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preface.

The author naB worke^ as consulting geologist for Raffinerings4 verket A/S at the Flat mine and otner nickel ore 6epoBitB 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 p!ace6 at my disposal all
results from the production vvork of the mine and from oul
jnveBti^atjonB.

I eBpecially want to tnank tne 3. diieltBen an6tke
mining en^in66lB L. 3. 3mitn an6CijsBteen
toi- tneir intel6Bt an6neip.

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

ot tne pnoto^rapnB nave deen carrie6 out dy pre
pai-ator IverBen, ane! tne clrawin^ dy 3in^BaB,
neim.



Introlluction.

l^lat nickel mine i 8Bituate6 in tke pariBN ot l^v^e on
tne nortnern Blope ot tne nill 65 km nortn ot
KriBtian3an6 in Boutnern Norway an6adout 400 m adove tne
Bea level. cliBtance trom tne melting plant near l^vje railway
Btation ,8 adout 6 km.

In the Iveland-Evje amphibolite area which has been geo
logical and petrographical described by Tom Barth in the first
part of tniB paper x there also occur many small deposits of
nickel ore near the Flat mine at I^omtjern, Lyttin^myr, VikBte»l,
Gullregn, and Ljorvatn. Gartner south, in Iveland, small 6epoBitB
are known at Orreknappen and Bekken near Birkeland, at Møl
land and Skripeland.

ot tneBe clepOBitB nave recentlv deen caretullv inveBti^
atecl, Borne ot tnem dv mean3 ot eiectrica! Burvev an6cliamonci
clrillin^, witn negative reBultB, all ot tnem bein^ to 8mal! an6
poor tor economical mining. In Borne ot tneBe cHepo3itB Bmall
amountB ot ore naB deen mine 6in previouB perioclB an6tne ore
tranBporte6 to tne Bme!tin^ plant at I^vje.

ore clepoBit at k^lat waB touncl in 1870 an6tne mine
naB deen workecl continuou3l7 Bince 1872— l 945 xvitn exception
ot tne perioclB 1894—99 ancl 1920—27. 7ne mine w now
exnauBte6 ancl tlie procluction waB lai6 6own tne iBt
1946 vvnile no more ore wa3 availadle in tne mine ancl tne
extenBive inveBtiBationB carriec! out dy tne mine company in tne
laBt 15 vearB dotli in tne mine ancl in tne BurrounclinZ areaB nave
not Bucceeclecl in tin6in^ anv new ore.

Letore 1917 tne mine proclucecl a Bme!tinz ore witn 1^
—N/2 l<i ancl 170 <^u. 1.8 t raw ore 1 t Bmeltini; ore.

1 N. G. U. 168 a.
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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 1 927 the plant was rebuilded for a capacity of 4500 t
a month and in 1929 for 15 000 t a month.

Table 1.
/Voc/ttc/ion statistic of the Flat mine in the periode 1927—44.

Length of diamond Raw ore Ni
drilling in m. t %

Cv Cu/Ni
%Year

1927
1928
1929
1930
1931
1932
1933
1934
1935
1936
1937
1938
1939
1940
1941
1942
1943
!944 ...

441.08
824.17

1 606.23
I 835.18
1 234.38
2 153 83
I 551.37

764.96
700.95
527.28
669.60
576.86

17 360
68164
70 771

106 402
77 342

148 240
146 051
147 292
156 336
166 809
100 346
189 506
153 450
163 799
118 200
112 107
100 193
94 953

0.892
0.974
0.954
0.884
0.898
0.875
0.812
0.750
0.634
0.610
0.631
0.588
0.577
0.538
0.581
0.614
0.606
0.553

0.582
0.591
0.636
0.577
0.584
0.582
0.513
0.524
0.475
0.448
0.471
0.409
0.403
0.404
0.419
0.428
0.4 1 2
0.372

0.65
0.61
0.61
0.65
0.65
0.65
0.63
0.70
0.75
0.73
0.74
0.69
0.70
0.75
0.74
0.70
0.68
0.67

vm 1927—44 12 885.89 2 137 343 0.690 0.47, 0,
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In tne periode 1932—1940 tne tlotation plant procluce6
about 30 000 t concentrate a year, witn 3—43—4 ane! near 3
llu. concentration waB about 5.7 an 6tne ettiencv ot tne
tiotation waB about 82 tor Ni an690 tor du.

I. The Ore Minerals.

The onlv primarv Bulpni6ic minei-318 in the nickel ores of
Iveland-Evje are according to their sequence of crystallisation:

p^rite (FeS2 ).

Pentlandite (Fe, Ni S).
dnalcop^rite (Cv Fe 82).
No primary minerals which indicate a low temperature form

ation of the deposits have been observed.
Arsenic-bearing minerals have never been encountered. As

Beconclarx minerals millerite (Ni S) and violarite occur in some
part3 of the 6epoBit a Flat.

The oxv6ic ore mineralB are ma^netite (Fe3O4 ) and ilmenite
(FeTiO3 ) with lamellae of hematite (Fe 2 O3 ). Magnetite seems
to belong to the silicate phase and has not been observed im
bedded in sulphidic ore mineral. Ilmenite 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.

pvrite ot tne nickel ore 6epoBitB in Ive!an6-^vje 6itter3
trom tne pvrite ot tne Norwegian pvrite oreB b^ itB crvBta!
nabit. pvrite ot tne nickel oreB i 3 tne tilBt crvBtallixeci
Bulpniclic mineral an 66evelopecl in well cletinec!
crvBtalB wnicn alwavB Bnow tne taceB ot tne octane6ron (IN),
tne corner3ot vvnicn Borne time3are cut ott b/ tne taceB ot tne
cube (100), >vnile tne crvBtalB ot tne NorweFian pvrite clepoBitB
are clevelope6 a8cubeB or p^ritoke^ron. (1^8.2,3.) pvrite
ot trie zranite pe^matiteB ot tke 6iBtrict novvever naB 2 Bimilar
crvBtal tonn a 8in tne nickel ore clepOBitB. It tne temperature

pyi-l-kotite (Fen Sn +)
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Fig. 2. Vertical BectionB of the ore in direction E W in the southern
part of the Flat mine.

should be the chief factor for the development of the crystal
form, this should be in good accordance with the temperatur
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 Bjørlykke (3) X ra^ Bpectro
gramms of the pyrite from Norwegian nickel areB 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.

>Xn2!^BeB ot 7 ciitterent BampleB ot p^rite trom tne klat mine
BNOW tnat tne conterit ot cobalt 6itterB trom 0.60— 1,00 witli
an avera^e ot 0.77 ot BampleB trom tne outer an6
inner part ot one cr^Bta! trom tm'B 6epoBit tne Barne value
tor tne content ot do anci tnuB BnowB tnat a nomo^6NoUB compo-

w / )

\\ r- / I
\\ / /J /--* '
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Fig. 3. Ore, Flat mine. Crystall of pyrite (Py) imbedded in pyrrhotite
(Ph) and violarite (V), Q quartz. Pol. sec. ord. light 90 x.

