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ABSTRACT

The Mutooroo Mine was the largest copper producer in the
Olary provinée until its closure in 191, Recent geophysical work and
drilling have discovered a deeper massive wsulphide body of over 8 million
tons, averaging 1.66% copper, It is not yet economic, bub the depth is
unknown, and thick ore may occur in fold positions. The ore is epi-
. genetic, and appears concentrated in one of the massive amphibolite
dykes which have intruded the surrounding high grade schists and gneisses.
Two narrow bubt distinct zones of hydrothermal alteration have been produced
in the wall rocks., The ore was intruded before the last phase of
‘metamorphism, and has been recrystallized and deformed.,

This paper, being the first detailed investigation of the mine,
examines general aspects of the petrology, mineragraphy, structure and

economics.
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INTRODUCT ION

The Mutooroo Mines are situated 12 miles South of Cockburn, and L
miles West of the New South Wales border. (see Figure 1),

The area is arid, with little vegetation except saltbush, Outcrop
above the alluvium is poor, but massive amphibolite bodies are conspicuous
as dark, low rises above the slightlj undulating plain (see Migure 2).

Copper was first discovered at Mutooroo in 1887, and mined by
several companies and then by tributers, intermittently until 191l., Prior
to 1900, at least 5,560 tons of hand dressed oxidized ore were despatched,
averaging over 6%. Between 1907 and 1917, 236 tons of 19,3% ore and 109 tons
of precipitate from mine waters, averaging 36.3%, were sent to Wallaroo,
making the mine the largest copper producer in the Olary province.

Exploration and surface mapping were done by the Zinc Corporation
Ltd. in 1950, but their report was unavailable. The S.A, Department of Mines
drilled three diamond drill holes, totalling 1,233 £t. at this time, bubt
recovery was poor and results not encouraging (Parkin l951b),

The area was covered by an aeromagnetic survey and reconnaissance
mapping (1 in. = 1500 ft.) during the intensive regional programme of Broken
Hill South Ltd. in 1962. Subsequently a good anomaly was found over the
Southern workings by exploratory induced polarization, and follow up lines
were laid out. Diamond drilling commenced in\l963F and since then 13 holes
totalling 19,128 ft, have been completed, the deepest being to 1,900 ft,
(vertical depth). MML) is in progress. In conjunction with this exploration,

ground magnetics and some bedrock geochemistry have been carried out.,
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2,
Happing at 1 in. = 40O £t. was done by the author, using pace and

compass, in Pebruary and lay, 1966, covering an area 10,000 ft. by 2,400 ft.
in the vieinity of the old workings (see Pigure L6, inside rear cover). The
control was from survey pegs 100 or 200 ft, apart in lines every 500 ft. The
existing serial photographs were unsuitable for reascns of scale, poor quality
and lack of landmarks, Unfortunately the old workings were inaccessible, and
the scores of pits were collapsed or covered with mud and debris, lxtensive

dumps covered much information. Reasonable accounts of some of the workings

are glven by Parkin (195la, 1951b) and Wiaton (1917).

GROULOGY  AND  PRTROLOGY

(a) ROCK TYIES

The rocks of the wmine area ave hipgh grade metamorphics of the older
Precambrian (Archaean), simllar to many of those of the Barrier Ranges -
amphibolites, schists and gnelsses, with mlnor quartzites, pegmatites and
quartz veins, Detailed petrological deseriphbions are given in appendix I.

The aaphibolites (e.g. MU35, 36, 37, 6l) are generally dark, medium

grained granular hornblende - plagioclage rocks, with lesser quartz and minor
ilmenite and haematite/ilmenite grains, with some magnebite, These iron
oxides are belleved to be primary constituents. The rocks commonly show band-
ing (especially in cores) due to layers richer in hornblende, but this is
nelther readily apparent ror mappable on the surface., HUQuartz can represent
up o 10% of the rocks, and is often concentrated in pods with hornblende

(see Figure 11), or as gromular intergrowths wibth single hornblende grains

(see Figure lj). Hany conbain scapolite alteved from plagioclase,
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The amphibolites often crop oubt boldly, (see Figure 5) but they
are either blocky, or jointed in several directions, sometimes curving or
podlike, and foliation is difficult to recognize or map, Some shor spheroldal
weathering which can look like minor folding (see Figure 6), They also occair
bareiy protruding through the alluvium, with an obvious trend, but with dips
hafd 1o asdertain (see Figure 7)., Amphibolites have also been encountered in
auger drill holes at depths of up to 12 ¢,

The schists and gneisses on the other hand, generally crop out
weakly, In diamond drill cores, three types have been distinguished.,

(1) Augen Granite Gneiss (e.g., MU26, 27, 28, Lh9). This is a coarse

grained texturally distinct rock containing large quartz-felspar "augen', and
composed of quartz, microcline (perthite), plagloclase, biotite and muscovite,
often in shear layers. A few very small garnet pieces were found in Mu28, and
some scap@litization was seen in MU39,

(2) Biotite - Sillimanite Gneiss (e.g. MU29, 30). This is also

distinctive - consisting of layers of coarse quarbz/plagioclase and biotite
which has cbarse sillimanite prisms randomly oriented on foliation surfaces,
Less commonly it contains fractured garnets, altered tq biotite (see Figure.B)s
and microcline (MU31).

(3) Quartz - Magioclase - Biotite Gnelss (e.g. MU33, 3L, 60). This

is generally finer grained than the other two varieties, and c ontains more mica.
It consists of quartz, plagioclase, biotite, muscovite and garnet, often with
coarse staurolite, but no potash felspar, Very wminor :sillimanite was seen in

MU3L and 60, but the texture differed from the biotite - sillimanite gneisses.
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Kyanite was observed in the core of MMl1l; many crystals up to 2 cms. long
were found in "float"; and King 'in Campane and King, 1958) reports “garnet
and kyanite bearing schists", but none was seen in thin section, although some
pseudomorphs after kyanite were found in MU29 - a typical biotite - sillimenite
greiss,
In the field the latter two types are hard to separate (cf MU32,
56, 57), due to the poor outerop, similarity between weathered sillimanite
and muscovite (sericite), and the abundance of micas, although some sillimanite
gnelss was definitely confirmed. However, the granite gneiss can generally be
identified because of the texture, relative paucity of biotite and comparatively
slow weabthering, It appears to exist closer to the surface, and crops out more
commonly, often as only one or two isolated blades, whereas the others appear
only in some of the few creck beds, However, the foliation in both typms can
be mapped fairly easily (see Figure 9), Because of the basic uncertainties
in surface mapping, the lack of apparent connection between individual silli-
manite gneiss intersectioﬁs in drill cores, and the convergence seen in thin
sections and cores, the biotite-sillimanite gneiss and the quartz-plagioclase-
biotite gneiss have been grouped together for the purposes of interpretation,
Quartzites, consisting of granular quartz, with or without plagioclase,
and with minor biotite or muscovite were seen in cores (e.g. MU5L), and found
in the field, usually as very small outcrops of only a few pieces., They are
believed to be merely discontinuous, lenvicular quartz rich members of the
quartz-plagioclase~biotite gneisses. "Aplite" (a local name Tor a friable

sandy quartz-felspar rock) is in the same category (e.g. MU53, 5L). They seldom



ocecur in granite gneiss.
The whole area has been thoroughly intruded with very swmall

pegmabite and quartz veins, rarely more than a few feet thick, and these

commonly form small isolated oubcrops., In cores they are seen parallel to
foliation and cross-cubtting structures in all rock types. Some have probably
formed by lateral secretion or local remelting. A few larger pegmabibes exist
near the orebody (e,g. MU52), They conbain plagloclase more albitic than the
normal rocks,

(b) MATAMORPHIC GRADE

These assemblages assign the rocks to the almandine smphibolite
facies of Turner and Verhoogen (1960), but not to any one sub=facies.
Staurolite and kyanite belong to the lower two (staurolite - almandine;
kyanite almandine - muscovite); sillimenite can belong to the sillimanite -
almandine - muscovite or sillimanite - almandine - crthoclase subfacies {(the
upper two), while microcline can belong to any but the uppermost. No
orthoclase was seen in any of the rocks, nor was any found by staining with
sodiuwm cobaltinitrite. The occurrence of a microcline-garnet assemblage
(MUBl) is anomalous, and indicates disequilibrium conditions. The alteration
of garnet to biotite in fractures (see Figure 8) here may indicate a retro-

gression, the microcline belonging to the later stage. MU3L also indicates

retrogression and probable influx of alumina, Yere later staurolite has
forced biotite layers apart, whereas garpet hesg nob, The amphibolites could

belong to any of the four subfacies.

Thus 1t can be concluded that the rocks indicate a range of
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conditions in the lower and middle almandine amphibolite facies, with
temperatures perhaps 550 to 65000, and pressures between l;,000 and 6,000
bars, The presence of microcline with up to L5% albitic exsolutions suggests

a temperature slightly higher, perhaps greater than 650°C.

(c) ORIGIN OF ROCKS

The quartzites, aplites and gneisses, with the exception of the
granite gneiss, were almost certainly originally sedimentary rocksv-
probably fairly aluminous pelitic sediments with some sandy lenses., The
difference between the quartz-plagioclase-biotite and biotite - sillimanite
gneisses is probably a function of original sediment type. The granite
gneisses were most likely quartzo-felspathic sediments (arkoses or sandstones),
but it is hard todisprove that they may have been acid igneous rocks, eithér
inbrusive or exbrusive. However, in the light of some gradational boundaries
and the associations, this seems less likely,

The‘origin of the amphibolites, in fact amphibolites in general, is
a difficult watbter., Some primary amphibolites do crystallize from agusons
basic magmas, but the textures observed at Mubooroo were obviously metamorphic,
Amphibolites can be shown to form from either basic igneous rocks (ortho-
amphibolites), or from some iron and magnesium rich sediments, such as impure
dolomites or mafic tuffs (para-amphibolites). leny workers (e.g. Green et al,
1958; Poldervaert and Wilcox, 1958) have tried to distinguish between these in
places where unaltered bodies can be traced into areas where metamorphic and
metasomatic convergence produces identical rocks, However, they now agree

that no reasonable criterion can be found., Mineralogy, chemical analyses



(including trace element studies) and magnetic broperties have all been
tried, and found inconclusive, Thus it was useless Lo try to find the
origin of the amphibolites by chemical means. The only reliable way of
distinguishing them seems to be by field relationships, where applicable
(e.g. Flawn, 1950),

