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ABSTRACT.

In the south-east part of King Island three skarn tungsten
deposits occur in the contact aurecles of two granitic intrusions., Nos.1
and 2 orebodies are associated with the Grassy Adamellite and Ne,3 o
orebody with the Bold Head Adamellite, The two intrusions are virtuall;
identical petrologically and geochemically, hence the smaller Bold Heed
Adamcllite is believed to be an offshoot of the Gresay Adanellite,
intruded along the zone of weakness a2ssociscted with the Grassy River
Fault,

The age of the intrusions, determined using the Ar40/5r39 method,
is about 370 m.y. (late Devénian). This is 25 m.y. to 30 m.y. older than
“ne early Carboniferous ages determined by eDougall and Leggo (1565) for
the Grassy Ldamellite.

Units of thelﬁine Serias of No.1 orebody are discussed with regari
1o petrology and geochémistry. The calcarecus units, especialiy the
endradite skarn, are discussed in detail. Textural features of the skzrn
indicate that it formed in itwo main phaszes. The first inﬁolved the Tora-
ation of the andradite and the second the partial breskdown of the garnet
due to an increase in PHZO with the consecuent deposition in ssquence of
clinopyroxene, hornblende and scheelite followed by the remaining skarn
minerals. The trzce element geochenistry of the skarn indicates that it
was formed from impure marble. The positive corrslation of %in and
germanium with tungsten in the skarn, and the anomalously high concen-
tration of tungsten in the svhene of the adamellite, indicates that the
source of the tungsten was the adamellite anéd not the sediments of the
Grassy Group as suggestied by Bﬁrchard (1972},

The control on the metasomatic fluids in the Grassy Ademellite
appears to have been the Grassy River Fault which restricted the mineral-
izing fluids to its vieinity., In the country rocks the main control is

the relative permeability of the various units, the impure narble being
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the most permeable, From the occurrence of scheelite in the skamm con-
- taining significant clinopyroxene znd hornblende, the mecnanism cf
tungsten mineralization is believed o be similar to that proposed by
Bryzgalin (1958). This involves en alkaline solution carrying the
tungsten as & sodium tungstate which is neutralized by the fixation of
sodium during the amphibolization of the clinopyroxene. The calcium
released from this reaction combines with the tungstate icn to be

precipiteted as scheelite.
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1.4 INPRODUCTTON.

The scheelite deposits near the township of Grassy in the south-
east part of King Islend, Tasmania (Figs. 1 and 2) consist of three lmown
orebodies. No.1 orebody was the first discovered and has been mined
intermittently fcr the last 60 to 70 years. It is being mined by open
ent methods at present. However, nearly all the ore has been removed,
No.2 orebody is an exiension of Iio.1 orebody being separated from it by ¢/
a fault (No.3 fault). Both orebodies occur in the contact sureocle of ;
the Grassy Adamellite. No.3 orebody occurs in the contact aureole of the
Bold Head Adamellite and is located three kilomcters north of the other
orebodies. Both Nos, 2 and 3 orebodies are presently being mined by
underground methods.

This thesis is primarily a geochemicel and petrolcgicel stucéy of
the contact metamorphic and metascmatic rocks cf the No,1 orevody. The -
mein aim was Lo determine the mechanism and control of the mineralization
and also the origin of the mineralizing solutions. In order to eatablish
trace element associations that would be indicative of mineralized regions,
areas away from MNo,1 crebody were also studied. These are the unmineral-
ized seqguence in the Investigator 6 area, just to the west of the open
cut and the unmetamorphosed seguence of the Grassy Group and overlying
volcanics exposed amlong the coast a few kilometers n;rth of Grassy. The
Grassy Adamellite was studied in a traverse along.the coast to the south
of Grassy and compared petrologicelly and geochemically with the Bold
Head Adamellite.

1.2 PREVIOUS VORK.

No.1 orebody of the King Island scheelite deposits was discovered
in 1904 by a prospector, Tom Farrell, and since then numerous reports,
Papers and theses have been written on the depogits. As Nos.2 and 3
orebodies have been discovered comparatively recently, most of the previous
work has been on No.1 orebedy.

Nye and Fnight (1943) give a complete list of all known reports on

the mine up $311 19L3. The following list contains all the known
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literature on the scheelite deposits from 1544 to the present.

" Reports:

103

¢.5.1.R.0, Mineragraphic Investigaticns Reports 414 (1942,
582(1954), 583(1954), 742(1959), 798(1959). (Unputlished).
FINUCANE, K.J. 1953, Report on King Island Scheelite lline,
Grassy, King Island. {Unpublished).
FINUCANE, K.J. 1953, Supplementary rerort on diaﬁond drill
results at King Island Scheelite Mine. (Unpublished).
Papers:
Knight and Hye (1953).
Edwards Baker and Callow (1955).
Knight and Nye (1965).
Large (1971).
Theses:
Kinnene (1968).
Lgrge (1969).
Burckard (1972).

GZNERAL GEOLOGY,

A full description of the general geology of the south-east psrt
of King Island is given by Large (1969). Only 5 briefiéhmmary is given
here,

Thé Sandstone—Siltstoné Formation covers most of the area and
consists of alternating beds of sandstone and silistone with the latter
predominating. The age of the fonﬁation is probably Precembrian., It
is overlain, possibly conformably, by the Grassy Group, a Cambrian
sequence comprised of a basal tilloid, 60-120 meters thick, of glacio-
marine origin, overlain by 30-120 meters of limestone, dolomites, silt-
stones, shales and minor tuffs. Both the Sandsitone-Siltstone Formation
and the Grassy Group have been folded. Axes in the Sandstone-Siltstone
Formation trend generally N-S but changing +o SE-IV to the south., The
Grassy Group, which is of much smaller extent, strikes parallel to these

fold axes,
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Overlying the Grassy Group is a volcanic seguence of spilitic and
pieritic laves and pyroclastic rocks, possibly of Cembrian age. The
volcanic seguence is more extensive than the Grassy Group and in many
places directly overlies the Sendstone-Siltstone Formation. Along the
east coast the volcanics appear to lie conformably on the Grassy Group.
However, elsewhere they are demonstrably unconformsble,

The area was intruded in ths early Cerboniferous (¥cDougall and
Leggo,1965) by the Grassy Adameliite and also by the Bold Head Adamellite
which thermally metamorphosed the adjacent rocks Yo homfels and developed
skarns in the calcarecus units. The two intrusions are very similar
petrologically and are probably closel& related, The major fault in the
area, the Gressy Giver Fault, passes between vhe Grassy Adamellite aﬁd the

Bold Head Adamellite, trending NNw, Its horizontal displacement 1s not

MINE SERTES AND ASSOCIATED ROCES,

In areas of the contact euresle where metzsomatism has occurred;
resulting in scheelite mineralization, the sequcnce of units is termed
the Hine Series, The Mine Series of No.1 orebody is fully exposed in the
open cut (iap 2) end a description of each of the units comprising it is
given below., The iterminology given is that in current use by Geopzko Lid,
excent where stated otherwise, The uniis zre listed from the top fo the
bottom of the sequence (refer stratigraphic succession with Map 2),

Teldo1 Volecanics.

This unit represents the metamorphosed sequence of basic volcznics
described in the previcus section. In the region of MNo.1 orebody it is
distinctly unconformable on the underlying metamorphic equivalents of the
Grassy Group. Veriations within the unit reflect the spilitic and
picritic composition of the original lavas. The silica deficient melo-
morphic assemblage of the volcanics is tremolite, spinel, forsterite,
Phlogopite + magnetite. The asserblage of higher silica content consisis

of biotite, actinolite, oligoclase, nagnetite and quartz,
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1ok 2 Biotite Fornfels,

The Biotite Hornfels is divided into {wo perts by 3 lens, tha
upper part referred to locally as the Banded Hornfels. The rocks were
originally pelites ard were metamorphosed to a tough, fine grained hoxn-
fels consisting of predominantly biotite, actinolite, quartz, ilmenite
and magnetite. The Biotite Hornfels may be massive, schistose or com-
positionally banded with respect te the proportion of bictite.

1.4.3 B lens.

B lens consists chiefly of marble interspersed with pyroxene rich
bands locally referred to as "tuffite". 1In parts the marbie has been
altered to andradite and grossularite skarns 2nd is minerslized,
especially the andradite skarn,in the eastern section of the open cut.,
However, nearly all the pmineralized parts have been mined out. The
marble conisists of calecite, dolomite, humite minerals, diopside and

nagnetite,

1ehede Pyrovene Garnet Hernfels.

The characteristic feature of this unit is the occurrence of
irregularly shaped and sized ovoids of predominantly calcite set In o
fine grained darl groundmass of clinopyroxene and grossuiarite with minor
quartz snd calcite., The ovoids, besides containing caleite, iso consist
of quartz, actinolite, epidote, vesuvianite, cordierite and sphens, and
are surrounded by a rim of grossularite and then clinopyroxene., In parts
the Pyroxene Garnet Hernfels is mineralized, Here the rock approaches an
andradite skarn, the ovoids becoming less distinct.

1.4,5 C lens Qreonody.

This is the mein orebody and is divided into three parts.
(i) Top Orebody: The andradite skarn comprising this part of the
orebody is massive, showing no sign of the original bedding, Its
grainaize varies from fine to coarse and the main constituents are
andradite, clinopyroxene, horntlende, guartz, calcite, epidote, vesuvian-

ite, sphene, scheelite, magnetite and sulphides (mainly pyrite, chalco-
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pyrite and molybdenite). The average scheelite content is 0.5 - 1.Gi,
The grade tends to be higher in the coarser grained skarn.

(ii) Marble Marker Bed: The Top‘and Bottom Orebodies are separated
by a thin (about three meters thick) but persistent bed of marble. Ths
bed onl& disappesrs in the extreme east of the orebody. It has the same
mineral assemblage as the merble in B lens,

(iii) Bottom Orebody: This is an andradite skarn but, unlike the Top
Orebody, it is usually distinetly banded, reflecting the original +hin
elternating beds of calcareous aﬁd pelitic rocks. The rock consists of
bands of coarse grained andradite, clinopyroxene, calcite and quariz
separated by bands of fine grained grossularite and clinopyroxene.

1,4,6 Banded Fcotwall Beds.

The change Trom the andradite skarn to the underlying tarren
homfels is transitional with the Banded Foatwsll Beds being the truns-
ition zone., The base of the Bottom Orebody is set &t the level in the
sequence at which the pelitic bands become dominent over the calcaredcus
bands in the original rocx., This boundary, therefore, is not very
distinet except where it can be delineated by the limit of mstesomotic
effects. Vhere mineralization ceases at the base of the Bottem Orebody,.
the Banded Fcotwall Beds consist of very distinective, almost monominer-
glic bands of calcite, melilite, grossularite, clinopyroxene and biotite
hornfels. In parts of the unit, andradite skarn has formed in the marble
bands. Here the rock grades inic ithe Bottom Orebody. In Map 2, the unit
is shown to be especially extensive since it is defined on the presence
éf grossularite in the rock, The grossularite extends lower in the
sequence than does the distinet banding.

