
Rich ore ...... —2 % 26 1.23 0BT 11.55 0.55 8.0
Usual ore 05—1 » 44 (68 0.48 5.32 0.71 7
Poor ore <05 » 46 0.28 0.22 557 aTe 191
Mealland
Rich ore ... 1—2 = 7 1.03 0.13 610 013 58
Usual ore .., 05—1 » 4 (.78 024 4 86 .31 59
Poor ore ... <05 » 35 030 0.07 1.62 0.23 6.2
Hydrothermalmetamorphosed
milleritebearing ore Flit:
Rich ore ...... 1—2 o 12 127 (.68 1.68 .54 0.78
Poor ore ... <l = 10 [1L60 0.30 0.68 01.50 0.93

slightly impregnated with sulphides. The relation between
pyrrhotite and chalcopyrite also varies widely in different parts
of the ore while the relation pyrrhotite to pentlandite seems to
be rather constant in different ore types in the same ore body.
The great variation in the composition of the ore makes it
impossible to pick out a sample representing the average ore
composition. The only way to find out the average composition
is studying the values in the mined ore during a certain period
of production.

The distribution of the different ore types in the ore body
scems to be quite unregular. The diamond drill records given
in the last part of this paper of the holes 303, 314, 323, 324, 336,
371, 374, 382 and 384 give a picture of the irregular variation
of the ore within the ore bhody.

To get a picture of the composition of the different ore
types the analyses of the drill cores may be divided in groups
according to their content of Ni. The average composition of
these groups will in this way give the average of different ore
types. Table 3 gives the results of the calculation of three
groups of ore from the Flit and the Melland mines, The average
composition of these groups shows that the guotient between
the content of Cu and Ni increases with decreasing amounts of
Ni, and at the same time the quotient of the amount of total
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sulphur minus the sulphur present in chalcopyrite (5—S¢;,) and
the amount of Ni, also will increase. In other words the poor
nickel ores have a relative larger content of chalcopyrife than
the rich ores.

The usual ore analyses carried out by the chemical labora-
tory of the Flit mine do not include the determination of iron.
It is therefore impossible to calculate the relative amounts of the
sulphidic minerals of the ore by means of these analyses. But
at the smelting plant at Evje complete analyses have been carried
out of the nickel ore concentrate from the flotation of the
Flit ore.

In a previous paper the author (3) have carried out such
a mineral calculation and | found the following composition of
sulphidic minerals in this concentrate:

CRMCOPYIR ..oovvionsiveimnerns | BB 0
Peptlandite? .. .coovivenaamne bl »
Bt i e e S 7077 »
Pyiile ot i an s rnaniass 90l )

This gives a ratio of 4.9 : 1 between pyrrhotite and pent-
landite. However, the composition of the concentrate does not
correspond exactly to that of the raw ore, for the concentrate
is enriched in pentlandite. The ratio between pyrrhotite and
pentlandite calculated from the analysis of a rich ore without
pyrite from the Flit mine was found to be 5.4 : 1.

The average content of Ni in the sulphides is about 4.5 %.
X ray spectrograms of samples of the ground raw ore and the
flotation concentrate from the Flit mine showed that the quotient
Ni/Co was 8 : 1 for the raw ore and 12 : 1 for the concentrate.
The waste from the flotation must therefore be relatively enriched
in Co.

From an analyzed sample of rich ore without pyrite from
Malland with 3.78 % Ni and 0.98 % Cu, the following com-
position &f sulphidic minerals was calculated:

* The pentlandite is calculated with 34 4 Ni according to analyses
by J. H. L. Vogt (18).
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According to this the ratio between pyrrhotite and pent-
landite is 3.1 : 1 for the Molland ore.

As previously published by the author (3) the amounts of
pyrite and chalcopyrite are variable factors in the composition
of the ore samples. The relation between the amount of pyrrhotite
and pentlandite however seems to be constant in all types of ore
in the same deposit. This relation may also be expressed as the
quotient of the total sulphur minus the sulphur present in chalco-
pyrite and pyrite on one hand, and the amount of Ni on the other
which can be expressed in the formula: {S—(Sc, + Se)) : Ni.

By means of this factor it is possible to calculate the amount
of pyrite in an analyzed ore sample.

Analyses on Au, Pt, and Pd of the Flit ore carried out in
1918 show according to S. Foslie and M. Johnson Hest (8) that
ore with 1.00 9% Ni and 0.65 % Cu contained 0.023 g Pt, 0.047 g
Pd, and 0.111 g Au pr. t. According to this the FIit nickel ore
is relatively poor in platin metals.

The Ore Deposit at Melland.