The field relationships at Mutooroo are not always apparent, The
amphibolites occur as massive bodies, up to at least 700 f£t. thick (in MM?),
and as very thin bands, sometimes regularly interbanded with augen granite
gneiss (e.g. M6 or M9, where 15 bodies up to 1 £t. wide occur in the first
5hO £t, of gneiss), which suggests a sedimentary origin., Unfortunabtely the
surface oubcrop is too poor Lo allow the relationships of these bands to be
determined - they may be folded, lenticular (para - from mafic tuffs), or
stringers from a mobher intrusive (ortho)., The contacts are generally very
sharp (see figure 10), which also suggests an igneous origin,

Huang (1962) says that quartz is more conspicuous in amphibolites,
frém tuffaceous sediments, and that ortho-amphibolites have equal amounts of
hornblende and plagioclase. The quartz in lMutooroo amphibolites seems to be
concentrated in pods (see Iigure 11), which may indicate either sedimentary
banding or irregularities, relict igneous textures (e.g. phenocrysts), or
metamorphic differentiation, as may bthe hofnblende/plagioclase layering seen
in many specimens (e.g. MU 36, 61), The scapolite obgserved is due to later
alteration of plagioclase by calcic metasomatism, and has no bearing on the
origin, The distribubion of this alterationvwas apparently irregular, but

nore common at the surface,
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The opaques are commonly ilmenite/haematite intergrowths, which
indicates a. temperature greater than 500 to 60000, with very\slow cooling,
This means that.such opaques are at least pre-metamorphism, and probably
syngenetic, . If so, this supports an igneous origin, especially as definite
intrusive dykes at Radium Hill, approximately 18 miles South-West (see I'igurel)
contain such intergrowths (Whittle, 1951),

MU38 (from near 30008 200E) was quite different to all other
amphibolites examined, in that it contained a disequilibrium assemblage of
amphiboles, and uralitized hypersthene (see Iigure 12) of igneous origin,
although the rock was similar to other specimens. Some secondary fine grained
actinolite agiregates appeared to be altering to normal hornblende crystals,
It also contained Jdark felspar deficieunt bands up to 1 cm, wide, approximately
perpendicular to observed mineral banding and foliation, which were locally
quite abundant, but were seen to cross anddiverge. They are believed to be a
surface effect, MU6L, from only 100 ft. away in the same body, also showed
such bands, but no hypersthene, and was otherwise similar to other amphibolites.
MU38 may thus be a later dyke partly altered to amphibolite, orit.may be a
portion of the original igneous body which has somehow escaped total meta-~
morphism, Detailed field examination in conjunction with closely countrolled
petrological work may determine which is so,

The overall impression which these observations give is that the
amphibolites were originally igneous5 from an unusually quartz rich gabbro
or norite. Most of the cvidence in favour of a sedimentary origin can be

alternately explained by metamorphism, except perhaps the interbeds with
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granite gneiss, If sedimentary, the rocks were most probably quartz rich
mafic tuffs,

Bome other workers have examined specimens of these amphibolites.
Whittle (1951 and 1963) does not even consider a sedimentary origin; Campana
(in Campsna and King, 1958) believes that they are para-amphibolites, because
of conformable relationships, following of local structures, inbterbanding
with banded gneisses, and apparent similarities with reported gradations from
dolomitic limestone to amphibolites at lithiudna, S.A. (see Iigure 1), and in
the Lttlewood Limestone North of Broken Hill. However, there is doubt about
meny of the Broken Hill aamphibolites (deardg, 1957, presents a good summary),
and definite ortho-amphibolites are knowa (e.g. Radium Hill, Weekeroo).

Detailed meapping and structural interpretation by the author has shown,
that if the disbinction between the augen granite gneisses and the biotite-
sillimanite/quartz-plagioclase~biotite gneisses is valid, then the amphibolites,
although having a similar trend to the gneisses, are actually discordent, and

therefore igneous.

(d) STRUCTURE

A geological fact map of the area is shown inside the rear cover
(Figure 46). A composite interpretation has been made using this, old records
and drill hole information. (The contoured ground magnetic map was difficult
to interpret, either in terms of amphiboliteé or ore, and was of limited use,)
The results are shown in the surface interpretation (Figure 13), cross sechions
in the vertical plane of the drill hole (Figures 1, 15, 16) and the hypotheti-
“cal 500 ft. and 1000 ft, levels (Figure 17). It should be stressed that these

interpretations are general andidéalized, and appear to fit the observed facts;
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however, it is unlikely that straight lines exist, especially in such highly
metamorphosed areas, and with more information it should be possible to put

in more detail, Many faults may be "supposed" to explain irregularities in the
surface plan, but it was found, that if these were correlated with similar
structures on the 500 f£t, and 1000 ft, levels, and then transferred to the
sections from calculated appsrent dips, that they were invalid. In fact, very
few of the bulges could be comrelated from level to level, and it appcars that
no definite plunge can be assumed on so large a scale, There does appear to
be a moderste (approximately ASO) Southerly plunge shown by the intersection
of the large amphibolite and the granite gneiss - "other" gneiss boundary on
the three plans (Figure 17).

The region shows a falirly constant foliation trend expressed in the
gneisses, varying from O to (,,)3()05 dipping 50 to.850 West. OSome irregularities
occﬁr in the area bounded by 00, 5005, 300W and 5000, due to later minor
faulting or folding. In the cores, houwever, there are many small folds and
conbortions, especially in the biotite - sillimanite gneisses, and also some
crenulated schists (e.g. MUS8). On the surface, structures were very scanty,
due to poor outcrop. Two {olds, expressed by quartzite bands, were seen in
creek beds at LOON, 800W and 22503, 200 (See Figure 18). The latter was
isoclinal, plunging 6SONE with an axial plane striking 0080, dipping 55 West,
which is compatible wibth the regional foliation. It is likely that the folia-
tion is an axiel plane schilstosity; and the muscoﬁite and bioﬁité rich layers
in the gnelsses could represent planes of simple shear or laminar flow, as

discussed by O'Driscoll (1964), The amphibolites, however, present many
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difficultiecs (see page 3), They do appear to follow the foliation in the
gneisses roughly, and where thelr own was recognizable, it was in a similar
direction, HNo wmineral lineation was seen in the amphibolites.,

On a larger scale, the structure appears to be a series of auge
granibe gneiéses and "other" gneisses, isoclinally folded, or in alternating
sedimentary sequence (see Figure 1b). They often contain small bands of
each obher, These gneisses are cut by two main amphibolites, probably one
at depth (bthey were identical), with mony smaller apophyses. The &mphLDoli tes,
while being roughly babular, have irvegular bulbous outlines, and €Ontain
some large roof pendants or remnants of gneiss, still retaining the regional

foliation.

ORIEBODIES AMD MINERAGRATHY

(a) ORR

[rme—

5

fhe most noticeable things aboul the ore are the coarse grain size,

paucity of gangue, and the sherp conhacts. Single pyrite c ‘ shals much Lo ger
than the Ax core (1.1 ing.) were inbterseccted., These are surrounded by massive
pyrrhotite, the most dominant winerel, and chalcopyrite, The ofe is mostly
sulphide, with 1653 than 20% gangue, which is mainly rounded quartz grains,
often &+ in. in diameter, Hinor flakes of biotite, and some larger patches of

counbry rock or chlorite (e.g, MUL9, L8) also exist., Rouhded grains of
magnetite occur, somebimes very abundauntly (e.g. Mu23., h8Y, Felsper is seen
cceasionally (e,g. MU5), Uhe conbacts with country roclk are generally very
sharpp and disseminated mineralization is rare, bub sometimes sulphide veins
a few inches wide (often in quariz) were intersected well away from the main

orebody (e,g, MM6, 7).



Microscopically, the mineralogy is also simple -~ pyrrhotite,
pyrite, chélcopyriue, magnebite and quartz being the maln consbibuents.
Minor minerals are valleriite (a copper-iren sulphide of uncertain composition
- Cu LeLbf, Cu 3 / or Cu, LeJLY)y ilmenite and haemabite/ilmenite intergrowthsb
sphalevite (rare and fine grained ~ not positively identified), enargite
(MU12 only), bismuthinite (MU3, 12 only). Lesser silicates were plagioclase,
‘calciteg biotite, chlorite and stilpnomelane, with very winor siderite and
stilpnomelane, with very minor siderite, clay wminerals and hornblende,
Whittle (1963) reports galena, sphalerite, marcasite and zeolites
from a4 1 inch sulphide vein din I#1L, These cores were westhered and no longer
examinable, Spectrographic scans did show -03% lead and 1% zinc in ML,
however. No other holes were of this order, Total gold and silver analyses
were done on all cores, bub the highest total was 0.1 dwh, The highest nickel
assay.waa *028%,
dome of the cores showed more than one pood ore intersection {(c,g,’
M43, hy 5) but samples from each body showed no appavent differcnces. No
goning was observed in the orebodies, although MM8 (the deepest hole) seemed
much richer in magnetite (and chalcopyrite) than the other holes, Magnetite
was not reported in old records, but it was quite abundant in surface H{lecat®
and on dumps of primary minerals. The records make little meation of pyrrhotite.
and it appesavs that pyrite is more abundant higher in the lode, "The lack of any
Jefinite moning could be due to the sparse distribubion of drill holes. ' How-

ever, the ore is s0 coarse that any =moning could be detected by comparison of

cores, wibhout need oi the microscope.



(b) THE OXIDIZED ZONE

The oxidized zone was not studied in detail (only MUL, 2, 2h, 25),
These showed abundent limonite, quartz and secondary silica, with chrysocolla
and malachite, Chrysocolla and spectaculor colloform jasper were common on
the old dumps. Lode rock was seen cropping out in several places (see I'igure

19). 'The characteristic texbure of the ore - quartz granules dobbed through

e sulphide matrix was preserved with hard red jasper replacing the iron
sulphides (MU2lL). Quartz elso oscurred as excellent crystals, The uxidized
ore has been subjected to secondary silicificabion shown by colloform banding

(see U'igures 20, 21), ©illing of spaces and vughs, and the asbundance of

chalcedony and chrysocolla, Lovering (1962) believes such silicificabion

is cauvsed by the resction of acid (from oxidizing pyrite) and highly alkalic
ground or surface wabers vhich have leached silica from the nearby rocks, and
hold it in solution,

Rosewarne (1908) reports  atacamibe, malachite, azurite, cuprite,
chrysocolla and bornite in the oxidized mone., The Universily of Adelaide
collection posgesses o massive piece of nabive copper, the size of a &

irom Mobooroo, Winton (L917) mentions chalcocite, and

with higher than average assays, and itraces of gold,

been some secondary enrichment, Stoping, howover, was a1l in the o

e

mone, and was reported down to 146 6, Primery sulphides were encounbered

at 100 i, (Parkin, - 951a), Ore ghoots were narrow and disc onbinuoug in the

s

North, which lg good evidence thab the orebody has been exposed for a come
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This is probably why only very wlnor copper stains are found in bhe centre

section, and no resistant ironstone lode (ef Migure 19) crops oul, in spite

b4

o

of the thick ore beneath. The water table is shallow (60 Tt. in the Worth;
below 110 £, in the Soubh (Winbon, 1917) and probably static due to the
aridity and mature topography. There appears to be no gignilicant dowrnard
leaching, and the copper has been stabilized as carbonates and silicetes in
the oxidized zone. A combination of these factors has prevented the develop-

ment of an exbensive secondary sulphide zone. Developuent was done Lo 513

ft. in primacy ore, and sboping would have been done if grades had baen
enrviched,