1.4.7 Biotite Actinolite Hornfels, (Biotite Pyroxenc Hornfels).

This unit is termed the Biotite Pyroxene HormPels unit by Geopeko
Ltd. but, on exemination of several samples, the greenish bands in thre
rock were found tc be actinolite. For this reason, the name has been

changed by the author. The alterrating bands of biotite hornfels and




0010158 6.

-actinolite hornfels are usually 2 to 10 mm thick. Other ccustituents
of the unit are guartz, ilmenite and mino:» pyrite. The ilmenite is
meinly concentrated in the biotite hornfels end cccasionally forms
thin bands-itself. The unit i; conpletely barren of scheelite as is
the Biotite Hornf'els unit,

1.4.8 0lder Volcanics.

The rocks of this unit were intruded into the Greéssy Group at some
time before the emplacement of the Gragsy ifdamellite anc take the form
of & laccolith or lopolith. The metamorphic mineral assecblege of
tremclite, forgterite, phlogopite, spinel &nd magretite indicate a
silica deficiency. Therefore, the intrusion was probebly an ul{rabasic
igneous rock before metamorphism,

1.4.9 Quartzite.

The Quartzite unit is the cortact metarorphosed part of the Sand-
stone-Siltstone Formation, It has been brousht into the region of No.1
orebody by faulting and is separated from the other units by No,? Tault,
The unit consists of quartzite and hornfele vith guartzite predominating
in the ecpen cut. The mineral assemblage in the quartzite is gquartz,
puscovite and pyvite.
1+4.10 Basic Dykes.

Two basic dykes up to two meters wide cut the Mine Series. They
vere intruded af'ter metamorphism and are probably related to the basic
dykes intruding the Greassy Adamellite. The dykes are porphyritic with
a groundmsss of plagicelase (andesine}, hornblende znd magnetite, and
phenoerysts of plagioclase and hornblende. They are contaminated
slightly with calecite and quartz from the skarn and marble beds.

1ebo11 Grossy Adamellite Contact.

The contact of the irtrusicn is exposed in the open cut only in
the south west part (Map 2). Towards the east the contact lies south
of the open cut, From diamond drill holes it was feund to be moderztely

steeply dipving (zbout 45°). Howerer, drill noles in the region of lo.2
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orebody indicate that the contact levels off at depth as does trnat of
rhacl ~

the Bold Head Adanellite.
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0,4 IHTROLUSTION,

The first and mejor phase of intfusion in the south~east region of
¥ing Island resulted in the emplacement of the Grassy and Dold Head
Adomeilites. The larges:t of these is the Grassy Ademellite®. Part of it
extends out to sea leaving a roughly iriangular land exposure (Fig.2).
The N-5 and E-V trending parts of the contact are both about five kiiec-
meters long and the diameter, as mezsured 2long the coast, is sbout seven
kilometers. The intrusion lies just south of the tovmship of Grassy, the
E-V con%act coming to within 200-300 meters of it. Due to the gently
undulating topography of the area and its coverage of moderately dense
scrub, outcrop is very poor, The area mapped, therelore, wos restricted
to the coastal parts where outcrop wos very zocd. This gave & couplete
section =zcross the intrusion,.

The Bolé liead fidamelliite is loczted three ldlometers north of the
Grassy Adomellife ané is actually four kilemeters north-west of the cozstsal
landmzyk of Bold Head., It is a comporestively smell intrusion with
dimensions of zbout 1 x 1,5 kilomegters. As outecrop is almost non—existenf,
the intrusion was studied from érill cercs alone. The viestern boundery
of the Bold Head Adamellite appears to coincide with the Gressy River
Faul{ which passes between the Bold Head and Grassy Adamellifes. The
relationship between the Grassy River Fault and the Bold Head :idamellite
has not yet been established owing to the lack of outerop., A similar
situation exists with the Grassy Adameilite as the fault intersects ifs
contact out to sea, .

The second and minor phase of intrusion is the injection of a
number of basic dykes which intrude the Grassy Adamellite and ifs contact

aureole, They were not found in the 30ld Head Adamellite.

Referred to in previous literature as the Grassy Grenodiorite.

Discussed further in Secction 2.2,6, .
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0.2 GRASSY ADNTILITE.

2.2.% Fetrogronhy,
Semples 100, 115, 142, 155. Flate 1.

The Grassy dAdemellite is o distinetly porpavrytic rock conitaining
10-15% orthoclase phenocrysts in a very coasrse graired groundmass. The
phenocrysts are rectengular, up to 6 mm long and show well developed
carlsbad twinning in hand specimen. There is reserkably little
variation throughout the intrusion, the only changes being.the discon-
tinuous banding (discussed in the next section), small regions of finer
grained, darker sdamellite, =z2nd contazt variations.

In thin section the sdamellite (100 and 145) consists of the

following minerals, listed with their average modal proportiicns
plagioclase (3085}, orthcclacze (25%), ouartz (2%},
biotite (15%), hormblende (47), magnetite (&), chlorite (1),
sphene (1%}, epidote (tr), apatite (%r), zircon (%v).

The orthoclase phenocrysts are perthitic end poikilitic, containing
smaller grains of predominantly plagioclase and bictite. Orthoclese i
the groundmass shows no exsolution textures, Normal oscillaiory zoning
is very well developed in the plagioclase with some zrains containing
up to 30 distinct zones. The maximum compositional variation in the
plagioclase through the intrusion is An 24 tc An 38 while the aversagze
variction due to zoning is An 27 to &n 33. The feldspars are usually
partly sericitized, the phenocrysts to a lesser extent than the groundmass.
Biotite occurs as large well formed grains, orften partly altered
along the cleavage planes to iron-rich chlorite and minor epidéte. Sphene
is somelimes associated with partly altered biotites and this, along vith
the deep reddish brown colour of the blotile, indicates a high titanium
content. Most of the sphene, however, occcurs as euhediral double wedges

with irclusions or in the vicinity of apatite and zircon. The horpblende

is uraltered and has a Mg/llg+Fe ratic of 0.45.
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A porphyritic hypidiomorphic, inecuigranuiar te:xcfure is typicel of
tﬂe Grassy AHdamellite. The avercge groinsize of the groundmass is 2-3nm.
However, smaller grains increase to a significart proportion in pzris
givirg the rock & characteristically stronger grey colour (142 and 155).
In these parts grains of normal groundmess size become the phenocryats
and the everage grainsize of the groundmess is reduced to about O.5mm,
Dykes of this rock occasionally intrude the normal adazmellite indicating
that 1t was a late stage variant. These dykes zre cut by the guartsz
porphyry dykes (@iscussed in & later section), The orthcclase phenocrysts
in ths finer grained adameilite usually pertizlly or completely enclose
smaller grains near their mafgins. In extreme cases, sieve textures
are developed in the orthoclase (142). The proportion of inalusions
decreases as the groundmass becomes coarser.

2.2.2 Boanding. |
Samples 106, 122, 128, Plate 2.

Throughout the intrusion there is discontinuous znd seemingly
randomly ordiented banding. t may ve up to z0 meters long and several
meters wide and may consist of one or several straight tands or a2 move

b
complex system as shovm in Plate 4§ ¢ .

Biotite rich (upto 3067} adamellite bands are most common and these
may be associated witﬂ bands low in méfic minersls and bands containing
up to 50% orthoclase phenocrysts. Both the biotite rich and biotite poor
banas have no orthoclase phenocrysts. Possibly related to the banding are
pods up to two meters across contairing about 505 orthoclase phenoerysts
and surrounded by a rim of biotite rich rock. These occur at 5616C0N
21850CE (Refer mep).

The bands have no selective grain ordientation and represent purely
modal composiiional variations. In thin section they are the same as the
normel adamellite except in the proporticns of bictite and orthoclase

Phenoerysts. Idwards ef al (1955} described *hese bands as "the remnenis
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of large bodies of well-bedded sediments essimilated by the granodicrite”.
However, the complex structurs of some of {he bands systems (P}ate 1 ¢)
their high lengih/width ratio, and the association of the different tyves
of bends does not support this, They sppear to have been formed in an zarly
stoge of erystallization by grein settling in the magma and processes
similar to sedimentation, and have subsequently been droken up to some
extent. The irregular orientation of the bands end the lack of grain
alignmert within them indicetes that they are not flow structures formed
during emplacement,

2.2.3 Xenoliths,

Samples 114, 143, 169, Plate 3 2.

Dark xenoliiths ranging in size from S5mm to 2 meters dismeter occur
throughout the CGrassy Adamellite. They are slightly rounded but their
nargins are usually quite distinet, =2lthough bccasionally the xenolith
grades into the adamellite. I thin section the nineral assemblagze is
essentially the seme as that of the adamellite, but the proportions are
different. They are hornblende 157, orihcclase 305, plagioclase 159,
biotite 1055, quartz 1%%, magnetite L%, chloriie 5%, svhene %7, apetife tr.,
zireon tr.

The hornblende is similar to that in the adamellite, as showmn by
the Mg/lig+Te ratio of 0.42. Biotite is partly altersd %o chlorite. The
feldspars are not &s well formed as in the adamellite, the greins being
irregular and poikoloblastic, Porphyroblasts of orthoclase and plagioclasc
occur in most xenoliths, forming <107 of the rock, and in some, very
irregular quartz por@hyzoblasts are present, The feldspars are usuelly
heavily sericitized. Like the orthoclase of the finer grained adzmellite,
the porphyroblasts of tan incorporate smaller grains near their margins.

The high titonium content of the xenoliths is reflected in the
considerable amount of sphene (563} wvhich occurs as well formed double
wedges or small needles. Apatite most commonly occurs as small idioblastic

crystals enclesed in guartz.
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P2,

The texture and grainsize in generzl is very similar to that of
tge finer grained adamelilte, It shows an extremely veriable grainsize
with poikiloblastic textures very commonly developad and appears to be
gpprooching & granitic texture due to the high degree of recrystaillization,
From their mineralogy the xenoliths appear Yo have originally becn
a basic rock. The sbundance of basic volecanics in the ereec of intrusian
of the Grassy Adamellite implies they zre most likely the source of the
xenolitha, The distribution of the xenoliths through the intrusion is
a result of their detactment from the roof of the magrma chanber and

subsecuent sinking into the magnma.

2,2, Contact Zone.

Samples 184, 185, 304, 307. Plate 3 b, c. A

where the rocks adjacent to the intrusicn are pelitic, the
adznellite remains almost unaffected compositionelly right up to the
contact, However, where calcarecus rocks are in contact with the adamellile
s contact zone rich in calcium is developed within the intruzion. The
average width is about 10 meters. This type of zone has been described
by Korzhinskii (4955) 2s an endoskarn.