The nickel ore deposit at Melland in Iveland consists of
many small ore bodies seggregated in a rock of noritic com-
position near the border against a gneiss flake. The deposit
has been investigated by some small openings on the surface
and a shaft 19.5 m deep with a crosscut of 50 m lenght. 16
diamond drill holes to a total lenght of 690 m have been drilled
after indications found by electrical surway which was carried
out in 1937. However, the investigations gave as result that no
ore body of any economic importance was found. 4 analyses
of pieces of rich ore gave following results:

(R e 1.50 % Nj 0.40 % Cu 1131 %5
e L, .71 — 0.35 — 10.72 —
e e 1.79 — 0.30 — 1031 —

4o e 14 — 010 — 797 —
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Average analyses of drill cords divided in groups according
to their content of Ni are given in Table 3.

The analyses give an average of 5.5 % Ni in the sulphides.
The ore at Melland differs from the Fldt ore as previously
mentioned by having a lower ratio between pyrrhotite and pent-
landite. In polished sections under the microscope the Melland
ore is characterized by most of the pentlandite beeing converted
into violarite. Only small amounts of pentlandite are seen as
small white spots in the violet coloured violarite,

In the district south and east of the Flat mine many small
nickel ore deposits are known. In some of them small amounts
of nickel ore have formerly been produced and transported to
the smelting plant at Evje. [n all these deposits the nickel ore
has seggregated against flakes of gneiss.

Electrical survey and diamond drillings have given as result
that none of them contain ore of any economic importance. The
Lomtjern deposit is situated about 2.8 km E of the Flit mine
about 500 m above the sea level. Diamond drillings carried out
according to indications found by electrical survey did not locate
any ore but only gabbro with poor sulphidic impregnation carry-
ing up to 0.18 % Ni.

Similar disseminations of sulphides are found in the neigh-
bourhood at @ygardsvatn, Vikstel, Byttingmyr, and Gullregn.
At Orreknatten in Iveland a little nickel ore has previously been
mined on some small dykes of coarsegrained pyrrhotite with
large crystals of pyrite.

The Hydrothermal Metamorphism of the Ore at the Contact
Granite Pegmatites.

The nickel ore in the Flit mine is frequently intersected
by granite aplites and granite pegmatites which are younger
than the ore. The granite aplites usually form regular dikes with
sharp borders against the surrounding rock, while the pegma-
tites, as usual in this district, often form large irregular bodies.
One of the pegmatites which occur in the midst of the ore body
seems to have the shape of a large horseshoe with a thickness
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of up to 10 m. The record of the diamond drill hole nr. 336
(page 36) shows that this hole has been stopped after being
drilled more than 4 m in granite and the hole 323 has been drilled
18.81 m in pegmatite from 24.03—42.84 m. The study of the
ore boundaries against the pegmatites shows that the hydro-
thermal influence has changed the primary sulphidic minerals
into a mixture of magnetite, hematite, chalcopyrite, millerite,
violarite, and pyrite. This mineral paragenesis has previously
been described by the author (2).

Ore of this type is astonishingly rich in Ni in relation to
the amount of sulphidic minerals visible and it was generally
called “iron ore” by the mine workers.

In this ore all of the nickel is present as millerite and often
a little violarite. The transition of the ordinary ore into “iron
ore” consists chiefly in a decomposition of the pyrrhotite forming
magnetite and hematite while the sulphur of the pyrrhotite must
have been carried away. In the same way the pentlandite has
been converted into millerite and a little violarite. The chalco-
pyrite and the pyrite of the ore do not seem to have been
disturbed by these processes. As will be seen from the drill
report, especially of the hole 323, it is characteristic that near a
granite pegmatite the ratio between 5 and Ni is lower than
usual, indicating a decomposition of the pyrrhotite and a transi-
tion of pentlandite into millerite.

The zone of metamorphism may vary with the thickness of
the pegmatite from some dm to 4—5 m.

The calcuated quotients Cu/Ni and 5—S8g, /Ni, given in
Table 3 based on analyses of drill cords show that this meta-
morphozed ore has about the usual quotient Cu/Ni while the
content of § in relation to the amount of Ni is about one tenth
of that of the primary ore.

Faults.

On the level 84 in the Flidt mine a fault striking N—S with
a dip 70° W is visible at the eastern side of the ore bdoy. The

striae on the fault plan dip 18° S
The position of granite aplite dikes near the fault seems to

indicate a relative sinking of the eastern side.



A fault which probably correspond with this occur in the
lower part of the mine on the level 402, To ascertain wether
some part of the ore has been displaced by movement along this
fault, an exact study of the fault, and diamond drill holes has
been carried out. This investigation led to the conclusion that
the movement along the fault must have been negligible and that
no ore of any importance has been displaced by this movement.

