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Report re—-eﬁen—*—n-g.-ai‘ ore depogits in depth north of Lake

Langvann in Sulitjelma.

By Professor, Dr. Torolf Vogt.

———

On request of the Sulitjelma Company, A/S Suiitjelma CGruber, T shall in the
following give my opinion about the planned opening operations in denth
nortn of Lale Langvann.

As regurds geological conditions, reference is made to my work on Sulitjebma
(Sulitjelmafeltets geolozl og petrografi. Norges Geologiske Undersgkelse No
121, Oslo 1927), especially to the geological map P1. XXXV and to the profile
plates P1l. XXXVI and XXYVI1. A key map showing the position of the profiles
is found on p. 141 {fig. 52). The three plates mentioned above are enclosed

wnder Ho.s 1 — 3.

General points of view.
Ae 18 knowm, procticaily all ore production in fulitielma derives from one
gingle main ore Lewei located along the bottom of the Sulitjelma gsabbre,
with its amphibolites, olivines und chlorite sechists. o=t of the ore
depogits lle in mica schists a little wunder the chlorite contect, up to
ghout 50 meters apart from this contact, although odd denosits are Located
Lot

in the contect zone itself. To this main =wel belong the lmowm deposits
Burasi - Charlotta — Giken with Sture — Hankabhalken — Hy—Sulitjelms — Veldis
north of Langvann, and Furuhaugen — Sagmo — Jakobsbaklen — Anna (—83ki)south
of Langvann, and — as I have formerly established — also Baldoaive and
Stilhaugen west of the Baldoaive synkl!inal. As will be seen from the map,

R . Tove. .
encl. No. 4, we hereby have a big mineralized ore tevel of about 22 lm'in
length, width varying from abt 6 km to 9 — 10 km. In addition to this main
tevel, there ig also & less important tevel up in the amphibolite (olivine)
itself, following the bearing Mong Petter — Lapphelleren — Fjellgruben®
with only a little working in the lMons Petter during the first years.
- To thig comes the slightly examined and probably unimportant Kong Oscars
field in a much deeperm, and without connection with the proper

nlitjelma gabbro.
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In the following, the main }evel only will be treated. As mentioned, this

1§;;;% is exposed to view following thre lines, Bursi — Veldis line, Furuhaug —
Anma liae and Stilhaug % Baldoaive line. These Lines represent Lines of
intersection between ore level and surface; in »rovortion to the orebodies,
it must be sald thei these lines of intersection are ese incidental. it is,
Zowuis
of course, not probuble that all orebodies in the ore +ewebs nerticularly
shauld be tied to these chance intersections. On the econtrary, the pre-
suption is that other intersections, on higher or deeper levels, would
have exposed other deposits. Also, the surface intersects the different
orebodies in different ways. Giken and Sagmo carried comparatively smal:
vuantities of ore in the surface, but expanded greatly in depth; I suvpose
that these bodies are cut through the uppermost parts, so that pratically
the compiete original orebody was kent in the rock. Jakobsbaltiten hag fwll
Wik . o
bpeedth in the surface, but smaller extent in the surface then fuwrther dowm,
and must, presunably, also have been cut at any rate in the uover narts.
Hy-Sulitjelma has its full extent in the gurface, and may oresunably bave
been cut about in the middle. Of Furuhsugen, only small remnants remain
of a perhaps considesgble body; conditions here are such that if the erosion
had only worked 50 m below the present surface, only insignificant traces
of ore would have been left. The single deposit which can be said having
been found ingide the rock, without reaching surface, is Charlotta east;

+ 2

however, this orebody possibly is part of a greater Gharlotta (Charlotta — 8ture).

&

It is a onite natural conclusion to point out that hitherto unknomm orebodies
must exist in the are zone inside the magsif. A look at the maep, eacl. no. 4,
and at the scale, considering that in the deepest mines the distance frorm
surface to the innermost working places is about one kiiometer, also must
make it obvious that the cusntity of the wmmowm ore deposits probably is

far bigger then the mowm auwantities, all ore production till now included.
Even if the deepest of these orehbodies are of no astusl interest owing to

technical and economical reasons, this point of view in my opinion forms a

bese for a justified optimism regarding fubure ore reserves in Sulitjelma.
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The ouestion is whether regularities csn be egtablished, which mey facilitate
the seerching for these orebodies. Here also comes in the ouestion about
the origin of the ores, the nuestion of where to Iind the ores® "root", Thig
will be deail with below, whiist more special regularities will be treated
in the flellowing chepter.
Tt seems that the Solutlons which have formed the deposits in the ore zome
have been carried from abt. north—enst, and that they have moved on the whole

towards southrwest. ihat especially favours this presumption is the foll.owing:

1. The gabbro—magma must have been carried from the north, most probably from
nortirwest. The ore solutions have been separated from this gabbro mazna.