In thin section, it differs from the ncrmal adamellite in that
plagioclase is the onlyrfeldspar developed very rear the contact (304).
However, orthoclase occurs farther from the contact, still in the contact
zone (307) and increases in proportion as the rock grades into the normel
adamellite,

The composition and grein size of the plagioclase is the same es
that in the adsamellite., However, it is partially altered to clinozoisite
as viell as sericite. The main difference lies in the assemblage ceveloned
between the-felGSPar grains, It consists of actinolite, calecite, guartz,
sphene and minor magnetite and epatite. The modal proportions of-the
tinerals in the contact zone are plagioclase 65%, actinolite 1503, calcite
10%, quarts 5%, sphene kY, apatite trace, magnetite trace. The ectinolite

occurs both as prismatiec greins up to Zmm long and elsc as szall needles
G
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and wedges ineluded in the caleive and quartz. Sphene is more abundant
than in the normal ademellite, some occurring as inclusions in the
plngioclase, but most is in association with the calecium rieh inter-
stiticl assemblage. Th2 avatite is associated with the sphene. Calcite
js in a very irreguler xenomorphic form, being controlled entirely by

the form of the other minerals. In parts it forms intergrowths with the
pctinolite., Fractures in the rock are often filled with celcite, Quartz
has a more distinct grain form end is less sbundant in the contzct zone
than in the normai adamellite.

From the assemblage between the feldspar greins, it is obvious
that there has been an influx of calcium from the adjacent calcareous
rocks, As there are no xenoliths in the contact zone and the confact
itself is sharp, the addition of calcium would have occurred by means of
diffusion rather than by assimilation. The increase in calcium caused
the development of actinelite instead of' the biotite and hormblende of
the unaffected edamellite. A4s the composition of the plagioclase was
unchanged by the influx of calcium, it must have already crystallized,
along with some sphene, B the time of the emplacement of ihe ademellite.

From the proportion of feldépar in the rock, zbout &5% by volume
of the magma would have erystallized at this stage. That the magma was
eaplaced in a well erystellized stete is supported by the fracturing of
the feldspars in the contact zone, This, however, may only apply to the
marginal zones of the intrusion which cooled guicker than the rest of
the magma,

Since calcium has diffused into the magma then some components may
have diffused outwards into the country rocks. The lower proportion of
quartz relstive to the unaffected adamellite indicates that 5102 was one
of these componenis. A4lsc, the lack of biotite and hornblende indicates
that potassium, and possibly aluminium, has 2lso been lost frem %he
intrusion. The titanium in these mefic mincrals of the ademellite hes

gone into the sphene.
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Korzhinskii (1555) ard Perry(ﬁ969) describe endosxarns in the
contact zones of granitic intrusions. In both these cases, the inwand
diffusion of Ca has had a much greater effecl on the.magma than it has
on the Gressy Adamellite. They observed zones of diopside-garnet, garnet
and then pure salite approaciiing the contzct from within the gronite,

The lack of these minersls in the contact zone of the Grassy Adamellite
is probzbly due to the higher water pressure in the megma as indicated

by the development of actinolite instead of a pyroxene. The limited
textural change is o result of the exlent of crystallization of the magne
gt the time of the complementary d%ffusion.

Somre diffusion of' elements across the contact of the adamellite
adjacent to pelitic rociks has occurred, but not o the same extent as when
near calcarebus rocks. Close to the contact with pelitic rocks there is a
slight decrease in biotite and hornblende indiceting a smell degree of
outward diffusion of Fe and K, The inward diffusion frqg the country
rocks into the intrusion probably consistsd of mainly A1. The main
changes that occur in the adamellite on.sapproaching the contazct are
textural variations {184 2nd 185). Grains of normal groundmass size have
become separcted by smollier grains of predonirantly quartz end potash
feldapar in the form of mierocline. The azbundance of these smaller grains
is due to the injection of late stage liguids inte the earlier mass of
crystals as in the finer grained, grever coloured adamellite described
‘previously. These liquids crystallized in the intrusion because of their

inability %o escape through the impermesble biotite hornfels.

2.2.5 Aplitic and Quartz Porphvry Dykes.

Samples 101, 125, 175. Plate 3 &, e.

Aplitic end guariz porphyry dylkes and numercus veins are distributled
through the Grassy Adamellite and range from 5mm to 5 meters in thickness,
They were formed by late stage liquids infilling the first set of cooling
fractures of the main intrusion,

In thin section the modal proportions cf minerals in the aplitic
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aykes (125 and 175) are querte 505, potash feldspar (orthoclase =rd micro-
. cline) 355, plagicclase 1G!, biotite (mostly chloritized) If% and magnetite
¢, The avercge grain size is 0.3 to O.b5mm but it is considerably larger
in some dykes (125). In the guartz porphyry (101) the groundmass is
similar to this and the rock contains 55 to 15: quartz phenocrysts about
imm in diameter. The texture is granular with grains often interlocking
end phenoeryst margins very crenuiated. In parts, granophyric {exiures
have developed.

2.2,6 Geochenistry.

(a) Major Elements. -

Chemical analyses by X.R.F, of samples of the Grassy Ldamellite,
with normative mineralogies, a&nd of the contact zone, are shown in Table 1.
These are compared with an anelysis of the Grassy idemellite from Edwerds
et 2l {1955) and.the composition of an average adamellite from Nockolds
(1954}, The analyses by the author show the chemical homogeneity of the
intrusicn (excepiing the contact zone) as indicoted by itz mineralogy.
However, the analysis by Edwards et al is significantly different,
skowing lower 5i0, ond K,0 and higher 41503, €20 and Ka,0. Besed on these
results- the rock was classified‘by Edwards et 8l as a grancdiorite, tut
it was stated that in some respects it resembles a quartz monzonite
(adamellite) and therefore, Tdwards et al described it as a contaminated
grarodiorite., #&As the composition of the intrusion, determined from the
authpr's analyses, compares well with that of the average adamellitfe cf
Kockolds, it has been described as such. However, the intrusion is not:
Bn average adamnellite in g1l respects, showing some trends towards a
granodioritic composition. The average KZO/ﬂazo + Ca0 ratio is 0.67
whereas the value for Nockolds' averzge adamellite is 0.79. The ratio
Nockolds quotes for the average grenodiorite is 0.42, & figurc well below

that of the Grassy Ldamellite.
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181 3 Normal.Grassy Adamellite

o S

162 Finer grained, greyer adanellite
in Grassy Adamellite

304 Contact zone near calcareocus rocks
Analyst PLH,

A Grassy Adamellite from Edwards
et a1 (1955)

B Averagé adamellite frem Nockolds

(1954)

L,0.I.= loss on ignition

* 1,13% L.0,I.= 0,967 H20+ + 0,177 H0
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The analysis of the sample from the contact zone, when compared
with those of the édamellite, irdicates more clearly than the mirerslogy
the movement of elemcnts across the contact. Besides tne introduction
of Ca and the removal of Si, K and Al indicated by the mineralogzy, sone
Fe and Mg appears fo have been introduced as well end minor lle removed.
(b) Trace Elements.

The abundances 6f Eb, Sr, ¥ oand Sn were determined in varicus
samples of the Grassy Ademelliie and associated rocks,

Rubidium ané Strontium:

Rb and Sr determinations were made only on those samples subjected
to major element anslysis. The results are shown in Teble 2 with Rb/S»
and K/Rb retios. As expected from the homogeneity of the intrusion the
results are internally consistent.

The average Rb content is 220 ppﬁ and the average K/Rb retic is
150, Horstman (1957) gives the average value for Rb in granitic rocks
as 170 ppm with the standard deviation, ¢ Rb, as 83 ppm and the asverage
K/Rb ratio as 240 with o K/Rb as 88, The Rb content of the Grassy

Adamellite, therefore, lies in the higher part of the range and the K/ab

ratios lie in the lower part. This is dus to the relatively hizh model
proportion of biotite (10-15% of the rock) in which 2b can substitute
for K.

The average\ér content of the Grassy Acdanellite is 490 ppm.
Literature values for the abundance of Sr in granitic rocks vary consider-
sbly. Vlasov (1954) lists the Sr content as 332 ppm with oSr as 25 pon.
Turekian and Kulp (1956) give the Sr content of Ca-poor granitic rocks.
Other values vary from 80 to 200 ppm. Overall, the Sr content of the
adamellite seems to be slightly higher than aversge, considering its
content of Ca for which Sr substitutes, However, high values of Sr in
granitic rocks are not rare, concentrations up to 2000 opm having been
recorded in the literature. The relatively high ér content of the
adanmellite is responsible for the low Rb/Sr ratio compared with other

granitic rocks.
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Rb AMND Sr (pnm) INN GRASSY ADAITLLITE,

a8 181 183 182
Rh 212 212 229 227
Sr 522 575 115 511
Rb/Sr 0,41 0.45 0.51 0.k
K/Rb 160 43 153 143

Analyst P.H, (X.R.F.)
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Tungsten and Tin:

VW ané &n determinétions were made on sarxples cof the adamnellite,
contact zoﬁe, xenoliths, guartszs porphyry and aplite dykes znd also on
sphene fractions from the adamellite and xenoliths. A full list of the
reaults is given in Appendix 3 and the ranges and average values for the
various rock types are showm in Table 3.

Since the lower level of detection of W by X.R.7. analysis is
gbout 20 ppm, the values of C-10 ppm obtained could be subject to
significant errors. These have been reduced slightly by naldng cmore than
one analysis of the same rock iype. There appears very little varistion
between the difTerent rock typss. However, the coutact zone near the
caleareous rocks is sligntly higher in W than elsewhere in the intrusion.
The contact zone near the pelitic rocks conteains the same ccnecentrztion
of ¥ as the normal adamellite. |

In relation to the world abundance of i in granitic rocks, the
Grassy Adomellite is higher than average. Krauskops (1970) iists values
which vary from 1.3 to 3.7 ppm, the average being 1.5 ~ 2.0 ppm. However,
graniftie rocks associated with zreas ol mineralizetion have higher contents
of V. Jeffery (1959) gives values of 2.6 - 1.2 ppm from Uganda, while
Ivanova (1969) gives velues up te 7100 ppm froz eastern Transbaikalia.

The slightly enomalous values of W in the Grassy Adamellite indicate that
it could have once contained significont W, but if so, the environnent was
unsuiteble for minerslization within the intrusion in contrast to the
situation in eastern Transbaikalia.

The results for Sn were also obfained by X.R.F. enalysis. Although
the lower level of detection is 2 ppm, the accuracy of the results, found
by analyses of rock standards, is not as high as would be expected, the
values tending to be slightiy righ. As for V¥, the 852 values show little
variation between the various rock types except for slightly higher
concentraticns in the éontact zone near the czleareous rocks., The avercge
value of 5 ppm for the adamellite compares with the average abundarce of &n

in granitic roclts, renging from 1 - 15 ppm and averaging about 4 ppm.
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TABLE 3

W 42D Sr (pom) IN GRASSY ADAVELLITEZ AND ASSOCIATZD ROCHS

ROCK TIPE RANGE . AVERAGE RAIGE = AVERAGE
1 0-9 5 3T 5
5 2 5-10 7 9-15 11
' 3 2-5 L 45 5
b 5-7 6 5-10 7
5 3-5 L >k I
6 3-6 L 57 6
i 7 1-4 2 4=5 5
SPHENZ FRACTICNE
ROCE. TYPE W Sn
1 134 118
152 | 176
2 136 178
L 92 146
' 68 133
1 Ademellite
2 Contact zone - near calgareous rocks )
o ; near Mine Series
3 Contact zone - neay biotite hornfels
L Xenoliths
5 Quartz porphry dykes
6 Aplite dykes cutting No.1 orebody.
7 Contact zone - Investigotor § area.