III. Origin of the Ore.

Geological investigations carried out by C. W. Carstens
and the author during the years 1937—45 have led to the con-
clusion that the occurrence of the nickel ore in the flit mine is
restricted to a special dioritic rock which we have called the “ore
diorite”. This rock differs but slightly in chemical and mineral
composition from the other surrounding amphibolite rock which
we have called the “Mykleds type”. By appearance however it
is possible to distinguish the two types be means of the somewhat
ophitic and massive texture of the ore diorite, while the Mykleds
type always is more or less foliated.

The ore diorite often exhibits a finegrained or porphyritic
texture along the borders against the surrounding Mykleds type
and in this way seems to have been intruded into and cooled
against this rock.

According to the opinion of C. W. Carstens and the author
the nickel ore deposit in the Flit mine has been formed by a
magma especially enriched in sulphides, which has intruded the
older gabbro of the Mykleds type and during the cooling the
sulphidic ore has seggregated along gneiss flakes included in
the are gabbro.

This opinion is based on the following facts:

1. The ore exhibit a very distinct sequence of crystalliz-
ation.

2. The absence of low-temperature minerals in the ore.

3. The high content of Co varying from 0.5—1 % in the
pyrite indicate a high temperature of formation of this mineral.

4. The distribution of the Ni and Cu content in the different
types of the ore seems to indicate a magmatic differentiation.
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Table 4.

The relation between the average content of SiO, and Fe from
analyses of drill cores in the Fidt mine.

Number of  Average content of:

T S0, analyses Si0, Fe
O %o
= 58 0 61.6 .30
5p—54 11 55.6 8.25
54—50) 9 52.2 9.86
B4 5 482 10.34
< 46 b 43.18 12.80

5. The hydrothermal metamorphism of the ore at the
border against the granite pegmatites shows that the mineral
paragenesis of the ore has been unstable against the influence of
gases and solutions from the pegmatite magma.

This hydrothermal metamorphism of the ore against the
pegmatites also after the opinion of the author indicate a mag-
matic origin of the irregular ,rare mineral-bearing pegmatites
of the area. The absence of feeding channels for these pegma-
tites may be due to that the granite pegmatite magma has been
intruded into rocks with a temperature above the temperature
of crystallization of the pegmatite. In this way the pegmatite
magma may have been present in the rocks in a liquid or partly
liquid state for a long time and has through orogenic movements
been kneaded into the surrounding rock. This opinion has also
been maintained by me in a previous paper (1).

Flakes of gneiss have been observed in diamond drill holes
under the ore at many places in the mine, and are also observed
on the surface near the ore outcrop.

Many drill holes have been drilled to locate underlying flakes
of gneiss and the cores have been analyzed for Si0, and Fe to
study the variation in the composition of the rock. To illustrate
this variation | have picked out records of some of these drill
holes nr. 302, 309, 319, 326, 374, 387, 388 and 391. The situation
of these holes is given on the map of the ore body.

The mining of the ore bady of the Fldt mine has in all
directions reached the limits for economical mining. Diamond
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drill holes in all directions from the ore body against the sur-
rounding rock show that the ore grades into the dioritic rock
and no new ore has been found in the surroundings of the
mined ore.

During this diamond drill survey a tunnelshaped pipe of
ore about 40 m long was found by diamond drilling carried out
from the stope on 360 m level against the hanging wall. Further
survey showed that this pipe ore was but ca. 5 m in diameter
and was a protuberance of the main ore body.

Also in the southern part of the mine the ore body grades
into the silicate rock and diamond drill holes carried out to
investigate the wall rock in south direction showed that this
contained an average of 0.28 9% Ni and therefore was far below
the limit of economical mining.

The diamond drill holes in the ore show that the Flit ore
is not a homogeneous ore body but ore and silicate rock change
within short distances. The ore body may in this way be
described as built up by “Schlieren” of sulphides in a dio-
ritic rock.

Sulphide masses with sharp borders against the silicate
rock are never encountered in the ore body, and no offset dikes
have been observed. Ore breccias with fragments of silicate
rocks imbedded in sulphides occur frequently and show that the
silicates have solidified before the sulphidic minerals. The sili-
cate rock fragments in these breccias never exhibit sharp borders
against the surrounding sulphides.

The relation between the sulphides and the silicates in the
Flit ore seems to indicate a close connection between the two
phases during the cooling. This close connection between the
sulphides and the silicates may be caused by the fact that the
original solution has been poor in water which is indicated by
the absence of hydroxyl-bearing and low-temperature minerals
in the rocks. Consequently the sulphides must have seggregated
_at an early stage in the solidification of the magma.