Tab le 2.

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

Co Intensities of
% Ni kåt Cu ka,

Flat mine:
1. Octaedral crystals of pyrite 0.62 0
2. Pyrite in fine-grained rich ore 0.60 0 0
3. _ without crystall outlines 0.92 weak weak
4. — in fine-grained ore 1.00 0
5 —in poorimpregnation 0.88 strong 0
6. _ ore, level 402 0.60 0 0
7. _ without crystall outlines 0.80 0 0

Ore deposits in Iveland:
8. Pyrite (111) (100), Lomtjern 0.55 0 0
9. _ with inclusions of chalcopyrite

Lomtjern 0.47 0 strong
10. — Large crystall, Paascheskjerpet... 0.87 0 0
1 1 — octaedral chystalls imbedded in

pyrrhotite, Mølland 0.87 weak 0
12 — large crystall, Orreknappen 0.98 0 strong
13. — ' — — 10° 0 0
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Bition ot tne crvBtal. Ot tlie analvBe3 ut pvrite3 trom otner
depoBitB in tne area, tlie pvrite trom tlie I^omtjern ciepoBit BnowB
tlie loweBt content witn 0.47 do.

The pyrites from the nickel ores in this way differs from
those from the Norwegian pyrite deposits which according to
analyses given bv C. W. Carstens (6) only contain 0.01 0.1 %
Co. Analyses of pyrites from Norwegian ma^matic framte 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 botn tvpeB ot 6epoBitB may indicate a similar
temperature of solidification.

Some of the samples ot pyrite showed lines of Ni and Cv
which seemed to belong to inclusions of other minerals. In most
of the samples however, no lines of Ni Ka, were visible indicating
a content of Ni less than 0.01 %. Nickelliferous pyrites as
cleBcribec! from South African nickel ore 6epoBitB by P. A.
Wagner (19) and others have not been encountered in the nickel
ore deposits ot this area.

The Pyrrhotite and Pentlandite.

pvrlliotite i 8tlie moBt abunciant sulpliiciic mineral in
tke nickel oreB.

UBuallv tlie pvrrnotite occurB in tine^raineo! maBB6B, in Bonie
partB ot tne oreB nowever it i8ratlier coarBe an6witn a Bomewnat

darlcer brown colour. pvrrkotite alwavB occur to^etlier witn
pentlanciite.

MoBt ot tlie pentlanciite buil6B 3ma!l Btrin^erB
aroun6 pvrrnotite bounc!arie3 an 6alon^ tiBBureB in tkiB
mineral. otten Beem to replace tlie pvrrliotite ancl are
c!iBtinctlv voun^er tnan tniB mineral. (I^B. 4 an 65.) 3mall
amountB ot pent!an6ite a>Bo occur a8oriente6 bla6eB, lenB6B ancl
tlakeB wliittiin tne pvrrliotite crvBtalB an6Beem3 to be torme6 by
unmixin^ ot a Bolicl Bolution. (t^i^. 6.)

attempB nave been ma6e to extract tne tine pulveri^eci
pvrrliotite tram trie pentlanclite by meanB ot a magnet, but
X rav Bpectro^ramB ot tne two tractionB nave alwavB Bliown tnat
it l8impoBBible to a real Beparation ot tlie two mineralz in
tliiB wav.
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Fig. 4. Ore, Flat mine. >Vitn pMe (Py), pvrrnotite (Ph), pent!an6ite (P),
and violarite (V). Pol. sec. ord. light 90 X.

Fis?. 5. Ore, Flat mine. Fissure killing of pentwn6ite (P) in pvrrnotite
(Ph). Pol. sec. ord. light 90 X.
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The relation Ni :Co in pentlandite-bearing pyrrhotite,

determined by means of the relative intensities between the Ni k/J,
and Co k«, lines in the X ray spektrograms was found to be about
80 :1. The quotient Ni :Co is thus higher than in tne Sudbury
ore wnere the same relation has deen 6ete7mine6 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 Mølland, nearly all of the pent
lanclite is converted into a rose coloured mineral which seems
to be identical with a mineral described as violarite (NiFe) 3S4 )
by M. N. Short and Earl V. Shannon (19). In many ot the
violarite grains small remeniscenses of pentlandite are visible
(Figs. 9 and 10). Violarite has alBo keen observed in some ore
samples from the Flat mine, especially near the contact against
younger granite pegmatite veins. (Figs. 7 and 8.)

Millerite.

(^i3) a!80 occurB a8a Beconclary mineral in Borne partB ot tne
51at ore ane! previouBly deen 6eBcrjbe6 by tne autkor (2). It
KaB not been obBervecl in ore 3ampleB trom tne otner nickel ore
clepoBitB ot tne area.

millerite occurB in a Bpecial ore type wnicn conB,BtB
cnietly ot kematite ancl maznetite witn millerite ancl Bmall
amountB ot pyrite, ctialcopyrite ancl violarite. ore type naB
deen tormecl by kyclrotliermal metamorpriiBm ot tne U3ual ore at
tlie contact a^ainBt youn^er framte pe^matiteB.

millerite in tne l^lat ore exrlibitB an unuBual cryBtal
tonn a8Br,ort-priBmatic cryBtalB. It waB i6entitiecl a 8millerite
by meanB ot vebye-3neerer clia^ramB. In poliBnecl BectionB tne
mineral i 8 eaBely iclentitiecl uncler tne microBcope by bein^
cliBtinctly am'Botropic. ot Buper^en ori^in naB not been
tounc! in tniB area.



15

»

Fig. 6. Ore, Flat mine. pynte and dlacieB of pentlanckte (P) in pyrrliotite
(Ph). Pol. sec. ord. light 500 x.

Chalcopyrite.

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

Ilmenlte an<l Uomatite.

In Borne t^peB ot p^rrnotitericn ore trom k^!at mine ilmenite
nccur a8wel! 6etinecl cr^BtalB imdecl6e6 in pyrrnotite. Poli3rle6
BectionB uncler tne microBcope exnibit 8mal! lenBeB ot nematite
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Fig. 8. Ore, Flat mine. Millerite (M) and violarite (V). Pol. sec.
ord. light 500 x.

Fig. 7- Ore, Flat mine. Millerite (M) and violarite (V). Pol. sec.
ord. light 90 x .
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Fig. 9. Ore, Ulland, Pyrite and pyrrhotite with violarite (V) containing
i-eBtBof pentlandite (white spots). Pol. sec. ord. light 90 X.

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 pe^matit6B.

Magnetite.

Magnetite with microscopical lenses of ilmenite occurs
aboundantly in the gabbro rock and among the silicate mineral
in the ore but has never been observed imbedded in sulphidic
minerals. Magnetic extractions of the waste from the sulphidic
Notation show that the raw ore from the Flat mine contains an
average about 8 % magnetite. X rav 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
tneretore MoBtly present as a BukBtiwte for iron in the ma^netite.
The X rav Bpectro^ramB of the maznetite concentrate alBo show
small amounts of O.