Anglyst P.H, (X.R.F.)
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The results of the analyses of thec sphenes were much more irformative

A

(Table 3). Sphene was one of the early Tormed minerals in the magma and i

ck

has the ability to concentrate many rare elements. Tt and ool

an sub~
stitute for 714 in the sphene. Therefore, if any signiTicant concen-
trations of VW and 8n existed in the megna originelly, ix will-be revealed
in the sphenes.

The averzage value for Y of 141 pom in the sphene from the adamelilte
is very high when compared to the mean values of 20 ppm from Lyakhovich
and Balanova (1968) and 16 ppm from Ivanova ard Butuzova (1968) in unmin-
eralized granites. Therefore, the Grassy idamellite has, at some stege,
contained o significant amount of V. The average Sn content of the sphene
from the ademellite is 157 ppwm. This is well helow the mean values of
LONL ppm from Lyakthovicenh and Bzlanova and 370 ppm from Ivanova znd Butuzova
in unminersiized gronifes. The intrusion, therefore, never contzined
significant proportions of Sn. The sphene extracted from ths xenclith
showed concentratiohs of V[ and Sn siightly lower than that in the
adenellite, Thiaz is due to uhe introduction of these-2lemenis into the
berren xenolitiis from the megma enclosing them.

Since sphene forms less than Z) of the =damellite, anomalous values
of 7V ere not shown in tre rock as a whole, W is concenirated to 2z small
extent in the blotite and hornblende and does not enter into the structire
of feldspar end quartz. The slightly higher concentrations of W in the
contact zone near the calcareous rocks is due to the higher proportion of
sphiene in this region.

2.2,7 Isotonic ipe Determinations,

A hornblende and a biotite fraction from sample 183 of the Gressy
Adanellite were dated using the arC/ar3” method (Green 1973). The vaiues
Obteined were 376 m.y. for the hornblende and 374 m.y. for the biotite.
The slightly older horrblende date could be duec to the earlier closure of

the hornblende lattice to the loss of argon than that of the biotite

lattice. However, both dates agree 4o within the estimoted error of + 5 .y,
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YMcDougall and Leggo (1965) éated the Gressy Adamellite and essociated

uélitic c¢ykes by the K/ir method and obtained ages ranging from 342 m.y. o
349 m.y- Therefcre, they concluded that the age of the emplacement of tie
jnirusion is 345+ 5 m.y.‘ On the basis of the age of the Devonian -
Carboriferous boundary of 360 m.y. used by McDougall and Leggo, they placed
the Gressy Ademellite in the early Carboniferous. However, the Arhojgr39
ages given above indicate the intrusion was emplaced in the late Devonian.
In view of the known ability of bieotifes, and to scme extent horrolendes,
to lose part of thelr argon in any subsequent tectonic event the dates
recorded in this thesis are probably more accurate than those given by

KcDougall and Leggo.

2,3 BOLD EEAD /DAIELLITE.

Samples 191, 194, 195, Plate 3 f.

Several samples of the Bold Head Adameilite were collected from
drill core in order to compare them with the Greassy Adamellite, In hand
specinen and thin section both intrusions are very similar mineralogicall:
end texturally. JAlso, the type and extgnt of alteration of the feldspars
end biotite were the same. In the semples of the Bold Head Adamellite
studied, the plagioclase was not zoned to quite the same degree as that in
the Grassy Adomellite énd also it was slightly more sodic. The composition
of the unzoned grains is An 28 with little variation and the zoned grains
ranges from An 21 to An 24.

Features such as banding and regions of finer grained adzmellite
vere not observed, probably due to the limited access to samples. However,
sirall clusters of hornblende and biotite were found (361) and these
Te?resent the small besie xenoliths that clso occur in the Grassy Adamellife.

The contact zone of the Beld Eead Adamellite has been described by
Large (1969 ard 4974). I% differs from that of the Grassy iAdamellite near
03103P85US rocks (endoskarn) Ey the occurrence of salite. Therefore, the
water pressure in the contact regions of the éolé Head Adamellite must hove

been lovier thon in that of the Gressy Ademellite. Large describes andradite-
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salite assexblages as parts of the contact zone endoskarn. However, hie
néin eriterion for plecing these assemblages in the endoskarn rather than
the exoskarn, namely the occurrcnce off sphene supposeily derived from the
initial adamellite, seems doubitful since spherne is a common constituent
off skarns.

Major element enalyses were made on three samnples of the 3old Head
Adamellite, These are shovm in Table 4, along with their normative
nineralogy, and are compared with an analysis from Large (1962) and the
average of the author's analyses of the Grassy Adamellite. Also shovm is
Large's analysis of the endoskarn from the Bold Hezd Adamellite compared
with that from the Grassy tdamellite, The anaiyses of the zdamellite
show little varistion apart from the low Ca0, Nazo end F9203 + Fel in
Large's analysis giving the high_KzQ/ﬂazo + 020 retio of 0.S5L., The low
total from this analysis indicates that the percentages of these elements
given, especially Ca0, are probably in error. On the basis of chemical
composition, the Bold Heed Adamellite is almost identlcal to the Grassy
Adomellite,

gomparison of the altered contact zones of both intrusions, howevsr,
shows significant differcnces, the mein one being in the proportions cf
A1203. Large's analysis shows AlZO3 es higher then the unaltered adamellite
whereas the author's analysis shows it to be less, therefore implying
different movements of Al across the contacts. The inward or outward
diffusion of L1 probably depends on the rock type in contact with the
intrusion (Section 2.2.4), Other smaller differences between the two contact
zoncs are lower proportions of S$i0,, Na20 and CaCO-_,J (indicated by the low
ignition loss) in the Bold Head Adamellite,

The trace elements Bb, Sr, W and Sn were determinasd@ in the three
sarples subjected to major element cnalysis, The results cre shown in
Table 5. They ere, 25 expected, very similar to those of the Grassy
Adaméllite.anﬁ therefore the same conclusions can be drawn from them,

A biotite fraction from sample 195 was dated using the ArhO/Ar39
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I.D.7, NORMATIVE MINBRALOGY.

Ak
Cr
LD
An
Co
Yyp
It
Il

An

27.2
22,8
29.4
1%.2
0.7
6.8
1.5
0.8

0.5

99.5

124 122 A Ga B 304
68.07 68,53 68,04 68.61 59.48 63.06
14,05 13,76 15,65 14,81 20,22 11.31

3.06 3,14 2.53 2.92 4.10 4,80

2,67 2,40 1,26 2.65 8.62 40,28

3.47 3.13 2,87 3,31 1.04 2,54

3.81 k.18 3.88 3.57 0.37 Nil

1.31 1.41 1.58 1.36 1.86 2.65

0.46 0.45 0.56 0,48 0.58 0.62

0.0k 0.03 0.03 0.04 0,15 0,26

0,20 0.19 0.12 0.19 0,04 0.28

1,23 0,94 1.14 0.75 0.24 .73
98.37 58.13 96,65 99.09 96,70 100,57

C.63 0,76 0.94 0,67
25.9 27.1 26.3
22.9 25.2 23.7
29,9 57.0 | 28,3
1.7 10,9 f 12,0
Nil 0.2 0.7

5.7 6.0 5.5

1.5 1.5 1.5

C.9 c.9 0.9

0.5 0.5 0.5
95.0 99.3 99,4
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191 )
Bolgd Head Adomellite
19% '
Analyst P.H,
)
195 )
A Bold Head Adamellite
fron Large (1969)
GA Average of analyses of
Grazssy ifdamellite.
B Contact zone of Beold Head
Adanmellite from Large (1565)
304 Contact zone of Grassy

Adameliite near calcareous
rocks.

L.0,I., = loss on ignition.




Rb, Sr, 1 #ND Sn (nnmj IN 50LD HEAD 4DAVELITTE

Sn
¥ in sphene

Sn in sphenes

191 A%
2L3 220
L97 519

0.45 0.42
130 1

6 3

5 4
170 n.d,
164, n.c.

n.d., = not determined.

Analyst P.H, (X.R.F.)

001038

224

501
C.L5

155
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method (Green 1973). The agze of 368 £ 5 m.y. obtained agrees wiin the ages
geternined for the Grassy Adamellite within the estimated ervor limits.

From 2ll the aspecis of the Grassy and 3old Head Adamellites consider
ed it is clear that they are closely related end prcbebly originated from
the szme source,

RELATION CF INTRUSIVES TO0 GRAESSY RIVIR FLULT.

As there is no outcrep in the areszs where the Gressy River Feuit
meets the Grassy and Bold Hesd Adamellites, the relationshiip between fault
and intrusives must be inferred from stractural elements within ghe Grassy
Adamellite. The Grassy River Fault strikes 5400 ragnetic and exterds about
five kKilometers on land, Its extent out to sea is unkncvm.

In the Grassy Ademellite the quartz porphyry dykes and veins,
intruded along the first formed cocling fractures in the intrusion, were
divided into groups,a2lcng the section mapped, based on outcrop patterns.
The poles of these in each group were plotted on separate equal area
stereographic nets and contoured. These are shotm on Men 1, The most
northerly group, which is closest to the fault, shows a distinel great
cirele distiribution perallel to the fault and dippirg about 50° & (Fig.3).
Por tﬁe group to the south of this a similar, but less distinet, pattern
is showm, but the great circle hzs been rotated 2c9 - 300 (Eig.h). The
grouns further south show essentially no trends.

Plots of the unrilled joints in the intrusion show no significant
patterns. The bandirg throughout the Grassy Ademellite, when plotted on
an equsl arez nel showed zn interesting distribution along a great circle
parallel to the fault, but divping ebout 40° W (Fig.5).

The zbove features suggest the Grassy River Fault was in existence
and active during and probably before the emplacement of the Grassy and
Bold Head iAdamellites, Therefore, the Bold Heed idamellite is probably
& small offshecot from the Grassy Ldamellite intruded along a zone of wealiness

associated with the fault.
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Fig. 5. Plot of the poles of the bahding in the adamellite.
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LAGIEIICS

An interesting fezture of the Grassy and Bold Head Ademelliics is
the difference between them magnetically as revealed by an zercmagnetic
survey. The pattern over the Bold liead Adamellite is regular showing a
steady increase in in%tensity towards the cenire of the intrusion., The
Grassy ldamellite however, shows & much more variable pattern, bLeing
megnetically very "noisy". In the section of the intrusion studied the
pmegnetic highs and lows do not correlate with any petrological variation

or the basic dykes. The basic xenoliths could be ihe cause of the magnetic
irregularities but they appear too smell and oo uniformly distrivuted to

cause them. This problem is discussed further in the next section.

-

CEIZRATION AND BPLACEENT OF MAGIA

2.,6.1 Gereration.