According to the opinion of Carstens and the author the
Flit ore must have been formed by seggregation in a diorite
magma (magma of the “ore gabbro”) which was especially



Fig. 11. Polished sections of a drill core showing the border between ore
and silicate rock in the hanging wall of the ore body. Flit mine. 2 %,

enriched in sulphides and has been intruded into an older amphi-
bolite rock of nearly the same composition, which, however, was
poor in sulphides (the Mykleds type).

In this way the FIat ore may be classified as a marginal
deposit against gneiss flakes within the ore gabbro.

A characteristic feature of the diorite rocks in the Flit area
is that it shows very little differentiation. This has been dis-
cussed by Tam Barth in the first part of this paper. The diamond
drill hole 326 shows that the ore gabbro continues 116 m in
this hole, but no ore was found at the contact against the under-
lying gneiss.
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To get a picture of the seggregation of the sulphides it is
important to study the border between the sulphides and the
silicates.

The Fig. 11 shows a photo of a polished section of a drill
core at the border between the silicate rock and the sulphidic
ore in the hanging wall of the ore body. It is seen how the fine
dessiminated sulphides graduoally seem to gather into larger
sulphidic grains in the ore body.

Small fissure fillings of chalcopyrite are often seen pene-
trating from the sulphides into the surrounding rocks. This
phenomena has also been observed by 5. Gawelin (10} and
(). H. Odman (20) in the Boliden ore and has been explained
by them as differentiation from the sulphidic ore body. The
previously mentioned analyses given in Table 3 show that the
dessiminated sulphides are richer in pyrite and chalcopyrite than
the rich ores. This suggests that relatively much pyrite was
left in the silicate rocks during seggregation, caused by the
higher melting point of this mineral, while the enrichment of
chalcopyrite was due to a secondary differentiation of the
sulphides.

Records of Diamond Drill Holes
from the Flat Mine.

Diamond drilf hole No. 326. 402 level Coord. 245 8, 90 W,
Az. 3%, Dip 45°.

Length in m Fe Silh
From To LA [

0 2158 Diorite with bands of quarts and aplite Sample

At BB s e e e s e i 454
21.58 21,78 Diorite with red feldspar.
21,78 46.51 Diorite partly with red feldspar, some small

veins of granite, gradually richer in hiofite.

T e R | T L e 46.1

—_ B e ‘. 473

46.51 4604 Cranite pegmatite,
46.94 47495 Schistose Cabbro, rich in biotite,

oz [ g s e S U 51.6
47495 4835 Granite pegmatite,
48.35% 5310 Diorite.

Sample At Bl AR N s i i et 4982



Length in m Fe  Si0.
From To o o
5310 6830 Diorite rich in biotite, intersected by many
granite pegmatite veins,
T 0 LB | T T | 1 SRt S, S R 53.6
— [ o1 R | TEREES - (O 515
6830 T1.50 Granite, red coloured.
71.50 81.80 Diorite, rich in biotite with some veins of
aplite. Gradually porphyric texture, at last
fine grained rich in biotite.
Bample st T2M v s maaai 46.7
-- LT | At L RS S 472
— e e R R s 5.0
— B s i A s 544
- BLOD - ... 504
41,80 8230 OGneiss. Sample at e A R 6.9
8230 86,60 Gneiss, fine grained, rich in biotite ............ T28
86,60  B7.90 (J:ra.mtr: ilite.
B790 BBAD GCneiss. Sample at 8790 ... 60.2
B840 9023 Croshed core,
a0.23 91.50 Granite pegmatite.
01.50 94.80 [Morite, rich in hiotite with veins of zranite
aplite. Sample at 9380 ... 43.1
G480 0540 Cranite aplite.
9540 107.00 Diorite, rich in biotite. .
e A I e o me e s s e 40.4
— 10000 - ... el 537
= LT e e e A T 51.9
107.00 116.18 Diorite, rich in hlnhte “The core lost from
108.66—112.56 m.
Sampheat IOTAENL .0 i ni e snaess 870 544
- R e e R L R 835 539
— A 2 e e S S e 835 502
- 11430 - ... e e L
116.18 11725 Light-coloured ﬂrramtu: mck ‘with nrthnkEas
quartz, a little pl'lgmtlase and some biotite.
Sample at 11644 m ... ... 215 T
11725 11908 Banded and foliated rock with more mica
than feldspar. Sample at 11760 ............... 585 513
119058 121.60 Light-coloured granite.
Sample at TIBAE0 M ..ovovveeeeeen e 525 50.6
—_ LI e s 255 TO.1
—-_ B L2 ) U 3 6716
12160 12475 Dark coloured, foliated rock, rich in mica.
Sample at 12240 M oo, 860 497
124.75 12768 Gneiss. At 12620 a granitic vein 10 cm with
some sulphides,
Sample at 124.00 m 9.50 545
— 20 s 695 621
12760 128.10 Fine-grained rock. Sample 12780 ............ 50.1
2810 13525 Gneiss. Sample at 12870 m .................. 727
135.25 135.60 Granite.
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Length in m . Fe Si(y
From To o e