2
Norges Geol. Unders. No. 168b.
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Apatite.

The åverke content of phosporic acid in the raw ore of
the Flat mine is about 1 .7 % P2 O. 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 ot tniB apatite content ot the ore. By means of
flotation of the waBte from the Bulpniclic tlowtion it waB pOBBid!e
to produce a concentrate with 28—30 % P2P 2 O 5 . This concentrate
also contained I—l.l % S and 6—7 % Fe and W3B used for the
manufacture ot superphosphate by the Lysaker chemical plant.
The production reached the last yearB 3000 t. a year.

11. The Ores.

The Flat nickel ore clepOBit is the largest which has been
mined in Norway.

The shape ot 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 tne ore body in the direction of the strike is 100 to 150 m and
tne horizontal thickness varies from 15— m. The axis of
the ore dips 45° to the south. From the 282 m leve! and down
wards, however, the ore body gradually flåttens out and the
vertical thickness increases to a maximum ot nearly 100 m. As
indicated in tne 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 tne ore along the ore axis is about
900 m.

I^ne ore bo6v cnietly conBiBtB ot impre^nateci Bilicate rocl<B
wnicn nave been petro^rapnicallv 6eBcride6 by 7om Lartn in
tne tirBt part ot tniB paper.^

an avera^e tne mine6ore conßißtß ot about 75 Bilicate

mineralß 12—13 Bulptiicieß, about 8 ma^netite an 64 "/o
Ipatite. In all tlie I^lat mine naß pro6uceci about 2.7 mill. t. raw
ore witli an averaze content ot about 0.72 I^i an60.48 "/c> du.
During tne laßt periocle ot procluction tra 1927—44 tne slat

1 N.G.U. 168 a.
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Fig. 10. Ore, Mølland. Pyrrhotite with violarite and rests of pentlandite
(P). Pol. sec. ord. light 500 x.

mine has proc!uce6 about 2 mill. t. raw ore with an average
content of 0.69 % Ni and 0.475 % du. In the same periode
12 885.89 m of diamond drill hoies have been carnet out in the
mine and its near environment, The production and content of
Ni and Cu together with the lenght of the drill hoies for each
year is given in Table 1 .

6emonBti-ateB tnat tne avera^e compoBitjon ot
tne ore 6oeB not bitter verv mucn trom vear to vear. con
tent ot in tne raw ore 6ecreaBeB verv Blowlv trom value3 up
to 0.95 l^i in tne tirBt vear to 0.55 l<i in tne last vear 1944.
/^t tne Barne time tne content ot du in relation to ttie l^i i8a Uttle

ni^ner in tne laBt vearB ot tne perioo!. Btu6v ot tne ore in tke
mine BNOWB nnwever ttiat tne ore i8verv 6itterent in tne ciitterent

partB ot tne ore bo6v. lump3 ot ore minecl clitter in com
poBition trom neariv 100^- Bulpr>ia'e3 to 6ioritic rockB on!y
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3.

Content of Number of Average content of-
Ni analyses Ni Cv S Cu/Ni S-Sch/Ni

?oor ore ... <1 » 10 0.60 y'3o 0.68 0.50 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 måkes it
impossible to pick out a sample representing the average ore
compoBltior!. The oril^ wa^ to tincl out the avera^e compoBltior!
is studying the values in the mined ore during a certain perioc!
of procluction.

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

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 Flat and the Mølland mines. The averaee
composition of these groups shows that the quotienj between
the content of Cv and Ni jncreases with decreasing amounts of
Ni, and at the same time the quotient of the amount of total

Flat: % % %
Rich ore I—2 % 26
Usual ore ... 0.5 1 » 44
Poor ore ... <0.5 » 46

Mølland:
Rich ore I — » 7
Usual ore ... 0.5 1 » 4
Poor ore ... <0.5 » 35
Hydrothermalmetamorphosed
milleritebearing ore Flat:
Rich ore 1 — % 12

1.23
0.68
0.28

1.03
0.78
0.30

1.27

0.67
0.48
0.22

0.13
0.24
0.07

0.68

1 1 .55
5.32
5.57

6.10
4.86
1.92

1.68

0.55
0.71
0.79

0.13
0.31
0.23

0.54

8.9
7.1

19.1

5.8
5.9
6.2

0.78
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sulphur minus the sulphur present in chalcopyrite (S—S Ch ) and
the amount of Ni, also will increase. In other words the poor
mc/^e/ <?/-e^ have a relative /a^e^ con/en/ of c/la/co/)^sl'/e i/lan
the /'/c/l ores.

The usual ore analyses carrieci out bv the chemical labora
tory of the Flat 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. Lut
at the smelting plant at Evje complete analyses have been carried
out of the nickel ore concentrate from the flotation of the
Flat ore.

In a previouB paper tne autnor (3) nave carrieo! out Buen
a mineral calculation an 6I toun6 tne tollowin^ compo^tion ot
Bulpnjclic minel-alB in tniB concentrate:

a ratio ot 4.9 : 1 between pvrrnotite anci pent
lan6ite. tne compo^tion ot tne concentrate 6oeB not
co!-re8p0ncz exactl^ to tnat ot tne raw ore, tor tne concentrate
,8 enrickecl in pentlanclite. ratio between pvrrnotite anci
pentlanclite calculate6 trom tlie analvB,B ot a ricn ore witnout
p^rite trom tlie k^lat mine waB toun6 to be 5.4 : 1.

avera^e content ot in tde BulpnicieB ,8 about 4.5 ?i,.
X rav BpectroAramB ot BampleB ot tlie raw ore an 6tlie
ilotation concentrate trom tne I^lat mine Bnowe6 tnat tne quotient

>Ij/C0 waB 8:1 tor tne raw ore and 12:1 tar tne concentrate.
Inc waBte trom tlie tlotation muBt tlieretore be relativelv enricne6
in Co.

From an analv^ed sample of ricli ore witkout pyrite from
Mølland with 3.78 % Ni and 0.98 % Cv, the following com
position Of sulphidic minerals was calculated:

1 The pentlandite is calculated with 34 fft Ni accordin«; to analyses
by J. H. L. Vogt (18).

Chalcopyrite
Pentlandite x

1 1 .48
14.44 »

Pyrrhotite 70.77 »

Pyrite 3.31 »
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Cnalcopvrite 5.88
pentlanciite 22.97 »
pvrrnotite 71.15 »

to tni3 tne ratio between pvrrnotite an 6pent
lanciite i83.1 : 1 tor tne Nollan6 ore.

previouBlv publiBne6 by tne autnor (3) tne amountB ot
pvrite an6cnalcopvrite are variable tactorB in tne compoBjtjon
ot tne ore BampleB. relation between tne amount ot pvrrnotite
an6pent!arl6ite kovvever 3eem3 to be conBtant in all tvpeB ot ore
iri tlie 32me 6epoBit. relation mav alBo be expreBBecl a8tke
quotient ot tlie total Bulpkur minuB tke Bulpkur prezent in ctialco
pvrite and pvrite on one nano!, an6tne arnount ot I^i on tne otner
vvnicn can be expreBBeo! in tne tormula: : l^i.