Hormative &b + Or + Qz mekes up 76 - 81% of the Grassy and 3cld
Head Acdemellites and & plot of the Ar - 4b - Qz ratios are shown in Fig.b.
Also showm are the ternary minima at 2, 3, 5 and 10 kb PL20 (after Luth,
Jahns and Tuttle 196L). The plots show little veristion and the plotted
roints lie close to the minimum a2t 2 kb PHZO’ indicating thet the melting
vhich generated the magme occurred at a water pressure of or less then
2 ¥b, iowever, PHzo Juring melting cannot be fixed with this degree of
precision since there is likely to be some erfor in the provortion of
nometive feldspars due to the presence of biotite end minor hornblende
in the adamellites. Also, this determination of PH20 assumes there has
been no contarination efter melting has ceased,

Fig, 7 is o plot of the same samples on the 5102 saturated surface
of the Or - 4b - An - 8i0, system, projected onto the Or - £b ~ Ain face of
the tetrahedron. The lines drawn represent the boundary curve between the
plagioclase and orthoclese figlds at different EE?D (after Tuttle and Dowen
1958). fThe lower solid line applies for PHEO'Of'1 kb and the upper solid
line for PH20 of 10 kb, This renge covers all pressures in the crust at

which granitic megmes are genercted. The doitted lines mark the limits

i
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Or

Fig, 6. Flot of Grassy and 30ld Head idamellites in the sisten
Or - Ab - 5i0s and comparison with the minima at 2, 3, 5
and 10 kb 2 0 (after Luth, Jahns and Tuttle, 126kL,.

2

Ab

Fig, 7. Plot of Grassy end Bold iHead Ademellites on the Si0
saturated surface of +the Or - Ab - 4n'system and
comparison with the minima from 1 to 10 kb P,

(after Tuttle and Bowen, 1958). 0

2




et R R ) S A4

wargl

fRT0A0 23,

of possible anzlytical error in Cetemining the position ol the boundary
curve. Since ihe boundary curve represenis z terperature "valley™, the
curves in Fig. 7 delinezte a low temperature trough inte which the
compositions ¢f all granitic melts should fall regarcless of the PHgO
at which they are generated. However, the CGraossy end Bold Head Adomellites
plot well outside this trough, in the plagioclase field, ZIrrors in the
determination of normative feldspars are unlikely tc have chanzed the

retios sufficiently to allow for this., Therefore, it zppears that the
magme was contaminated.

Considering crystzllization of the magme, if beginning at the
present composition of the adamellites, then plagiocluase would have been the
first mineral to form. However, the ocecurrence of large orthoclase
phenocrysts indicates that potash feldspar crystallized first. ITherelore,
at some stage,the composition of the magma lay in the orthoclase rield
but since the erystallizaticn of the orthoclase it was ccontaminsted,
resulting in an increase in Ca.. The occurrence of btasic xenoiiths in the
Grassy Adancllite provides a possible scurce for the contaminaticn. During
recrystallization of the xenoliths elements would nzve diffused from the
basic rpck intc the magma and vice versa., This then is probably resnonsivle
for the tendency of the adameliites towards a2 granodicriie in some respects.
2.6.2 Emplacement,

(a) Depth.

Buddington (1959) considered the dspths of emplacement of granitic
rocks and recognized three depth levels. These are @

1., Epizone {0 - 4 miles).

2, Yesozone (5 - 9 miles).

3. Catazone (7 - 2 milec).
with transitional zones between them, In determining the depth of emplace-
ment of the Grassy sdamellite and also the 30ld Head Adamellite, the
following festures are significant in the light of Buddington's work:

1. The intrusions are discoxdant with the eountry rocks.

2. The Graasy tdamellite is virtually hemogenecus in conposition.
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3. No lineations or foliations occur through tre intrusion,

4, Basic xenoliths are distributed through ihe intrusior.

5. The contact with the couniry rocks are very sherp,

6. The country rock cutside {the contact metamorvhic zons is
unnetamornhosed,

7. Associated basic dykes are comnon.

8. Sonme aplite dykes and veins occur but distinct pegmatite
veins have not fecrmed,

Fron the above it is concluded that the Grassy and Bold lead

Adamellites were emplaced in the epizone.

The occurrences of contéct metesomatism adjacent to the intrusions
implies that the present erosional surface is clcse to the top of the
intrusions, It is difficult to determine an zccurate depth ol euplace-
ment by stratigrarhic means as the thickness of the sequsnce of basie
volcanics and the proportion of it into which the plutons have intruded
is unknown., Also, there is the possibility that fomations eoverlying tihe
volecanics at the time of intrusion have since been removed by erosion.

Badgley (4965) related the crustal level in which pluton is
emplaced and the time of emplacement with reference_to an crogenic periagd.
High level intrusions in which the magma has moved considerably from the
source region are regarded as post orogenic., The Grassy and 301d Heed
fdamellites are of this type. The isotopic age determinations indicate
that they were intruded soon after the close of thé Tabberabberan Orogeny.
(b) Mechanism.

Badgley (1965) gives three possible mechanisms for the emplacement
of high level plutons. These are :

1. Forceful Injection. Active rise of an intrusive mogmae together
with its outward expansion and pushing aside of the country
rock.

2. Permissive Emplacenent. Active rise of the magna but with no

active pushing aside of the wall rocks.
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3, Magratic Stoping. Pessive rise of the magma by means of sinking
of the roof bleeks through the magze.

A characteristic feature of plutons anplaced by either of the first
o mechanisms, javolving active nmagma rise, is the developzent of lineary
or platy fiow siructures. The banding, as discussed previously, in the
Greasy Adamellite is considered not to be a flow structure but an early
crystallization feature, Its preservation would imply a passi%e emplace-
ment of the intrusion. The first mechanism is furthesr ruled cut by the
lack ol defoxmatlion of the country rocks near the contact, as 2 result of
the intrusion. This leaves magratic atoping as the mechanism. OUther than
the features already mentioned, this mechanism is further supgorted by
the very sharp contacts and the occurrence of xenoliths through the Grassy
Adamellite,

Magmatic stoning involves firstlf fracturing of the overiying rocks
due to stress caused by the intrusion and subseguent foundering of the
fracture controlled blocks in the roof of the magma chamber, The blocks
sink 25 their spécific gravity is higher than that of the megma and the
magma then rises to occupy the vacated spaces.

Since the busic volcanics were the uppermost rocks to be iniruded,
xenoliths of these are highest in fthe intrusion, Assimilation is minimal
as the magma temperature was wéll below thie melting temperature of the

basic¢ volcanics. Due to lower resistance to0 movement in the megma it is

likely that the larger xenoliths sank faster than the smaller ones which are
now exposed on the present erosional surface. Therefore, the existence of
larger xenoliths below the surface could provide an explenation for the
magnevically "noisy" nature of the Grassy fidamellite. The lack of magnetic
anomalies within the Bold Head Adamellite implies it contains ne large

basic xenoliths. This is due to the smzll size of the intrusion and also

to its intrusion slong & well breccisted fault zone where xenoliths

produced during emplacement would have been oo smell to be detected on

an aeroragnetic survey.
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p,7 COMPIRISON UISH T WIDDLE PALANOIOTC SASILIIAN TTH GRUNITES.

. Following the Tabberabveran Cregeny in Tasmonia, a nurber of acid
to intermediate plutonic rocxks were intruded. Thelr rzdiozetric ages, Trox
Rb-Sr and K-Ar methods, range from 326 t2 375 million years. The intrusicns
are of the alkaline to calc-alkaline type uand show cross cutting reiation-
ships, snerp contacts and narrow contact surecles. The most zbundant rocic
types are granodiorites and adamellites with guariz diorite and dlorite
developing in parts. Granites are relstively rare. Severzl of the
intrusions contain, or are essociated witi, tin deposits and also some
tungsten (wolframite) and sulphide mineralization,

Klominsky and Groves (1970) list %he average chemical comzositions
of various tin bearing intrusions in Tasmanis, They show 1little veriaticn
but differ significantly from the Grassy and Bold Hezd Adamellites,

Typical examples are thé iereditr end Pine Hill intrusives. Their avercge
chemical compositions and Bb, Sr and Sn contents are shown in Tsble &
along with the averaze values Tor the Eing Isiand rocks. Tne tin granites
contain more SiO2 and K20 ané less Cal, lig0 and Fe203 + Fe0 than the Grzeosy
and Bold Head fdamellites., The difference in Cal and K20 gontents is
reflected in the lower anorthite content of the plagioclase (in 6 - An 5
in the Pine Hill Complex) and the higher progortion'of orthoclase relative
to plagioclase (Or 4255 and P1 155 in the Neredith Granite) in the tin

_ granites,

The b and Sr contenits differ in the tin granites in that Rb is

higher and Sr is lower than in the Grassy and Bold Head Adamellites as
shown by the Heredith and Pine Hill intrusives. Tin mineralization
essociated with the Meredith Granite is less than that associated vith

the Pine Hill Complex. This is shown in their respective Sn contents.

It is interesting to note trat the Rb 2nd Sr contents of the Meredith
Granite, whose Sn content is similar to those of the Grassy and Bold Head
.Adamgllites, approach the b and Sr contents of the Xing Islond rocks more

closely than do those of the more nineralized Pine Hill Complex.
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TABLE 6

- ——— el

MVERAGE CHEZICAL ATULYSES QOF IDIRTDITH ofid PIHE

HILL IITCRUSIVES COUPARYED VITH AVIRAGE Or GRASSY

AND BOLD HMaAD ADAVELLITES,

A B GBA
73.28 73.30 58,58
13.67 14.85 1446
2,03 2,64 2.99
0.58 0.61 2.57
3,30 1.88 3.33
L.55 .30 3.96
0.77 0.63 1.36
0.25 0.0 0.47
0.03 0.05 0.0k
0,03 0,03 G.19
0.€9 1.16

0.90

0,28 0,17

{0,2 0.40 n.d.
99.46 100,06 28.85

253 768 224

37 7 496
L 43 5

n.d, = not deternined,

Keredith Granite )
) From Groves et 2l (1972)
Pine Hill Complex )

Grassy and Bold Head fdomellites.
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There are two possidle explznations for the differences vetween the
Grassy and Bold Head Adameilites and the Tasmanian tin granites. One is
that ihere has been contamination of the ring Tsland rockes with bacic
materizl., Tne other possibility explains the differences on the basis of
a lesser degree of differentiation than in the tin granites. -Sr isotope
date would resolve these problems but, as discussed in section 2.5,
contamination seems a more likely explanation.

From isotoplc age determinations on granitic¢ rocks from Tasmanis,
UcDougaell andé Leggo (1963) recognized two phases of grenitic emplezcement
in the liiddle Palaeoﬁoic. Ore was during the late Devonion (centred zbout
370 m.y.) and the othgr during the early Carboniferous (centred sbout 34C
m.y.). They placed the Grassy sdamellite in the second phase. IHowever,
the ArAQ/&r39 ages indicate that the Grassy and Bold Head Ademellites
belong to the first phase. Thre iiiddle Palaeoczole graniiic rocks of noruh

east Tasmania were apparently emplaced predominantly in the first phkesc snd

nost of those in the north west in the second phase. No signifieant
distinection cen be made between intrusions of the first znd second pheses
and tin and tungsten mineralization is associated with grenitic rocks
emplaced dufing both pheses.