13560 136.35 COCneiss.
136.35 136.90 CGranite pegmatite,
13690 13960 Dark coloured, fine grained rock, foliated, rich
in mica. Gradually decreasing foliation.
Sample at IE-TSD B e i e s 61.6
13060 14203 Crushed ture
14203 14560 WVery like the rock from 136.90—139.60.
Sample at 14345 m ............... 470 679
14560 14600 Acid rock, rich in p]agm:]aﬁe
146.00  151.70 Lighi—cﬂ]uure{l fine LrﬂTnEd rock. Sample
at 14800 ...... R e e e i T 1 |
151.70 16035 Gneiss, Samp]e at 15210 i

=11
&
&

Diamond drill hole No. 388. Level 365,5 m, Coord. 844 5, 89 W,
Az, 1907, Dipping 3 : 4.

Length in m Fe Siy
From To . [ o

000 508 Fine-grained, green-coloured diorite
988 18.18 Fine-grained, green-coloured rock partly por-

phyric.

At 1135 Diorite-porpiyrite ......coooviininnn.. T2 004

- 1425 Diorite-aplite ........cooooiiiiiiiinnnes 73 544
18.18 1968 Green-coloured diorite. "-]amp}e at 1845 ... 104 41.2
1968 20004 Diorite, porphyric, saussuritized. Sampie at

1980 m ..... i b4 CSOER
2004  25.00 Dloﬂte pnrphync “dark-coloured . e [ F 1
2500 2685 Diortic aplite. Sample at 22.50 e 53 662

26.85 2740 Diorite, normal.
2740 2796 Diorite, porphyric. Sample at 2750 m ......... 1
2796 30,09 Diorite, porphyric. Sample at 2960 m ......... 1
30008 3060 Diorite, dark-coloured, fine-grained.
30.60 3098 Light-coloured, acid rock,

HSample at 30.70 m ........ e s T B
3008 3150 [Diorite, dark-coloured, fml.—;,rmmd
31.50 3190 Light-coloured rock.
3100 4900 Diorite.

Sample at Ti L Hl o i e g o A e e 11 48.0
— 1 L e e e e L ] | 490

. P A

- L e e e 11 £

4900 5730 Diorite with a little sulphidic minerals,
Sample-ab o30S s
- . 2! | T e ok
730 6064 Diorite, foliated.
I pIE At AT v L b s dbn it a5 b Al o

w1 BEa i EEERALT NN EEER Ay ey

o Bl r
- E=in =aoboin
o
= =]
oY
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Diamond drill hole No 387. Level 402, Coord. 792 S, 1686 W.

Length in m

From

To

Az. 215° Dip. 1 : 1.

Si0,
T

0.00
1643
17.06
17.66
18.62
19.16
19.50
20.26
21.26

23.50
34,14

36.30
39.60

16.43
17.06
17 66
18.62
19.16
19.50
20.26
21.26
23.50

34.14
36.30

30.60
41 .62

Diorite, normal with some veins of pegmatite,
Diorite, porphyric with larze white #ﬁ]dspar crystals,
Diorite with red feldspar. v
Granite pegmatite with pink and white feldspar.
Diorite with red-coloured feldspar.
Granite pegmatite,
Diorite, very fine-grained.
Diorite with red-coloured feldspar.
First 26 cm pegmatite, than diorite and at last 25 cm
gmatite. 90 cm core lost,
iorite rich in epidote. From 31.50—32.07 distinctly
foliated.
Dark-colovwred acid pack ... i m i
Granite, gradually foliated.
Gneiss

6.2
T2.0

Diamond drill hole No 391. Level 410, C,'n:-ordt 683,60 8, 150.5 W.

Az. 399, Dip. I : 1.

Length in m Ni Cu Insol. 5
From To % 9 g i
000 320 Diorite, impregnated .................. 030 1D T3 300
220 632 Diorite 510, = M6 9% P0. = 421 9.
6.32 661 Diorte, impregnated .................. 025 018 755 292
661 1000 Diorite.
1000 1511 Diorite, foliated and rich in mica. Si0; P.0);

Sample at 1050 m ..o, 50.0 9% 3.00 75
15.11 2000 Diorite-with abundant veins of

pegmatite and aplite.

432 - 342 -

Sample at 1930 m ...oovniiiiiinens
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Diamond drill hole No. 309. Level 410 m. Coord. 707 S,
127.5 W. Vertical.

