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The massive sulphides of Nordre Gjeitryggen ocour in amphibolite-
chlorite sehists which form part of the spilites of the Calasdonian
Mountain Chain of Norway. These schists were produced by low grade
regional sods metamorphisa of the Calaedonian Orogeny. Associated with
the= are trondheimites and gabbros.

The deposit oconsists of a series of steeply inclined lenses, probably
slightly offset, of massive pyrite with subsidiary pyrrhotite, chalcopyrite,
sphalerite, magnetite and, rarely, galena. This is the sequence of
deposition ‘oxcopt for magnetite which may be contemporaneous with the
pyrrhotite. Caloite and quarts are the main gangue minerals and acoom-
panied the later sulphides. Gold and silver ocour but are of minor
importance.

A replacement nature is indicated by the mineralogy and minor struc-
tures, such as the "horses" and the retention of wall rock structures by
the massive sulphides. Rock alteration is restricted to the contacts
vhere felspars, micas, caleite, quarts and sulphides have the greatest
development. The metasomatiam is sodic in character and is probably
related to the regional metamorphism.

The controls of depositicn were daminantly structural.

Massive sulphides, due to their homogeneity and conirast in physical

properties to the surrounding rock, offer opportunities for geophysical
prospecting methods. Self Potential and Gravimeter investigations are



recommended.

The application of geochemical methods deserves some consideration
and experiment.

The marked similarity of the Norwegian massive sulphide deposits is
aiso noted.



DNTRODUCTION

Nordre Gjeitryggen was visited during 195, for the months of
August and September. The work done was confined principally to
mining. The geological field work was limited to the selectican of
specimens and notes based on daily observations. The major part of
this study is the result of laberatory work carried out at the Royal
School of Mines, London.

The appraximate geographical position of the Mine is:-

10.00 E.
62.05 K.

Nordre Gjeitryggen lies above the tree limit, 961 ms. above sea
level and 2,7 ms. above the Folla Valley. 4 locality open to the
severer rigours of a northern climate. Some 35 kilometers east is
Hjerkin. The distrioct has a strong mining tradition, Folldal Verk
having celebrated 200 years of mining in 1948. To the north north-
east 1s Roros. Pounded by King Christisn IV of Demmark, a patron of
mining, it is one of the oldest mining towns in Scandinavia. Both
these mining groups produced massive sulphide copper ore which they
smelted themselves.

Since the commencement of mining in 1748 production has not been
continuous due to the low tenor of the ore (approximately 2% Copper)
and fluctuations in the market price. In the 1850's the following
process was developed which helped to extend the working life of the
mines. Water percolating through the low-grade ore dumps dissoclved



appreciable quantities of copper campounds. This copper was precipi-
tated from solution as the sulphide using hydrogen sulphide gas.

The Nordre Gjeitryzgen deposit was discovered in 1920. After a
period of uncertainty during which the calcite content of the ore hin-
dered the flotation process it has grown into the largest mine in the
district. With the Séndre Gjeitryggen mine it is all that remains of
the once flourishing mining industry of Folldal.



THE _ROCKS

The general geology of the district is shown by the accompanying
Norwegian Geological Survey map of Folldal. This map is of the
territory situated in the northern part of the Hedmark fylke, together
with a small piece in the north-west belonging to the Sér-Trgndelag
fylke. Three principal rivers traverse the area, the Folla in the
south, the Glama in the sasi and the Einunna in the north-west. Heavy
glaciation has carved out a country of rounded hills and étoop-sidod
valleys floored with glacial sediments.

The rocks are of the Calaedonian Mountain Chain System in which
ocours all the many pyritic deposits of Norway. Folding together with
the intrusion of eruptive rocks have produced a regional metamorphism,
The succession in the area is illustrated in a profile after C.W. Carstens
and S. Foslie. The rocks exhibit a well-developed strike direction,
north-east/south-west with a prevailing dip to the south-east. |

To the south-sast are the oldest formmations, sericite quartzites
and schists produced by alkali metsmorphism of early Cambrian felsic
sedimentaries. West of these ocour phyllitic schists followed farther
in the west by the Roros and hornblende schists.

Trondheimite ocours in zones along the regional strike direction,
one passing through the Folldal and Gjeitryggen mining areas. Gabbro
and olivine-serpentine have been intruded in the east.

During the Calaedanian orogeny the rocks were subjected to strong
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compressional forces which have altered their structure and composition.
The Roros and horntlende schists show the greatest metamorphie develop-
ment.

Few rock outerops appear above an extensive and thiok blanket of
glacial deposits. Consequently detailed surface mapping is a diffioult
and lengthy prosess. The deposits consist of transported gravels and
boulders on the hills with additional finer sediments in the valleys.
Small concentrations of high-grade silica sand, exposed by the rivers,
exist in many parts of the larger valleys.



Succession in the Caledonian Mountain Chain of Norway

Overthrusts.

ﬁynch formation with eon-

| Continual folding glomerates, arcoses, marls,

and some

lsts., eto.

metamorphism Jasper conglomerates.

Metamorphism,

Erosion and Discordance.

Intrusions, basic Gabbros, amphib.

to acid.
Folding.

schists and sodio
granites.

Ureenstone formation
(spilitic lavas).

Phyllite and mica schists.

Sparagmite (arcose) formation.

Discordance, Peneplain.

Archean rooks.

Ekne and  L.Silur.
Hovin | 444 ond.



PETROGRAPHIC DESCRIPTION OF THE ROCKS

Sericite quartsits. A fine grained schist composed of much quarte,
altered plagiosclase, chloritised biotite and in places calcite. It

d¢ips steeply to the north and north-west.

Phyllite. A well-developed fine grained schist composed of quarts,
biotite, ohlorite, graphite and subsidiary calcite and garnet. It
dips generally to the north-west, but contains many folds.

Roros schists. These are not as fine grained as the phyllites. Con-
sequently their schistosity is not so pronounced despite a subjection
to greater compressionsl forces which oreated many contortions. The
principal component minerals are quarts, biotite and chlorite socmetimes
with much garnet, & little hornblende and occasionally clinosolsite-
epidots. Large lenticules of quartz also ocour. Within these schists
are contained bands of hornblende schists.

Hornblende schists. They outorop at Folldal Verk, Gjeitryggen and

other localities as bands between the phyllites and Roros schists and
isolated in these formations. They have probably originated from basic
voleanie and eruptive rocks. They are composed of hornblende-actinolite,
plagioclase, clinosoisite-epidote and occcasional quarts with subsidiary
calcite, rutile and sphene. They are described in detail in the
Appendix (Bore Holes 80 and 81).



Trondheimite. This bright, attractive rock is composed of sodic
plagioclase, quarts and biotite with minor hornblende, chlorite and

golisite.



REGIONAL MFETAMORPHISM

The rocks of the ares are of a spilitio kindred forming part of
the Pealaeozoic geosymeline which has been regionally metamorphosed.
The metamorphiam at Folldel was of a low grade. In the felsic sedi-
mentary rocks chlorite and biotite developed.

As only a narrow sone extending 50 ms. on each side of the Nordre
Gjeitryggen sulphide deposit and situated wholly in the hornblende
schists was examined the following remarks have a limited application.
A number of different mineral assemblages ocour in the hornblende
schists:-

&. Albite chlorite actinolite epidote-clinosoisite and
minor biotite quartz rutile and sphens.

b, Albite chlorite quartz epidote-clinozoisite and
minor caleite rutile and sphene.

¢. Chlorite epidote-clinozoisite and minor biotite and
quarts.

All sre characteristic of a low-grade regional metamorphism of the
greenschist facies type. The original rocks were probably basic vol-
canics. Variations in the mineral composition exist within wery short
distances - 2 or 3 cms. Albite and actinolite show the greatest varia-
tion. This may indicate that a stable mineral assemblage has not been
reached or that the assemblage represents a state of equilibrium in a
closed system. These differences in mineral composition may be due to:-

d. Original differences.

e. Selective ocirculation of the pore fluids during metamorphism,
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In an envirament deficient in water and earbon dioxide actinolite
would form in preference to chlorite. Under the influence of circulating
solutions the bulk camposition tends to change to a simpler mineral
assemblage. The common development of calcite suggests an excess of
carbon dioxide. Rutile is probably a relict mineral remsining from the
original rock.

During metamorphism the migration and recrystallisation of silica
formed isclated quarts lenticules of varying size in the schists.



THE _ORE _DEPOSITS

Many massive sulphide lenses and bands exist in the Folldal distriet,
several of them having been worked. Most notable among these are the
Geltryggen, Folldal and Réstvangen deposits. The prineipal core mineral
is pyrite with minor chalecopyrite and sphalerite. The copper content
is generally around 2. This may be increased two or three times by
supergens enrichment though it is rare owing to the past glacial aotivity.
Gold also occurs, but in small amounts, and is reported to be contained
mainly in the copper mineral.

The sulphide deposits are generally restricted to a sone in the
quarts mica schists of the Roros formation containing amphibolite schists,
bordered by the phyllites and intruded by sodic granites. This evidence
suggests a relationship between the sulphides and the sodic granites. A
similar granitic zone exists to the north-west which, however, has few
recorded associated deposits. In this instance the granites have
intruded a harder, more quartose schist than before. The location of
soft, easily-replaceable sediments may also be 2 controlling factor.



NORDEE  GJEITRIGGEN

Introdustion
The massive sulphide lenses of Nordre Gjeitryggen were discovered

as a result of a prospecting campaign carried out in 1920. Previously
the local pecple had noted the unusual atiraction which the area showed
for lightning. Alluvial pyrite and a gossan assisted in its final
location. Nordre Gjeitryggen has since develoved into the largest mine
of the distriet; it remains, however, comparatively small.

The lenses, of which only the largest is mined, form steeply-dipping,
narrow tabular lodes. The sulphide ore is strong, hanging well. This
feature, coupled with the camparative firmness of the wall rocks, faocili-
tates the employment of open siope mining. Some dilution takes place
owing to "slabbing of ™ of the hanging wall. This is compensated for
by the low cost of mining. Alsc a flexible method is required as the
Lode tranches and varies in width from % to 7 ms. That below # m. is
unpayable.

The property is small, scme seventy men being employed on mining
and transporting the ore. An inclined shaft, located in the foot wall,
serves nine levels which are generally 4O ms. apart. A subsidiary
shaft from No. 5 Level, inclined to the plane of the Lode, also serves
the lower levels. Above No. 5 Level the Lode has been worked out.

Considerable development work has been carried out. Proved and
Probable Ore Reserves amount to ca. 600,000 metric tons, enough for nine
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years' produetion at 20C tons a day.
An serial ropeway transports the ore to s flotation plant at
Folldal, 5 kilometers to the west.

Shape, Country Rocks and Tectonic Features
The fallowing description is based on mine planes and a few scat-

tered observations ss no underground mapping was carried out, nor do any
geologioal maps exist.

The Workings exist in three adjacent linearly-aligned, but slightly

offset, tabular lenses. Their general strike direction coincides with
that of the regional schistosity - 75° N. The lodes dip to the north.
Aong the strike the dip is fairly constant, inoreasing slightly to the
east. The greatest varistion exists down dip for between Etasjes L
and 5 are marked increase from ca. 4L5° to 55° takes place. The two
western lenses have been mined out to a depth ca. 150 ms. where they
sease to be payable. The eastern lens 48 larger. It has e maximum
length of e¢a. 360 ms. and has been developed to a depth of 320 ms.
(8 Btasje). Below this the development work had not yet located the
lode. The width of the eastern lens is between 1 and 3 ms. but may
exceed 5 ms, occasionally. The following desecription is confined to
this eastern lens.