The gobbro is the mother rock of the ores. The direction of the ores‘ "roott
in north-east, sbout points to the part which can he considered the sup Ly
chennel, or "root", of the gabbro magma.

2. Even if the mowm ore cuantities (totsl of ore prodvetion and opened ore
bodies) are of the same size on hoth sides of Lengvann, stdl! the mines north
of Langvamn are in the first line in this respect. And when we get as for

to the west as to Baldoaive and Stilhaugen, these deposits are in ~omparisen
obviously £xx less important. The ore quentities seem to increase towards
northreast, towards the "source",

3. The pure pyﬁﬁtite-— chalcopyrite - deposits Valdis, Arna (and the probsbly
cmrite wimportant Siki), with Baldosive ang Stilhaugen o¢our peripherically

in relation to the pyritecarrying deposits. Now it iz a comron experience, also
from Sulitjelma, that the pyrites generally occupy the central parts of each
single deposit, and the pyrotites the perivheric ones. The pyrotite ores

have aecordingly moved the farthest out towards the periphery, a fact whizh
seems to stend in relation to the earlier erystallisation of the pyrites.

The latter mineral was kept back, while the still floating pyrotite was vressed
further on. The most western deposits Baldoatve and Sti1hauren oceuwny also
with regard to the mineral composition a "peripheric" position in relation to

the Langvonn deposits. The zincblende too belongs to the late erystallized

minerals, often peripherically enriched. When Jakobshaken is so much richer
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in zincblende then the deéposits north of Langvammet (and 2l=o thon Sagmoj, this

¢an be seen from the same point of view.

The factors mentioned above together, in my opinion, decldedly lead to the
view that the ore originates from the district north of Langvann, and by
preference from north-east. The line: entered in encl. 4 are, of course,

only outlines; north of Langvann they can very well curve some more to the
north than shown in the sketch. But in general, there is reagon to expect good
unknovn ore deposits in the depth north of Langvann. On the distances whlch
for teehnical reasons can come into guestion here, we also can preswme that
the physiezl conditions (higher temperature etc.) cannot have changed to the

disadvantage of ore formation.

Spnecial surveys and viey—voints.
Here we first have the cuestion of the longitudinal direction of the separate

ore-deposits, which obviously is of importance to the cpsadwg-eperetionss

The longituiinal direction of the deposits have not heen easy to establish
in Sulitjelma. Opinions have also changed in the course of years, which
can be seen on the longitudinal directions of the main shafts. It is, too,
first Lately, when the deposits have been worked to a considerable depth,
that we have got more certainty as to this auestion.

In order to get into & system mxoredX the longitudinal direction of the
knovm orebodies as well as of the possible, unknown deposits, I have used
a gealogical method, which hes given certain results. I refer to the
meusuring of the direction of certain struetures in the rock, structurez
which depend on the pressure dippersion in the rock at the time when the
ore deposits were formed. At this time, the rock was to a certain degree
plastic, and the pressure dispersion effected on orisntretion of mineral
grains and also effected plastic deformatlons, giving structures ant to be
meazured. A ball for instance will be rolied to a rod or an ohlopg plate.
The rock structures mentioned have somewhat figuratively been called

stretchings, a word which will also be used here. It may he mentioned that 2
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was convinced of the absoiute regular connecticn between the longitudinal

ax pla Fe—
direction of the pyrite depesits ond the stretching while sumuessiesr in liana
some years ago. It saemed here that the longitvdinal direction of the ores
at Bossmo and at Mofjell were paralell with the str.tching, =nd that the lLongi-
tudinel direction of the Malmhaug deposit could he predicted on account of
the stretehing, ( later it was confirmed by electrical ore searching methods).
In Rena the stretching was extremely pronounced, and the ore deposits were also
pronouncedly stick-iormed. By Hgros too, L have used this method in the Later
vears, and everywhere found the stretching in accordance with the longitudinal
direction of the mines.. Here the stretching was not so pronounced, snd the
deposits normally more flatly "linesr—formed” (linealformet). In the Sulitjelma
field the strefching is still less pronounced than by Roros, corresponding to

more diffuse longifudinal directions of the ores, anyvay by shorter denosits.