(_(,) TETURAT, RELATTONSHIPS

The massive pyrrhotite and chalcopyrite actually congist of grains
comparable to the silicates in size, This is due to cataclastic re-crysballi-
zotion, and the grain boundaries arve visible only with crossed polars.
Pyrrhotite shows this better (see Figure 22), It shows some spindle twinning
(lMgures 23, 33). Chalcopyrite develops much more, showing its greater
susceptibility to plastic deformation., The twins are lanceolate, rectangular

grids, and inte:

ceting sets ab various angles, often sharing "refraction® as
they cross (see WMigures 2, 25)., They are commonly oriented differently in
adjacent grains. Such textures are direct cvidence of deformation (kdwards,
l?h?)y and are similar to those observed in fault zone chalcopyrite at Broken
Hill by Richards (1966), Xray diffraction (on MU2L) showed that these were
nob two separate phases due to rapid cooling from a high temperature,

i

'he quartz in the orebodies is free of undulose extinction, bub
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) o

often shows the triple junchbions characierigtic of pelyponal recrystalliza-
tion (see Figure 26)., Pyrite and magnetite, being brittle, react to
deformation by fracturing and brecciation., These fractures are often filled

v chalcopyrite (e.g. Wigure 27), or

L)’

with the more mobile sulphides, especiall
even gangue minerals (e,g. MU1L, 15). Both MULL and MUL5 show evidence of
two forms of pyrite, In MULL a graphic guariz - gyrite intergrowbh forms at
the expense of pure pyrite; and in MULL chalcopyrite contains relicl embayed
pyrive as well ag large recrystellized enhedra,

buch evidence of deformation, and probably metamnorphism, precludes
the likelihood of many original deposgitional features béing preserved, bub
several observahions are noteworthy, Chalcopyrite and pyrrhotite have falrly
similar histories, and they occur in similar positions, often with irregular

inclusions of the other, They include rounded quartz grains, which have

=

crystallized earlier, and sulphides somebimes fill ivtergranuler cracks

{e,g, MULO), Recrysitallized pyrite,. however, shows idiomorphic outlines
against them. lMagnetite varies from euhedral %o rounded (e.g, MUB) or
corroded - these are agein relict, and in MULO pyrrhotite can be seen leaving
re~8ntrat cleavages in magnetite, With chalcopyrite it also penetrates
fractures in magnelibe (see Iigure 28). Both pyrite and quarts show mutually
idiomorphic outlines against magnetite, indlicating simulbtaneous crystalliza-
tion, Chalcopyrite invadesrbiobita cleavapges (see Migure 29), and fine
pyrite veins cut flakes in the ore (see Iigure 30) - evidence of saie
mobility., Biotite in the alteration zone shows straining where it is intruded
by small sulphide veins (see Migure 31)., In WMU5, obviously later felspar

veins cut chelcopyrite velins in pyrite (see 'igure 32),
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Many of the cores contalred crystals, vswlly pyrite, but somne-
o Y E) o3 ©
da

times chalcopyrite, in vughs, Other evidence of open spaces was glven by ex-
i ry 8 {53 . & & oy

ion, even at depth (e.g, MULL (LO59 £t.), probably associated

tensive oxids
with a fault, and MUL6 (1571 £%.), which shows delicate boxworks,) Many
)

other sanples were stained with liwmonite, especially around clay winerals,

and in the alteratlon zmone.

(d)  CEOTHERAOMIETRY

lvidence of the temperatures attained dis given by some texbures in
the orebodies,

Valleriite is ubiquitous in chalcopyrite (see Migures 2L, 25),
cecurving as . exsolublon lamellae, commonly but not always Iaréllel to bwdn
planes, and as disoriented blebs, especially at pyrrhotite grain boundaries
(see igure 33), This is indicative of temperatures greater bthan 225Q02 when

valleriite ______5 vpyrrhotite + ahalcogyrite
(Lidwards, 1947), who dlso reports that pyrrhotite dissolves in chalcopyrite
at 60000y and bhat the reverse occurs at 300°C, These separabed into laths
on cooling in experiments, but mutual inclusions observed at MHultoorco were
irregular in shepe, which is indecisive,

Several rounded grains showing intimate exsolution of ilmenite and
haematite, on two different scales, were seen (see [Mgure 3l), These indie
cabe atmmmnhmeofgmmhmihwlﬂw%2@m&%m’ﬁmgﬁgar{wmmm?ﬂwn
500 to 600°C (finer stage)s; with very slow cooling necessary to develop the

exsolution bodies (Bdwards, 1938), which is unlikely if a hot orebody were

imbruded inbo cooler, solid rocks, These, which were also seen in the
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amphibolites (rarely with bobh stages), may be relict, unreplaced grains
or primary consbituents. The exsdlution textures suggest that they have
undergone wetamorphism; and if they are primary, then the OTPbOdlC have
peen metamorphosed, and cooled slowly, If relict, the temperatbure of
intrusion of the ore was lower than this if poste-metamorphism.

A few ilmenite rods appear in the magnebibe, and this suggegts
a temperature higher than 7OUOC (Bdwards), These are more likely to be

Primary .

(e) WALL-ROCK ALUBEATION

The orebodies show o distinct wallerock alteration efiect. This
is mosh nobticesble in the amphibolite, dhere o mone rich in coarse biotite
(similsr to thoat in Migure 10) adjoins the ovebody, and gradually decreases
away from it (see Figure 35), It is commonly only a few inches in widih,

due to the lack of parmeability in the crystalline amphibolite, ow the

gimilar

fas!
o
[N
s}
o

overall similarity between chemical or physical condibions,

1}

effect to that seen where pegmatites cub amphibolite, and it is caused by

inbroduchion of KZO inbo the amphibolite, with a corrvesponding loss of Ga0.

Such alteration has been documented on many occcasions (e.g. Barrell, 1907;

Clavke and Wllis, 1939; Knopf, 1912; Lindgren, 1901; 1939).

Microscopically, a second stage of alteration was ohserved, between
the biotite zone and the ore. This is essentielly pele chlorite (due to the

addition of MgO), with some sericibte, calcite, limonite, clay winerals and

secondary giiica, Ib is only about 4 inch in width (e.g. MuLh, 17, Mgure 36),

Such alteration also occurs within the ore (e.g. MULY, Lh8)., Bobth biotite and
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plagiocclase have been aitered; biotite often pseudomorphically (e.g. Figure
37), or along cleavages (Iigure 38), and plagioclase occasionally zonaliy
(see Figure 39), but usually along cleavages (é.g. figure 38), Some biotite
flakes further from the ore are rimmed or intergrown with greener chlorite (see
Figure 40). These textures show that the chloritic alteration followed the
Formation of bioﬁiteﬁ and it may be due to a later phase of deposition
(sulphides do intrude biotite - Figure 31), or to metamorphisu,

The alteration where the ore is in contact with quartsz - felspar -
bictite gneiss is less conspicuous macroscopicdl 1y, bub it is represented by
a coarser, biotite rich zone, again narrow, with heavy alteration of plagioclase
to sericite or fine elays (e.g., MUL8), or to a choritic zone (e.g, MUL3).

This alteration is Strikingly gimilar to that seen at the Llizabeth
Copper Mine, Vermont, U.S.A, In fact, there are many similarities (see appen-

dix IT),
(f) STRUCTURE

The old workings extend for 7,000 £t. (see Figure 1i6), with a great
intensity between 14,0008 and 6,000S (see Figure 3), These workings were shale
lower than those in the North, Relatively few pilts were dug in the central
portion, but gossan and malachite were seen on dumps. Records, especially
Winton (1917)ﬁ show that the primary lode was extremely variable in width,
with meny irregular bulges (e.g. L ft. to 1 ft. back to 6 £t, within 20 f£i.
distance), and it is likely {hat this structure is repeated in the thicker
parts at depth, Unfortunately, surface indications were based mainly on

material on dumps, and hence the shapes are not reliable, but the strike is
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variable (see Figure 17). Wihton QQotes it averaging 017° (North) and 039°
(South). ‘The Wesbterly dip. of the Orebodies is also very variable (e.g. L5~ 700
at I Shaft; 60 at vrmlyn Shafis 25-u300 at Iron Blow Shaft; 50° at Osborne Shaft ),

It can be.seen from the interpretations (Figures 13 to 17) that the
lode is not conformable, and therefore @pigehetic.

The preseﬁce of widespread deformation téktures in the oare suggests
that.folding may have occurred, and bhis leads to the possibility of ore cone-
centration at the folds, as at the Blizabeth Mine (see appendix 11). Wo
folding was apparent from drill-hole intersectiors or hypothetical level
plans, i folding were present, it would be very attenuated, and possibly
en echelon in style.