Lv meanB ot tniB tactor it i8poBBible to calculate tne amount
ot pvrite in an analv^eo! ore Barnple.

Analyses on Au, Pt, and Pd of the Flat ore carried out in
1918 show according to S. Foslie and M. Johnson Høst (8) that
ore with 1 .00 % Ni and 0.65 % Cu contained 0.023 g Pt, 0.047 g
Pd, and 0.111 gAu pr. t. According to this the Flat nickel ore
is relativelv poor in platin rnetalB.

The Ore OepoBit at Mølland.

nickel ore 6epoBit at in Iveland cunBiBtB ot
manv Bmall ore boa!jeB Be^re^ate6 in a rock ot noritic com
poBition near tne border a^ainBt a tlake. 6epoBit
liaB been inveBti^atecl by Borne Bmall openin^B on tne Burtace
anci a Bnatt 19.5 m 6eep witn a croBBcut ot 50 m len^lit. 16
6iamono! 6rill liole3 to a total len^lit ot 690 m kave been 6rilleo!
atter jn6icatjonB toun6 by electrical Burwav wliicli waB carrie6

out in 1937. l^lowever, tne inveBti^ationB a8reBult tnat no
ore bociv ot an^ economic importance waB tounci. 4 analvBeB
ot pieceB ot ricn ore tollowinA reBultBi

1. 1 .50 °aVe NU 0.40'%c'u 11.31 % s
2. 1.71 0.35 10.72
3. 1.79 0.30 10.31
4. 1.14 0.10 7.97
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Average analvBeB 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 Mølland 6itterB from the Flat ore as previously
mentioned by håving a lower ratio between pyrrhotite and pent
landite. In polished sections under the microscope the Mølland
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 tne ciiBtrict Boutn an6eaBt ot tne I^lat mine manv Bmall

nickei ore 6epoBit3 are known. In Borne ot tnem Bmall amountB
ot nickel ore nave tormerlv deen pro6uce6 an6tranBporte6 to
tne BmeltinA plant at In all tneBe 6epoBitB tne nickel ore
naB Be^^re^atecl a^ainBt tlakeB ot

Burve^ an66iamon6 clrillin^B nave a8reBult
tnat none ot tnem contain ore ot anv economic importance.
Lomtjern clepoBit i8Bituate6 about 2.8 I<m ot tne k^lat mine
about 500 m adove tne Bea level. Oiamonci clrillin^B carrie6 out
accorclin^ to in6icationB toun6 dv electrical Burvev 6icl not locate
anv ore but onl^ gabbro witn poor 3ulpnio!ic impre^nation carrv
in^ up to 0.18 Ni.

3imilar a'iBBeminationB ot BulpnicieB are toun6 in tne neizn
bournooo! at Gv^ar6Bvatn, Vil<Bte>!, Zvttin^mvr, anci Qullre^n.

Orreknatten in Iveland a little nickel ore naB previouBlv deen
mine 6on 80M6 Bmall 6vkeB ot coarBe^raine<^ pvrrnotite witn
lar^e crvBtaiB ot pvrite.

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

I^ne nickel ore in tne k^lat mine i 8trequentlv interßecte6
by zranite apliteß an 6 pe^matiteß vvnicn are vounzer
tnan tne ore. I^ne apliteß ÜBuallv tonn re^ular clikeß >vitn
Bnarp dorcier3 a^ainßt tne Burrouncjin^ rock, vvnile tne pe^ma
titeß, a8U3ual in tniß clißtrict, otten tonn lar^e irre^ular boa'j6B.
One ot tne pe^matite3 vvnicn occur in tne rni<ißt ot tne ore bociv
Beem3 to nave tne 3nape ot a lar^e norB6BNo6 witn a tnickneßß
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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 pe^matiteß Bnowß tnat the n^6rc>
therrnal influence has cnan^e6 the primas Bulpniclic inineralß
into a mixtui-e of ma^netite, nematite, cnalcop^rite, millente,
violarite, and p^rite. This mineral para^eneßiß has pl-evioUßl^
been described by the author (2).

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

In tniB ore all of the nickel is present as millerite and otten
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 ot 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 nave 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 S and Ni is lovver tnan
UBual, inciicatin^ a clecompo^tion ot tne pvrrnotite and a tranBi
tion of pentlanclite into rnillerite.

20N6 ot metamolpniBm mav varv witn tne tnickneBB ot
tne pe^matite trom Borne eim to 4—54—5 m.

The calcuated quotients Cu/Ni and —S Ch /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 S in relation to the amount of Ni is about one tenth
of that of the primary ore.

Faults.

On tne level 84 in tne I^lat mine a tault Btril<inA 1^—3 witk
a cjjp 70° >V i8viBible at tke eaBtern Bicle ot tne ore bclov.
Btriae on tne tault plan clip 18° 3.

poBition ot aplite cii!<eB near tlie tault BeemB to
inclicate a relative Binkin^ ot tne eaBtern Bi6e.
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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 dv movement along this
fault, an exact study of the fault, and diamond drill hoies 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.

111. Orjzjn of tke 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 flat mine is
restricted to a special dioritic rock which wc 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 "Mykleås 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 Mykleås
type always is more or less foliated.

ore 6iorite otten exnibitB a tine^rainec! or porpnvritic
texture alonA tne bor6erB against tne BUlroun6jn^ type
anci in tniB wav BeemB to nave deen intruclecl into ancl coo!e6

a^ainBt tniB rock.
to tne opinion ot (^. >V. (^arBtenB anci tne autnor

tne nickel ore 6epoBit in tne flat mine naB deen tormeci dv a
ma^ma eBpeciallv enricned in BulpnicieB, vvnicn na3intru6e6 tne
olcier ot tlie type an<H clurin^ tne coolinA tne
Bulpni6ic ore naB ze^re^ateo' alon^ csneiBB tlakeB incluciecl in
tne ore

opinion !8 dazeci on tne tollowinA tactB:
1. ore exnibit a verv 6iBtinct Bequence ot crvBtalli?

ation.

2. adBence ot low-temperature minera>B in tne ore.
I. I^ne ni^n content ot da vårvin^ trom 0.5— 1 A, in tne

pvrite inciicate a ni^n temperature ot tormation ot tm'B mineral.
4. I^ne o!iBtridutjon ot tne l^i an6du content in tne clitterent

tvpeB ot tne ore BeemB to inciicate a ma^matic c^itterentiation.
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a b l e 4.

The relation between the average content of F/O. and Fe from
analyses of drill cores in the Flat mine.

Number of Average content of:
% SiO3 analyses SiO2 Fe

5. The hydrothermal metamorphism of the ore at the
border against the granite pe^matiteB BnowB tkat 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 autnor inclicate 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
ot 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 lonA 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).