Subsidiary parallel lenses and branches are frequent, generally
ccourring in the Foot Wall. These require a system of exploratory
drilling and a persllel system of development.
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Variations exist in the wall rocks which are predominantly smphi-
bolite schists. Miocaceous quartsites oococur and are particularly evident
in the eastern seotion between Etasjes 5 and 6. Also a well-developed
chlorite schist exists below Btasje 8.

The massive sulphide lenses are hard, compaot and crystalline
camposed of pyrite, pyrrhotite and the gangue minerals caloite, quart:
and felspar. Disseminations ocour to a limited extent in the confining
quartzites and in the altered wall rocks. Parting planes at right
angles to the lode walls have created a blocky structure in the massive
sulphide. The contacts are sharp and well defined. In the chlorite
schists a sheath of biotite has developed, containing disseminated
pyrite, chalcopyrite and pyrrhotite. When unsupported this layer tends
to leave the Hanging Wall in large slabs.

Lenticular "horses" of altered wall rock are common in the amphi-
bolite schists. They give the impression of having undergone no move-
ment retaining the original direction of schistosity.

Where contorted micaceous quartsite forms the wall rocks, the
original fold shapes may be observed in the massive sulphide. The
gangus too shows a vague layering parallel to that in the wall rocks.
The sulphides preferentially replace the platy minerals outlining the
fold structures in the rock undergoing replacement.

Faulting of the Lode is believed to be rare. In an ore pass
between Etasjes 7 and 8 the Lode contains a series of carbonaceous
fault planes. The lode materisl separates easily along these fault
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planes and may exhibit slicksnsiding but is not crushed, contorted, or
noticeably displaced. Whether replacement of an originally faulted
rock has taken place is not clear, but this would explain the absence
of catalysis of the sulphides and the carbonaceous fault gouge. A
fault plane breaks the Lode where disseminations in s miocaceous quartszite
take its pluce between Etasjes 6 and 6Z. Whether faulting of the Lode
or replacement after faulting has teken place is again not clear.

The lenses may terminate in small lenticular bodies of sulphide

and/or quartz osccasionally accompanied by breccia. Examples oocur oni-

8. A branch lens on Etasje 6 (Pt. No. 27).

b. Western end of Lode, Etasje 6 (Pt. No. 18).

¢. Eastern end of Lode, Btasje 5 (Pt. No. 40).

No definlte indieations were observed suggesting that the Lode
exists in a fault or shear zone. The general impression gained from
visual observation is one of replacemeny rather than emplacement.

An important structural sontrol certainly exists. It may be the
presence of drag folds on a larger fold in which mineralising ™ solutions"

were localised with attendant replacement.



MINERALS OCCURRING AT NORDRE GJEITRYGGEN

No individual mineral analyses have been made. The following is
based on physical properties observed through the microscope:-

- Plagloclase

Chlorite

Alg Am  Al= Na A1 51y Og and An=Ca A, 51, O

38!3531281301311&11171:13 amounts of ferrous iren

hol
Lctinoli.t_.o“ *f'b %("8.?0)5 (), (311..011)2 with small smounts of

Gl LT

*
o (48 TV

Ry

~ Clinozoisite-
‘  Epidote

Calcite
Quarts

Biotite

v/ Butile

Sphene

Garnet

L

Al, 0, and Na 0

H%(Al,l"o), i, %3

CaC0,

810,

Besentdally H K(Mg,Fe);A1(S10,);
740,

Ce T40,

Aluninium Variety

I Biotite-Phlogepite. Essentially Hzmngl(s:Loh) 3
with & little ferrous iron and sodium
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K,Na Felspar

Sericite

Amphibole

Pyrite

Pyrrhotite

Sphalerite

Magnetite

Min., X

II Musocovite. (H,K)Al 810, probably oontains sodium

(K,Na)Al 8i3 Og

As for muscovite

Ca Mg, (M..l“o)2 313 Oy contains a little sodium

Fes,
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Cuffe 37
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Unimown sulphide



MINERAIOGY OF THE WALL ROCKS, LODE AND GOSSAN

The mineralogy has been deduced from a mmber of selected
specimens including drill cores. Diagrams of the locations with
attendant petrographic desoriptions of these specimens constitute
the Appendix.

The following is suzmerised from these descriptions. For con-
venience the minerals are divided into two classes:-

a. The minerals ocmposing the Wall Rocks include:-

1. The original minerals.
2. The minerals of "hydrothermal origin".

b. The economic minerals ocowrring in the Lode and
in the Wall Rock.

The secticn is concluded with 2 brief description of the minerals
of the UGossan and general notes.

o Wall R
1. The Original Minerals
Plagioclase This is albitic in composition. It ccours as fine
grained, clear, shapsless (allotriomorphic) crystals varying generally
between 0.025-0.05 ma. in dismeter, which form layers ¢r thin lenticules
in the amphibolite and chlorite schists. Larger crystals (some 0.3 mm.
dia.) are present as rounded xenocblasts or in small groups. Albite and
Carlsbad twinning are infrequent; determinations of the extinction
angles and R.I. indicate a oomposition ca. AJ.9 Lnl Microscope
inclusions of chlorite are common.
~15.



The plagicclase-chlorite crystal ocontacts are serrated where the
chlorite clearage planes abut the plagioclase. A texture characteristic
of recrystallisation during metamorphism. This development of felspar
has created a "sieve" texture readily apparent in thin section.

Chlori Chlorite is the characteristio schist forming mineral,

It has a variety of form, ocourring as plates, scales, and in fan-shaped
aggregates. The platy variety is light green and faintly pleochroic, a
contrast to that of the fan-shaped varieties which vary from colourless
to light green. The mineral is chiefly olinochlore.

Actinolite Actinolite occurs as idiomorphic acicular crystals
grouped in strands along the schistosity ocutlining the minor fold
structures. The crystal length varies from microscopic to at least } mms.
Cracks and distortions are frequent, particularly in the longer crystals,
and also corrosion is evident along the parting planes.

Plesochroism is well-defined. This indicates either:-

a. A high Pett content or,

b. A ocomposition near that of Hormblende.

Crystals exhibiting fairly bright greens have a high Fe** content. Others
are similar te Hornblende, indicating an increase in the Al203 content -
a2 hornblendic variety exists in Sec. No. 32.

Clinosoisite-Epidote is widely distributed in the wall rocks, forming
an important secondary mineral. The greatest development is in the
chlorite schists in which it forms idiomorphic scicular crystals having
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a oonsiderable sisze variation; commonly they are ca. 3 mm. in length,
with a maximum of 1-2 cms. More often it ocours as corroded fragments
and grains partially replaced by quarts, plagioclase and carbonate.

Lack of ocolour and rather weak birefringent colours with ancmalous
groys indicates a camposition near that of olinosoisite. 4 few crystals
possess faint brown centres, which are susceptible to corrosion and
replacement. This zoning is due to a2 variable iron content which
decreases towards the crystal edges.

Calecite is present as a replacement mineral for the irregular grains
(xenoblasts), singly and in patches and strings chiefly located in the
mafic laminar. Microscopic interstitial blebs are frequent. The
large grains often contain corroded islands of differently orientated
caloite. Inclusions, residual grains of hard minerals and recrystallised
rods of chloride, punctuate the whole.

Quarts Quartz is not common, though occasionally it forms an
important camponent of some schist layers of the Foot Wall, It isin
intimate association with the plagioclase.

Biotite is infrequently present as an original mineral. It is
typical, btut contains no pleochroic halos. Within the schist the crystal
plates form thin strands as in B.H.81 at 35,13, and 2 ms. from the Lode.

Rutile is confined to particular schist layers. Fragmentetion and
oorrosion have destroyed the original crystal form. Rare miscroscopic
idiomorphic crystals indicate later recrystallisation.
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Sphene is rare, occurring as microscopic idiomorphic erystals of
charagteristic form.

Garnet. One ocolourless idicmorphic erystal was observed which was
full of inclusions.

2. The s of " rmal O

Carbonate-Caleite Calcite is a common replacement mineral of the
wall rocks and shows many of the typical replacement textures. The
harder minerals, with less well-developed cleavages - quarts, felspar
and clinosoisite - remain as corroded islands. Its shape and form are
varisble, both rhombohedral crystals and irregular grains ococur forming
campact evenly-grained layers, clusters of idiomorphic crystals and
disseminations.

Calcite is the dominant gangue mineral forming ococasionally the
principal constituent minersl of the Lode. Preferential replacement by
the sulphides, partiocularly pyrrhotite and chalcopyrite, is the natural
sequence. The composition shows little variation from that in the wall
roocks.

Mica ooocurs in three forms:-

8. A variety intermediate between biotite and phlogopite

b. A variety of muscovite, very similar to a.

¢. Biotite - the hydrothermal origin of this mineral is

questionable.

&, A common oconstituent of the wall rocks replacing chlorite. It is



charscterised by strong pleochorim - colourless to bromn. Developing
in the chlorite it forms plates and lathes of an intimate association
which retain a similar orientation. The birefringence is strong, similar
to that of muscovite. It possesses near or straight extinotion. Pleo-
ohoric halos are absent.

Its growth is shown in 8ec. 22 (photograph). Formation commences
with the development of a colourless area in the chlorite which possess
white to yellow interference colours. The orystal outlines appear as
the interference colours reach greens and reds.

b. The minerals of this variety lack colcur, but are in every other
respect similar to the above variety. The two minerals develop
contemporanecusly in the chlorite, are always associasted and often
intimately intergrowm.

¢. DNormal biotite in which pleochroic halos ars absent is rarer than
the two above mentioned micas, but coours with them in platy form. In
B.H.8]1 at 5.8 ms. from the Lode & sone of umisually large crystals of
biotite and clinosoisite traverse the sohist. It is not imown whether
these are dus to hydrothermal aotivity.

FYelspar Both albitic plagiocoalase and potassium felspar ocour.
Their development, particularly that of the K felspar, is greatest at
the ontact. This is {llustrated in Sec. Jéa (photograph).

The albitic plagioclase is variable in site forming small replacement
grains in the chlerite and larger scattered cloudy porphyroblasts
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ocntaining residusl islands of the hard minerals. Very fine dark
inclusions form a well demarcated central sone in a few crystals. Albite
twinning is commen.

The K felspar occurs as cloudy irregular elongated plates developing
at the Lode contact. The plates are intimately intergrown, seldom show
tvinning and have their greatest length along the direction of schistosity.
They replace the chlorite, quarts, mica and carbonate. Many of the
nicroscopic inclusions exhibit a well-developed lath-like form. In the
hand specimen the contact has 3 vitreous to greasy appearance where this
felspar is present and contrasts to the clear patches of quarts.

Where twinning was absent a differentiation between the felspars was
not always made as the sections are mounted in"L ak e 8 i d =" which
has & higher refractive index (oa. 1.6) than both varieties.

Sericite is not as frequent as the calcite or the miocas though it
ocours, associated with the micas, and develops with them in chlorite.

It forms clusters and strings of fine interlacing needles which do not
always retain the orientation of the chlorite.