The- stretching is independent of the foldings, anyway of foddinrs of thex kind
occurring In the Sulitjelma field. It has accordingly the same direction in-
dependent of the bearing and fall of the rock. It may lteep ecanstant over
great areas, but can then comoaratively cuickly change direction. TIn Rana the
gtretching is constant around the end of the Hana fjord and up the valley for
about 20 kmy but is changing, as fof as I rememher, about 70° o little west of
Malmhaug. By Reros it gs constant over the whole centrzl area around Kongens
and Storvarts gruber, h’a;:g is changing asbout -‘1.-50 south of Mugg—oruben. By
Sulitjelma, too, we find similar conditions.

Here we can refer to the map, encl. 5, where the observations regarding the
stretching are entered. It seems that the precision is about ¥ 59, vartly
owing to measurement errors, partly becanse the direction ltsel? may turn
about the same number of degrees in neighbouring localities. Therefore we
cannot determine the longitudinel direction of the mines preeisely on the
degree on account of these measurements, but perhaps with s precision of

: 5?. Ve must also be aware that the Longitudinal direction of the orebody
is spomewhat diffuse at Sulitjelma, and cannot be given with ebsolute precision,

even where it is best known. On the map the place of observation 1s marked with

a circle. The arrow indicates the direction towards which the stretching is
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falling. Where there is no arrow, the siretching lies horizontally. Fijures
indicate deviation from direction west ( 0 = due west, W0 N =W 10 ), 5 8=
W 59 8).
As will be seen, all observations fit into a stable system with smooth passages.

Below, I shall ad¢ gome remarks concerning the direction in the different

mines.

-

By Jalkobsbakken, the most and best measurements show abt. ¥ 52 8,a direction
a little more northward than the direction of the main shaft. According fto the
mining engineers, the direction can it in rather well. Between Jakohshaklen

and Helsingborg the direction is turning some, from abt. W 5° 8 to abt. W 10° N.

By Spsmo we have abt. T 10° I, which is sbouwt in accordance with the present
main shaft. The same direction obviously continues about unchrnged further
northwards, to the area around Furuhzugen end Bursi.

By Furuhauren, which consists of folded—in parties, the direction VW 10° n may
fit in well, espeeielly to the rather marked south Limit.

By Bursi we have the Qhu;iar cage that the present direction of the mine is
ahout ¥ W, whilst the main direction of the orebody should be about ¥ 109N,

width
if basing the axis direction on the slrelching in the schist. The beeswh [0 Fh

will then slso correspond to a rather normal mine ﬁ:;;giﬁ in fnlitjelma.
It mey seem as is we in Bursi mine only have remsining 2 small end of the
main deposit, xkmee as the ore more or Lessieems to ston towards east. 1In that
case most of the ore presmmably has heen located above the present imwmx surface,
W 10° ¥, where it has been eroded. S¥S¥L:’we cannot imore the possinility
that there ﬁﬁEﬁéﬁffi}he found some ore in direction p 10° 8, or that perhaps
+he main orebody may be located here. The eagtern limit of the mine, which
has not a normal form of dwindling wxy g; the end of a deposit, might perhaps
indivate that there can still be found ore towards & 10° &. Anyway, it seems
to me tha' there can be reason to examine the deposit more closely i'rom this
d\j\, tﬁ—\jﬁl-;,\,_,.\

view-point, either by diamond drilling or by opaning from the mine. By electric

ore searching methods we will hardly get indications on the Bursi ore itself in
direction 0 109 8 owing to screening from a ore zone situested above. Tn this