Comparison of the K/Ar and the Ho/Sr results guoted by McDougall
and Leggo for the Housetop Granite suggest to the author that the youngesr
K/kr ages ave due to0 the loss of argon from the biotite as a result of 2
tectonic event after emplacement, Therefore, the Rb/Sr ages are more
accurzte, If this applies to 211 the intrusions apparently emplaced in
the second phase in the early Carboniferous then in fact there was only one
phase of intrusion in %the lcte Devonian., Hence the Grassy and 3old Head

Adamellites were emplaced at zbout the same time as the rest of the

!iddle Pelaeozoic granitic rocks in Tasmania.
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5,6 BLSIC DVIES.
s£mp1es 75, 76, 148, 165, Plate L.

The Grossy Adamellite and part of its contael aurecle has been
intruded by basic dykes up to three meters wida. Tn thin section, their
basic mineralogy consists of & groundnoss of' plagioclase, hornvlinde and
oagnetite, znd phenocrysts of hornblende.

The grourdmass plaglcelase is well twinned anl also zoned. The

n the groundmass heave

tn
[ED

composition is cuite varizble. The larger grain
2 core of composition about An 50 whereas the snoller groins have a core
of about An 35, The more sodic rims have & cocmposition of &n Z0.

The homnblende is browvn and usually well fcrmed and twinned,

especizlly the poienoerysis. The lVg/l’g + Fe ratio is 0.25. The degree

of' hornblende alteration varies through the dykes, some containing fresh
hornblende ané others with hornblende completely aliered to iron rich
chlerite and minor epidote. TIn parts, hornblende 1s pseudomorphed by
magneiite. In the dykes intruding the ademellite (149 and 165) where
alteration is significant, calecite ceours es a late stage ninerzl, It
formed e2s 2 result of the caleium relezse from the alteration of the

hormblende., Tnese dykes ore contominated witlh sericitized orthoclase and

plasgioclase, cuartz and minor sphene from the adazmellite. A1l <the con-

e R B o ok R ik

-

taninating minerals show signs of resorpiion. In the basic dvkes iniruding

ﬁﬂ.i«i;f—

the /ine Series of lio.? orebody (75 and 76) the abundant caleite has forued,
more as 2 resulit of contamiration from the calcareous uniis +than by
alteration of the hornblende. The quartz in these dykes has zlso come

from the iline Serles rocks.

From the mineralogy of the basic dykes, they are cescribed as
lamprophyres, The oniy exception to this observed is the rmost westerly
basic dyre (7‘) lvtruding the Iline Zerles of No.,i1 orevody. I+t conteins
phenocryste of plagioclase up to 5mm in diamcter end hence canrot be
Itermed a lamprophyre. The plagioclase is artlylsericitized and altercd

1o zoisite ond does noS onpear to be a contaninant mirerel.

S/
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Fig. fe showing a vose disgraem of tha strikes of oll the basie

HEs,
indicates thelr geneval K - 8 trend., However, they lic over a wide snread
of values, hutv when divided into two groups wiih the dividing lire at

.. -

56938600 2156300 then the dykes to the north trend genernlly FIVW - S5

%]

(Fig. 8b). 7This is parallel 4o the Gressy Iiver Fault. To the south the

. ) ) . . .
trend of the dykes changes through 307 {¢ about 107 as shown in Fig., te. £As

indiecated by the gquartz porphyry dyvies, this is due 4o a change in
strike of the fault,
- . PP e W 2
4 hornblende fraction from sample 165 was dated by the Ar/ir

method (Green 1973}, The result obizined wos an age of 345+ 5 m,y. which

-

iz only 25 m.y. to 30 m.y. younger thon tne Grassy and bBeold Head idaneilites.

Pherefore the Dasic dykes were probebliy intruded in the same tectonic phese

as the Grassy and Bold Hezd Adamellites.
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Section threust o hond specimen ahowing lovge reclongular ovlha-
clace phonocoysts sed in e cosrne pralnhed ginundaase,  Inclucious
in the phenocrysts zre wostly biectite,

(100, x 0.9).

Pypleal texture of the grounimnss observed in thin-sention (0r -
orthoclese, F1 - plagioclesz, 3z — guartz, Bi - biotite),

(100, crossed volars, x 13%),

Well developed cscillatory zoning in plagicclese with sericitlz-
allon more inlense in certain zones.

(145, crossed polers, x 13,

Miner greined sdemellite, Greins.grade up L0 the size of those
in tre groundmzss of the normal zdemellite.

(155, crossed polaws, x 933,

Sicve texbture developod in large orthoclase groins in the finer
groined sdanellite,

] LY
(1q2, crossed polars, = 13).
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Run D
zenting ig Gyessy Adomellile

Streight bond rich in biotite and containing no ortheelas
phenocrysts,

(5615008 2181008},

Straight bands both rich in biotite {d ar¥) and conteining 1little
& ng

Lore complax systen of biotite-rich bands resenbling cross bedding,
(5609001 247850E).

Band contzining a higher proportion of orthoclase ghenocrysts

thon the normal adamellite anid saudwiched between two thin biotite-
rich bands,

(5630508 2200508},

Texture of a biotite-rich band as seen in thin section.

(106, crossed polars, x 13).
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Xenclith, Conbect Zone, ;nlite end fpacks Porohwy, ond Bolld

i o —r——"

1eaqﬁﬁﬂamellite.

aroilite. Maolie minerals are grunduant

ond wany grains have a finely poikiloblastic texiture.

{14k, crosse? polars, X 133,

Contach zone neer caleareous rociks showing the galoareous
assemblage of caleite (0e1}, setinolite (ﬁct} arnd sphene {Eyh]
developed belween the large plegioclase gralns (P1).

{30h, crossed polars, ¥ 13},

Contact zone near pelitic rocks. The texture is similar to that
in the fine greined sdamellite with grains of normal growdnass
size becoming the phenccrysts. |

(i85, crossed polers, x 13).

-

2 LT

Aplite wiih cooasionel gusrks phenoerysts. Poorly developed

granophyric textures in paris.
{475, crossed polars, X 12},
{uartz porphyry. Groundmass similarrto aplite but granophyric
fextures are not ﬁevelopeﬁ, Presence of mlcreeline is shovn by
the cr053~hatcheﬂ"£winning,

(i01, crossed polers, X 15}

Bold Mead Adarmellite showing great similarity with the Grassy
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Yyolcal baaice dyke inﬁruﬁing_the Gruzsy Adanellite, Widih 1 meber,
Several bzsic ﬁykbs in =n area vhere the irassy Adsmellite has been
lntruded by a large nurber of the dykes. They all strike roughly
HHﬁ.

(559800% 21 6400%).

Lemorophyre showing euliedrel hornblende phenocrysts sef in a fine
grained groundmass of mainly plagioclsse laths and hornblende.
{155,‘crosseﬁ polars, x 13).

Lawmprophyre in 2 dyke intruding the ifine Series of Ho.1 orebody.

T+ has been contaminateﬂ with czleite {Cal) and guarts (Gz) from

the couniry rocks. Derk greins are chloxite formed by alteration

D of hornblends.

{76, crossed polars x 13},
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3,1 IHZRODUCTIOH.

CO0LC63

In studying the mineralization of the rccks forming the scheeliie

geposit of No.i1 orebody the main reoek types of interest are the calcarcous

units. These are the marble beds, pyroxsne garnet hornf'els, andradite

skern and the banded footwall beds. Sampies of these weras collected from
the open cut and also from drill core of diamond drill holez along section
7 (Map 2).

Detailed thin section descriptions of typical examples of eech of
the calcareous units are given in Appendix 2. The following sections of
this chapter are only a discussicn of the significant aspects of their
petrology.

The marble studied occurs in beds within B lens and slsc in the thin
marker bed in C lens. The andradite skern came from both orebodies in C
lens end alse in the mineraiized parts of the banded footwall beds., It has
been studied as a whole with no distinctions made -between the top énd bottom
orebodies as the differences that do exist are due to the originsl bed&ing
and not to metamorphic or metasomatic effects. In B lens the andradite
skarn is not very extensive and has been almost completely mined cut, so it
was not studied in detail, The only unmineralized banded foctwall beds
examined were those near the top of the unit where marble bands still occur
in the rock.

In discussing the types of skarn at King Island, with respect to the
processes that formed them, the terminology of Korzhinskii (1955, is used.
Korzhinskii distinguishes two types of metasomatism. These are :

4. diffusive metasomatism which involves ions in the saturated
poré spaces of the rock moving in the direction of decreasing
concentration.,

2. infiltration metasomatism in which ions are transported by

solutions inveding the rock.
At King Island, two way diffusion (bimetasomatic) of ions has resulted

in the formation of the endoskarn zone in the Grassy idemellite, aos dis-
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cussad in section Z.2.4,. aidl also the nlueral bandirg in the banded
féotwnll Lads. Infiltretion metasomatiism, possibly with miror bimeta-
sonatic ciffusion nas foimed the minerzlized sncdradite skarn (exoskarr)
feom iz sultable calecureous units.

3.2.1 Patrogravhyr.
samples 4, 42, 205, 259, 273, 317, 322, 331.  Plate 5.

The cerborate contant of the marble is usually 60 =707 caleitc wilh
small zmounts of dolomite (identified from X.2.D.). The scilicate minecrals
present, in decveasing order of cbundance are forsterits {0-15%), the
hamite minerals (0-1545), diopside (2-53), quartz (C-5%), xenthophyllite
(0-2%) erd vesuviawite {trace). Green spinel of the spinel-hercynite
series (0-2%), magnetite (2—5%) and apatite (trace) are also vresant.
Kimsane (1968) recernds the occﬁrrence of brucile. However, this was not
¢bserved by the author in the narble,

Textures are voriable, even over the small distances in 2o thin
section, In parts, the marble is grenulcblastic with distinet polygonal
calcite greins but in cother parts, the caleite feorms large irvegular greins
of varizble size and of'ten poikiloblastic,

Forsterite and the humite minerals have similar forms and occur as
rounded eguidimensional grains. Symplectic intergrowths with caleite ere
cormon with the larger greins (34 and 205). However, Torsierite is most
ebundant where there is little of the humite miﬁcrals (3L) and vice versa
(205), reflecting variations in the proportions of O and F . The
pleoﬁhroism cof the humite minerals, « pale yellow to golden yellow, B

colourless to lemon yellow, y colourless to pale yellow, indicate

/]

a
variction from chondrodite to clinohumite, The high optic oxial angle

0 on© N . n .
(80" - g0 ) of' the colourless grains ol the sane form as the humite
minerals indicates that they are forsterite and not norbergite., The
humite minerals ere most sbundont near fractures in the marble, expeclsily

the elinchumite (2592), <he diopside is more zbundant with the Torsterite
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and similarly occurs as small grains but with 2 more prismatic fomm,

In one of the samples studied {205} a few grains of scheelite were
round. They are xenoblastic, well rounded and appear to have grown at
the expense of the calcite,

In the Investigafor & area, the marble is similar to that in the
Mine Series. However, the development of the humite minerals is not as
extensive although some occurs around fractures (331). Bedding is visible
where impure bands occur (317 and 3241). In parts these have reacted with
the marble to produce grossularite and diopside bands (321) as in the
banded footwall beds.