Quarts occurs as veins, lenticules and isolated grains distributed
throughout the wall rocks as a replacement mineral. The best develop-
ment is in the chlerite schists where it forms thin strings of elongated
interlocking watery grains characterised by flamboyant extinction and
myriads of microscopic inclusions composed of ocalcite, chlorite and the
harder minerals. In B.H.8l at the coentact many fine black inclusions
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were contained in the quarts. These characteristics together with the
larger grain sisze serve to differentiate the hydrothermal type from the
original quarts. The replacement nature is indicated by elongation in
the direction of schistosity - a retention of the chlorite form and by
its invasion aleng the cleavage planes. Quarts also replaces the hydro-
thermal. carbonate and mica.

After calcite quarts is the most ccmmon gangue mineral. Boundary
relationships between the two minerals are ambiguous, a "caries® type
texture is typical though some replacement of the calcite by the quarts
is evident along the grain boundaries. A brown colouration in the
gangue is ocoasionally present and this is thought to be due to iron
oxides contained in the quarts.

Amphibole has formed as a contact mineral. It ocours in irregular
patches and lenticules either sheathing or forming "horses" in the massive
sulphide. These concentrstions are composed of acicular black crystals
orientated in the plane of schistosity.

The amphibole is characterised by an R.I. of ca, 1.65-1.68, and a
marked pleochroimm from dirty medium greens to medium blue-greens (Z
direction), which together indicate a composition between that of horn-
blende and arfvedsonite.

Chlorite Due to the presence of original fresh chlorite the develop-
ment of hydrothermal chlorite is not easily observable. Generslly
speaking, the chlorite shows few variatiems in form, colour and
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birefrigence. The anomalous "Berlin blue" was not seen, which suggests
the absence of the chlorite mineral pennine - a common alteration product.
Adjacent to the carbonste scnes the chlorite textures are umususlly fine -
S8ec. 10b (photograph). Fresh microscopic rods of chlorite exist in the
hydrothermel felspar, calcite and quarts.

Clinosoisite - Epidote The original minerals are replaced but are
believed to undergo little alteration. As the form, composition and

consentration vary throughout the original rock a true assessment of
alteration was not made.

Many erystals exhibit a stronger birefringence near the Lode indica-
ting an increase in the Fe** content. Zoming due to a series of dark
lines parallel to the orystal edges may exist in the chlorite schists,
the orystals being surrounded by a green halo. In one instance a con-
centration of orystals had ocourred adjacent to sone of felsic and sul-
phide minerals.

Gernet A rare solitary mass of indefinable sub-microscopio orystals,
probably chlorite and/or sericite, may be the result of the decomposition
of a2 garnet crystal.

The Economic Minsrals of the Lode and the Wall Rock

Pyrite Pyrite is the daminant economic mineral and usually the
chief component mineral of the Lode. It forms well-developed (idio-

morphic) cubie orystals, generally ranging in size from 0.5 to 3.0 mms.
-22-



A small degree of snisotropism is exhibited, the colours varying between
dark yellowish-greens to dark purplish-greys. Corrosion and replacement
are universally evident. The erystal outiines are partially rounded and
some are campletely lost. Microscopie cracks in the orystals induce
further replacement. Pyrrhotite, chalcopyrite, sphelerite, galena and
the gangue minerals replace the pyrite in varying degrees. Corrosion is
zost usual in the carbomate gangue, occasionally orystal outlines border
the pyrrhotite and chaloophyrite. Rounded inclusions of the replacement
minerals are frequent and show a grouping about the crystal centres.

The mineral replacing the pyrite has normally the maximm development in
the crystal.

At the Lode contact the pyrite occurs disseminated in the wall rock
preferentially replacing the platy minerals where it characteristically
forms oubes. Within 2 or 3 ms. of the Lode it may constitute thin bands
of cubic orystals, generally = 0.3 mms. in dism., replascing the chlorite,
carbonate and quarts of the altered schist - Sec. 10 (photograph). In
these bands the orystals may coalesce to form isemorphous clusters which
are bounded by a zone free from pyrite. Under high power the pyrite
crystal edges appear mimutely serrated by rectangular apophyses protruding
into the containing mafic mineral (diagram). These apophyses are sub-
mioroscopic pyrite crystals which replace the containing mineral and so
extend the boundaries of the larger pyrite crystal. This is the natural
method of pyrite replacement in the schists.
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A feature of particular interest is the complete absence of visible
alteration in the contajning chlorite and mica.

Pyrrhotite is the most important minor mineral. In the Lode the
Pyrite-gangue corystsl oontacts have localised pyrrhotite formation. It
occurs as patches of allotriomorphic orystals replacing the carbonate
gangue and to a lesser extent the pyrite. The mineral frequently
encloses good crystal faces of the pyrite which suggests a protective
character rather than a replacement character. It ocours rarely exsolving
from the sphalerite and, it is thought, from the magnetite. Less
cammonly it is present as isclated patches in the ganguse.

Pyrrhotite has the greatest development at the Lode contacts where
amphiboljte-chlorite schists compose the wall rock. The mineral forms
in both the massive sulphide - by replacement of the gangue minerals -
and in the wall rock - by replacement of the platy minerals. In the
first case it ocours interstitially, in the second case disseminated as
allotriomorphic elongate grains in the chlorite or less commonly
replacing the felspars. Chalcopyrite is a common sssociate in the wall
rock.

Chalcopyrite ocours less frequently than pyrrhotite for which it has
a replacement preference and consequently shares its mode of oceurrence.
Rarely the major part of the pyrrhotite present may have been replaced.
Isclated patches and veinlets are seldom present in the gangue. It
replaces the pyrrhotite, gangue and pyrite. Textures with the magnetite
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are ambiguous; good crystal outlines of this mineral scmetimes exist in
the chaleopyrite, suggesting replacement by the latter. Amphibole also
may rarely replace it. Sphalerite is & common associate and cammonly
formed contemporanecusly with and after the chalcopyrite.

It is commonly associated with the pyrrhotite though in lesser amcunts
where the wall rock is of chlerite schists. Where quartzites occur it
is the most prevalent mineral replacing chlorite and mica.

Sphalerite is an associate of chalcopyrite, both sharing a similar
envirorment and form. The sphalerite has a deep Port Wine colour
internal reflecticn which indicates an appreciable FeS content, Dana
states the colouring range for the proportion of FeS to ZnS - 115 to 1.2
in the sphalerite. Rare ex-solution pyrrhotite confirms an iron content
10 per cent. The iron is believed to be present in the lower proportions.

The proportion of sphalerite present is variable though it always
remsins a minor mineral, in some sections it is rare or even absent, in
others it is the dominant mineral having replaced most of the pyrrhotite.

Sphalerite doss not usually oocur in the wall rock.

Magnetite ocours as octahedra, either singularly or as granular
aggregates, gensrally less than a quarter the size of the pyrite crystals.
The content varies considerably though it always remains a miner con-
stitunt, rare crystal clusters occur. The content is greatest,
occasionally the mineral becoming the dominant "minor", whers pyrrhotite
is absent; where pyrrhotite is notably present, magnetite is rare. The
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implications of this relaticnship are not understood. A change in
soidity and/or tempsrature of the enviromment may render pyrrhotite
unstable with the resulting bwreakdown and formation of pyrite and car-
bonate or pyrite and magnetite in slkaline or neutral conditions. Mo
textures exist suggesting such an origin,

Octahedra occour in pyrrhotite, pyrite, chaloopyrite and the gangus.
Corrosion in the gangue is pronounced. Pyrite crystals indent the
octahedra, inclusions in the pyrite orystals are ccamon and also minor
boundary replacement by the pyrite has taken place. Occasionally the
magnetite exhibits good crystel form in the ohalcopyrite snd sphalerite.
Only one instance of crystal soning was found.

The following phencmens suggested ex solution of pyrrhotite -
inclusions of similarly orientated blebs and the presence of sulmioro-
scopic "ex-solution lamellar®.

As & wvall rock mineral it is infrequent.
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Galens is of very minor importance. It is a rare comstituent in
Section No. 32 from 1 Etasje. The mineral replaces pyrrhotite preferen-
tially then to a less extent sphalerite, chalcopyrite and pyrite (photo-
graph). Isolated patches in the gangue are also present.

Mineral X is less frequent than galena, which it either replaces or
exsolves (phetegraph). The occurrence is restricted to where the minerals

replace the chaleopyrite. It is pinkish grey in colour, has a lower
reflectivity than the galena and is isotropic.

Gossan
A small gossan exists comprised of hydrated iron and copper oxides -
limonite and malachite - which encrust the massive sulphides. The car-
bonate gangus has been leached cut and has neutralised much of the sulphuric
acid resulting from pyrite decomposition. This has considerably reduced
the depth of secondary enrichment. No cellular struoture has developed in
the gossan.

General Notes
Gold and Silver are extracted from the copper consentrates. An
analysis of the massive sulphide from Stope No. 6 on 6 Etasje indicating
the following precious metal content;-
Ag per metric tom - 20 gms.
Au per metric ton - 0.2 ga,
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Gold and silver, sither in the natural state or combined, were not
observed using a magnification of X 400, omsequently their mode of
ocourrence has not been asoertained.

A brief note on the sub-microscopical ccourrence of gold is therefore
pertinent. It may ocour combined with another element (tellurium), in the
native state mixed with silver or in the ionic form contained in a crystal
lattice.

The ionic radii of gold and iron Fe'* are similar, 2.88A and 2.504
respectively. Thiaﬂlmthninwwatimofgoldiminaorysm
lattice partially composed of iron ions. Pyrite possesses this ability
to absarb gold ions in its orystal lattice; sphalerite, arsenopyrite and
chalcopyrite also possess this characteristie. The presence of gold in the
minor sulphides has been esteblished, its presence in the pyrite is not
unlikely. Should the analyses record higher values an investigation of the
manmner of occurrence of the valusble metals would be merited.

In order o observe this ionic gold wnder the microscope aggregation
is necessary. Edwards reports a successful method for achieving this.

The pyrite is heated to 600°C and kept at that temperature for seven hours
during which time the gold aggregates and is visible.

Traces of arsenic, cobalt and nickel are recorded in the analysis
though minerals of the elements were not observed. Mineral X may contain
either of these elements. The oocurrence of cobalt and nickel may be
investigated using chromographic sontact prints,
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The specimens were examined for radicactivity, fluorescence and
thermoluminescence but gave negative results. The phenomens of thermo-
lumineseence is further disoussed in the Section of Prospecting.



ROCK _ALTERATION

Altered Rooks

As the wall rocks have a comparatively uniform mineral composition
the products of alteration show little variation except in their intensity
of ocowrrence. The micaceous quartzites are little altered.

Alteration adjacent to the Lode may be extreme with complete loss of
the original texture. Its depth and degree are variable. Development of
the alteration minerals, the sulphides ucoptid. is confined to a narrow
wone about 2 ms. or less from the contact.

For the convenience of description wall rock alteration is considered

acoording to original ocmposition.

a. Alteration of the chlorite albite actinolite clinoscisite

schists containing subsidiary rutile and sphens.

b. Alteration of the chlorite sohists.

c. Alteration of the micaceous quartsites.

&. The hydrothermal activity has produced the greatest change in this
group due to the original heterogemecus nature.