Depth in m Ni Cu Insol. 3§
From To % T T Fo
0.00 081 Impregnated diorite ..........cocovnn 055 1.05 547 9.85

081 080 Diorite with some sulphides.
0.90 1.77 Granite aplite.

1.77 222 Diorite, distinctly foliated.
222 270 Granite aplite.

270 11.13 Light-coloured gneiss Silly
Sample gt 278 M oo 63.1 9%
— T e 61.6 -
-— i B S e R 63.2 -
== SRR e 652 -
11.13 11.63 Granite aplite.
11.63 13.38 Dark-coloured gabbro, rich in bio-
tite with veins of aplite and peg-
matite.
1338 20.03 Dark-coloured diorite rich in bio-
tite.
Sample at 1360 m .......oooeeinannns 44.1 -
N e 46.7 -
PR . 459 -
— MR- 482 -

Diamond drill hole No. 319, Level 402 Coord. 6285 §,
127 W. Vertical.

Depth in m Ni Cu Insol. S
From To T O & o
000 121 Poor impregnation in diorite ...... 030 026 718 384
121 192 Granite aplite.
1.92 280 Poor impregnation in diorite ... 030 026 T71.8 3.84
280 291 Granite aplite.
291 582 Poor impregnation in diorite ... 020 013 739 316
582 B8B83 Poor impregnation in diorite ... 035 027 TiOo 364
883 968 Diorite. ;
968 1007 Granite aplite. S0,
1007 1306 Diorite. Sample at 1337 m ......... 435 %
1396 16.74 Light-coloured gneiss.

Sample at 1400 m .......oooveeeeeeeees 556 -

— R = e 55.8 -

Morges Geol. Unders. No. 168b. 3
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128 W. Vertical

Diamond drill hole No. 302. Level 410. Coord 697 5,

Length in m "~ Ni Cu Insol. S
From To Yo % o o
0.00  0.68 Diorite and aplite.
068 367 Diorite, impregnated ............... 045 (118 714 386
367 633 Diorite with a little |rnpregnat1nn
633 6.67 Granite aplite.
6.67 939 nght-cnluured rock with small
veins of aplite,
9.39 1082 Granite aplite.
10.82 21.06 Dark-coloured gabbro rich in bio-
tite.
21.06 2725 Orthoclase rock, rich in  hiotite Fe S0,
some quartz and homnblende. e T
Samp!e i B e 0,60 473
B = e 11.45 43.4
= BERR e 0.20 51.0
27.25 2803 Granite pegmatite.
28.03 31.26 Diorite. Sample at 2850 ............ 1.25 424
31.26 41.17 Diorite with two granite pegmatite
veins 12 cm and 20 cm.
Sample at 3290 m ....... 170 52.7
— 3695 - .. 11.05 48.9
— 3880 - . 11.20 45.0
— 4100 - . 1015 452
41.17 51.10 Diorite, Aplite from 49.2249, 35 m.
Sample at 4356 m . 10,85 4.0
— 4654 - . 1045 436
— BB = i 10.45 43.6
51.10 5527 Diorite. Sample at 5130 m ......... 10.25 45.5
5527 BB.1T (Granite pepmatite.
5817 — Diorite.
Sample at BOO0M v 1115 48.0
—  BEBO - 10,10 487

Diamond drill hole No. 303. Level 363.35. Coord. 821.2 8§,
H'4 W, Az. 266°. Horizontal.

Length in m Ni Cu Insol. §

From To T % % %o
000 256 Poor impregnation in diorite ... 040 023 642 354
256 497 - —_ — ceeee D30 006 TS 2T
497 0905 — -- — 065 024 692 400
005 1143 - — — e 15 018 T44 1.66
11.43 1198 Diorife,

11.98 14.75 Poor impregnation in gabbro ... 025 033 696 304
1475 16.30 — .- — L 015 016 T42 195
16.30 17.80 — - — 035 018 682 314
17.80 18.61 Granite aplite.

1861 19.68 Poor impregnation in gabbro .. 015 020 720 158
1968 2083 Diorite rich in mica.

2083 21.16 OGranite aplite.

21.16 2223 Diorite,

22323 2238 Granite aplite.
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Diamond drll hole No. 371. Level 339.0. Coord. 784.2 §,
785 W, Az. 281°. Horizontal.