Faulting of the orebody has occurred - it was reported by-Winﬁon
36 f£t, North of I Shaft, bub the displacement is not recorded. MULL is from
a probable fault zone, Veins such as that in MUL3 were seen occasionally,
"agd are probably small post-ore faults of little consequence., The unusually
ghallow dip at fron Blow Shafi is possibly due to faulting., Attempts to
construct faults were fruitless (see page 10),

l The factors controlling ore localization or causing a low pressure
region are nob knownﬁrbut the amphibolites do appear favourable, at least
along strike, MML2 and M3, where &mphibolité WAS Narrow, intarsected‘no
ore (refer Lo Fipure J1 for drill Locations and results). The orebody appears
toileave'the amphibolite just before MML3 (See Figuré 13), MU0, however,
vhere wide amphibolite was encountered, found only two veing 1" and 6" wide,

well into gneisses. MM7 and MM8 showed good ore intersections not in



]
<
e

amphibolite, bub there is a posgibi orebodies return to the

amphibolites at depth (see Figures 1hh, 15z),

cently in amphibolite showed very

sbs, and the ore may be associated with these, or with

shear zone parellel to its

C.L, Kaight (4inc

lteport, 1“&0) believes this (King, in Campana and King,

and MML2 ran ioto very bad ground, and such shearing may be responsible for
. 5% & e 0 E

t_.

srades and widths

e

lack of ore here., The old records generally shoyed ore
but no geology; but Winbon reports pale schist on the hanging wall, and

amphibolite on the footwall, excepl at f Shaft, where smphibolite occcurred

s wall. Deep drill holes, however, shored no such schist zone
near the orebody,

The abundance of open spaces and the sharp contacts suggest filling

£

off a large open sppce op ifracture, which alwost certainly would have Zrown

during crystallization, bub the nature of the winor FANEUS SUgEes

some replacement has ocurred,

“leplacement orebodies, especially those in tightly folded or

cks very commonly follow the plunge of the folding, Uiven if the

1 has a vein like form, oreshoots ore rather likely to be elongated

kf.J .
o
oy
&
o,
=
=
o
&
&_g-
o)
el
o

of regional plunge, !

oh8). The only plunge

. . . N
determinable in the rocks was 651, Parkin (1951a) veports disconbinuo

1.1

. o . . . Ot gt o e
ore shoots in the Northern section, pitehing 607N, but these wereprobably

oxidized ore, and the regional plunge and its consequences ave by no means
cerbain,

1t ds unlikely that any real solubion bto the problem of ore
N
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localizabion can be reached until new wnderground openings ave made in the

primary ore sone, and a thorough geologicel examination undertaken,

GROLOGLCAL  HISTORY

The geological history of any highly mebamorphosed area is complex,
and time relationships and exbent of metasomatism are herd to determine, The
lack of inforwablon makes this particularly so at bubooroo,

As the amphibolites follow the reglonal trend, they were probably
intruded (as quartz gabbros or norites) after some folding and metamorphism
in the gneisses; buh they have been metamorphosed to a similar grade by Q
and goneisses ineluded in them show the regional. Toliation,

later phase

9

Limited granitization or remobilization of the granite pgneisses has formed

the coarse augen, bub no mig 25 have developed. HMetasomabic introduction

=

o 20 into narrow amphibolite bands has produced a coarse biobite rich zone
(e.g. HU39, L0), A similar gone, not so well developed, was seen ab ebntacts
off amphibolite and quartzmplagiuclaﬁewbiotit@ gneiss (MULL). HMany quartz and
albitic pegmatite velns intruded all types of rocks ab this stage, \here they

cut amphibolite, a similar alv

l

bion zone was often shown, MWinor velins of

winevalivation exist away from the main body, and some of thess cub such

.

quarts velus,
The major orebodies were preceded by such a quartsz rich phase,
probably with magnetite, This prodiced the first alterabion mone, . Some

biotite flakes and ilmenite/hsdematite grains were included, 'here may have

I

been some pycite in this phase, The second, sulphide stage of mineralization,

domdnantly pyrrhotite, pyrite and chalcopyrite, may have formed from the

y
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L

magnetite by introduction of copper and sulphur, orit.may have brought the
iron in simultaneously, This stage formed the second zlteration zone, rounded
qﬁartz and magnetite graing, and intruded the biotite zone (now being
chloritized) to some exbent. Recrystallization of quartz, pyvite, pyrrhotite
and chalcopyrite has since occurred, causing some of the observed sequential
texbures due to differerces in mobility. An alternative, less likely explana-
tion is that all wineralization, bub not necessarily c talllédt10n¢ vas
contemporaneous, and that the chlorite alveration wone was caused by
metamorphisn., The mineralization ococurred at greal depth late in the

s

metamorphic history o

5

3 4o

bhe rocks, but it vas subjected to the same physical

s

conditions, thus producing a purely chemical alteration wone, and coarse grain
size by eventual slow cooling. The intrusion may be related to the period of
retrogresaion observed in the rocks,

After deposition, fau;ting and probably folding, or at least

n pize) of the orebody has occurred. Some

deformation (with reduction of grai
quartz and felspar veins were mol bile after wmineralizabtion, Oxidation, bobth

at the surface and locally at depth, secondary silicification and inbrusion

off both the ore and the emphibolites by Q%Jc¢ne have then laken place (see

Pigures 20, 21). ''he calcite was possibly in several stages, by reaction of
002 (in surface waters, ov hVufOuthm&l) with Ca0, from rocks (e,g. horublende
at biotitization) or from ground water, Iinor formation of kunkar and develop-

ment of scapolite, mostly near the surface, have also occurred in the

amphibolites



BCONOMICS

A longitudinal projection of the orebody is shown in Figure L1,
Lsbinates of tommages were made, using drill holes MMl, 2, 3, l, 5,6, 7, 8
and 9, Although MML and MM9 were probably below minimum economic sboping
width, they have been included to allow for irregularities in widbh which
undoubtedly occur, and because ore is known to extend this far, Iour differ=-

ent methods were used to estimate total tonnages and average grades (see

Two of these gave very unequal area distributions, and are
not congidered veliable. A weighted average of the other two Mpures L2
o el i {.,

and L5) was therefore used Lo give an idea of the economics.

S

A Hotal of 8,910,000 tons at 1.66% copper has been used. Assuming

a 90% recovery (1.5% copper), and a copper price of #$800 pec ton, gives a
tobal value of $106 willion, or §12 per ton of ore. A price.of {1000 gives
§13l willion or $15 per ton of ore. 'his has to cover mining, willing,
transport, swelting, administration, capital, explovation, tax, royaliies and
profit, which should be certainly greater than bj of the capital expenditure
to make the venture worthwhile., Rgtimates can be made as Lollows (per ton
of ore):

#6.00

$2.00

1., 00

Capital $1.50 (based on initial $10 million)
ixploration $..50
reight % .50 to Port Kemble

(Lowr becouse of high concentration)

) N )

Smelting §2,50 (baged on B.R., & S, terifis)
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This pives a total of $1h per ton of ore, excluding tax, royalties and
profit,

The ore is very wich in sulphides, and there is a possibility of
additional reverue from sulphur, from theiron sulphdes mined with the chalcopy-
rite., This would lead to extra freight and smelting costs., The price of
sulphur is at present $9 per ton, and so pyrrhotite (374 sulphur) waild not
pay for transportation at a rate greater than §3 per ton of concentrate (to
Port Pirie), i.e., greater than 1-5 cents per ton mile for 200 niles. Pyrite,
however, is 53% sulphur, At present tests on the cores are being carried out
to determine the percentage sulphur as pyrite, The total sulphur content is

over 30%, and up to h0s in several assays (Wiaton, 19175 Parkin, 1951b),

which gives an additional value of $2.7 (30%) or $3.6 (LOZ) per ton of ore
at the mine. However, some of bLhis is in chalcopyrite, which contains 357

sulphur. As pyrrhotite is so dominant, it ds worth considering the establish-

o ’

ment of a sulphuric acid plant at the wine, 11 the expected lifebinme were great

enough, This would need exbra cepital and a cheap fuel, such as natural gas,
The estimated ore would support an annual production of 500,000 tons for less
than 20 years.

The cost 18 strongly dependent on the mining method, which in turn

depends on the ground conditions, I schist exists on the hanging wall, as
reported in the high@r'zbmaﬁ (Winton, 1917), squere setbing may be needed,
which would be prohibitively expensive, SL@} conditions would also be un-
suitable For cheaper uaving>method3ﬂ The dip of the orebody would pregent

haulage and development problems in wost types of wining. If ground were

good, as 1t appears to be in the amphibolites, cut and #ill, caving or sub=
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anized cob and £111 opervation,

similar to that at Cobar, were used, the inclines could follow the underlie
in the footwall, thus solving the problem of shait positioning for the

divping orebody.
4 £

.

1t can be seen that at present, the wine would not justify a

wining cperation, even with a coppsr M;m99fvymdym*Mmg If the mining

Y

$3 per ton, with this high price, a small profiit may be

s

cogt were doun to
posgible, The risk, houever, would be grest, and the life too short {ur the
high production needed Lo keep the cogbs dean, The calculated feneyveﬁ are
nr@bunlv gonservabive. as the depbh of ore is unknown, but Bl 1s at present
testing “his desper sons, Uood gradeé were intersected in some holes (see’

Vigure W1}, #th, 6, 7 and 8 weve all greater than M£9%HQ and (i3, the despest

2.73%, but only 10 £t, 6 ins. If the lower grade intersections

minor patches, and the ayerage hipher than 1.6064, a

-

ion would be less rigky. Such richer ore may be asaosiated with

folding,

Thus before abandoning the prospect as uneconomle, two things should
be done. The first and most iﬂgﬁ?ﬁéﬁb is to find the bottom of 'the ove, and
informetion sbout the prade at depth, If a few holes make propising inter-
sections, some sysher

¢ testing should be done, and 1t may be cheaper to
% wl %

cavry oub the second operation = thet of & swall shaft and development to

tes n grade and widbh and to provide cuddies for deep drilling

fmde

variations

o
[

- than to carvy on gsuriace drilling The depth of such a drive or drives
k £ :

would depend on results of deep surface drilling. If this still showed the
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body as uneconomic, it may be possible (depending on the permeability of ore
and wall rocks) bo utilize the openings to break up the ground, and to recover
exploration costs with a cheap leaching operation,

There appears to be more likelihood of ore at depth than along
strike, especially as M1 was weak, MM13 was barren, and MMLO and MMLZ2 ran
into very sheared ground without recovering ore, The lode was reporbed as

discontinuous in bthe Worbhern workings (Parkin, 1951a), but whether this was

primary

or oxidized ore is nob stated. This may be because the orebody is

dying out to the Narth, or because L0 and/or 16113 way be between shoots,

but this seems a remobe possibility. No de pitch of the sulphide body
was obgerved, but oxidized shoots piltch 60° North, If MO is a correct record,
the bobtom of the body shous a shallow Soubherly pitch, bub surface workings,
M1 and MML2 hardly support this., A deep hole (say to 2000 4. ) on section
30008 would test a vertical or Norbth pivching continuation of the Loou ore s
one on L5008 would test a shallow Southerly pitch on a steep pitch on 146
and the area near Nos, 1 and 2 shafts. These would then give information
for positioning deeper holes.

Tt 1s unlikely that debtailed petrology or chemistry would be of any
rachical use at this sbage, and structural work suffers because of lack of

information. lLxploratory develojpment would no doubt make this more ieasible.