I^lal<eB ot nave been obBerve6 in ciiamon6 6rill nole3

un6er tne ore at manv placeB in tne mine, an6are alBo obBerve6
on tne Burtace near tne ore outcrop.

clril! noleB nave been 6rille6 to locate uncierlvin^ tlakeB
ot ancl tne coreB liave been analv^e6 tor ZiO^ ancl k^e to
Btuciv tne variation in tne compo^tion ot tne roclc. illuBtrate
tniB variation I nave piclceo! out recor6B ot Borne ot trieB6 6rill
noleB nr. 302, 309, 319, 326, 374, 387, 388 an6391 . Bituatjon
ot tneB6 noleB i 8 on tne map ot tne ore bo6v.

I^ne mining ot tne ore bociv ot tne flat mine naß in al!
clirection3 reacne6 tne limit3 tor economical mining. Diamond

% %
>58

58—54
54—50
50—46

<46

9
11
9
8
8

61.6
55.6
52.2
48.2
43.18

6.30
8.25
9.86

10.34
12.80
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drill hoies 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 dv 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.

in tne Boutneln part ot tne mine tne ore do6^
into tne Bi!icate rock an 6cliamoncl clrill noleB carrie6 out to

inveBtizate tne wall rock in Boutn ciirection Bnowec! tnat tniB
container an averaze ot 0.28 A l^i an6tneretore waB tar below
tne limit ot economical mining.

The diamond drill hoies in the ore show that the Flat 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.

3ulpni6e maBBeB witn Bkarp d016e13 a^ainBt tne 3ilicate
rock are never encounterecl in tne ore boclv, ancl no ottBet 6ikeB
nave deen odBerve6. Ore drecciaB >vitli tra^mentB ot Bilicate
rockB imbe66ecl in Bulpki6eB occur trequentlv an6Bnow tnat tne
BilicateB nave 80lic!jtie6 betore tlie Bulpluclic mineralB. Bili
cate rocl< tra^mentB in tneBe brecciaB never extnbit 3narp boro!erB
a^ainBt tne Burloun6in^ 3ulpnic!e3.

"7ne relation detween tne 3ulpnicleB an6tne Bilicate3 in tne
I^lat ore BeemB to in6icate a cloBe connection between tne two

pna3e3 clurin^ tne coolin^. cloBe connection detween tne
BulpliicleB ane! tne BilicateB mav de cauBecl dv tne tact tnat tne
original 80lutjon naB deen poor in water wnicn i8in6icate6 dv
tne adB6nce ot nv6roxvl-dearin^ ane! low-temperature mineralB
in tne rocl<B. Conzequentlv tne Bulpni6eB muBt nave 3e^re^ate6
at an earlv 3ta^e in tne Bolio!iticatjon ot tne ma^rna.

to tne opinion ot Olßtenß ane! tne autnor tne
k^lat ore rnußt nave deen tormecl by 3e^^re^ation in a cliorite

ma^ma (ma^ma ot tlie "ore zabdro") wnicli waß e3peciallv
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Fig. 11. Polished BectionB of a drill core showing the border between ore
and silicate rock in the hanging wall of the ore body. Flat mine. 2 x.

enriched in sulphides and has been intruded into an older amphi
dolite rock of nearl^ the same compoßit!on, vvnicn, novveve,-, waß
poor in sulphides (the Mykleås type).

In tniB way the Flat ore may be claBBifiec! as a marginal
deposit against gneiss flakes within the ore gabbro.

A characteristic feature of the diorite rocks in the Flat area
is that it shows very little differentiation. This has been dis
cussed by Tom 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 Be^^re^ation of the Bulpni6eB it is
important to study the border between the sulphides and the
silicates.

The Fig. 1 1 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
6eB3iminate6 BulpnideB gradually Beem to gather into larmes
sulphidic grains in the ore body.

Small fissure fillings of chalcopyrite are otten seen pene
trating from the sulphides into the surrounding rocks. This
phenomena has also been observed by S. Gavelin (10) and
O. H. Odman (20) in the Loliclen ore and has been explainecl
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 relative!^ much pyrite was
left in the silicate rocks during seggregation, caused by the
higher melting point of this mineral, while tne enrichment of
chalcopyrite was due to a secondary differentiation of the
sulphides.

Records of Diamond Drill Hoies
from the Flat Mine.

Diamond drill hole No. 326. 402 level Coord. 245 S, 90 W,

Length in m
From To

Fe SiO2
% %

0.00 21 .58 Diorite with bands of quarts and aplite Sample
at 9.80 m 45.4

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 biotite.
Sample at 34.40 46.1

41.70  47.3.< .
46.51 46.94 Granite pegmatite.
46.94 47.95 Schistose Gabbro, rich in biotite.

Sample at 47.70 51.6
47.95 48.35 Granite pegmatite.
48.35 53.10 Diorite.

3ample at 51.40 m 49.2

Az. 3°, Dip 45°.
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in m l^e 3i(>2
From To % %

53.10 68.30 Oiorite ricn in diotite, interBecte6 d^ man^
granite pegmatite veins.
Sample at 57.75 m 53.6

65.00 - 52.9
67.70 - 51.5
69.70 - 69.8

68.30 71.50 Qranite, reci coloui-ea'.
71.50 81.80 Diorite, rich in biotite with some veins of

aplite. llraciuallv porpnyric texture, at last
tine ricn in diotite.
3ample at 72.30 m 46.7

76.60 - 47.2
80.00 - 55.0
80.70 - 54.4
81.50 - 50.4

81.80 82.30 QneiBB. 3ample at 82.20 m 56.9
82.30 86.60 OneiBB, tine ricn in biotite 72.8
86.60 87.90 Qranite aplite.
87.90 88.40 QneiBB. 3ample at 87.90 60.2
88.40 90.23 Ou3ne6 core.
90.23 91.50 Qranite pessmatite.
91.50 94.80 Diorite, ricn in diotite witn veinz ot z^ranite

apiite. 3ample at 93.80 43.1
94.80 95.40 QlZmte aplite.
95.40 107.00 viorite. ricn in diotite.

Bamp!e at 96.50 in 49.4

43.1

100.00 - 53.7
104.00 - 51.9

107.00 116.18 Dioi-ite, ricn in diotite. core loBt trom
108.66—112.56 m.
3ample at 107.35 m 8.70 54.4

112.08 - 8.35 53.9
113.77 - 8.35 50.2
114.30 - 2.15 54.3

116.18 117.25 Light-coloured granitic rock with orthoklas,
quartT, a little p>3z;joc!aBe and Bome diotite.
Sample at 116.44 m

117.25 119.08 Banded and foliated rock with more mica
2.15 72.0

Lancleci and toliated rock witn more mica
tnan telc!Bpas. 3ample at 117.60 5,95 57.3

119.08- 121.60 I.iM-colourecl "ranite.LiFnt-coloulecl
3ample at 118.60 m 5.25 59.6

119.00 - 2.55 70.1
119.30 - 3.20 67.6

121.60 124.75 Oark coloured, toliated roclc, ricn in mica.
3ample at 122.40 m 8.60 49.7

124.75 127.65) QneiBB. 126.20 a ssranitic vein 10 cm witn
Borne Bulpni6eB.
3ample at 124.00 m 9.50 54.5

125.30 - 6.95 62.1
127.60 128.10 ssine-Zlained rock, 3ample 127.80 50.1
128.10 135.25 QneiBB. 3amp!e 3t 128.70 m 72.7
135.25 135.60 llranite.
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Length in m Fe SiO*
From To % %

135.60 136.35 QneiBB.
136.35 136.90 Granite pegmatite.
136.90 139.60 Dark coloured, fine grained rock, foliated, rich

in mica. Gradually decreasing foliation.
Sample at 137.80 m 61.6

— 138.50 - 54.9
61.6

138.50 -
139.60 142.03 OuBne6 core.
142.03 145.60 Verv like tne rock tram 136.90—139.60.