Alteration of the highest grade is characterised by Na-K felspar.
This develops at the cntacts replacing previously formed hydrothermal
carbonate, quarts and mica. Assoolated is albitic felspar having &
wider sone of ocourrence. Quarts, mica, carbonate, sericite and residual
shreds of the original rock form a heterogeneous matrix containing the

felspars though of wider occurrence. Clinoszoisite and rutile are noticeably
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resistant and remain as relict minerals. Calcite grains and crystals
replace the schist and compose thin compaot bands (photograph) or dissemina-
tions. When disseminated it is not easily differentiated from the original
mineral. Quart: has a wide developmt occurring either as irregular
scattered grains or as thin lenticules in the chlorite. The phlogopite
and colourless varieties of mica are widely distributed in the chlorite and
their development is cno of the first indications of hydrothermal activity.

Irregular grains of pyrrhotite and chalcopyrite are scattered through-
out this sone of alteration replacing the original and hydrothermal minerals.
b. In this enviromment phlogopitic mica sheaths the Lode replacing the
chlorite. Both are intimately associated, the mica decreasing in quantity
avay from the contact as does its irom content. The mica plates are well
developed forming a distinct border zone which easily "slabs off" when
unsupported.

Dark acicular amphibole, associated with the iron rich varieties of
mica, has formed where slteration is partioularly intense. It develops in
"horses" - remnants of the wall rock contained in the Lode - and at the
imeediate Lode contacts. Rarely it is disseminated in the massive sulphide.
©. The micaceous quartsites were not examined in thin section but appear
to be but slightly altered. Adjacent to the contact the original platy
minerals are replaced by pyrite, chalcopyrite and mrrhotite; farther away
brown micas develop.



Zoning
A simple form of soning 1s evident from the specimens;-

a. A sone of intense alteration ls charactarised
by sodic-potassic felspars in rock type a.
A phlogopitic mica features this sone in the
chloritic rocks.
b. A sone of low alteration in vhich caleite,
colourless and phlogopitic mica and guarts
ocour,
Zone "a" is confined to the eontacts and "b" to within 2 or 3 ms. of
it, occasional irreguisr patches of calcite form at greater distances.
Bands, a few mms. thick, composed of calcite grains and crystals oocour
in the chlorite schists. These bands are short but wll defined and com-

pact in the central parts.

Mutual Relatienships
The textures exhibited are characteristic of replacement. Ambiguity

is comon dus to contemporaneous deposition. The order of formation 1s
reflected by the soning - caleite and miea first accompanied later by
quarts and followed by albitic plagioclase and finally by sodic-potassie
felspar.

The final felspar forms intimately interlocking plates replacing the
earlier minerals and containing residual laths and flakes of mioa. The
albitic plagioclase occurs as rounded porphyroblasts with islands of the
harder minerals - quarts, e¢linozoisite and rutile. The quarts forms
irregular watery grains either isolated or in lentiocules replacing the mica
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and original quarts and plagioclase. It is often interstitial to the
caleite replacing this mineral along the grain boundaries. Calcite
replaces the original rock, the chlorite preferentially. Development of
the mica and sericite is confined principally to the chlorite in which it
forms similarly orientated laths and plates althiough scme arystals transgress
the schistosity in the foot wall of the lower levels.

Relationships between the Sulphides and Altered Rocks

Pyrite and the group - pyrrhotite, chaloopyrite and sphalerite differ
in their mode of oscurrence and are considered separately. No specimens
of the wall rock to the lLode whers galena oocurs were examined.

Pyrite is present as idiomorphic erystals, usually<0.5 mm. dia.,
either disseminated or more generally forming bands in the chlorite schist
analogous to those of the calcite (photograph). The disseminated crystals
have a wide range of oscurrence and are similar to the original pyrite.
The pyrite bands form in the sones of low alteration in association with
the carbonate bands as both prefer a chloritic enviroment. They never-
theless retain their identity, unlike the caleite bands, where alteration
is intense.

The crystal faces transgress the chlorite cleavage but have produced
no distertion or visible alteration in the chlorite. Such features as
"pressure shadow" aurecles were not observed.

Pprhotite, chaloopyrite and sphalerite group These are sparsely but
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videly distributed, their concentration inereasing towards the Lode. They
occur alone and together in irregular grains. Their presence in B.H.81
25 ms. from the Lode indicates the range of ocourrsnoce.

Replacement Ly these sulphides is preferential to the platy minerals,
vhose form they retain to a slight degree, and to calacite. Areas of low
pressure, e.g. fold apices, localize formation. In the sone of intense
alteration replacement of all the hydrothermsl minerals, excepting the
K felspars, were observed.

Sphalerite is rare in the wall rock.

Conelusions
Wall rock alteration is of a limited extent seldom existent 2-3 ms.
from the Iode. The sulphides exhibit the widest range of ocourrence,

though in a disseminated form. In nature, the alteration is thought to be
dominantly sodic - though identification of the hydrothermal minerals is
not complete. Mineral formation is dependent on criginal rock camposition
and the heterogeneous schists show the greatest mineral development.
Initial alteration is typified by calcite, ocolourless and phlogopitio
nicamdquuts'hichoocuromadjaomttothoudothwshnpmudby
2 thin layer of coarsely crystalline quarts. Less comon is the super-
imposed later alteration of higher grade characterized by felspars and
greater development of the micas - biotite and phogopite in the chlorite
schists. Na-K felspars and amphibole indicate alteration of the highest
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intensity.
Pyrite is believed to be associated with the low grade alteration and
pyrrhotite, chalcopyrite and sphalerite with the high grade alteration.

Suggested e of Alteration

1. Invasion by carbon dicxdde, sulphur and iron
accompanied by redistribution of alkalis -

Barly | predominantly sodic, lime and alumina and

Stage the migration and recrystallization of
silioca.

a. Formation of caleite, mica, pyrite and scda
plagioclase.

2. Lessening of activity but alkali invasion con-
tinued with probable appearance of potassium,
agcompanied by copper, zinc and lead and

Late redistribution of alumina. Sulphur and

Stage carbon dioxide decreased in quantity.
Reorystallization and migration of silica
eontinued.

! b. Formatien of felspars, mica, amphibole, pyrrho-
| tite, chalcopyrite, sphalerite and galena.



Desaxd

The ore of Nordre Gjeitryggen is a compact finely crystalline massive
pyrite with a varying amownt of caleite and quarts gangue. A thin lsyer
of the sheathing wall rock generally contains disseminated pyrrhotite and
chaloopyrite in payable quantities.

Inthehagd-poaimthomappurlmifm. though variations in
gangue content and grain sise are visiblé in specimens from different loca-
tions. Small lentieules and veins of quartz and/or carbonate rarely
traverse the uulphi.du.‘ The ore has a blocky fracture in some stopes.

When examined under the microscope certain variations in form and
composition are evident. |

Pyrite, the principal are mineral, occurs as well formed cubie crysials,
varying in size from 0.5-3.0 mms. in dia., either isclated or in clusters
vhen the crystal shape is lost. Corrosion of the crystal boundaries by the
gangue, vhich is principally caloite, is general though varisble in intensity.
Pyrrhotite, the prime subsidiary mineral, replaces 'tthganguo protor;num:
along the gangue-ryrite crystal cantacts ferming a protective coating about
the pyrite. It also fills small eracks in the oubes. Chalcopyrite and
less common sphalerite are assoclated minerals. They ;ox;lioo the pyrrho-
tite ultl;:lns its form and habit and alloi)c;ur interstitially replacing the

gangue minerals. Magnetite is another minor subsidiary mineral forming
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crystal octahedra disseminated and in granular aggregates - then observable
in the hand specimen. Galena and an assoclated unknown mineral are very
rare.

Secondary enriclment was not encountered though specimens from
immediately below the surface outerop m‘not examined under the micro-
scope. Its absence or limited ocowrrence is due te;-

a&. Neutralization by the carbonate solutions, derived from

the carbonates, of the sulphurcus and sulphuric acids
derived from the pyrite whioh are instmmental in the

solution and transpertation of the copper sulphides to
lower levels and
b. Previous glacial erosion.
As previously mentioned disseminations of allotriomorphic pyrrhotite
chalcopyrite and occasionally idiormorphic pyrite ocowr in the wall rook.
It is not lmown whether this mineralisation is greater in the Foot Wall

than in the Hanging Wall.

Differences in Mineral Distribution

Differences in the distribution of the elements have produced
variations in the mineral composition of the lode. Fyrrhotite, chaloo-
pyrite, sphalerite, magnetite and galena vary in oocurrence and reflect
the distribution of sulpmur, iron, copper sinc and lead. Their ocour-
rence is related to position in the lode and to other minerals present.

Pyrrhotite exhibits the least variation rarely being absent in
polished section. TIts absence is due to extensive replacement by ohalco-
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pyrite and sphalerite and also a relationship exists between it and
magnetite. In two specimens from the centre of the Lode on Etasje 6
pyrrhotite was absent where magnetite was plentiful. No textural relation-
ships exist between these two minerals suggesting that magnetite is a
decomposition produet of pyrrhotite.

Variations acoording to depth sxist. Between Etasjes 4 and 8 the
sulphur and zinc contents decrease fram LO per cent to 33-55 per cent and
§-6 per cent to 2-4 per cent respectively. The eopper content varies
between 1-2 per cent on both Etasjes. Galena and Mineral X are presemt
only in the upper portion of the Lode. A greater mobility of the sine
and lead ions during formation would account for this oomeentration in the
upper levels.

Sequence of Farmation

Idiomorphic pyrite formed by replacement processes during the first
stages of the alkali motasomatism. Caleite and pyrrhotite, partialily
contemporaneous, followed. Corrosion and replacenent of the pyrite by
calcite took place preceding fommation of pyrrhotite. This mineral
replaced the caleite swrounding the pyrite eventually forming a protective
coating. Iligration and remrystallisation of quarts acoompenied this
activity.

As the alkali metasomatism oontinued so chalcopyrite, sphalexrite and

galena replaced the previous sulphides and gangue minerals of the Lode and
-38-



also formed disseminations in the wall roek.

The period of magnetite formation is probably comtemporanecus with
that of the pyrrhotite. This is suggested by the replacement of pyrite,
the presence of possible pyrrhotite exsolution lamellas and their relation
in oceurrence.

The periods of mineralization are not elearly defined, rather they
nerge one into the other.

The socompanying table attempts to portray the sequence of formatiom.
It records a gradual decrease in available sulphur - formation of pyrrho-
tite and possibly wagnetite - and the appearance of copper, sine and lead.
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Chaleopyrite —— — — =

Sphalerite - T

Galena ' -

Mineral X -

Note: [Lines represent duration of deposition rather than smount.
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REPLACRMENT NATURE OF DEPOSIT

Evidence for the replacement nature of the deposit is considered
undey three categories:-
i. Strustural features.

ii. Contact relationships and included structures
iii. Textural and mineralogiocal features.

Struet Features

As no mapping was attempted & brief description is pertinent.

In shape the deposit may ecnsist of three or more slightly offset
inclined lenses parallel to the regional schistesity. This pattern may
be due te:-

a. The replacement of folds situated on the limb of a large

b. Di.if’g::tid movessnt, in the strike direction, along an

undulating fault plane with the formation of alternate
bigh and low pressure scnes. These low [ressure sones
would loealize mineralisation of a replacement nature.

Evidence for earth movements of the last type is slight. Minor
feulting is present in the Lode but is believed to be premineralization.
Small zones of brecciation have a restriocted oceurrence to some texwina-

tions of the lenses.

Contact Relationships and Included Structures
The Lode contacts are sharp but undulating, the lode width frequently
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verying.

A ocontact structure that is typical of many in the chlorite schists
is illustrated in diagrem 3 . It shows the massive sulphides traversing
the Hanging Wall replacing minor fold forms.