» Little use as a guide to ore, because of 1ibs

ey

The wall~rock alteration is o
occurrence away from ore and its narrowness, Nevertheless, the drill should

never stop within such a zone, as in the unfortunate case described by Clavke
and 111is (1939).

el

There are mony problems of academic interest which have arisen from
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this preliminary sbudy, These are connected with the zames of alberation,

where detailed chemical and X-ray work would give a much clearer plcture of
the sequence of events, and the amphibolites, L the apparent metasomatism
) s it Pk
has occurred, the bilotites near the orebody may difier chemilcally (especially

in trace elements) from those in the unalbered vocks, The agsociated felspar

should also be higher in calcium than that in normal amphibolite.
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APPBNDIX 1 =  DESCRIPTIONS OF THIN (T.5.) AND

POLTSHED (P,S.) SECTTIONS,

MUl (P.5.) ~ Surface (dump near 67008, 300W)
Macro: Silvery yellow/white pyrite, crossed by many fractures, Secondary
silica, often showing b&nded structure, forms around the inside of open
covities, The surface of the rock is covered with yellow to dark red/
brown gossan,
Wicro: -Slightly enisotropic pyribe being altered to liménite around edges

. \ . 0 0
of grains, and along fractures or c¢leavages at 60 or 90,

g2 (P.5.) - Oxidized ore (near 20008, 200L)
Hacros Black to red/brown wexy, resinous or earthy'oxidized mineral,
with minor green, white and deep blue staining (chrysocolla and malachite),
and gossany Strugﬁures. One surface is covered with earthy red, yellow
brown and white ochréy'material.
ﬂiggg: Probably goethite, showing good banded structure, Colloform

portions show shrinkage crack f£illings. Some quartz is present.

MU3 (P.S.) - ore - MMl 11387,
Macros Mostly pyrrhotite (65%), with rounded waxy resinous quartz pranules
(30% - approx, % em), and minor chalcopyrite and biotite (both less than 5%).

Micro: Pyrrhotite occurs as individual grains .2 mm to lerge opbically

continuous massesi7 L mm in size, Cataclasis appears to be associated
with included quartz grains, which appear to be rimmed by muscovite or

calcite.
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A smsll wmegnetite octahedron (-2mm) with minor associated ilmenite occurs

within the pyrrhotite. Chalcopyrite occurs as aggregates, ofven twinned,

and as small irrvegular pieces intimately associated with pyrrbotite. 1t
contains exsolved valleriite, especially at the chaleopyrite/pyrrhotite
interface, A few Pyrite grains occur - idicmorphic or rounded, about

1mm in size, A small picce of bismuthimite occurred with one, MMinor

Pyrite and pyrrhotite are found in intergranular cracks between quartsz
grains. Chalcopyrite was seen in veins cubbing biotite flakes, and small
veins of gangue (? chlorite) post-dated the crystallization of pyrrhotite

and chalcopyrite.,

MU5 (P.S.) = Ore - Il

Macro: Mostly pyrite (50%), and coarse grey plagioclase (50%) and minor

chalcopyrite,

Micro:  Mostly pyrite, with chalcopyrite and felgpar in very fire fractures

between grains. The veins have matching walls, and are commonly ounly .02mm
wide, A relspar vein c¢rosses a chalcopyrite veinlets, Some rounded pyrite

remnants occur within the chalcopyrite,

HU6 (P.S.) ~ Ore ~ M5, 1023' (Basbern orebody)

Macro:  Dominantely blue tarnished pyrrhotite (60%), and quartz with
rounded edges (304). Chalcopyrite (10%) occurs as irregular pleces scabbered
throughout the ore, Minor biotite flakes occur in the pyrrhotite,

] o

Micros Pyrrhotite consists of aggregated irregular grains, 2mm and

coarser, Chalcopyrite is minor,
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Hagnetite (~ lmm) occurs as many small rounded grains,

Pyrite (-3mm) occurs as a few scatbtered euhedra, Veins of gangue cut

pyrrhotite and chalcopyrilie.,

MU7 (P.S.) = Ore - MM5, 1016' (Bastern orebody)

Macros Hostly pyrrhotite (65%), with some chalcopyrite ( < 10%), one
large pyrite crystal, (10%) and clear to waxy quartz gangue (15%), with

rounded surfaces, up to 1 em in size., Minor biotite.

Micros Pyrrhotite occurs ag coarse aggregates, often sharing rough twinning,

and also as giains in chalcopyrite, along magnebite clea¥ages, or lnvading

earlier biohite flakes. Chalcopyrite has abundant twinning and valleriite
bodies, especlally at pyrrhotite boundaries, It occurs as masses, and as
small pieces in pyrrhotite and biotite. Relict wmagnetite (up to 3mm)
contains some exsolved ilmenite rods and pateches. The magnetibte often
shows an idiomorphic outline apainst quattsz.

MU8 (P.S.) =~ Ore ~ MM5, 970t (Western orebody)
Macro:  Mostly pyrrhotite (70%), with granular milky quartz (25%),

o

somebimes bluish and up to % cm, with scattered chalcopyrite (5%), which

someblmes forms velns between quartz veins., Minor biobite flakes,

Micro:  Pyrrhotite occurs as large masses, often granulated or roughly

twinned and as small grains or veinlets in chalcopyrite, Chalcopyrite

is minor, but shows good twinning and Valleriite exsolubion, especially
at pyrrhotite interfaces, It forms veinlels and isolated grains in

pyrrhotite and gangue (biotite)., Some small idiomorphic pyrite is present.
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Magnetite occurs, often with rounded edges, inside the sulphides, and
with inclusions of pyrrhotite, chalcopyrite and ilmenite, one in particdar

having its channel of entry visible,

MU9 (P.S.) =~ Ore ~ MM5, 978'  (Western orebody)

Macro: Very coarse pyrite (25%) in crystals which would have been 2" in
size, containing abundant quartz and biotite. Coarse, massive chalcopyrite

L5%, pyrrhotite 20%, Quartz 104 and biotite < 1%,

Micro: Idiomerphic pyrite, intruded by small chalcopyrite veins. Pyrrho-

tite as large masses, but granulated, and often as oriented twins. A

chalcopyrite layer exists between the massive pyrrhotite aml the large
pyrite crystal, Iinor magnetite (-2mm) occurs in pyrrhotite, Chalcopyrite

shows twinning and valleriite inclusions, and is often very fractured.

MULO (P.S.) =~ Ore - IMM5, 1037! (Bagtern orebody)

Macro: One very large pyrite crystal (25%4), with coarse grained twinned
chalcopyrite (25%) and pyrrhotite (30%), with 10% quartz and 5% biobite,

Quartz is rounded or subhedral,

Wicro: Abundant pyrrhotite in masses, as grains in chalcopyrite and

magnetite, and in cracks in quartz aggregates., Chalcopyrite, with good

intersecting twins and minor valleriite occurs as irregular pieces and
fracture fillings in pyrrhotite, Magnebite occurs as 2 large grains, one
being corroded along cleavages by pyrrhotite, and as minor, rounded grains

inside sulphide bodies. Silicates are guartz, biotite flakes, and occasional

euhedral Eornblende.



MULL « Ore « MHMG, 1059! (Bastern orebody)

Macro: Pyrite (50%) with some chalcopyrite (10%), Appears highly altered,
with some vughs conbaining sulphide crystals or gossen. The main altera~

. o . N - wie] N o
tion (LOZ) is associated with a planar feature at L5Y to the core axis.

It is a dark mineral with much biotite and quartaz,

lileros (P.S.): Pyrite very brecciated showing rectangular and ochahedral
partings, bSome shows zonal structure arnd slight snisotropism, Two
varidies of pyrite are present, one pure, with corroded edges, the other
being a graphic inte:g'owth with guartz, and apparently forming at the
expense of the first. Pyrrhotite occurs as winor grains and remnant veins

in pyrite, while minor chalcopyrite, showing good twinning, is also granu-

lated and widely intruded by gangue,

Micro (P.S.): Hainly quartz, showing uniform extinction, fractured, and
showing some good triple junctions. Fractures and intergranuler boundaries
are filled with very dark material, with minor pyrite but much limonite
sbaining. Aggregates of coarse biotite flakes are being altered to ?stilp-

nomelane or Lo fine chlorite aggregates surrounded by orange iron stained

clay minerals, Some mamillary encrustabions of ? pyrophyllite or similar

clay mineral, heavily limonite stained, occur mostly in fractures in pyrite,
Minor calcite ocecurs, apparently invading pyrite.
M2 (p.5.) - Ore =~ MM5, 106L' -~ (Bastern Orebody)

Hacro: Mediun grained (2 or 3 mm) equigrenular quartz/pyrrhotite ageregate

(50£ ench), with minor chalcopyrite and pyrite, Sows limonite with gossany



structures cccurs in vughs, and coats quartz., The vughs ofven conbain
crystalline pyrite,

iicro: Pyrrhotite and Quartz, with abundant fine grained chalcopyrite

in bobh, Valleriite is common, especially rimning chalcopyrite veilnlets
in pyrrhotite, One grain (+)ymm), showing mubual exsolution of haematite
and ilmenite lamellae, was seen in a pyrrhotite mass. A larger ilmenite

srain conteined coarse oriented pyrrhobite and chalcopyrite inclusions,

)

enargibe and an unidentified sulpho-salt, both rimmed by bismubhinite.

Some biobite is present, and small veins of gangue intrude pyrrhotite,

HUl3 - Ore - M5, 1066t (Lastern orebody).

Macro: Deminantly very magnebic pyrrhotite (90%), with winor chalcopyrite

and waxy quartz (10%). A small "vein", possibly a small faulb, crosses the

length of the core specimen, and is 1.5 mm wide,

Micro (P.S.): Pyrrhotite shows granukbion and twinnlng, and composes most
of the specimen. It also occurs with chalcopyrile in rounded to euhedral
nagnetite. which appears to be a relic vein in, or surrounded by pyrrhotite,

Minor chalcopyrite shows good twinning and abundant valleriite exeolukion,

It also invades cleavages in biotite. Very minor ilwenite and haematite

grains occur, with some showing mutual lamellar intergrowths, Some quarts
in small veins shows obvious displacement, and has minor included pyrite

and pyrrhotite.