3ample at 143.45 m 4.70 67.9
145.60 146.00 Acid rock, rich in plagioclase.
146.00 151.70 Light-coloured, fine grained rock. Sample

at 148.00 2.75 75.1
151.70 160.35 QneiBB. 3ample at 152.10 7.05 58.2

Diamond drill hole No. 388. Level 365,5 m, Coord. 844 S, 89 W,
Az. 190°. Dipping 3 :4.

Length in m Fe SiO2
From To » % %

0.00 5.08 Fine-grained, green-coloured diorite
9.88 18.18 Fine-grained, green-coloured rock partly por

phyric.
At 11.35 Diorite-porpfyrite 7.2 60.4

14.25 Diolite-aplite 7.3 54.4
18.18 19.68 Ql-een-coloulec! c^inrite. 3ample at 18.45 10.4 41.2
19.68 20.04 Oionte, porpn^ric, 82U88Ulitixe>c^. 3amp!e at

19.80 m 14.4 51.8
20.04 25.00 Diorite pnlpn^lic, 10.0 53.2
25.00 26.85 Dinlitic aplite. 3ample at 22.50 m 5.3 65.2
26.85 27.40 violite, normal.
27.40 27.96 lliorite, porpnyric. 3amp!e at 27.50 m 13.5 44.4
27.96 30.09 viorite, porpnyric. 3ample at 29.60 m 11.4 53.8
30.09 30.60 Oiorite, «^ai-k-colourech tine-<;laine6.
30.60 30.98 acici roc!<.

3ample at 30.70 m 6.2 61.0
30.98 31.50 Diorite, dark-coloured, fine-grained.
31.50 31.90 Light-coloured rock.
31.90 49.00 Diorite.

3ample at 33.80 m 11.5 48.0
35.00 - 11.8 49.0
40.25 - 10.9 52.2
44.20 - 11.7 48.4

49.00 57.30 viorite witn a little Bu!pniciic mineral.
3ample at 51.25 m 7.5 59.8

— 54.50 - 8.0 58.6
7.5 59.8

57.30 60.64 viorite, toliate^.
3ample at 57.50 m 8.0 53.6

59.00 - 6.1 63.2
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Diamond drill hole No 387. Level 402. t^oosc/. 792 S, 168,6 W.

Length in m SiO,
From To %

0.00 16.43 Diorite, normal with some veins of pegmatite.
16.43 17.06 Diorite, porphyric with large white feldspar crystals.
17.06 17.66 Diorite with red feldspar.
17.66 18.62 Granite pegmatite with pink and white feldspar.
18.62 19.16 Diorite with red-coloured feldspar.
19.16 19.50 Granite pegmatite.
19.50 20.26 Diorite, very fine-grained.
20.26 21.26 Diorite with red-coloured feldspar.
21.26 23.50 First 26 om pegmatite, than diorite and at last 25 cm

pegmatite. 90 cm core lost.
23.50 34.14 Diorite rich in epidote. From 31.50—32.07 distinctly

foliated.
34.14 36.30 Dark-coloured acid rock 66.2
36.30 39.60 Qranite, toliatecl.
39.60 41.62 Olie!58 72.0

Diamond drill hole No 391. Level 410. Coord. 683,6 S, 150,5 W.

From To % % % %

0.00 3.20 Dwlite. impreznateci 0.30 0.10 70.3 3.00

6.32 6.61 Oiorite, impre^nateci 0.25 0.19 75.5 2.92
6.61 10.00 Dinlite.

10.00 15.11 Diorite, foliated and rich in mica. SiO P^O.-,
Sample at 10.50 m 50.0% 3.00

15.11 20.00 Diorite-with abundant veins of
pegmatite and aplite.
Sample at 19.30 m 43.2- 3.42-

Az. 215° Dip. 1:1.

Az. 399, Dip. 1:1.

Lensstk in m Ni (^u InBol. S

3.20 632 Diorite SiO2 - 54.6 % P2P 2O 5 = 4.21 N.
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Diamond drill hole No. 309. Level 410 m. Coord. 707 S,

127,5 W. Vertical.

Deptk in m !^l Cv In3ol. 3
From To % % % %

0.00 0.81 lmpre^natec! 6iolite 0.55 1.05 54.7 9.85
0.81 0.90 Diorite with some sulphides.
0.90 1.77 Granite aplite.
1.77 2.22 Diorite, distinctly foliated.
2.22 2.70 Granite aplite.
2.70 11.13 Light-coloured gneiss SiO

Sample at 2.75 m 65.1 %
4.57 - 61.6 -
7.75 - 63.2 -

10.13 - 65.2 -
11.13 11.63 Granite aplite.
11.63 13.38 Dark-coloured gabbro, rich in bio

tite with veins of aplite and peg
matite.

13.38 20.03 Valk-coloule6 «Mnte nen in bio
tite.
3ample at 13.60 m 44.1 -

14.90 - 46.7 -
17.05 - 46.9 -
20.03 - 48.2 -

Diamond drill hole No. 319. Level 402 Coord. 629,5 S,
127 W. Vertical.

Depth in m Ni Cu Insol. S
From To % % % %

0.00 1.21 poor impre^nation in clionte 0.30 0.26 71.8 3.84
1.21 1.92 01-anite aplite.
1.92 2.80 poor improssnation in clionte 0.30 0.26 71.8 3.34
2.80 2.9 l Qranite aplite.
2.91 5.82 poor impre^nation in 6ionte 0.20 0.13 73.9 3.16
5.82 8.83 poor impressnation in 6ionte 0.35 0.27 71.9 3.69
8.83 9.68 vionte.
9.68 10.07 Oranite aplite. 3i02

10.07 13.96 vionte. 3ample at 13.37 m 43.5 A>
13.96 16.74 I.z^tlt-coloulecl FneiBB.

3ample at 14.00 m 55.6 -
16.70 - 55.8 -

Norges Geol. Unders. No. 168b. Z
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Diamond drill hole No. 302. Level 410. Coord 697 S,

128 W. Vertical.

Length in m ~NJ Cu Insol. S
From To % % cf0 ' %

0.00 0.68 Diorite an6aplite.
0.68 3.67 viorite, impre^natecl 0.45 0.18 71.4 3.86
3.67 6.33 Diorite with a little impregnation.
6.33 6.67 Granite aplite.
6.67 9.39 Light-coloured rock with small

veins of aplite.
9.39 10.82 Granite aplite.