A structure observed in the Lode where micacecus quartsites form the
wall rock is described but not illustrated. In this fold structures
incompletely replaced exist in the massive sulphide. Replacement of the
platy minerals preceded sulphide dissemination in the "engulfed" quartsite.

"Horses" of the country rock ocoour as shreds and irregular lenticules
in the lode. They retain their original erientation and show no indica-
tion of movement during l:lnoml:l.ution

T and Min cal F

Fram a consideration of the altered rocks formation of pyrite and
cglaite by replacement is indisputable. Individual erystals vhere iso-
lated are idiemorphio truncating the bedding. In the chlorite schist
each pyrite crystal 1s bordered by minute apophyses - cubes - of pyrite
protruding into the containing mineral which advance the growth of the
crystal. Clusters and isamorphous masses form where the crystals coalesce
about which are sulphide free margins. The lode pyrite is anslogous to
that in the wall rocks differing only in size and intensity of oceurrence.
Both types are thought to have formed in the same mamner.

Typical textures indicate replacement of the pyrite and surrounding
A2=



rock by the later more complex sulphides and gangue minerals.

The hydrothermal minerals of the wall rock too have formed by replace-
ment of the criginal minerals. St;‘uinthodowlopmtotdurm
chlorite were observed in Thin Section 22.

Iittle is known about the proeesses of replacement. Diffusion in
the so0lid state through the arystal lattloes is favoured at present.



CONTROLS OF ORE ON _AND CRE

Prime controls of deposition were the structural features of the
schists - at present ummapped. Suitable areas were those where '"pressure
lows" existed, such as drag felds on large fold limbs. A mineralogical
control exists inasmich as the mineral composition and textures of a
rock define its competency.

The physical properties of the schist allowed migration to and oon-
centration of the mineralising "solutions" in the low pressure areas.

The physics of migration are net understood but may well be by diffusion
through pore spaces and along grain boundaries if not through the orystal
lattices themselves.

The genesis of the deposit invites conjecture. Four facets of the
problem exist:-

i. Source of the elements forming:-

a. The ore minerals - 8, Fe, Cu, Zn, and Pb, and
b. The gangue and altered rocks.

1i. Method of migration of the elsments.

i1i. Method of consentration of the elements.

iv. Method of deposition and history of replaced material.

The above elsments are contained both in sedimentary and eruptive
rocks. Their coneentration in either or both presents perhaps the greatest
problem.

In this dominantly sodic envirenment the processes of regicnal meta-
morphisa may have been instrumental in this eoncentration. Kania and
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others have demonstrated the solubility of Fe, Cu and 2Zn sulphides in
sodic solutions. This suggests a possible method of solution, consentra-
tion and transportation in this area of soda metamorphism.
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PROSPECTING

The massive sulphides of Nordre Gjeitryggen require for their location
prospecting methods that vill penetrate or be independent of the glacial
overburden and produce characteristic ancmalies.

Both geophysical and geochemical methods are considered.

Geophysiocal Methods
The Self Potential Method has been used previcusly with success as

the deposits possess detectabls natural currents. In principle it consists
of the location and ocmparison of currents produced during the coxcidation
of a sulphide deposit. Such a deposit may be compared to an electro-
chemical cell. Ion interchange takes place between copper sulphate
solutions and sulphurie acid though this is probably not the only chemical
activity. It is as well to note here a previously suggested reason for
the lack of supergene enrichment, i.e. the paucity of sulphuric aeid due
to the influence of carbonate solutions. Natural potentials of this type
are confined to deposits traversing the water table and situated in a sone
of axidation.

As a oconsiderable difference in density exists between the country
rocks and the massive sulphides, approximately 2.5 and 4.0 respectively,
gravimetric investigations using the Worden Gravimeter would seem to be

worth while. This may be oconveniently integrated with a Self Potential
iy



Survey though a working grid with precisely lewvelled stations is necessary
for the Gravimeter Survey.

Geochemical Methods

Iittle 1s mowmn about the techniques and applications of geochemieal
methods in glaciated regions. Such investigations however have been
carried out, with successful results, in similer enviromments on the
Canadian Shield. This indicates an applicability in this region. After
the initial research and derivation of a satisfactory method of investiga-
tion geochemical surveys are easily applicable and cheap. Sush a method
could indicate areas of mineralisation for small prospecting costs snd
thus eliminate costly *hit and miss" methods previously employed.

Note; - Thermoluminesoence

In eertain enviromments wall rocks of depesits luminesce en hesting
due to included radio active elements and/or irregularities in the arystal
lattises. Seleeted specimens were heated and cooled matwrally during
an examination for lumineseence but gave negative results. This observa-
tion i3 in keeping with those on the wall rocks of other massive sulphides
and may be a characteristic of these deposits.



OTHER DEPOSITS

Nedghbouring
Sondre Gleitryggen lies some 2 ms. south east of Nordre Gjeitryggen
and shares the same geological charasteristies. It previously consisted

of three separate mines probably working the same lode or lens system.
Now but ane is worked and on a very small seale. This mine is divided
geologically into two seoctions by a fault plane. (ne seetion eonsists of
sulphide streaks and disseminations in wmicaceous quartzite, the other of
e massive sulphide lens. The fault plane contains grephitic gauge and
though dividing the deposit may be post-mineralisation. The abrupt change
in ore character may be dus to differences in the abutting faulted rocks.
Foldal This group of mines, now closed, lles to the south west of
GJoitmgamm,wmtammm. They again are geologi-
cally similar though occwrring nearer trondheimite and gabbre.
G. Aasgaaxd reports their ecowrrence in a thin band of amphibolite sehist
contained in a harder erystalline felsie rock.

Norway
Sulphide deposits are singularly frequent in Norway. An acocmpanying
map shows their oconfinement to the Paleosmoiocs of the Calsedonien Mountsin

System to whose parent orogenic astivity they are believed to be related.
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Three types have been differentiated:-

i. Pine grained banded pyrite and pyrrhotite oomtaining
little copper.

ii. Massive pyrite and pyxrhotite eontaining a little eopper

and ocourring in amphibolite and ohlarite schists near
gabbro and trendheimite - Roros Type.

iii. Massive pyrite with quarts and low in copper.

The deposits of the Roreos Type, of whleh Gjeitryggen is one, are
surprisingly similar. They generally occour in "plastie" highly folded
chlerite and smphibolite schists and are associated with a late phase of
eruptive activity whioh is sodic in character. Deposition hy replacement
rather than injection is generally indicated. A lack of extensive altera-
tion and high temperature minerals is typical. Sven Javelin's comment on
the Skellefte deposit, Sweden, is notable in its probable applicability to
these deposits.

"A striking feature is the tendency of the sulphides to acoumlate in
the anticlinal folds and especially in the central parts of the anticlines".

The spilitio envirament of the larger massive sulphide deposits of
the world is well lnown.

These facts indicate that the formation of massive sulphides in this
spilitic enviranment is one of its characteristics rather than an accidet
of injection. Thus their formation may be closely related to the processes

of metamorphism as well as those of eruption.
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The figure shows the confinement of the pyrite deposits
(red ecircles) to the rocks of the Calaedonian Mtn. Chain (blus).
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The area represented by an acecompanying large scale
geological map is shown.
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Magsive

Suiphide

FIG. 4.

FIG 3. HANGING WALL CONTACT — 6 ETASJE

The massive sulphide has replaced the chlorite schist along
fold forms.
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Illustrates the growth
of pyrite crystals by the
developnent of mieroscopic
apophyses from the cube
walls.
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Calcite

Chalcpyr.

— PYyFr.

P.S. Ne. 3. (x 40)
8 Etasje, oentre of Lede in the Back
The Massive Sulphide

Corroded idiomorphio pyrite is surrounded by allotriomorphio
pyrrhotite. A few idiomorphic orystals of magnetite ooocur. Minor
ohaloopyrite replaces the carbonate gangue sometimes dordering the

pyrrite.
Desoribed on page xx.
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Qtz.

Calc.

Pyr.

Pyreh,

P.S. No. 5. (x 28)
8 Etasje, adjacent to Foot Wall
The Massive Sulphide

The texture shown is typiocal and gemeral. Corroded pyrite
oubea are surrounded by pyrrhotite and gangue. Chaloopyrite replaces

the carbonate gangue amd pyrrhotite.

Described om page xxiii.
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Calclte.

Quartz.

?.8. No. 5. (x20)
8 Etasje, adjacent to Foot Wall
The Massive Sulphide

Illustrates the relationship detween the economic ore mimerals
and the gangue. Chaloepyrite and pyrrhotite replace the ocarbonate.
Minor quarts has developed later at the expense of the carbonate.

Desoribed om page xxii,



Speo. Ne. 10
8 Btasje, 160 oms. from the Lode in the F.W,

A hydrothermally-altered ohlorite sohist in whioh layering has
developed owing to selective replacement by ocaloite and pyrite.
The looations of T.S. 10a and 10b are shown and these are

desoribed on pages x and xi.



T.8. 10a sone 3. (x 16)
8 Etasje, 160 oms. from the Lode im the F.W,

A mosaio of caloite orystals have replaced the sohist in the
centre of the photograph. Idiomorphioc pyrite has developed to the
left. The finely-textured mineral to the right is ohlorite, probably
reorystallised.

Desoribed on page x.
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P?.8. No. 10b, sone }. (x 20 and 40)
8 Etasje, 160 oms. from the Lede im the F.W.
A hydrothermally-altered chlorite sohist

Calcite, quarts, serioite, mica and pyrite have developed irregu-
larly in the mschist. The seriocite and mioa are easily differentiated
from the chlorite by the birefringense colours. A vein of recrystal-
lised guarts ocontaining small laths of ohlorite has also developed in
the sohist.

Desoribed on page xi.



Speo. No. 1}
8 Etasje, from Foot Wall at the Contact
A mineralised chlorite albite quarts sohist

The groewth of pyrrhotite and quarts ia particularly apparent.

Some chalocopyrite and idiomorphic pyrite are alse visible.
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Spec, No. l4a
Etesjw 6, Foot Wall Contact
An altered albite ehiorite olincsolisite sehist

Idiomorphio ealeite, mica and fresh ohlorite have developed
seleetively in the sohist. The speckled appearance of the remaining

sohist is due to the growth of miercaccopio albite, caleile and quarts.



Pyr.

Pyrrh.

Spec. No. 16
6 Etasje, in the Lode adjacent to the Hanging Wall
A mineralised amphibole schist

Idiomorphic pyrite and allotriomorphic pyrrhotite have developed by
replacement of the schist.
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Chalcpyer.

Gal,

Pyrreh.

Chalcpyr.

Sphal.

= Pyrrh,.

P.S. ¥o. 32. (x 120)
1 Etasje, adjacent to Hanging Wall
The Massive Sulphide

Chaleopyrite and galena have partially replaced pyrrhotite and
caleite. CGalens developed later than the chalocopyrite, replacing it on
ocoasions.

The contrast in the gangue minerals is readily apparent.

Described on page xxvii.



Spec. No. 36
Lode Contact. Loose speoimen teken from an ore chute on Etasje 6

The massive pyrite has partially replaced the chlorite schist. This
illustrates the linear nature of replacement and the residual nature of
the schist "islands’. Minor chalecopyrite is interstitial to the pyrite.