Micro (T.5.)z: The pyrrhobite containe fracture £illings of ¥pyrophyllite
(or other clay mineral) heavily gtainéd with limonite, and odd flakes of

biotite or stilpnomelane. Minor quartz and chlorite occur iun the pyrrhotite,
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The #yein® (see macro) is compesed of very fine quartz, -Lmm to O5mm,
Cavparently Afmﬂd& wed, but wibth some coarser in the centre. V@rﬁ yede
crange limonite stalned clay occcurs, in layers. Dome quite coavse

caicite (up to *3 or -bmm exists irregularly in the fvein®,) There may

be some relic zoning,

ULl (T.5.) - S, 1079

liscro:  Conbact of coarse pyrite with dense amphibolite, containing diss

amd N

ted pyrite, An alteration zone l.5H cm wide contains silica, very fine pyritc

and livonlte, which also penetrates eracks in the amphibolite, A slicke
sided surface on the amphibolite shows some sheared pyrite,

Hicro: The amphibolite consists of amphibole, scapolite, and smme pale

biotite being altered peripherally to chlorite, but no plagioclase,

Ualelte veins ogour in bobh bhe am;hibolit% and the orebody, The contas

Q

Tegates, especislly

b

is marked by coarse caleite and fine chlorite a

3

around corroded and brecelated pyrite, with scapolite and lis

«..
5:3
e
P
i’%‘

Hecryetallized guartz in larvge pode is surrcunded by rims of secondary,

colloform silica,

HULS (P.S.) = Gre < M7, 11591

taero: Hainly coarse chalcopyrite (B509) nﬁ pyrite (300) in lavge
crystals (> 1%"). Quarts masses, sometimes rounded, or subhedral (10=1
Pyrihotite ( < 5%) oecurs scatbered as irreguler masses throughoubt the

chicopyrite, Biotite rlakes wake up 14,

Il

ge

547,

Hiero: GCoarse idicmorphle pyrite, showing sharp contact with chalcopyrite,
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with good twinning and valleriite exsolution lamellse, It is brecciated
in part, and intruded by velnlets of gangue, with matching walls, Minor
pyrrhotite, containing fine grains of chaleopyrite, occurs within the
main chalcopyrite mass, Composibe grains of pyrrhotite and chalcopyrite
invade the pyrite and also magnetite cleavages. Relict pyrite occura

within chalecopyrite., One reliclt haematibe ~ ilmenite intergrowbh grain

(*lmm) was also seen,

MUL6 (PoS.) =~ Ore - M7, 1571¢

Yacro: Mostly pyrite (50%) often in crystals in vughs, Minor chalco-
pyrite ( < 5%), and abundant gossany material (20%), showing layers and

boxworks., Gangue is quartz (20%) and biotite (5%).

licro: Dominantly very fractured pyrite with quartz, remnants of biotite
or chlorite with cross-cutting pyrite veins. The pyrita‘is apparvently in
two forms, similar to MULL, one being pure, and the other characterized
by holes and small inclﬁsions of ?sphalerite. Pyrite shows euhedral

outlines against quartz. Chalcopyrite, twinned and with some velleriite

bodies, and pyrrhotite occur as minor grains in the pyrite, and one

haenatite -~ ilmenite grain (.2mm) was observed,

MUL7 (T.S.) = MM7, 1323t

Macro: Sharp contact of ore (504 pyrite, LO% quartz, 5 chalcopyrite,

with biotite flakes) with biotite rich amphibolite,

Micro: Amphibolite is almost entirely brown/white pleochroic biotite,

altered in patches to fine grained chlorite, and with some zircons.



38.

Same biotite is very strained, especially where pushed apart by veinlets
of sulphides, Towards the orebody chlorite becomes much more abundant,

and calcibte, quartz (both strained) and cdd felspar grains begin to

appear, The ore ibself is pyrite with veinlets of clLolcopyrite, and
DI - LE I 23

inclusions of guarta, calcite, chlorite, and biotite flakes, altered

peripherally to green chlorite, usually strained.

MUL8 (T.S.) =~ M8, 22h2!

Macro: Conbact of quartsz - felspar - biotite gneiss with biotite layers,

(adjacent to ore), A quartz rich zone marks the contact.

fiicro: The blotibe zone represents a coarse form of the quartz - plagioclase-
biotite gneiss, which is rich in guartz, often as small veins. TIn the
coarse mone the plagioclase becomes highly altered, and the quartz veins

contorted, Minor chlorite and potassium felspar exist in veinlets.

MULY (T.8.) - Ore - M8, 22L3!

Macro: Mainly pyrite, separated from massive chalcopyrite by area of

dark gangue up to 1 cm wide,
Micro: Large, wedge shaped area contains cloudy quartz grains and crystals,
with fine chlorite alteration or staining. The interstices contain limonite,

stained clay minerals, siderite (sometimes veins) and flakes of stilpnomelane
s PILEL LT

altering perirpherally to brown bictite. OSimiler smaller areas occur within

the sulphides.

MU2L (P.S5.) =~ Ore -~ MM8 2218

Macro: FPyrite (5%), chalcopyrite (LO%) and magnetite (L5%), with odd
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quartz (5%) and bilotite flakes (5¢) and winor pyrrhotite, One large
relic pyrite contains abundant magnetite and chalcopyrite., Some small

vughs contain crystals of sulphides.

Micro: Chalcopyrite tends to be granular (-2mm) under ciossed polars;

showing good bwinning and abundant valleriite exsolution bodies (maximum
size 025mm X <005 mm), bobth oriented and irregular, and often at granular

or bwin boundaries. Chalcopyrite also dnvades fractures in biotite,

pyrite and magnebite, and occurs with spiky ? biotite included aggregates,
sometimes within magnetite grains, These aggregates cut chalcopyrite
grain boundaries. Pyrrhotiie occurs as mounded grains or irregular pieces

in chalecopyrite, and shows similar textures.

MU23 (P.S.) - Ore - MM8 2251!

Macro:  Pyrite (LOZ), ﬁw§mmmkﬂwvdmlmmmz(%%)amimy%@ﬁﬁm
nagnetite aggrepates (25%); minor chalcopyrite, and bidite, Individual
quartz grains in aggregates are often swrounded by pyrite and magnetite,
which show idiomorphic outlines against each other. Pyrite veins occur

between magnetite grains, which also apparently 'invade! pycite,

Micro: Magneuite abundant, and also between quartz grains. It sometimes

conbtains biobite/chalcopyrite intergrowths, Minor Chalcopyrite also

occurs in fractures in magnebtilte and pyrite, and as grains showing
spindle twinning, and some sets of intersecting twins, Quartz is subhedral,
Pyrrhotite occurs as minor grains in chalcopyrite, and two or three swall

suspected sphalerile pieces were also seen here.
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1U2l (T.5.) = Oxidized lode (jasper) - near 50005, LOOL,

Macros Red/brown, very hard, ferruginous, jaspery rock, with granules
of quartz (up to 1 em) spotbed throughout it. Minor green copper staining.
Micros Coarsely banded, with limonite stained .chalcedony (jasper).
Large quartz grains, with secondary zoned quartz growing on them, and
in vughs in limonite, which cccurs as granules or compact masses. Some
quartz grains show awthigenic rims, Calcite is quite abundant, often

with good concentric growth zoning. Tt is later than the secondary silica,

MuU25 (7.5.,) = Oxidized ore - near 22003, Q0

Macros Ohrysocolla, in wisps and thin veins, with quartz and yellow/brown

earthy limonite.

Micros Guartz rich rock, grains very fractured, sharing some undulose

extinetion., Chrysocolla minor, as stwingerg and minor veins between grains,
Limonite as granules cut by cirysocolla, and as stains in fractures in
quartz, Some chlorite and clay minerals, and crass-cutting spherulitic

?chalcedony.

MU26 (T.5.) - MM8 Loht

Macro: Well layered augen granite gneiss, consisting of quartz, felspar
and biotite, with large elongated felspar augen up to 1 cm wide x several

cms, (10%) and biotite concentrated in ?shear layers between them,

fiicros Quartz (L5%), granular, 1 to 1 mm, with some undulose extinction;

in augen and especially with biotite and muscovite; also showing some
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graphic intergrowths (7myrmekite) with plagioclase, lMicrocline (30%),

«2 to 1 mm, with cross hatch twinning and perbhite exsolution, Occurs
mainly in augen, bul also scabtered throughout the rock. Eiagiocla§§‘(10%)?
wealk twinning, seritized; generally finer graned, Verydark brown to

1ight brownish green biotite (104) and muscovite (< 5%), as bladed,
subhedral flakes (<05 to 1°5 mm) in layers with quartz, between augenw

Some wusccVite ig aggrégated in pockets and clusters, 0Odd subhedral ?pyrite

(6.1) mm) and accessory zirveons,

uuzy (r.5.) - M8 768!

Macros Aungen granite gneiss, more homogeneous than MU26, with bebter

layers and smaller augen.

Wicro: OQuavtz (h5%), granular, up to +5 mm, Microcline, (20%), twinned,

but little perthite. <5 to 1 mm, and vafy4@10uded with clay., Ilagioclase
(15%), twinned and weakly sericitized, as isolated grains and abundant

in some augen. (#li-1mm), Muscovite (10%) and biotite (5%), as Long,
oriented bladeég in eampact, continuous masses right across the cove., 0Odd

enhedral pyrite.

mued (r.S.) -~ near 00, 800W

Macro: Granite gnelss, very contorted, and lacking banding, with only

minor biotibe.

Micro: Perthite (35%4), and abundant fractured and granulated quariz (L5%)

wibh some myrmetite. Flagioclase (20%). Bickite and fine muscovite

occur as odd flakes, and unoriented aggregates, one avound broken garnet



L2,
pieces, Zircon with pleochroic haloes abundant in bilotite.
MU29 (1.5.) - MM9 1219t

Macro: Well banded quartz - felspar - biotite~ sillimanite gnelss, with

sillimanite randomly oriented on bilobite rich planes,

Wicro: Layering not so obvious, Quarbz abundant (LO%), both in layers
rich in plagioclase (35% ~ generally uniwinned with minor sericitization)
and in between biotite (15%) flakes., The biotite rich areas have minor
assoclated muscovite and coarse gillimanite prioms (up to «7mm dianeter,
< 5%). Several aggregates of pale chlorite or clay minerals are

pseudomorphous after kyanite. Opagues minor.

MU30 (T.5.) - M8, 933!

Maeros Well banded felspar=- biotite- sillimanite gneiss.

Micro: Bands of euhedral sillimanite and biotite (30%), in random

orientation, with interlayered heavily sericitized plagioclase (55%),
twinned and strained, HMuch alteration is peripheral or following cleavage,
- but some grains are now entirely fine grained sericite (15%) ageregotes,

Quartz is very minor,

MU3L (T.S.) - MMy, 290!

Maero: Layering not so well defined as MU29 or 30, with aburdant quarta,
felspar and red gavent, Biotite and sillimanite are obvious on broken

surfaces,

Micro: Garnebs are very fractured and altered to brown biotite, peripherally

and along fracbures. ©oame retain crystal outlines., Sillimanite occurs
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in coarse prisms up to «5Smmx 2mm, often fractured and associated with
bictite, which also oceurs as minor scatbered flakes. Cranular quartsz
is abundant, el or *5 mm, up to «8 mm, with undulose extinction. The
‘felsyar is mainly perthite, but some purelggﬁg%gg;ggg was observed,

Scattered anhedyval {ine grained opaques exist.

mu3e (7.8.) - Open cub near L5005, 2008,

Hacro: Very weathered quartz - felspar - sillimanite~ biotite gneiss, but

lacking the characteristic texture of MU29 and 30.

Micros: Consists ol broken and granulated quartz in aggregates and. scattered
grains, varying from 10 to 80%, Plngioclase is less common, often.cloudy
with elteration, Some is myrmekitic, Golden brown biotite (10-15%) and
occasional muscovite flakes occur in patches, wibh 1 or 2% associated

sillimanite, Opaques rare, but noney/brovn 7rutile is a common accessory.

.