10.82 21.06 Dark-coloured gabbro rich in bio
tite.

21.06 27.25 Orthoclase rock, rich in biotite Fe SiO2
some quartz and hornblende. % %
Sample at 21.30 m 9.60 47.3

23.30 - 11.45 43.4
25.55 - 9.20 51.0

27.25 28.03 Qranite po^matite.
28.03 31.26 Oiante. 3ample at 28.50 1.25 42.4
31.26 41.17 Diorite with two granite pegmatite

veins 12 cm and 20 cm.
3ample at 32.90 m 10.70 52.7

36.95 - 11.05 48.9
38.90 - 11.20 45.0
41.00 - 10.15 45.2

41.17 51.10 Dionte. krom 49.22—49.38 m.
3ample at 43.56 m 10.85 44.0

46.54 - 10.45 43.6
— 50.95 - 10.45 43.6

51.10 55.27 Diolite. 3ample at 51.30 m 10.25 455
55.27 58.17 Qranite pe^matite.
58.17 — vionte.

3ample at 60.00 m 11.15 48.0
65.60 - W.lO 48.7

Diamond drill hole No. 303. Level 363.35. Coord. 821.2 S,
11.4 W, Az. 266°. Horizontal.

Length in m Ni Cu Insol. S
From To % % % %

0.00 2.56 poor impre^nation in ciionte 0.40 0.23 64.2 3.54
2.56 4.97
4.97 9.05
9.05 11.43

0.30 0.06 76.5 2.77
0.65 0.24 69.2 4.90
0.15 0.18 74.4 1.66

11.43 11.98 Dionte.
11.98 14.75 poor impre^nation in xaddlo 0.25 0.33 69.6 3.04
14.75 16.30
16.30 17.80

0.15 0.16 74.2 1.95
0.35 0.18 68.2 3.14

17.80 18.61 Qranite aplite.
18.61 19.68 ?00l impre^nation in ssabbl-0 0.15 0.20 72.0 1.58
19.68 20.83 Dionte ricn in mica.
20.83 21.16 Qranite aplite.
21.16 22.23 violite.
22.23 22.28 Qsanite aplite.
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Diamond drll hole No. 371. Level 339.0. Coord. 784.2 S,

78.5 W, Az. 281°. Horizontal.

LenFtn in m > l^i Insnl. 3
From To % % % %

0.00 1.30 viol-lte, poor improFnatecj 0.50 0.79 55.5 1.3
1.30 2.45 Diorite with red-coloured feldspar.
245 3.40 Diorite with red-coloured feldspar

impr 0.50 0.79 55.5 1.3
3.40 4.65 Dionte.
4.65 5.15 vionte, impresnate^ 0.93 1.76 38.5 2.3
5.15 5.95 Dwnte.
5.95 6.10 Qranite aplite.
6.10 11.34 Oiorie.

11.84 12.56 vwnte witll oi Bulp!n6es ... 0.08 0.12 57.9 1.0
12.56 15.40 Diorite.
15.40 15.77 ImpreBN3te6 cliorite cliloritic 0.98 0.33 44.3 1.2
15.77 16.00 Diorite.
16.00 17.90 Impregnated diorite, chloritic 0.45 0.38 54.4 0.9
17.90 21.17 Diorite.
21.17 27.50 Diorite, very fine-grained.

Diamond drill hole No. 382. /.eve/ 402. coo^ck. 860 S, 132 W,
Az. 300°. Horizontal.

Ooptli in m l^' InBol. 3
From To % A % %

0.00 12.84 Diolite.
12.84 15.25 Granite pegmatite.
15.25 15.91 Dark-coloured, fine-grained rock

with magnetite and millerite 0.30 0.22 48.1 1.60
15.91 17.20 Dai-k-cnloule^, fine^l3lne6 rock... 0.28 0.42 56.2 1.70
17.20 17.95 — — — 0.23 0.22 72.6 1.10
17.95 20.24 vinnte.
20.24 20.95 ?oor impreZnation in ciiorite 0.25 0.21 69.5 1.60
2095 2175 — — — 0.40 0.50 59.3 4.80
2175 2200 — — — 0.05 0.24 75.4 0.60
22 00 2281 — — — 0.25 0.35 65.7 2.50
22.81 24.25 Dionte.
24.25 25.65 poor imprexnation in ciionte 0.13 0.20 73.7 0.70
25.65 26.48 — — — 0.10 0.15 74.0 0.80
26.48 28.52 vionte.
28.52 28.72 poor impre^nation in 6ionte 0.48 0.65 60.3 6.20
28.72 39.28 violite.
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Diamond drill hole No. 384. /.eve/ 402. t^oo^. 861 S, 132 W,

Az. 250°. Horizontal.

Length in m
From To Ni Cu Insol. S%% % %
0.00 10.42 viorite.

10.42 10.71 Granite pegmatite.
10.71 13.14 Diorite with veins of pegmatite
13.14 13.80 Granite pegmatite.
13.80 15.76 Chloritic Rock.
irtS !§?? PP°Or im Pre nation in diorite 0.20 0.10 63.4 2.2016.20 17.32

Diamond drill hole No. 336. Level 357.9. Coord 782.6 S,
98.3 W, Az. 397.5°. Elevation 13 : 5.

Lergth W m "w arin^L s
From To % % % %
2'iS! ?"95 r.e nation in d 'orite 1.25 0.75 48.2 8.33
2.00 4.18 Diorite.
flo f'2s £? 01^ im Pre gg nation in diorite 0.20 0.15 71.5 0.71
4.38 4.57 Oionte.

!mploFN2te6 0.58 0.25 62.6 3.89
6.86 7.89 Ownte.
7.89 8.12 Impregnation with magnetite and
cio oka m -iller te 098 0.50 52.8 1.578.12 8.54 Diorite.
%%$ 2-Å2 P?or. impregnation in gabbro 0.30 0.20 64.4 3.23
9.13 9.36 viorite.
9.36 10.16 poor impleFnation in 6iorite 0.30 0.20 64.4 3.23

!?'!>? H-H Sre. -.. 1.50 0.65 51.6 8.10
11.32 11.60 oiabaB.

!!"S Wlt [mpregnated diorite 0.70 1.72 60.3 6.22
11.84 22.65 Diorite with 17 cm granite peg-

matite dyke at 16 m.
22.65 26.80 Pegmatite.

Diamond drill hole No. 314. Level 322. Coord. 556.5 S,

Length in m Ni Cu InsoL s
From T % % % ' %

0.00 1.70 ore 1.28 0.72 47.5 12.80
1.70 6.40 poor impreFnation in 6ionte 0.30 0.28 70.5 2.64
6.40 9.50 — — __ 0.45 0.28 62.5 3.25
9.50 13.20 Varyinx impressnation 0.95 0.43 57.5 8.70

13.20 16.25 — — 0.65 0.42 61.8 5.45

0.65 0.35 61.6 3.30
0.23 0.15 73.6 1.80
0.25 0.15 73.7 1.80
0.15 0.25 77.3 1.50

17.32 18.77 —
18.77 20.90 —
20.90 22.97 —
22.97 44.30 Dionte.