The original wall rock schist has been considerably altered by late
alkali metasomatism and is now & felspar-quartsz-mica-chlorite schist.
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Contact

T.S. No. 36a. (x 25)
Loose specimen taken from ore chute on Etasje 6
Lode Contast

Felspar (Na-K) has developed at the Contact, replacing the previous
hydrothermal minerals - calocite, mica and quartz. Quartz has recrystal-
lised a little farther from the Contact.

Described on page xvii.



APPEND IX



The appendix is composed of desecriptions of thin and polished sec-
tions taken from the Lode and Wall Rocks at localities indicated omn the
Mine Plan.

Only the mineralogy of the Eastern Lens was examined. The speoimen
suites are from the following losalities:-

Surface Outerop 3 specs.
Etasje 1 2 specs.
Etasje 5 2 mpecs.
Btasje 6 17 specs. and 2 drill cores.
Xtasje 7 2 specs.
Etasje 8 13} speecs.

The polished sections are generally similar and consequently the
final descriptions are btrief.






The Hanging Wall (Bore Hole 80)
A core was examined which represented 60 ms. of the country rock at

right angles to the lode. In the hand specimen the rock appears as a
chlorite schist interbedded with layers of quartsite and containing
quarts nodules. Ill-defined biotite bands occur adjacent to the lode.

Thin sections of the oore cut ascross the schistosity were taken at
intervals of 58 and )3 ms. from the lode and at the contact. Both
sections disclosed:-

Felspar chlorite actinolite epidote-clinosoisite schists with
subsidiary biotite, quarts, rutile and sphens.

The Segregation of the mafic minerals and felspars in separate lami-
nar and the general uniform orientation of the platy and micaceous
minerals have produced the schistose structure. Numercus small thrusts
and drag-folds (limb length of lom.) exist in this highly-contorted
schist.

Felgpar. This is albitic in composition. Crystals are interlocked and
wniformly fine grained (0.025-0.05 mm. dia.). Larger crystals (0.3 mm. dia,
form clusters and often oontain blebs and needles of the surrounding
minersls as minute inclusions. Twinning is rare.

Chlorite occurs as clear platy and scaly forms and in fan-shaped aggre-
gates. The platy variety is light green and faintly pleochroic, & ocon-
trast to the pleochroism of the fan-shaped varieties which is colourless

to light green. Microscopic flakes and needles of the mineral exist

along the borders and in the larger felspar crystals.
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Actinolite shows a variation in length from mioroscopic to that of
approximately 1 mm. This acioular mineral occurs as straggling con-
centrations either in a shloritic or felspathio ground mass. It is
cracked, distorted and fragmented.
Epidote-Clinosoisite. The mineral ococours as fragments and as distorted
and corroded orystals which show replacement by quarts and felspar.
General grain length is approaximately 1 mm, or less. Zoning is not
unusual and records a redustion in the iron content towards the crystal
edges.
Carbonate. Caleite osours as irregular grains (xenoblasts) singly and
in patches and strings chiefly located in the mafic laminar. They are
soned, the large grains often containing corroded islands of differently-
oriented carbonate. The whole is punctuated with residusl grains of
felspar and quarts. The mineral also forms miocroscopic blebs in the
larger felspar crystals and around their peripheries.
Biotite. A biotitic mineral possessing extreme biotite plecchroism and
anoymally strong birefringent colours (R.I. 1.621-1.635) is ocessionally
closely interleaved with the chlorits, with which it has a replacement
associstion.
Quarts is uncommon and is associated with the felspar,
Rutile. It is confined to particular sones in the mafic minerals.
Corrosion and freagmentation have resulted in the destruction of the
original erystal form.
Sphene is rare and occurs as wmicroscopic orystals of typical form.
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Contast. Actinolite felspar chlorite carbonate rutile schist.

The schistosity is well developed and follows many small eon-
tortions. Actinolite is more abumdant than in previocus
seotions and the felspar less so. No readily-noticeable
change in the felspar grain sise exists. Xenobiasts of
caleite inerease towards the lode. These are composite
containing two periods of the mineral.. Eiotite is rare,
oecurring in the ghlorite.

A few irregular elongate grains of pyrrhotite replace the
platy minerals.
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The Foot Wall (Boro Hole 8,_1_.)
A eore was exsmined whiech extended for a distesnee of 55 ms, into

the eountry rock at right angles to the lode. In the hand specimen it
is very similar to the hanging wall - a chlorite schist interbedded with
quartsite bands and eontaining thin layers of biotite at intervals of
35 and 5.5 ms. from the lode.

Thin sections out across the schistosity were taken at intervals of
55, 25, 13, 5.8 and 2.2 ms. and at the contact. These sections
disclosed:-

Felspar quarts chlorite schists interbedded with green schists.

At 55 ms: Felspar quarts chlorite epidote-clinoszoisite schist with
subsidiary carbonate, rutile and sphene.

25 ms; Green schist. Chlorite epidote-clinosoisite schist with
subsidiary biotite, quarts and sulphides (pyrrhotite
and chalocopyrite).

13 ms: Felspar quarts oarbonate biotite actinolite epidote schist
with subsidiary rutile, sphene and sulphides (pyrrhotite,
pyrite and chaleopyrite). This is traversed by narrow
sones a few cms. in width of biotite epidote and chlorite
epidote.

5.8 ms; Pelspar biotite epidote carbonate schist with subsidiary
quarts, chlorite, sulphides (pyrrhotite and chalcopyrite)
and rutile. A sone of unusually large orystals of
olinoscisite and biotite traverse the sohist.

2 ms; Sericite schist containing lenticules composed of felspar
and/or ehlerite with subsidiary epidote-clinosoisite,
carbonate, rutile and sulphides (pyrite and chaloopyrite).



The Foot Wall (Bore Hole 81)
A Description of the Thin Sections Cut.

The general strusture is similar to that of the Hanging Wall - a
highly-contorted schist containing numerous small thrusts and dragfolds.

The mineral assemblage also is similar and in the following only
the main features are enumerated.

55 ms;: PFelspar quarts chlorite epidote-clinosciste schist with sub-
sidiary carbonate, rutiie and sphene.

The plagioclase (albite) and quarts are fine grained and
intimately mixed and form a sisve texture in the chlorite
which ocours as fan-shaped aggregates. This has resul-
ted in the partial loss of the schistose structure.

The character of the orystal boundaries between these
minerals suggests either contemporanecus crystallisation
or replacement of the chlorite. Occasional scattered
allotriomorphic crystals of quarts, oa. >)1.5 mms. in
o.8. ocour. Microscopie rods of chlorite exist along
the borders of and in these c¢rystals. Porphyroblasts
of caleite, ocontaining inelusions, replace the rock.

Idiomorphic to sub-idiomorphie erystals of pyrite replace
the platy minerals and contain residual islands of the
more resistant minerals, e.g. quarts.

25 ms: Oreen schist. Chlorite spidote-clinosoisite schist with

subsidiary biotite, quarts and sulphides (pyrrhotite
and chaleopyrite).

Chlorite with a little epidote-clinosoisite are the com-
ponent minerals and form a prominent schistosity that
is seldom attained in the observed rocks. The chlorite
ogours in fans and sheaves and is noticeably plecchroic
(eolourless to light green). The epidote-clinomolisite
erystals are asicular and exhibit good orystal form.
Cracks, f{ragmentation and some replacement of their
centres by quarts is evident. The birefringent colours
are strong and indicate a composition near the epidote
end of the series. Rare quarts grains with wavy
extinetion are scattered throughout.
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Irregular grains of pyrrhotite (dominant) and pyrite
replace the ochlorite. Generally the greins are
oblong in shape, have parallel sides, lie in the
direction of schistosity and sometimes occur at the
orystal contacts between the hard and soft minerals.

1} ms: Felspar quarts carbonate biotite actinolite epidote
schist with subsidiary sulphides, rutile and sphene.
This is traversed by narrow zones a few cms. in width
of bictite epidote and chlorite epidote.

Small actinolite erystals having a oross-sectional
length of 0.5 mms. or less ocour concentrated in
layers and strands reflsoting the fold forms. Zomned
carbonate porphyroblasts are located in the layers
containing felspar and quartz replasing favourably
the platy minerals. The harder minerals remain,
forming strings of residual islands. Idiomorphic
pyrite and small irregular grains of chalcopyrite
and/or pyrite also replace the platy minerals.

5.8 ms: Felspar biotite epidote carbonate schist with sub-
sidiary quarts, chlorite, sulphides and rutile. A
zone of wusually large cxystals of clinozolsite and
biotite traverse the schist.

In the zone of smaller orystals the growth of felspars
in clusters and lentiocules has resulted in the par-
tial loss of the schistose texture. Grain size is
generally smallsr than in the previous secticns.
Blotite and epidote are present in approximately
equal smounts. The epidote is cracked and fragmen-
ted; zoning osccurs, the crystal centres showing
slight colowration and stronger birefringence
colours. Selsctive replacement by quarts and occa-~
sionally biotite of these iron-rich zones has taken
place. The carbonate clusters tend to form strings
parallel with the direction of schistosity.

Crystals of olinozolsits, some 1.2 oms. long in c.s.,
together with sheaths of biotite, ocour adjacent to
the previous zone. This clinozolsite is also zoned,
corroded and replaced. Microscopic crystals of
rutile are included in both minerals. The biotite
sheaths show replacement by irregular grains of
pyrrhotite. Subordinate amounts of chslcopyrite are
present in the sulphide grains.
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2 ms: Sericite schist containing lenticules of felspar and/or
chlorite with subsidiary epidote-clinosoisite, car-
bonate, rutile and sulphides.

The sericite inocludes cocasional lenticules of (a) plagio-
clase (b) plagicslase and chlorite and (o) shlorite.
Scattered grains of plagioclase surround both (a) and
(b). Rutile, though still a minor mineral, is more
common than previously observed. Its crystal form
varies from idiomorphic orystals 0.2 mm. in o.s. to
small acicular orystals and strings of fragments.
Caleite marks a transition to a zone of well-developed,
intimately-mixed biotite and chlorite. Both minerals
are punctuated with plagioclase grains.

Pyrite with a little chaloopyrite occurs in the seriocite.
A gredual increase in the sulphide content takes plaoce
towards a chlorite biotite sone where it reaches a
maximm snd granules develop, composed of many small
grains and crystals.

Contact: A hydrothermally-altered felspar chlorite epidote rutile
schist containing seriocite, mica and carbonate.

Much of the order and texture of the original schist has
been lost. Alteration has produced heterogensity in
size and content. Crystals of carbonate, quarts
and plagioclase, scattered and in separate clusters,
form, with islands of the original schist, the prin-
eipal components. The caleite is similar in form and
relationships to that already deseribed, but has now
become predominant. The quarts orystals are g3-l mms.
in o.s., oracked, possess wavy extinction snd serrate
edges when adjacent and contain many fine black inclu-
sions. The plagioclase, howsver, is smaller generally
retaining its original sise. Mica and plagioclase
form intimate clusters, and when in contact with quarts
and carbonate respectively suggest a replacement asso-
ciation. Sericite has developed in the chlorite of
the residual rock and also as patches in the altered
areas.

A grain camposed of magnetite and chalcopyrite was
observed.
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Seotion 1. & Etasje, Main Shaft
A fine grained actinolite plagicclase epidote-clinosoisite schist with

subsidisry csrbonate and rutile.

The prineipal minerals possess a very fine grain and are similar to
those in B.H. 81 at 58 ms. Actinolite is present as ascicular crystals
contained in a matrix of fresh chlorite. These crystals outline the
many contortions existing in the echist. Varistions in the chemical
composition of the epidote-clinozoisite minerals are indicated by soning
and intermittent pleochreiem which together suggest a deorsasing iron
content. Rutile is preszent as corroded fragments and mieroscopic

idicmorphic orystals.