Length in m Ni Cu Imsol. 5
From To % % % B
000 130 Diorite, poor impregnated ... 050 079 555 1.3
1.30 245 Diorite with red-coloured feldspar,
245 340 Diorite with red-coloured feldspar

T ] PR R e e 078 555 1.3
340 4.65 Diorite.
465 515 Diorite, impregnated .................. 003 1.76 385 23
515 595 Diorite.
505 610 Granite aplite.
6.10 11.84 Diorie.
11.84 12.56 Diorite with grains of sulphides ... 008 012 579 1.0
12.56 1540 Diorite.
1540 15.77 Impregnated diorite chloritic ... 008 033 443 12
1577 16.00 Diorite.
16.00 17.90 Impregnated diorite, chloritic ..... . D45 D38 544 09
17.90 2117 Diorite.
21.17 2750 Diorite, very fine-grained.

Diamond drill hole No. 382. Level 402. Coord. 860 §, 132 W,
Az. 300°. Horizontal,

Diepth in m Mi Cu Insol. S
From To % % % o]

000 1284 Diorite.
1284 1525 Granite pegmatite.
1525 1591 Dark-coloured, fine-grained rock

with magnetite and millerite ...... 030 0322 481 160
1581 1720 Dark-coloured, finegrained rock ... 028 042 552 1.70
17.20 1795 — - = TR . 023 022 726 110
1795 2024 Diorite.
2024 2095 Poor impregnation in diorite ..... . 025 021 695 1.60
2095 21.75 —- = e . 040 050 593 4.80
21,95 2200 - —i = eeees 005 024 754 060
2200 2281 - - — feeens 25 D3N GRT - 250
2281 24.25 Diorite.
2425 2565 Poor impregnation in diorite ... 013 020 737 070
2565 2648 — - - — i . 010 015 740 D80
248 2852 Diorite.
2852 2872 Poor impregnation in diorite ...... 048 065 603 620

28.72 3928 Diorite.
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Diamond drill hole No. 384. Level 402 Coord. 861 §, 132 W,
Az, 250°, Horizontal.

e ———— R —  — e —
Length in m Ni Cu Insol. §

From Ta T T T %

000 1042 Diorite,

1042 10.71 Granite pegmatite,

1071 13.14 Diorite with veins of pegmatite.
13.14 1380 Granite pegmatite,

13.80 15.76 Chloritic Rock.

1376 1620 Poor impregnation in diorite ...... 020 010 &4 220
1620 1732 - - — w065 035 B1E 330
17.32 18.77 - — — ceene 023 015 736 18O
18.77 2090 — - — e 0.25 015 737 1.80
2000 22497 -- - —_ ea 015 B25 TIA 150

2207 4430 Diorite,

Diamond drill hole No. 336. Level 357.9. Coord 7826 8,
98.3 W, Az, 397.5°. Elevation 13 : 5.

Length in m Ni Cu Insel. S
From To T % % To
0.00 200 Impregnation in diorite ... 125 075 482 833
200 418 Diorite.
418 438 Poor impregnation in diorite 020 015 T1.5 071
438 457 Diorite,
457 686 Diorite impregnated ................ 058 025 626 3.890
f6.86  7.80 Diorite.
789  B.12 Impregnation with magnetite and

TH | R e 098 050 528 1.57
812 &85 Diorite.
B34 0.3 Poor impregnation in gabbro ._.... 030 020 644 323
913 936 Diorite.
036 10.16 Poor impregnation in diorite ...... 030 020 f44 323
MEIG: TI33 0. .....cooeiiiririonssenmmmmesserssnnnnn 1.50 D65 516 B.10
11.32 1160 Diabas,
11.60 1184 Impregnated diorite .................. 070 1.72 603 {22
11.84 2265 Diorite with 17 cm granite peg-

matite dyke at 16 m.
2265 2680 Pegmatife.

Diamond drill hole No. 314, Level 322. Coord. 556.5 5
151.2 W, Az. 200°. Dip 1 : 1.

Length in m Ni Cu Insol. 5§
From Ta %o % % T
000 1.70 Ore 0,72 475 12.80
1.70. 640 Poor impregnation in diorite . 28 705 2.64
640 950 - S — - : 028 625 3.25
050 1320 Varying impregnation .............. B X 043 575 RT70

13.20 1625 — — i : n42 HIB 545



Diamond drill hole No. 323. Level 363.5. Coord. 772.7 5,

101.5 W, Az. 1.25°. Horizonfal.

Length in m Fe Ni Cu Insol. 5
From To %o % e R R
0.00 1.18 Diorite.
1.18 283 Poor impregnation .......... 015 006 69.7 1.65
283 317 Diorite.
317 403 Diorite impregnated . 075 006 513 539
403 498 Ore .. 103 005 484 1220
408 58] Daonte wlth some su[phldc