151.2 W, Az. 200°. Dip 1:1.
i j_i_ • ' "" ' — '
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Diamond drill hole No. 323. Level 363.5. Coord. 772.7 S,

101.5 W, Az. 1.25°. Horizontal.

Length in m
From To

Fe Ni Cu Insol. S
% % % % %

0.00 1.18 viorite.
1. 1 8 2.83 poor imple^nation 0.15 0.06 69.7 1.65
2.83 3.17 violite.
3.17 4.03 violite imple^nate^ 0.75 0.06 51.3 5.39
4.03 4.98 Ore 1.03 0.05 48.4 12.20
4.98 5.81 Diorite with some sulphide

grains.
5.81 6.68 Diorite, impregnated 0.53 1.18 55.9 6.02
6.68 6.83 vionte.
6.83 8.43 Dionte. implessnateci 0.53 0.63 66.4 4.69
8.43 8.85 Qranite aplite.
8.85 9.87 Ore licli in coppel 1.10 4.06 40.6 10.63
9.87 11.56 Oiorite impre^natec! 18.80 0.38 0.90 63.8 4.3318.80 0.38 0.90 63.8 4.33

11.56 12.92 — — 22.10 0.53 0.24 52.0 12.26
12.92 13.24 Oionte.
13.24 13.74 Diolite. impre^nateci 20.50 0.80 0.90 50.4 8.06
13.74 14^2 vwlite.
14.22 14.59 Impre^natecl clionte 22.40 0.68 0.82 52.7 6.28
14.59 15.18 ore ricn in copper 30.00 0.68 7.18 34.7 16.70
15.18 16.16 Diorite impre^nateci 23.00 0.78 1.36 50.1 4.70
16.16 17.09 ?oor impreFnation 19.65 0.35 0.16 55.3 0.84
17.09 19.21 Dionte, impre^natecl 20.80 0.73 0.28 49.4 0.81
19.21 19.33 pool implessnation, witk

ma^netite an 6millelite 36.35 1.40 0.62 36.0 1.82
19.33 21.22 — — ... 26.70 1.38 0.73 44.6 2.1644.6
21.22 21.82 — — ... 16.70 0.30 0.02 56.5 0.78
21.82 23.05 — — ... 23.30 1.25 0.06 43.7 1.240.06
23.05 24.03 — — ... 24.95 1.50 0.34 41.3 1.82
24.0324.03 42.84 Oranite pessmatite.
42.84 43.46 Dionw.
43.4643.46 43.78 Qlanite peFMZtite.
43.78 44.58 vionte.
44.5844.58 45.22 Qlanite pe^matite.
45.22 45.94 violite witli cniorite an6

magnetite.
45.94 46.14 Impregnated chloritebear

ing with magnetite and
millerite 29.95 1.20 2.12 40.2 3.56

46.14 47.42 __ 21.05 0.85 0.40 53.4 1.47
47.42 48.10 pool impl. in narmal cliolite 14.25 0.25 0.16 62.6 0.68
48.10 48.62 Imple^naw6 clionte 0.60 1.87 50.0 7.77
48.62 48.74 pool implessnation 0.15 0.20 70.3 1.84
48.74 53.59 Diorites with small dykes of

diabas.
53.59 53.98 Imple^nateci clionte 0.53 0.37 71.9 3.91
53.98 59.22 Diorite, the last 35 cm with

very poor impregnation.
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Diamond drill hole No. 374. hevel 158.5. Coord. 181 S, 3.5 E,

Az. 9°. Horizontal.

Lenght in m 3 Fe SiO*
From To % % %

0.00 12.30 vinrite. 3ample at 5.50 m 8.45 56.8
12.30 14.00 vinnte witn some sulpnicle

3ample at 13.20 m 8.00 56.4
14.00 15.58 Dionte.
15.58 21.50 XVitn sc>me Bulpni6e FrainB.

3ample at 17.70 m 8.05 54.8
21.50 23.31 Qranite aplite.
23.31 44.45 Diorite witn Bc>me sulpliicle

3ample at 27.8 m 7.80 57.6
32.85- 8.45 54.0
36.70- 0.58 8.90 56.0
42.50- .' 0.55 7.90 55.0

44.45 44.80 Olamte aplite.
44.80 48.92 Owlite nitn t>vo 6ykeB ot aplite 32 cm

ancl 61 cm.
48.92 50.84 Diorite witli Borne Bulpm'6e sssainB 1.13 12.00 41.4
50.84 51.21 Ql-anite aplite.
51.21 59.60 viorite vvitli Borne Bulpm'6e BrainB.

3amp!e at 54.50 m 1.02 13.10 43.2
59.20 - 0.88 13.25 45.22

Diamond drill hole No. 324. hevel 363. Oi)fck 772.7 S, 100.5 W,
Az.so°. Horizontal.

LenFtli in m Ni Cv InBol. 8
From To % % % %

0.00 0.30 ?oc»r impre^nation 0.33 0.15 68.1 3.71
0.30 0.47 viada».
0.47 0.90 pool impre^nation 0.25 0.24 66.3 3.11
0.90 2.55 Diorite.
2.55 2.72 viorite impreznatelj 0.65 0.24 55.8 4.93
2.72 3.52 Ore 1.95 1.93 55.8 23.80
3.52 4.12 vionte impl-LFnateci 0.70 0.76 58.8 7.26
4.12 4.34 pool implessnatwn 0.28 0.40 66.8 2.75
4.34 4.97 Oiorite.
4.97 5.36 <20al-Be-3lainecl impl-e^nation 1.45 1.04 25.8 19.66
5.36 5.88 impre^nation 0.55 0.46 55.1 4.13
5.88 6.09 vioi-ite
6.09 6.56 ?onl impre^nation 0.25 0.14 69.8 2.48
6.56 6.78 Implessnation 0.78 0.31 52.2 4.59
6.78 7.79 poor impressnation 0.20 0.05 73.2 1.46
7.79 12.54 vionte witk Borne «ulpnicie slåing.

12.54 13.56 Cnlnntic rock.
13.56 40.67 Qlanite peZmatite.
40.67 51.32 Onlontic rock, rick in ma^netite.

3ample at 48.15 I^e — 16.30 A> ... 0.00 0.04 63.0 0.41
— 49.55 5e - 10.85 - ... 0.00 0.02 80.5 0.63

51.32 52.32 ?oor improFnation 0.15 0.11 70.2 1.67
52.32 58.72 vionte v^itn Borne Bulpm'^e ssrainB.

3amp!e at 53.85 ?e - 13.55 ... 0.00 0.03 65.6 0.44
— 54.04 ?e-- 15.05 - ... 0.00 0.03 74.9 0.44
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