MU33 (P.S.) Ol - 955!
Macro: Similar to MU3L, with less regular layering, and less staurolite.

Micros Granular quarbz (L5- 50%), and minor twinned plagioclase, with
felted layers of orented muscovite (30%,up . to L mm x -02 mm)y with biotite
(204). Staurolite occurs as odd grains, very corroded, with quartz inclu=-
sion, Several small rounded or elongated garnels were observed, and minor
chlorite. Two large areas, 2 or 3 mm x 1 cm are secondary‘wsér ntine,
with guartz inclusions. Their origin is not apparent. Coarse pyrite (up

to 1+2 mm) cccurs.
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Mu3l - MM9, 11LT7!

Macro: Medium grained quartz - felspar-biobite gneiss, with silky muscovite

layers, and pods of staurolite,

Mic?o: (I.5.). Consists of quarbz granules (LOZ, <L to <6 ) and fresh,
twinned plagicclase, with strongly oriented silky, fibrous muscovite in
rich layers «5to 1 mm wide. hO% up to 100% locally, Biotite, slightly
coarsér (+5 % 2 mm maximum) occurs with it (5-10%), Large (3 % 5 wn)
corroded staurolite graing occur, with numerous quartz inclusions. Small
sub=rounded garnebs up to ely mm were also seen., The micas bend around the
staurdite porphyroblasts, bul not around the garnet. Some layers of very
five, felted sillimanite needles occur. The habit of these is noticeably
different from that in the typical biotite - sillimanite'gneiss (e.g.

MU29, 30),

tiicro: (P.S.). The opagque minerals (up to *3 mm) are mainly ilmenite,
sone with lrregular haematite exsolutlon, which wcurs scabbered bhroughout
the rock, and also as inclusions in staurolite and along biotite cleavages,

Odd pyrite graing also occur,

MU35 (T.S.) « near 25008, 900W.
Macro: Poorly banded amphibolite, with some white veins and dark streaks.

Micro: Coarse grained, granoblastic, no layering. Consists of granular
twinned FPlagioclase (20%), showing twinning and some sericibization:
Generally 5 nm up to 1 mm, and about Angg, Much is completely altered to

Scagolite (15%), showing cleavage, and often subhedral, Hornblende (65%)
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®

is granular to enhedral, or bladed, up to 15 mm, bubt generally -l mm9

down to small granules, less than -1 mm, intergrown with quartz, (< 5%),
Limonite staining occurs between hornblende grains, and opaques occur in
fractures within the grains, cutiing scross cleavages. Some ilmenite occurs,

altered to leucoxene or rutile and also isolated pieces of ? leucoxene.

Some parrow veions of felspar ill fractures.

MU36 (T.8.) = Soubth of 00, LOOW,

Macro: Well banded amphibolite, with cross-cutting dark amphibole rich

portion (not sectioned),

Hicro: Crancblastic. Anhedral, twinned plagioclase (257%), hngg, generally
-5 mm, showing considerable alteration to scapolite (20%), which has '
amphibole inclugionﬁ; and cecurs as granulay aggre‘aoe or isolated prains,
Hornblende (50%), bladed and subhedral, -0l mm to 2 mm, generally less

than «5 mm, Banding is less cors picuous with magnification., Quartz,

minor, < 5%, and no opaques, but some ?leucoxéne was observed,

MU37 - MMIO 283!

Macros Mediwa grained, dark green massive aﬁghibolibe,‘with disseminated
pyrite,

Micro:(T.5,) Flagioclase (20%), generally .l mm, approximately Anh75 with
minor zoning and serﬂcgtlzatian} but no scapolite. Horsblende (154,
granular to subhedral, up to 1.5 mu, generally .1 to .5 mm, Strongly
plecchroic X = pale brownish olive green, Y = dark bluish green, 4 = dark

olive green. Quartz (5%), generally ,1 mm, as granules in pods with
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equidimensional hornblende, Opagues relatively abundant, and one cross-

2 A

cutting calcite vein, 1 mm wide was seen.

Hicro (P.5.): Very fine grained (.0l mm) disseminated pyrite and chalcopy-

~rite grains, but quite sbundant ilmenite (up to .l mm, generally , 2 mm),

rimned by Yleucoxene or ?sphene alteration, and ¢ontaining rare unoriented

haematite bodies, OSome very fine lath-like ilmenites occur along hornblende.

cleavages,

MU38 (r.9,) = near 30008, 200%,
em— !

Magros  Amphibolite with narrow very dark bands, which are elsewhere seen

to divergs and crosgs.

Micro: The rock is a disequilibrium assemblage of various amphiboles,

hypersthene and plagloclase, Relict hypersthene grains ave altering

peripherally to fine grained pale green actinclite (35%) and some

tremolite, These masses are rimmed with darker green hornblende,

Subhedral to euhedral hornblende appears Lo be growlng inside the second-

ary actinolite masses. CGranular plagioclose (AnéB ~ L5%) and minor seapolitc
and quartz make up the rest of the rock., The dark bands consist of darker
secondary amphibole, with very winor, ragged plagioclase and quartsz grains,
Opaques occur in cleavages of both hypersthene and euhedral hornblende, and

as odd coarse grains.

MU39 (T.S.) - MM7, 675!

Macroe: GContact of biotite deficient slightly contorted augen granite gneiss
st gno.Ly g g g

with schistose amphibolite.
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Micros: Amphibolite is rich in biotite, with little horablende, Biotite -
contains zircons with pleochroic haloes, and is parallel to the contact.

Caleite veins occur in the amphibolite, being both concordant and cross-

cutting. Quartz and plagioclase are also present. The actual contact,

which is undulating, is defined by a biotite rich layer with a concentration
of opaques in the amphibolite, and a zone with some chlorite (1 or 2 mm)

in the gneiss. Scapolite is widespread in the granite gneiss, and the
plagioclese 1s heavily sericitized. Microcline is minor, and quarta

often occurs as veinlebs, Blotite very minor,
Muho (T.5.) - M7 578¢

PR ———

Macros Contact of biotite rich amphibolite and well layered augen granite
gneiss.

Micros Typical amphibolite, with abundant altered ilmenite grains, and

rich biotite layers (7 shears) parallel to the combact, Bifurcating calcite
veins are also parallel to the schistosity, Hornblende disappears 2 mm

from the actual contact, which is planar and quilte sharp, and the biotite

becomes strained, with some chlorite, microcline and scapolite appearing.

The granite gnelss has a 2,5 mm zone rich in biotite and chlorite at the
contact, with felspar grains elongated between biotite flakes, which are
sparser and finer grained than those in the amphibolite, The plagioclase
in the gnelss is heayily sericitized, quartz, is often in veins, and one

twinned stsurolite was seen.
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Mohl (T.S.) = MMLO, 100L!

Macro:  Very sharp contact between amphbolite, with biotite rich layer

(2 cms) at the interface, and well layered quartz - felspar~- biotite gneiss.

Micro: Amphibolite consists of green hornblende with opaques along
cleavages, and 207 plagioclase and fine granular quarts, which forms
composite intergrowbths with hornblende, Brown biotite is very abundant

at the conbact, but decreases .away from it. The gneiss consists of quartz,

often in coarse pods (grains up to 3 mm), plagiociase and biotite, in

layers and lenses, Odd minor hornblende grains coccur away from the
24

conbacth, Zircons with pleochroic halves are abundant in bobth rock types,

and minor coarse opaques are scabtered throughout.

Muhe - M1l 993!

e

Macros Iine grained, dark, banded amphibolite becoming richer in large

biobtite flakes. A felspar vein parallel to the barding was sectioned.

vl

Micros (r.8.) Consists of 557 hornblende (X = fain

4 —

6 pinkish green, ¥ =
dirtvy green, 4 = medium bluish gt een), with opagues along cleavages,
granular to subhedral, .1 mw up to ;6 or .7 mm; plagicclase (Amhé - 35%),
granular, up to 1 mm, showing lrregular zoning and twinning, end also as
.3 mm granules in concordant velng E&pbi@é (10%) (X = colourless to pale
brown/green, ¥ = brownish olive green, % = darkish brown), up to 2.5 ma,

with abundant zircons, and quarcvs as odd fragments in the rock and veln.

There is nodvions formation of biotite from hornblende.

P e

iticro: (P.S.) Large opaques were generally absent bub one grain of
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magnetite (1 mm) bordered on one side by ilmenite with irregular haemabite
intergrowths was seen., Une pyrite grain was observed, Most of the opaques
were lathike haematite grains, with oriented ilmenite exsolution, along

hornblende cleavages, or sometimes scattered throughout the rock,

MUL3 (T.8.) = M8, 22h5!

Mecro: Conbtact of coarse grained pyrite, minor chalcopyrite and magnetite

)

grains with biotite rich schist, showing a zone of chloritic alteration.

Micro: Coarse pyrite etc, with small inclusions (?apatite, quarta,

chlorite). Chlorite masses, made up of unoriented fine grained aggregates

rim the pyrite, and penetrate fractures. The chlorite contains minor
granular to subhedral limonite stained quartz grains and aggregates and
some very fractuced felspar being altered along cleavages, Fuprgher from
the ore, coarse broun bilotite appears, with zircons, and vimmed with darker
green less pleochroic chlorite. In between the roughly oriented biotibe
flakes are plagioclase granules (60%) showing zonal alteration to pale
chlorite and sericite near the dense chloritic zone. Limonite, chlorite

and minor opagues are COMmMON.

MULE (T.5.) - Ore = Iy, 112

Macro: Core shows sharp diagonal contaét of coarse quartz - pyrite ore,
with greenish, massive gneiss, which adjoins a coarse Quartz - chilorive

yein, with disseminated chalcopyrite,

Micro: "Gneiss" is mainly very cloudy plagicclase, (.2 to .5 mm), with

scattered roughly aligned grains of biotite (with zircons and opaques



50,

often along cleavages) and pale chlorite, often as intergroun flakes.
Some narrow veins of darker chlorite cut this mess. The "guartsz ~ chloritel
is actually a coarse (3 to L mm) pegmatite vein, containing heavily

eltered plagioclase (to sericite and chlorite), with remnant twinning

and idiomorphic outlines, and guartz.
g i G T

MUL8 (T.5.) - MM8, 2251

Macro: Lode with gangue, OUre is quarbz, pyrrhotite, unusually abundant
magnetite, chalcopyrite, which rims pyrrhotite and quartz, and dark green

micaceous gangue,

Micro: The rock consists mostly of very fine grained chlorite aggre gates,
sometimes spherulitvic, apparently altered from bilotite, and many are
pseudomorphous after coarse biotite flakes, OSome odd biotite flakes (up

to M mm) exist, rimmed with darker chlorite. Quartz occurs as grains or

aggregates near ore minerals, and also in chlorite wasses. Some 18
gramilated, and other grains show the triple junctions of polygonization,
Hagnetite occurs between biotite pseudomorphs, with Limonite shained clay

°

abundant in fractures. Chalcopyrite contelos wispy needle-like inclusions,

Muk9 (r.5.) « near 50008, LOOW.