Section §. & Etasie ems. from Lode in the F.¥W.
A chlorite plagioclasse quarts epidote schist with subsidiary carbonate,
biotite and sulphides.

The quartz aonsists of two types differentiated by size. The
larger variety tends to form clusters and veins, possesses {lamboyant
extinction and has minute inclusions of quarts end chlorite. Crystal
boundaries lying sgainst the cleavage faces of biotite show a serrate
form, Well-developed chlorite rods accompany the quarts clusters.
Epidcte crystals, some 3% mms. in o.s,, are corroded and replaced by
quartsz.

Grains of pyrrhotite exist in the chlorite containing residual

quarte. ix



Section 10a. 8 Etasje, 160 oms. from the Lode in the F.W.
A hydrothermally-altered chlorite schist in which four scnes are dis-
cernible. Each zone is described independently.

Zone 1. A chiorite plagicelase epidote clinozoisite-epidote schist with
subsidiary quarts, carbonate and rutile containing as
hydrothermal-alteration products mica and further carbonate
and quarts.

A heterogenecus mass of chlorite and biotite plates and laths,
seattered grains of plagioclase and quarts and isclated
patches of carbonate. Quarts occours as large grains
showing flamboyant extinetion and possessing mirmte inclu-
sions of the original rock minerals, i.e., rutile. A
soricitic mineral forming strings of interlaced fine
needles traverses the chlorite. The epidote-clinozoisite
crystals are corroded and replaced by chlorite. Each
crystal is surrounded by a light green halo.

Adjacent to a vein or cluster of quarts orystals idiomorphic
pyrite marks the transition to the next sone, one of pure
chlorite schist. The pyrite orystals,< 0.3 mm. in ¢.s.,
occur singularly and in dense clusters replacing prinoi-

pally chlorite.
Zone 2. A chlorite schist with rare carbomate, clinoxoisite and
pyrite.
The chlorite has a scaly texture. Dark lines sone the
clinosoisite.

Zone 3. A carbonate chlorite quarts rock with subsidiary mica of
hydrothermal origin.

The carbonate chlorite orystal boundaries suggest a replace-
ment relationship. Many small residual inclusions exist
in the earbonate. Rare sericite and mioca coocur in the
chlorite. Occasional grains of quartsz punctuate the
whols.

Zone L. A carbonate quarts chlorite rock with subsidiary mica, epidote
and pyrite of hydrothermal origin,

The pyrite is similar in occurrence and appearance to that
previously described, though the clusters merge into larger

isomorphous lumps.
x



Section 10b. 8 oms. from the lLode in F.W.
A heterogeneous hydrothermally-altered chlorite schist showing vague
soning.

Zone 1. A chlorite sohist oontaining plagioclase, quarts, carbonate,
serioite, mica, rutile and garmet.

Zone 2. A ocarbonate rock with subsidiary quarts, mica, chlorite and
pyrits.

The carbonste forms a mosaic of small orystals in which the
associated minerals are unevenly distributed.

Zone 3. A sericite chlorite schist with subsidiary carbonate,
quarts, plagioclase, clinozoisite, mica, rutile and
pyTite.

The plagiocclase and quarts oconsists of small grains un-
evenly distributed in the seriocite chlorite ground mass.
Larger grains of quarts of a hydrothermal character
occur in oclusters associated with the carbeonate.

Zone L. Predominantly quarts with minor chlorite and biotite.

Zone 5. A mixture of quarts and carbonate with less-frequent
chlorite and micaseocus minerals.

8 a b. 8 Etasje, from Foot Wall at com
An altered chlorite felspar quart: schist containing hydrothermsl ocar-
banate felspar quarts and sulphides.
The remnants of the schist are isclated and traversed by the hydro-
thermal minerals. Mioca and sulphides have developed in the chlorite
and later minerals.

Or rock. A chlorite felspar quartz schist with subsidiary calcite

and olinozoisite.
xi



A description of the hydrothermal minerals follows. The term
hydrothermal is applied to those minerals formed during the hydrothermal
activity.

Carbonate-Calcite forms clusters and strings of crystals replacing the
original rock. It has a preference for the chlorite-mica stringers,
initial replacement taking place along the cleavage planes. The
original epidote is resistant and forms corroded islands in the porphyro-
blasts. Often corroded islands of a differently-orientated carbonate
exist within the porphyroblasts indicating two periods of carbonisation.
Felspar occurs as irregular interlocking plates, or as rounded porphyro-
blasts, one 3 mms. long in c.s., replacing the original rock. Albite
twinning rarely ocours, otherwise twinning is markedly absent. Some
porphyroblasts exhibit a central zone containing many fine dark inclu-
sions, with them are associated larger grains of a metallic mineral
(probably pyrrhotite). The felspar replaces the chlorite-mica stringers.
Felspar carbonate contacts are rare. A "shore line" type of contact
exists in one instance. In the felspar adjacent to the comtact are
many fine inclusions forming a pattern of islands.

This relationship suggests replacement of the carbonate. The
relationship with the hydrothermal quarts is not clear. Strings of the
original felspar and quartz traverse this and the other later minerals.
Quartz. Irregular clear grains having a fluid form and flamboyant
extinction replace the platy minerals. (linozoisite, chlorite and

biotite remain as inclusions. Replacement of the carbonate along crystal
xii



boundaries has occurred. Also a "shore line" texture exists between
adjecent grains, then the quarts eontains many microscopie earbonate
inclusions.

Mjea of two types has developed in the chlorite. One is typieally
biotitic, the other is strongly pleochroic with bright interference
colours.

Sulphides. Pyrrhotits, pyrite and chaloopyrite together form irregular
graine preferentially replacing the chlorite. Pyrrhotite is dominant
Replacement of the hydrothermal minerals is indicated by pyrrhotite
intergrowths in the felspar.

Segtion I and TII. Etasje 6, Foot Wall contact.
A hydrothermally-altered layered felspar chlorite clinosoisite schist
possibly containing some quarts. Alteration, typified by carbonate,
felspar and quarts, follows particular szones paraliel with the schisto-
sity. Sections ascross them illustrate their character.
Section I

A felspar chlorite schist containing hydrothermal plagioclase,
carbonate, mioa and pyrrhotite.
Pelspar is both hydrothermsl and original. Albite twin determinations
indicated the composition Al9.31n°.7 or ‘16.?*"3.3 for the original
felspar.
Chlorite is generally similar to that in E.H., 80 at 33 ms. The two
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varieties of miea which ocour in Section 13 have developed along the

cleavage planes, forming laths and plates identical to the chlorite

except for colour.
Carbonate-caleite, as is usual, forms porphyroblasits replacing the

originel rock. The more resistant minerals, quartz and felspar, remain
as residual islsnds.

Section II

The schist is hers almost entirely replaced by carbonate. A little
hydrothermal quartz borders the carbonate orystals. As before, mica is
developed in the chlorite.
Section ITI

Similer to Sections I and II. Albite twin determinations gave
jdentical resulis to those previocusly made. An accompanying R.I.

determinatiom suggested albite. A single idiomorphic eclourless garnet
ogours a2 an originsl mineral.

Section 18. Etasje 6, Hanging Wall contast whers the Lode pinches out
A highly-contorted felspar chlorite schist in whioh mica has developed
in the chlorite. Pyrrhotite and less-common chalcopyrite replace the
chlorite. A concentration of the sulphides exists in the fold apices.



Section 1G. Etasje 6, country rock ca. 5 ms. from Lode termination.
A felspar actinalite clinosoisite schist with disseminated pyrite. The

absense of chlorite indicates & schist of a more competent character
than those previously examined. Evidence of hydrothermal alteration is
rare. A few strands and strings of carbonate replace the actinolite
and felspar.

Section 22. TFtasje 6, a "horse” in the Lods.

A hydrothermally-altered rock composed of a heterogeneous mass of
chlorite, white mica, biotite and subsidiary plagioclase, quarts,
clinozoisite-epidote, pyrite, rutile and garnet. This grades sharply
into a quartsose rock eontaining a network of fine pyrite corystals.
Chlorite forms plates and scales.

White mica develops as rods and laths (length varies around 0.5 mm. in
c.8.) in chlorite. Formation gommences with the development of a
colourless area possessing white to yellow interference colours. Crys-
tal outlines appear with the brighter interference colours (green and red).
Biotite replaces chlorite. One plate of biotite was traversed by a
well-developed sheath of chlorite.

Plagioclase is an original mineral forming a sieve structure in the
cklorite. Simple twinning is occasionally apparent. Inclusions are
numerous, some showing strong birefringence.

Quarts ocours as a few scattered grains.
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Clinozoisite-epidote corroded orystals and fragments, some 1 mm. long in
c.e., constitute part of the original schist, A few orystals exhibit
brownish centres.

Pyrite. Idiomorphic arystals, one 3 mms. in width, replace the schist.
Rutile and quartz are contained as inclusions.

Garnet. A lone well-formed orystal full of minute inclusions ocours.

Seetion 30. Etasje 6, main shaft
A plagiociase hornblende shlorite schist with subsidiary olinosoisite-

epidote, quarts, metallic mineral, mica and carbonate.

Idiomorphie hornblende readily observable in the hand specimen and
showing no preferential orientation has developed in the chloritic
layers, Small drag folds produce a slight irregularity in the layering.
The rare development of mica indicates little hydrothermal activity.
Plagioglase forms layers streaked with the mafic minerals. Porphyro-
blasts (cne 0.5 mn. in 0.8.) are rave.

Hornblende ocours as idiomorphic acicular eorystals whose average length

in oross section is ca. } mms. Some distortion and fragmentation

acoompanied oy corrosion along the planes of parting has taken placs.

Chlorite forms plates and scales.

Elinogoisite-epidote is comparatively rare, ocowrring as minute crysials

and oorroded fragments.

Metallic mineral forms irregular grains of a poikolitic texture con-
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taining inoluded felspar. Its colour is rather dark for pyrrhotite.
Ilmenite or pyrrhotite.

Mica, carbonate and quartz are rare constituents.

Segtion 3§. face ag (]
A felspar mica chlorite carbonate clinosoisite-epidote schist with sub-
sidiary sulphides and rutile.

The development of felspar, mica and garbonate evidence hydrothermal
alteration. Both original and hydrothermal felspar are present. The
original ocours in its typical form and ocontrasts to the closely-inter-
locking plates, containing many inclusions, of the hydrothermal variety.
Mica is widely distributed in the chlorite. It possesses strong pleo-
chroiem (colourless to varying shades of trown). The outer sones of
the carbonate porphyroblasts have a frosted appearance and contain many
fine inclusions. The hydrothermal felspar may be replacing the car-
bonate. Pyrite forms irregular grains and shreds (one 1% mms. long in
¢.8.) replacing the platy minerals. Chaloopyrite is also rarely present.

ons 36a and 36b. C . Loose speoimen taken from ore
chute on Etasje 6.

Wall Rogk. Felspar quarts mioca chlorite schist with subsidiary car-
bonate, clineozoisite, sulphides and rutile.

Separation of the felsic and platy minerals has resulted in a
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distinot layering of the wall rock., Idiomorphic pyrite orystals, form-
ing well-defined strands and layers, replace the original minerals.
Occasional "horses” of the wall rock remain in the massive sulphide,
The pyrite shows no preferential replacement ~ it advences on a broad
front across the origimal layering. The average dimensions of the
pyrite cubes are between 0.5 - 1.0 mm.