rains.
581 6.68 Diorite, impregnated ......... 053 1.18 559 6.02
668 6.83 Diorite.
683 RB.43 Diorite, impregnated ......... 053 063 664 460
843 B85 CGranite aplite.
885 9087 Ore rich in copper ......... 1.10 4.06 406 1063
9.87 1156 Diorite impregnated . 1BB0 038 090 638 433
1156 1292 — — T 2210 053 024 520 1226
1292 13.24 Diorite.
1324 1374 Diorite, impregnated ....... 2050 080 000 504 B06
13.74 14.22 Diorite.
1422 1459 Impregnated diorite ....... 2240 068 082 527 628
1459 15.18 Ore rich in copper ......... 3000 068 7.18 347 1670
1518 16.16 Diorite impregnated ....._... 23.00 078 136 501 470
16,16 17.09 Poor impregnation ........... 1965 035 (.16 553 084
17.00 1921 Diorite, impregnated ........ 2080 0.73 028 494 08I
1921 1933 Poor impregnation, with

magnefite and millerite ... 3635 140 062 360 182
1933 21.22 -— — . 2870 138 073 446 216
212 21.82 —- — ... 1670 030 002 565 0.78
21.82 23.05 - — ... 2330 125 D06 437 1.24
2305 24.03 — — . 2405 150 034 413 182
2403 4284 CGranite Pegmatite.
4284 43.46 Diorite.
43.46 4378 CGranite pegmatite.
4378 44.58 Diorite.
4458 45.22 COranite pegmatife,
4522 4504 Diorite with chlorite and

magnetite.
4504 46.14 [mpregnated chloritebear-

ing with magnetite and

millerite 2095 1.20 212 4032 356

4614 4742 —- - — 2105 085 040 534 147
4742 4810 Poor impr. in normal diorite 1425 0.25 016 626 068
48.10 48.62 Impregnated diorite ......... 060 187 500 7.77
4862 48.74 Poor impregnation ...... 015 020 T03 1.84
4874 53.59 Diorites with small dykes of

diabas,
5350 5308 Impregnated diorite ......... 053 037 M9 391
53.08 5922 Diorite, the last 35 cm with

very poor impregnation.
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Diamond drill hole No, 374. Level 158.5. Coord. 181 8, 3.5 E,
Az 9% Horizontal.

Lenght in m i ' S Fe Si0,
From To % %o o
0.00 1230 Diorite, Sample at 550 m ............ 845 568
1230 1400 Diorite with some sulphide grains.

Sompleat TREm 800 56.4

1400 1558 Diorite.
15.58 21.50 With some sulphide grains.
SamplE At AT IO M e B05 548
21.50 2331 Granite aplite.
2331 4445 Diorite with some sulphide grains.

Semplecat- BT ml s T.80 57.6
- A 845 540
—_ ) PR Rl 058 BO0 56.0
— R I . S 055 790 550
4445 44.80 CGranite aplite.
4480 4892 Diorite with two dykes of aplite 32 cm
and 61 cm.
4802 5084 Diorite with some sulphide grains...... 1.13 1200 414
5084 5121 Granite aplite.
3121 5960 Diorite with some sulphide grains.
Sample at M50 m . 102 13.10 432
- 920 - iiirereeenenene.. B8 1325 4522

Diamond drill hole No. 324, Level 363. Coord 772.7 8, 100.5 W,
Az. 507, Haorizonfal.

Length in m Mi Cu Insol. S
From To o T T o
000 030 Poor impregnation ................. 033 015 681 3T
030 047 Diahas,
047 090 Poor impregnation .................. 025 D24 663 3.11
080 255 Diorite.
2.55 272 Diorite impregnated .................. 065 0.24 558 493
v S BT 3 = L 195 103 558 2380
3.52 4.12 Diorite impregnated .................. 070 076 588 726
412 434 Poor impregnation .................. 028 040 668 275
434 497 Diorite.
497 536 Coarse-grained impregnation ...... 1.45 1.4 258 19.66
536 5BB Fine-grained impregnation ......... 0.55 046 551 413
5858 A.00 Diorite
6.08 6.56 Poor impregnation n25 014 (9.8 2.48
6.56 6.78 Impregnation ..... u 078 031 522 450
6.78 779 Poor impregnation 020 005 732 146
7.79 1254 Diorite with some sulphide grains.
1254 13.56 Chloritic rock.
1356 40.67 Granite pegmatite.
40.67 51.32 Chloritic rock, rick in magnetite.
: Sample at 4815 Fe — 1630 9% ... 0.00 004 630 041
— 4955 Fe = 10,85 - 000 002 BDS5 063
3132 5232 Poor impregnation. .................. 015 011 702 1.67
5232 58.92 Diorite with some sulphide grains,
Sample at 53.85 Fe = 13.55 o ... 0.00 003 656 044
— B4 Fe=1505 - 000 003 749 044
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