3.2.2 Petrogenesis.,

From the l{g content of the marble, it is clear that most of the beds
vere formed from dolomitic limestone. Most of the lig became incorporated
into the humite minerals and the diopside. In +the alterstion of the
marble 1ittle silica wes introduced as indicatedlby the lack of guartsz in
the fractures and the occurrence of magnetitie and spinei near them.
Therelore, the siliéa ncw present was originslly present in the limestone,
In some of the marble beds excess silica formed quartz and the coexistencs
.of this With calcite indicates that the tempersture was too low and/or

PCO was too high form the formation of wollastonite. The metamorphism
2 .

of the beds tended to purify the marble on a microscopic scale., Iron and

aluminium impurities were expelled from the carbonate and deposited as _
magnetite and spinel between the calcite grains,
During metasomatism, the marble beds were affected to some extent
by the introduction of the volatiles P, OH and F. These infiltrated
through the marble, especiclly 0OH end F ions. Larger elements (eg. Fe)
in the metasomatic fluids, however, were unzble to pass through the marble
and asntered only elong fractures.
The textures of the maerble indicate that equilibrium wes attained
only in parts of the rock, ie. where a granuloblastic texture occurs.

Regions showing large, irregular, poikiloblastic calcite grains and
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symplectic intergiowths are indicative of rnon equilivrium a2ssemblages.

- Phat this, in fect, is the more common situation 1s shown by the erratic

results obtained using the percentagze of lig in calcite as a geothermometer.
The ratios for four samples, along with the corresponding temperatures

(determined from Graf and Goldsmith (1958) are shown below :

% Mg, Temperztura (°C}
1. (238) 1.L ¢ 300°
2. (204) 3.2 ~ 400°
3. (e73) 1.k ¢ 300°
L, (258) 4.8 500°

The temperaturcs, except for szample 4, are well below those expected,
Sample 4 shows a more well developed granulcblaztic texture then the other
samples and therefore has approached eguilibrium more closely.

The similarity between the marble in the Investigator 6 area and
thet in the line Serigs indicates that the marble cutside the minerslized
region has also suffered fluorine metasomatism but perhaps to a lesser
extent, "The texture of the marble is distinctly more granuloblastic than
in the Mine Series marble representing a closer approach to eguilibrium,
probably due to the lesser degree of metasomatism,

PYROXENE GARNET HORNFELS.

3.3.1 Petrograchy
Samples 5C, 51, 53, 54, 3434 and B. Plate 6.

In hand specimen the rock consists of irregular shaped and sized
ovoids of predominontly celcite set in a dark, usually fine grained ground-
Les3. The proportion of ovoids is varisble and may be up to 25%.

In thin section the ovoids consiat of the following minerals in
general decreasing crder of sbundance: calcite, gquartz, actinolite, epidole,
vesuvianite, cordierite, sphene and minor scheelite., Where mineralization
in the ovoidis is significant, sulphides such as chalcopyrite, pyrrhotite
and minor molyﬁdenite‘has been recorded by Edwards et al (1955). Calcite

and quartz are invariebly present while the other minerals mey or mey nct
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be depending on the originel cowposition of the ovoids. In some ovoids
qﬁartz predominates over calcite, Actinolite, wvhen present, occurs as
long fine needles and wedges growing in the large guartz and calcite grains
(53). Sphene and scheelite are similarly included in these grains. Epidote
and cordierite however, usually cccur as larger well fomced grains. Vesu-
vianite is of'ten associated vith the cordierite. A rim of garmet surrounded
by a rim of pyroxene of'ten encloses the larger ovoids.

The groundmass coinsists of predominantly garnet and pyroxene with
subordinate quartz. The garnet is essentially grossularite as is that in
the banded footwall beds (ie ~ 75% grossularite and 257 andradite). The
pyroxene is diopsidic and apﬁears to have formed from the breakdowm of
the grossularite. The dominant mineral in the groundsmass varies tihroughout
the unit. Quartz snd calcite occur interstitially between the grossularite

and diopside.

Some parts of the pyroxene garnet hornfels have been minerelized to

an econonic grade. ‘here this has occurred, the ovoids become less distincs
and the rock apprcaches an andradite skarn, In generzl, it becomes more
iron rich and is therefore discussed with the skarn. In the Inveatigator

6 area &n iron rich rock (334 and B) containing ovoids in a fine dark

P T R F T T L e L EEEE

groundmass, showed a very different assemblage. The groundmass consists

of hormblende and guertz and the ovoids consiat of calcite, garnst, cordierite,
~quartz, chlorite, epilote, vesuvianlite, xanthophyllite, and are rimmed by

diopsidic pyroxene. TFrom the colour of the garnet; it eppears to contain

more of the andradite component than that in the pyroxene garnet hornfels.

3+.3.2 Petrozenesis.

Fron textural features, the pyroxene garnet hornfels is correlsted
with fhe carbonate-bearing tilloid of the Grassy Group outcropping slong
the coast to the nqrth of Grassy. It is poorly sorted and consists of
angular and subangular fragments of limestone, dolomitic limestone and
smaller proportions of gquartzites cnd silistones ;et in a matrix which

varies from predominantly calcite to chlorite-rich or iron oxide-ricn,
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The variaticnsin the tilloid are probably responsible for variations

35.

through the pyroxene garnet hornfels. The carbonate fragmenis formed the
calcite rich ovoids whereas the guartzite and siltstone fragmenis fomed
the siliceous and more aluminous ovoids. The pyroxene and garnet ground-
mass formed from an impure carconate matrix, 7The mineralized parts of
the pyroxene garnet hornfels represents nerts that were more accessible
to the mineralizing solutions than were the comparatively barren parts.
This could be due to compositional and textural varimiions or possibly
strustural control,

During metamorphism, dolomite and impurities such as iron, aluminium
and titanium in the fragnents resulted in the development of epidote,
actinolite, cordierite and sphene., In many ovoids the calecite and quartz

probably formed a gel-like medium in which the earlier {ormed minerals,

“actinolite, sphene ond scheelite grew (52). Evidote, cordierite and

vesuviznite appear to have formed later, a2t about the time the cuartz and
calcite crystallized. In the groundmass, grossularite was first formed
but bogan to break down, forming the dlopside. Silica must have been

intreduced from the intrusion since the silica content of the tillite metrix 5

is lower than that of the pyroxene garnet hornfels., The presence of minor

“scheelite in the ovoids indicates that mineralizing solutions have passed

through the rock,

The iron-rich rock in the Investigator 6 area is prﬁbably the product
of metemorphism but little or no metasomatism. The matrix must have been
initially siliceous zrd low in calcium as indicated by the formetion of*
hornblende and quartz. The calcarecus fragments, however, have develonad
a normal skarn assemblage., Cordierite formed in the more sluminous fragmenta.

BANDED FOOTWALL BEDS.

3.4.1 Petrogranhy.
Sample 56 . Plate 7 a2, b, ¢, d.

The banded footwsll beds, situated direcily velow the C lens orebodies,



001069 .
consist of 2 series of bands of different minerzls perallel to the Hedding.
The full sequence of bends are marble, melilite, grossularite, diopszidic
.pyroxene and biotite hornfels. This range may not be ccmpletely developed,
the end members, marble and biotite hornfels baing absent in parts, depending
on the ebundance of the calcareous end pelitic beds. The thickness of the
bands may be up to several centimeters but is usually less than 3 cm.
The marble bands are relatively pure, containing over 95% calcite
with a granuloblastic to decussate texture, The melilite bands zre not
as pure, with large well twinned grains of melilite (34% akermanite, 66¢%
gehlenite) often intergrown with calcite which also occurs along fractures
through these large grains, Grain shape and size is very irreguler
throughout the bands. Minor constituents are quartz and clinopyroxens.

The grossularite (75% grossularite, 275 andradite) is similar in composition
to that in the unmineralized pyroxene garnet hornfels. The bands may be
very distinct and pure vut often the grossularite containsg inclusions of
clinopyroxene and the bands grade into the\diopaide bands as the proportion
of inclusions increases. In the diopside band, the purity is varizble.

éome bands contain elmost solely diopside with e granuloblestic texture.
However, most of the bands contain some magnetite or grossularite. The
bands grade into or sbutt the fine grzined biotite hornfels bands end often
coﬁtain pyrite. Similar banded rocks have been observed in the Investigator
€ area but they are not developed as extensively as in the Mine Series.
Of'ten, thin pelitic bands in the marble béds show these diffusion bands.

In parts, the banded f'cotwall beds are mineralized with andradite
skarn having formed in the marble bands., The fine grained biotite hornfels,
diopside and grossularite bands-have remeined unaffécted and are therefors,
barren of scheelite. This rock grades into the bottom orebody as the

proportion of calcareous bands increases.
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3,4.2 Petrogenesis,

The mineral bands in the banded footwall beds have formed as a result
of bimetasomatic difflusion between the thin czleareous and pelitic beds,
Calcium has diff'used from the marble into the biotite hornfels while iron,
gluminium and silica have diffused the other wajy. This is showm by the fect
that the minerals formed, in passing from biotite hornfels to marble, show
an increase in calcium a2nd a Qecrease in silica and iron. Hetasomatisa in
the banded footwall beds has been entirely internal with no elements
introduced from the intrusion except where the andradite skarn has formed
in the marble bands,

Lﬁrge (19€9 and 1971) described these bimetasomatic banded rocks
from No.,3 orepody. The mineral sequence he lists is more extensive than
that in the Mine Series of MNo,% orebody, From the pelitic to the calcareocus
bands it is bintite, anthoghyllits(?L actinolite, tremolite, clinozoisite
and hornblende, dicpsidic clinopyroxene, grossularite and vesuvianite,
ekermanite and calcite.

ANDR:DITE SEARN.

3.5.1 Petrography.
Sarples 1, 2, 13, 18, 20, 27, 31, 32, 33, 211, 246, 270, 281, 294,
321, 335. Plate 7 e, £ and Flate 8.

In hand specimen the skarn is a dark brownish green rock, very dense
and consisting principally of garnet. The graln size varies from fine
grained up to garnet crystals over 2 centimeter in dicmeter. The larger
garnet crystals are usually set in caleite or quartz.