connection, also see digcussion wnder Charlotta mine.
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To the west, towards Hellarmo, the stretohing tums more due wegt, whilst 1t
changes a little in the opvosite direction towerds east, to W 16 — 20° ¥ by
Furulind.
By Chariotta conditions are not guite clear, either. Judging by the mine map,
repregenting working in previouvs dorys, the direction of the mine is about
W, whilst the stretehdng shows W 15 — 20° N. However, if we count Charlotta
east and Sture, lyving completely in the same horizon™ as Charlotta, te this
denosit, we get an main direction more in accordance with that of the
straetehing. This mipght encourage to con‘tinued diamond drilling Trom Gilen
in the roof following the Charlotta lode, for inst. hetween co-ordinates
1000 and 1400 east, where no drilling seems to have been done. Zut even if
it ghould sppear that there is more ore in the Cherlotta zone, we have, anyeay,
big, barren parts between Charlotle and Sture. In addition, Sture has the
same mein direction as Charlottz. As both these denosits (with Charlotts east)
are the only ones Jocated in the chlorite swkizf contact itse!'f, the possibility
exlsts that these ores have been formed according to othner rules. Thease
depoaits, possibly alse Bursi, are, however, the only ones which de not fit
into the system right away.
Coming to Giken, the streteling shows ¥W 15 — 20° N, end Ciken very distinetly
about the same direction. Furither eastwerds the siretching now hzlc:.or;:s steadily
more to the north.
By Hankobakken the stretehing pives W 20 & 259 W, whilst the avis direction of
the orehedy ies M] with a 1line ir W 22.5° ¥ on a map with diamond dri_l.tli?ﬂr‘é?,
enterad. Otherwige this deposit Ls litile kmown in depth.
By Ny-Switjelpa wesi ("Femnon") the stretching is sbout W 80C M, and prebably
vith an aboul corresponding avxis direction of the ore in this part.

oy

By Hy-Sulitjelma main_ part the streteching turns to about W &50 M, a direction
very much in accordance with especially the upper parts here, and with

Gudrun — Holmsen mines. One feature is to be eppecially pointed out, wvisz.
that the gtretching, end with thut the aris direction of the ore, will twrm in
a more wesitern direction in depth, as indicaeted with the red arrow on the map.
The mein shaft of Ny—Sulitjelma mine wil! whereby by and by gel outside of the

orchody, even il the ore ghould continue further on to grest depths.
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t eppears, consecuently, that the stretching in the miea schist is very meh
in sccordance with the axis direction of the orebodjes located in the sehist.

Ag vill Turther be seen on the map encl. 5, all sgchist depogits north of Langvann
and Furubaurren south of Langverm fi1 into a common grest ore system. Here it
seems that Giken and Furuhaugen lie on about the same axis, and 4he same is the
cage with Fankabakken and Bursi. We should, however, not conclude too mush from
tiis, ever though this establishment seems to be of interest. Especislly, we
cannot preswe that the ore is continuous elong these axis. These conditions

de perhaps only indicate that the deposits are located comparatively near each
other in this system. If the orebodies were somehow evenly dispersed, severul

orebodies might then easily happen o lie, 1o some extent, in the sems axis

direction.
Y St {ﬂ.bwﬂuqrw(
Doentnd/northwards.
Ao

The opering northwords is intended to Le made as a deen shaft of shout 1000 m
Lengthalong the ore zome in northern directien. The question is where to start
this shaf't most faveovrsbly.

rL(‘AQ -
As Imown, the main cvantity of ore today is north of Lungvenn in the £iesd
Charlotta to Ny-Sulitjelma (see alse encl. 4). There may be resson %o nregime

e AR
that, thie ¥ode continues inward in nortlressterly direction, end the deep shaft
then ought to he within tlis part with ils terminal point. This gives an
approximate limitation to the west, which ig indicated on the map encl. 7.
In order to obtain closer kmowledge of how the ore is distributed in the
Charlotta = Ny—Suliljelma ares, mining engineer Hofseth has on my resuest worked
out & survey concerning th#s cuestion. (See encl. €). Number of tons of ore
VWA P e Oelue AdanAl, | Set M
toleen out &nd opened is calenlzted in bands of 100 m bw:i#-%** Cuantity, in tons,
Wi

of copper and sulphur contents are also esleulated.
It may be of interest to point out how continously mineralized with productive
ore this zone is. Between Giken and Hankabukken there is, 2z will be seen,
a barren part of abt. 150 m, and a corresponding part of 550 m between Henka—
helcken and Ny=-Dulitjelmm. Otherwise the 4400 m long peart is ninernlized with

productive ore. If we imugine thet this part wag located inside the massif nnd

veeg tc be opened by means of a deep shaft to the north, this shaft would aset Steike
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ore over 3300 m and rock only over 500 m. In faet, the chances to géﬁeji:nm
vould probably be still greater, as lHanksbhaidzen seems to have hed the greater
part of its ore in the eroded part in B 20° 8, which would then have covered zlso
the barren part of 350 m.
Mining engineer lofseth further has calevlated the center of gravily zzxim
respectively for ore, suipmr contents and copper contents over the sume
distance. Gravity centers are on the following eo—ordinetes east:

Ore Sulphur contents Copper contents

@400 2300 2080
Of greater interest to the present question are peehaps the centers calculated
g0 that there are the same cusntities of ore ete. on either side of the center.
Thege centersare on the following co—ordinates east:

Ore Sulphur contents Copver contemts

2550 10 1400
I supnose that the average of the twe m&- for guvlpimr—- and copper contents,
on regpectively ec-ordinate 2175 and 1550 east, are of greatest interest here.
These points are therefore entered on the map encl. 7. The points are also
entersd 1000 m inwd in nortlmeasterly direction, clong the siupnoged main axis.
Further, it can be pointed out that the direction of the deep shaft should be
sbhout vertical to the axis direction of the brebodies. Thisg f'or twe reasons.
Tirst, the distence to the orebodies will be the shortest possible when cutling
through the barren perts verticaily on their direction. CSecondly, the barren
> hets
epenings between the orebodies in depth will be smallesi possible, theeeby

Wil

offering the besi chmeces to &+t ore. A ghaft from lLower Giten from shout
co-ordinate 1000 east should, according to this, have a direction N 15° B,
The seme direction &%&x also go for xke ghafts more fo the west, while the
direction turns more to the east for the eastern varts. A ghaft, for inst.
from the inner part of Grmunnstollen to Ny-Sulitjelma, by co-ordinste 2500 ebte.,
thus ghould have a direction N 22 - 28° B.
It is difficult to say enything more definite shout the distribulion of ore
doposits in depth. It has been pointed out thet the known ore deposits on a whnle

gtop along & sgtraight line, entered with blur colovr on the map encl. 5.
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Thug the Ny-fulitjelma ore goes out in the main shoft on abont co~ordinate 1760
north, and the Giken ore i shaft & on ahout co-ordinate 1240 north. Ve might then
imagine a xivi¥wxr train of ore denosits similar to the Charlotta = Hy-Sulitjelma
leo in depthe This might be supporied Zyputke on the base that Furuheugen and
Sagmo lie on & similar line, the southern limitetion of which is also indicated.
On the other hend, it has to he mentioned, however, that Hankabalken, in any case
according to whut we know to~day, ceems to disappesr already by the Giken -
Ny=Sulitj el.'ria.cgil':i'.'f{',l i.e. by co-ordinate 1000 norths This is the one oiternntive.

Inother eme may be, that the ore zone is covered ts some degree regularly with

deposite in distences more or less corresponding to the mutual distances between
the imown deposgits near the surface. It may 2lso be that the line Sagmo - Giken —
Crharlotta is of importunce. Whatever the distribuiion of ore in denth be, in

my opinion a deepshaft is very much to recommend. A suitable opening hy field
drifts, especially a long field dritt in great depth, iz of course desirable.

As sterting point for a dec: shaft, the lower parts of Ciken have been mentioned,
to which T zubseribe. The shaft should be located west of the gravity center,
(average point); Furubsugen and Bursi should justify this. The most easierly

of the alternutiver eniered on encl. 6 seems the best to me. This shaft oeovnies
a more central loceation in the area of greatest ore quantity than the otler one,
lies nearer to the Sagmo — Giken line, and will also have to pass & somewhat
shorter distence through known areas.

There may be a cuestion of working the shaft either in the chiorite along the
sclist contzet, or a litile dowm into the schist. Of these altern:tives, the
first seems to be the best, in my opinion. Thereby it should be pozgible to

ar a whits o C.MHQ
keep the geologieal level with most certainiy. The chiorite iz also mene

mineralized, and not much'intensified miwepaddidip-ic necessary to give ore partiea

which can help pay the cost of the ghaft. By dismond drilling at regular inter—
vils, for inst. every 25 or 50 m, possible ore in the serdst floor ran bhe opened.
Fodlowing the other sliernntive, regular dismond drilling in roof as well am in
Tloor would be required. At all evonis, over the lower parts of Giken here

in gvestion, the chlorite ig firm and resistent against siides. If inTerior
chloriie roof should ocovr, there will. be no difficulty in faying Lhe shaft in

# nexrby Level.
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