Macro: Quartz rich granite gneiss, with some vein-like augen, somebimes

folded.,

Micro: Cranulitic vock with heberogeneous grain size, up to .5 mu, with
coarser bands (up to 3 mm)., Quartz (L5%), and microcline (20%) with cross-

hatehing, perthite and cloudy alteration occur in both velns and finer
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portions, IFlagioclase (30%), twinned and partly sericitized, scattered
the rest of the rock, Upaques are very wminor,

MU50 (T.5.) = pits near L0O00S, 2005,

Maero: Folded weathered quartz - biotite - sillimanite 56, bubt lacking

the typical sillimanite gnelss texture,

Micros Rock consists mainly of granoblastic ¢ quartz (75%) and plegioclase
(15%) with some twinning, up to .5 mn, but generally .2 wm, Biotite (57)
occurs as small unqriénted flakes (.1 mm) in the massive part of the rock,
but it is larger (.8 mm), and concentrated in layers at the fold.,

: 4

sillimanite is concenbrated here, but is also spread throughout, being

altered to flaky miscovite., Some limonite staining,

MUSL (T.S.) - M9, 1202

Hacros: Quartz rock, with some felgpathic pateches and very fine grained
] £

s

bilotite,

Micro: The body of the romk consists of Quartz (.1 to .2 mm) and some

strained poorly twinned plagicclase, with abundant fine mus muscovite flakes,

often in “shear" layers, and scabbered green/brown bictite, with minor

chlorite. Some pegnatitic veins are composed of aoarse; cloudy, albitie
.

d¢a'ioclase, often strained and bent and coars e quartz aggrepgates, usually

very strained,



1MUs2 (1.5,) = from 15008, 6006,
1%@@:(MMgegﬁnmdfdﬂmﬁﬁcfmk.

ticros Almost entirvely granular, twinned plagicclase, of hebterogeneous

grain size up to 5 mm. Accessories are honey/brown rutile and minor

pgrisi@g flakes,

Mus3 (T.5.,) - near 2000N, 800W.

Macro: Sandy aplibié quartzite, without layering.
- 9 £

Micro: Consists of granular quartz (90%)- (.2 to L mm) with interstibial

clouded plagicclase with some twinning, and scattered muscovite flakes,
,é.mm;v;w 2 futicti ittt 2

i

about .3 mm long. The quartz end plagioclase are renarally mueh finer
. piel " & ” *

(granulated) near the muscovite flakes,

musl (1.5.) - near 67005, 1O00L.

Macro: Friable, sand size quarts - felspar rock (MAplitem), lacking

layering.

Micros l'ine grained, granoblastic, Mainly quarta (70 - 75%), and

plagioclase (RL > quartz), and winor fine grained muscovite flakes, and
dirty broun accessories., Grain sizes are heteropeneocus, bub generally

Joto .6,

HU56 (T.8.) - from near 6000S B800L.

Macro: Very weathered félspathic biotite - sillimanite gnelss,with some

layering of biotites.
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Micros Simllar o MU3Z2, Layering not. obvious, Consists of sgillimanite,

bidiite, quartz, sericitbized plagicclase, which is often cloudy peripherally
] 1 ] & T e b 2 B

or between grains. Some myrmekitic intergrowths, with quartz especiall
£ ~ %

along felspar cleavages, One greentourmaline accessory,

o

MUS7 (T.,5.) = from pits near orebody.

Macros Very weatheved, highly sericitized guartz - felspar- biotite gneiss,
withoult Layering.

f

Micro: Sericite along shear layers. No sillimanite. Some biotite, and

P

.

opaques, lost of rock is granulated and broken guarts and plagioclase,

of heberogensous prain size,
MUS8 (T.9.) =~ MM8, 8181
Macro: Crenulated schist,

Micro: Quartz, plagioclase, biotite, muscovibte schist, showing crenula-

tions in the mica layers, and no undulose extinction in the quartsz,

;—t\igéwq (qu.) o j;‘"g’f}g - 5,9?'

Y

Macro: Well banded quartz - felspar - biotite gneiss, with coarse pegmatite

vein and biotite rich zone at one end (nobt sectioned),

Micros Rich in quart%% with some plagioclase in the body of the rock
and as occaslonal large very albered grains, and in the pegmatite,‘
Oriented biotite flakes are comparabively uncommnon. Thayysometimes form
thin layers, with minor muscowite and odd chlorite flakes, which hend
ground plagioclase porphyroblasts, Some  small sillimanite grains were

seen in one of the layers. Opaques were relatively abundant, mostly fine
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grained but occasionally up to <l mu,

MUGL (T.5.) = mnear 30008 200%

Macro: Awmphibolite, well banded, parallel to foliabion,

liicros Typical amphibolite, with aligament of hornblende graim , abundant
quartz often as inclusions in horablende, Plagioclase is fresh, except
where it alters to gcapolite (abundant ). Some bands rich in yellowish

hornblende and quartz occur (similar to MU38), Cracks o

r cleavages in
plagioclase, parallel to the banding, are filled with hornblende. The

opaques are generally aligned also.



CAPPENDIX UL meee THIS BLIZABEPH COPPIR #INL, VERMONT, U.5.A,

It is interesting to note the uncanny similarities between the known
tachs ab Mubooroo and the Rlizabeth Mine (McKinstry and HMikkola (195h); Howard
(1959, T and I1)), where underground openings vield much more information,

The orebodies here exist at the boumdarj of’ amphibolite apd schists,

The amphibolites are regarded as metamorphosed crystal tuffs because they
contain felspar fragments., ifteen separate beds are recognized, up Lo 200
i, thick, lensing out hmuh along strike and down dip. Some can be traced for
12 miles, The variation in thickoness is unrelated to folding. They contain
plagiuglasa (Aﬂ17H38)§ hornblende, calcite and fine grained epidote with minor
quartz, and occur in and laminated with mica schists and quartzites, (in
lenticular bands generally less phan 20 £%. long ). The schists contain
sillimanite, kyenite, garnet and abundant staurolite, UQuartz veins, often
pegmatibic, cccur widely, generally one or two feet long, They are both
wrallel to bedding and erosscubbing,

The orebody is 6,000 %, long, and mined over 20 to 50 £t. widbths, with
a grade of just less than 2% copper. It is 90% pyrrhotite, 9/ chalcopyrite
(with valleriite), with minor wyrite, sphalerite and molybdenite, Pyrite
oceurs as cubes up to 5 em,, and is more abundant higher in the mire, The
gangue is qu&rtz and paritly replaced schist, with minor rutile, idocrase and
tourmaline., Sulphides are strained only in pest ore faults ~ pyrite is
cracked, pyrrhobite shars flamboyant twinning, and fractures are filled with
lighter pyrite and calcite. The orebody is folded, and thickest ore (60 ft,)

is assoclated with drag folded positions., Zoning is marked - chalcopyrite
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is more abundant in the middle and crests of folds (300 to LOO ft. vertically),
but the keels contain large tonnages nobl payable without revenue from iron or
‘sulphur,

Twro mones of wallrock alteration have developed; an ocuber zone where
hornblende gives pale biotibe pseudémovphsﬁ with some chlorite, and an inner
green sericite zone, replacing plagioclase and biotlte pseudomorphically,
Hagnetite and ilmenite are absent in the alteration zone which varies from a
few inches to 20 £+, The correlation between this width and the orve width
is good where the ore is thin, but poor in folded regions. They are thought
to have devloped contemporansously b& addition of X, Gu and S, and loss of
Mg, Na, Ca and C due to decreasing ionic activities away from permeable channel-
ways, and prevailing temperature and pregsuré coaditions'ut the time of
alteration (Howard),

idered epigengtic.

]

The deposilt is con
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APPEMDIX  ITL = CALCULATTION OF ORI RESERVES

The longitudinal projection of the orebody, showing results of all

is shown in Piguve )1, These values have been used for celcu-
lations of reserves., The four configurabions tried are shown in Figures L2

to 15, 'The first estimate (Migure N2) was made using the "triangular gfouping“
methods the other three by the "area of influence® method.

1. Triangular grouping.

ALl the results are joined, forming triangles, and the averages value

of each calculated thus: e.g, for triangle L, 5, 7

Hole Thickness X  Urade = Assay width Average assay
: (weighted)

Ml 35.5 2.1% 73.1
I g5 1.2% 11 ' = ‘g)ﬂt 7

| 161.5
MY 3L 1.95% 60,15 '

s b

161.5 2h7.6 = L.53%
The average thickness, the area, and hence the volume of the priswmoid can be
caleulated, and multiplicabion by the average assay gives the fvolume of
copper, When all triangles are calculated, the tobtal volumeAénd tyolume
of coppert ars obtained by addition, Division gives the average grade, anﬂ
the tonnage can be worked out using an average density. A density of L,1
(= 256 1bs, per cubic ft., or 1 ton = 8,8 cubic £%,) was used, calculated
from an average volume composition of 354 pyrrhotive, 254 quarts, 206 pyrite,
159 chalcopyrite and 5% magnetite, In this method a given intersection isg

used o pumber of btimes, depending on the number of triangles in which it is

included,
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2. Area of Influence.

In this method, the area surrounded an intersection is assumed %o be of
that value, If the triangles ére roughly equilateral, the perpendicular
bisectors of the sides are Joined, to form areas around each value, This
produced very distorted areas (see Iigure 1j3)., A second method, using the
line joining the mid-points of the sides to the vertices (medians), gave
“serrated! areas (Figure Nl}). Here the avea around MM6 is very larpe, giving
a higher grade than the previous method, TLess MM5 influence gave a much
smaller thickness and volume. The third configuration (Figure L5) used an
area 204 larger, and gave a corfegpondingly lower grade, but the tonnage was
less than the method of Figure L}3., The areas around each hole were more
uniform, and it is prdably wmere realistic.

To obtain a tonnage, the area is measured (on graph paper), and bthe
fyolume of copper® calculated as above, using the widbh and assay of the
intersection, Gfade and tonnage are estimated as before.

The results of 8ll methods are given below:

Method as Figure 12  as Pigure i3 as I igure Wy as Figure L5

Volume considered — 68,000,000cft  91,500,000cft  6l,600,000eft 8, 500,000t

Average grade 1.72% Lé&i 1,75% 1,619
Average width 28,1 ft. 38,1 i, 26,9 . 28.) T4,
Tonnage of ore 8,150,000 10, 050, 000 7,100,000 9,670,000

Tonnage of copper 110,000 176,000 130,000 156,000
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