Minor amcunts of allotriomorphie pyrrhotite and chaleopyrite ocour
as replacement minerals,

i, Interstitial to the pyrite,
i1. In the chlorite mica layers of the wall roek.

Jelspar is predominantly potassic. It oecurs as cloudy, irregular,
elongated plates developing at the Lode contact. The plates are
intimately intergrown, seldom show twinning and have their greatest
length along the direstion of schistosity. They replace the chlorite,
quarts, mica and carbonate. Parts of these minerals remain as residual
inclusions. Many of the microscopic mica inclusions exhibit a well-
developed lath-like form.
Suartz oocurs as clear grains forming lenticules end strands in the plane
of schistosity. The grains interlock with moderately regular boun-
daries. They contain many minute inclusions. The quarts sppears to be
replacing the platy minerals, similarly orientated fragments of biotite
are ocontained in the grains.
Mica. Two varieties:-

i. Variety plecchroic in btrown and possessing strong
birefringence.

. B
11. Biotite



Both are intimately assogiated and have developed from the chlorite.
Slinosoisite is almost confined to the chlorite as it has replaced both
the felspar and the quartsz.






POLISHED SECTIONS

No. 3. B8 E 9, ocen of @ Baok.

Economic mins., major:;- Pyrite and pyrrhotite
minor:- Chaloopyrite, sphalerite and magnetite

Gangus mins:- Calcite and quarts
Pyrite, the predominant mineral, exhibits well-developed cubes generally
enolosed in allotriomorphic pyrrhotite and rarely containing islands of
gangue and magnetite. Where clusters have formed the orystal outlines
are lost. The pyrite shows cansiderable replacement by pyrrhotite
aleng its orystal boundaries.
Pyrrhotite. Allotriomorphic. It is the main replscement mineral of
pyrite.
Sphalerite. Allotriomorphie. It ocours with chalcopyrite replssing
the pyrrhotite and pyrite. Rare blebs of pyrrhotite exist in the
sphalerite.
Chaloopyrite. Allotriomorphic. With sphalerite it ocours in the
interstices of the pyrite orystals, following their boundaries. Pyrrho-
tite is replaced preferentially to pyrite. Some replacement of the
gangue has taken place. With sphalerite a "shore line" texture exists.
Rare unorientated blebs are distributed in the pyrite.
Magnetits occurs as ootahedra and granular aggregetes. Uood orystal
form is exhibited against the sulphide minerals but for one exception
where replacement by pyrite was observed. Pyrite rarely forms indenta-
tions in the octahedra. Exsolution blebs of pyrrhotite show replacement



by chalcopyrite. Pyrrhotite and pyrite were observed in cne bleb.

No. 2 8 Etasie, adjacent to Foot Wall.

Eeonomic mins., major:- Pyrite and pyrrhotite
minori~ Chalcopyrite, sphalerite and magnetite

Gangue mins:- Caleite and quarts
Pyrite. Corrosion and replacement by pyrrhotite is more advanced than
in Seoction No. 3. Only a few small orystals in the pyrrhotite possess
good orystal cutlines. The pyrite contains blebs of magnetite, chalco-
pyrite, sphalerite and gangue.
Chaloopyrite. Forms small scattered groups replacing pyrrhotite,
pyrite and gangue.
Sphalerjte. Possesses a "caries-like" boundary texture with its asso-
ciated mineral chaleoopyrite. It replaces pyrrhotite preferentially to
pyrite.
Magnetite. IMinor replacement by pyrite and chalcopyrite has ocourred.
Pyrrhotite 1s present in the possible form of exsolution lamella.

No. L. 8 Etasie acent to the Wall.

Economic mins., major:- Pyrite and pyrrhotite
minor:- Sphalerite, chaleopyrite and magnetite

Gangus mins.
Pyrite. Corrosion and replacement of the pyrite is less well developed
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than in Section No. 2. Ineclusions of pyrrhotite, sphalerite, chalco-
pyrite, magnetite and gangue are contained in the crystal centres.
Pyrrhotite shows a proportional increase compared to Section No. 3.
Sphalerite replaces pyrrhotite preferentially to the gangus.
Chaloopyrite is less common than in Section No. 3. It replaces pyrite
in preference to magnetite.

ation No. . 8E agent to F W.

Economic mins,, major:- Pyrite and pyrrhotite
minori- Chaloopyrite, sphalerite and magnetits

Gangue mins., major:- Caleite
minor:- Quarts, amphibole and rutile.

The sulphides are contained in a ¢losely-interloeking mesh of cal-
eite grains. Quartz coccurs as islands in these grains and also along
their boundaries.

Fyrite. Corroded idiomorphic crystals. Its relationship with the

caloite is generally indeterminate though replacement of this mineral

was observed aleng iis grain boundaries and cleavage planes. Similarly

with quarts; the pyrite crystals generally lie across its grain

boundaries.

Chalecopyrite replaces both the gangue and the sulphides-pyrite and

pyrrhotite.

Prxrhotite replaces the gangus and pyrite.

Caleite has a fairly even grain size. It shows replacement by the
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sulphides and quarts.
Quartz ocours as clear intimstely-intergrown granules possessing a flam-
boyant extinction. A "ocaries type" boundary exists with the caleite.
Amphibole is uncommon., It occurs as corroded orystals; saue, 2 mms. in
length. They exhibit a marked pleochroisa, dark green to hlue-green.
Replacement by the gangue and sulphide minerals is evident.
Rutile rarely oceurs. Generally it is eontained in the sulphides.

The relationships between the pyrite, salsite and cuart: are generally

ambiguous.

No, 5. 8 Etasje, adiagent to Foot Wall.

Foonomie mins., major:- Pyrite and pyrrhotite
minor:- Chaleopyrite, sphalerite and msgnetite

Gangue mins;- Caloite, quarts and amphibole.
Sestion is generally similar to Seetion No. 4.
Chaloopyrite shows a slight increase. It surrounds the pyrite ocour-
ring in the gangue, replacing the gangue in preference to the pyrite.
An sgieular gangue mineral replaces the chalcopyrite.

Sphalerite is reve.



No. 6. &8 Btasle, sentre of Lode in the back.
Egonomie mins., major;- Pyrite

minor:- Pyrrhotite, sphalerite, chalcopyrite and

magnetite
Gangue mins; Celoite and quarts.

Pyrite is less ocumon than in the previous secticns, Corrosion is
more proncunced than in Seotion No.4 and No. 5.

Pyrrhotite shows a marked deerease.

Sphalerite is more plentiful than in any of the previous sectioms.
replaces the gengue and pyrrhotite in preference to pyrite.
Magnetite is present as a few amall euhedral orystals.

No. 8. & Etasje, adjagent to Hanging Wall.

Eeonomic mins., major:- Pyrite and pyrrhotite
minor:- Chalecopyrite and sphalerite

Gangue mins:- Calcite, quarts and amphibole.
Pyrite. Corrosion is less evident.
Chaloopyrite is more abundant than in Seetion No. § and No. 6.

No. 15. 6 Etasje, centre of Lode in the Back.

Eeonomic mins,, major:- Pyrite
minori:- Magnetite, chaleopyrite and sphalerite

Gangue mins;- Calcite and quartz.
Fyrite. The idicmorphie crystals show considerable eorrosion,
v
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particularly when in contact with the gangue. Inclusions are numerous
and large, magnetite predominating.

Magnetite oococurs as corroded crystals in the gangue which may form gramu-
lar aggregates. Using a mag. of X400 the smaller crystals exhibit a
good shape. Replacement of the pyrite is suggested by socme oontacts.
Chaloopyrite occurs, replsoing the gangue and also pyrite along its
oerystal boundaries and oracks. Its relationship with the magnetite is
ambiguous; the magnetite exhibits good orystal form sgainst the chalco-
pyrite btut alsc replaces it.

Sphalerite is generally associated with the chalcopyrite. Similarly it
replaces the pyrite and also the chalcopyrite.

Bxrrhotite is rare. It was observed as a bleb in the pyrite undergoing
replacement by chalcopyrite.

Sengue is composed of quarts and calcite.

Eeonomic mins., major:- Pyrite
minor:- Chaleopyrite, pyrrhotite and sphalerite

Gangue mins:- Caleite, quarts and amphibole.
Brite retains its idiomerphio form. Corrosion is moet proncunced in

the gangue.
Pyrrrhotite is a replacement minersl forming irregular patches and shreds.
Sphalerite is rare. It forms small round patches in the chaleopyrite.



Gangue predaminates. Its compments are calcite, quarts and amphibole.
The relation of the transparent mins. to the sulphides is ambiguous.

The hard aeicular needles of the amphibole traverse the sulphides, indi-
eating later development.

No. 17. 6 Btasje, in the lLode adjacent to the Hanging Wall.

Economioc mins., major:- Pyrite
‘minor:- Pyrrhotite and chalcopyrite

Gangue ming:- Caloite, quarts and amphibole.

The mins. present have similar relationships to those existing in
previous sections. The pyrite grain size is more constant than usual.
Amphibole is a minor gangue mineral and shows replacement by ths sulphides.
Chalcopyrite is present in small quantities.

No. 26. _6 Etasje, near centre of Lode at breast height.

Econamic mins., major:- Pyrite

minor:- Magnetite, chalcopyrite, pyrrhotite and
sphalerite
Gangus mins:- Calcite and quarts.
The Section is generally similar in nature to those from & Etasje

previously described. Idiomorphic pyrite and the gangue minerals
predominate. Magnetite is an important subsidiary, ocourring as corroded

idiomorphiec crystals showing replacement by pyrite. Minor loocalisations
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of chaleopyrite are common. Pyrrhotite and sphalerite are rare.

No, 25. 6 Stasie, in Lode near Hanging Wall.

Beonomic mins., major:~ Pyrite
minor:- Magnetite, chaloopyrite and pyrrhotite.

Gangue mins:- Caloite and quarts.
The minerals occcurring have similar rohtion;hip- to those described
previcusly. The gangue minerals predominate.

No. . 1B adias H Wi

Economic mins., major:- Pyrite

minor:- Sphalearite, chalcopyrite, pyrrhotite,
galena and an unknown mineral

Gangue mins., major:- Caleite
minor:- Quarts and mica-chlorite.

Pyrite. Idiomorphic. Average orystal size generally less than usual,
¢a. 1-3 mms. in dia. The orystals are cracked and gorroded. Replace-
ment by the sulphides and gangue has taken place. Miecroscopic inclu-
sions of these minerals are frequent.

Sphalerite preferentially replaces the pyrrhotite, forming irregular
wreaths sbout the pyrite. Minute inclusions of chaleopyrite are rr_omunt.
Calcite cccasionally shows replacement Ly the sphelerite.

Chalcopyrite oeccurs as patches and shreds around the pyrite and in the
gangue. It replaces the pyrrhotite and the gangue, the pyrrhotite

ferentially,
pre xxvii



Pyrrhotite orystals form segregations bordering the pyrite and replacing
the gangue.

Galena preferentially replaces the pyrrhotite and also forms isoclated
patehes in the gangue.

Mineral X is less frequent than galena which it either replaces or
exsolves (Photograph ). The oecurrence is restristed to chaloopyrite
which the mineral(s) replace(s). It is pinkish grey, has a lower
reflectivity than the gelena and is isotropic.
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