In thin section the skarn shows considerable variaotion throughout
the unit. The nminerals, in general decreasing order of abundance, are
andradite, clinopyroxene, calcite and quartz, hornblende epvidote, actinolite,
magnetite, sphene, scheelite and sulphides (mainly nyrite, chalcopyrite,
pyrrhotite and molybdenite). "he composition of the andradite (determined
from refractive indices and unit cell size) is about 7% andradite, 275

grossulerite. Its abundance in the skarn usually depends on the development
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of the clinopyroxene. ‘lhere interstitial quartz end calcite is present,
the garnet forms idioblastic crystals commonly zoned (1), .The zoning is
indicated by variations in the colour of the gornet. Very fine zoning
has developed at the maergins and the anisotrepy of some of these zones
indicates that hydrogrossular has formed (13 and 32). In scme perts cof
the skarn, almost the entire garnet grains esre composed of hydrogrossular
with zoning very well developed (2 and 27). The andradite is rarely pure
and contains grains of clinopyroxene, hornbliende, calcité, quartz and
scneelite. Fraciures in the garnet are commonly infilled with these
minerals. In regions where interstitizl material is lacking the garnet
graina are not as well formed and contain & higher proportion of ine¢lusions,
This garnet shows no zoning.

In the skarn exposed in the open cut af present, the andradite is
usually subidioblastic to idioblastic, but closer to the intrusion-the
garnet becomes xencblastic end contains z greater proportion of c¢line-
pyroxene, The variation of the form of the garnet with distance Trom the
intrusion is shoﬁn by the samples 270, 246, 281, 294 and 211, collected
from drill core from the diemond drill holes along section 7.

The clinopyroxene is distributed throughout the skarn but is bast
develoPEd a3 & granuloblastic mosaic between the garnet grains, Its com-
position (determined from refractive indices znd ZV) in relation to the
formula (Ca Mg Fe)2 Si206 is Ca 42, Mg 27% and Fq 1% which places it in
the ferro-augite field. It is partly aitered to hornblende, the degrese of
alteration varying throughout the skarn. The deep blue-green to olive-
green pleochroism of the hornbklende indicates its high iron content which
is further shown by the MgAig + Fe ratio of G,22. Therefore, it is 2
ferrohastingsite.

Most of the calcite and quartz in the skarn occurs in interstitial
positions relative to the garﬁet. Usually the garnét grains are separated
by one large grein of caleite or quartz. Occasionally small needles of

actinolite have grown in the interstitial material, especially the quariz.
& ’ D
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Epicote, vesuvianite ond sphene have grovm zmongst the interstitisl materisl
_put not es inclusions. Zxcept for the vesuvieniie, they occur as well

formed grains, The sulphides, apart from molybdenite occur in a similar
form {o the calcite and quartsz,

Scheelite is distributed through the garnet and amongst the pyroxene
and hornblende grains., It is most abundant in the skarn where hornblendc
has developed. It occurs as small rounded grains, usually less than 1 mm.

across, and shows no signs of breakdown or replacement. ‘Then viewed under

short wavelength ultraviolet radiation the scheelite appears to dust ithe
rock. It rarely occurs in a messive form. Its fluorescence varies from
blue (pure scheelite) to yellow. According to Edwards et al (1955) the
yellow Tluorescence is due to minor amounts of powellite in the scheelite
structure and also tc¢ small inclusions of molybdsnite in the scheelite,

Alteration of minerals in the skarn to & brown iron cxide is very
COMmmon. Hornble?de is most affected by the altefation, closely folloved by
the clinopyroxene, The andradite is altered to a lessef extent, usually
along Tractures,

In parts of the orebodies a siliceous skarn has developed (20 erd 31),
It grades into the normal andredite skarn but the pure siliceous skarn con-
sists of slmost solely andradite and gquartz, The garnel occurs as very
. well formed crystais contaihing less c¢linopyroxene, hormblende, caleite
and iron oxide alteration products as the garnet in the itypical skarn.
It is zoned but only rarely shows hydrogrossular rims. The guartz forms
large irregular grains up to severzl centimeters across znd is very clean
apart from the numerous garnet grains it encloses.

In other parts of the skarn there are bands containing a significantly
different mineralogy (18 and 33). They contain no garnet and only a small
amount of well oxidized pyroxene and hornblende, The main constituents

are small, irregular bands of calcite, quartz, chlorite, cordierite and
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sulrhides (mainly pyrite, with some molybdenite). The calcite is very
irregulerly shaped and the quartz occurs in a granuloblastic fomi with
nuniercus small inclusions of actinolite, spatite and xanthophyllite,
Chloxrdite occurs mainly as rosettes, while cordierite occurs os large
irregular grains pertially replaced by pyrite. Cf the sulghides, the
pyrite is often interstitial and the melybderite forms elongate crystals
growing through many other grains. There is little scheelite mineral-
izeticn in these bands.

Phe andradite skarn in the Investigator 6 area (321 and 315) is
similer to that in the Mine Series, Andradite is well developed and in
parts clinopyroxene is abundant., However, the alterztion of the ¢lino-
pyroxence to hornblende is not as extensive as in the skarns of the Kine
Series,

3.5.2 Petrogenesis,

The andradite skarn formed as a result of hydrothermal fluids from
the Grassy fidamellite permeating and reacting with the marble beds. The
bimetascmatic diffusion of elements across the convact of ithe intrusion
probably occurred before the introduction of these {luids but the effect
on the marble was only locallized. Therefore, the role of this process ir
the formetion of the skarn can generally be considered insignificant,

From textural features, the Tormation of the skarn is seen to involve .
two main pheses. The first phase involved the introduction of iron and ‘
silica resulting in the formation of andredite. Aceording to Spry (1969)
garnet is usually.difficult t0 nucleate, so only a small number of
nucleation points form. Therefore, idioblastic grains cen develcp from
these. However, wvhere nucleation is easier due to @ greater proportion of
impurities, the large number of nucleetion points result in the development
of xenoblastic garnet grains. Hence the variable form of the andradite in
the skarn. Small variations in the relative proportions of iron and

aluninium are responsible for the zonation of the garnei, as shown by

colour variation within the greins.
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The andradite in the siliczous skarn closely resembles thet at the

. end of the first phase of the formation of the skarn, The influx cf excess
silica resulted in the crystellirzation of guartz around the gornet greins,
virtuelly "freezing" them and preventing any subsequent slteration.

In the second phase of thz skarn formation PH20 increased. Thigz
first czused the development of the hydrogrossular rims around the idio-
blastic garmet grains. Following this, the garnet became unstable and was
partially repleced by iron-rich cliropyroxene. In this environment the
hydrogrossular was the more stable garnet and hence was not replaced to
the same extent s2s the andradite. Yhere the gazrnet was zoned, replacement
was more intensive in the more iron-rich zones, The c¢clinopyroxene was
subsequently partially altered to hornblende. Deposition of the scheelite
elso occurred in this phese, Its occurrence in the skarn containing
hornblende indicates its deposition was assoclated with the formation of
~ the hornblende. The scheelite enclosed in the garnet was deposited there
while the garnet was bresking down. The lack of scheelite in the garnet
of the siliceous skarn indicates that the garnet formed in the first phase
in a tungsten free environment. Epicdote and vesuvianite formed shorily
af'ter the pyroxene, horntlende and scheelite,

The finad stage 1n the second phase was the formation of the
interstitial minerals such as calecite, gquartz and also the sulphides.
Calcium cerbonete and silice was present in the skern throughout the second
phase but did not crystallize till the end of it, The silica probably
existed in a gel state in which actinolite could grow before crystallization
of quartz., Calcium a2rd quartz don't occur to e large extent in the skamm
where the garnet is poorly formed since in these parts, there were suf'ficient
impurities to incorporate the calcium and silica in the formation of the
andradite.

The bands through the skarn, containing aquartz, calcite, chlorite,
cordierite, sulphidés and 1little or no garnet probably formed from very fine

interbedded pelitic and calcareous rocx. The higher proportion of aluninium
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in these bands than in the andradite skarn is indjcated by the occcurrence
of chlorite and cordierite. The fine bedding wust have provided an ecsy
channelway for the metasomatic fluids since a large proportion of sulphides
have formed in thin bands, However, the environment was unsuitable for the
deposition of scheelite due to the lack of gernet. |

The skarn in the Tnvestigator 6 area is not nineralized, it appears,
due to the lack of mineralizing solutions in this region., Conditions for
mineralization hers are virtually the same az those in the liine Series.
Therefore, the location of the orebodies depended to 2 large extent on the

distribution of the hydrothermal fluids emanating from the Grassy Ademellite.
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CHAPTER L

GEOCHEWMISTRY OF THE
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X Meable in the izine SErles,
G Gronulobinstlic texture geveloped in privss of the marbina,

Leinly caleite with a little forsterite and dicpside.
J P

(34, evessed pelars, x 50},

b. Coarser more irreguler texture in the semc sample =5 2hove

Blebs of magnelite geour nt ealcite grain morgins,

Ay

(3%, crossed polars, x 50).
¢.  Intergrovths of forsterite (2t extinciion) with csleiic grains.
(3&, crossed polers, x 50).
d. Groin of humite showing diztincs rlecchreism in paris (f"r“)
end lack of colour elsewhere,
(205, plane light, x 50).
€. - Fracture in the merdie with —inel (black) and clinchuwrte
(gariz) Geveloped in its vicinity.

(259, plane light, x 413).
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Pyvrovene Garnet Hornfels in the Hine Series. 0010(9

Seetion threough a hand specimen showing the colecreous oveids
set in a fine grained dard groundniss.

{51, x 0.9).

Tgpical {texture of calecite &nd cuertz in the ovoids.

{50, crossed polars, x 13).

Epiﬁoie {(¥p), cordierite (Cord} and vesuvienite (Ves) in the ovoids.
{54, crﬁssed éolars, x 13).

Hesdles end wedges of actinclité that have grﬁwn in lerge guzris
graing in the ovolds.

{53, crossed polars, x 13).

Tynical fine grailned pyroxene (iight} end gariet (2axk) groundmass,

o~

{51, crossed polars, x 13},
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anded Foolwall Bedn,

Section through a hand specimen showing distinet bands of pelitic

hornfels (PH), ﬁyroxene (Px), garnet.(Gér),.melilife,ﬂiél) ond

‘ealeite (Cal),

(56, x 0.9).

Welilite bend with groins showing broad lamellar twioning and

strong frecturing with celeite infillings.

(56, crossed polers, x 13}.
Tntergrowth of a melllite grain (at extinction) with caleite

grains,

(56, crossed polars, x 50).

Pyroxene bands bordering a thin gernet beand,

- {56, crossed polars,_£,13]¢

Andradite Siarn.

- Biliceous skarm showling idioblostic gornet grains set in very

coarse grained quartz;
(20, plane light, x 13).

Calcite {(Cal), quartz (Q=), chlorite (Chl) and pyrite (Py} -

 assemblage developed locally in pﬁrﬁs-bf ihe skarn.r Baﬂﬂing'is

{18, crossed polars, x_?j}.-
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Ardradite Slarii.

8, TIdloblastle zoned garnéﬁrgrainjset in qusrtz;;u
{1, pl e 1lgﬂu, x i)}

b, TIaicblastic moned garpet set in qélcite ﬁnﬂ'extéﬁsively replace&
"by main13=clinopjrﬂxene;"Rgplécemeﬁt mbfe complete in soﬁe zéﬁﬁs.
'HyﬁrogrOSSular_rim'(birefriﬁgént)'dev;LQpeﬂ. ' |
(32, crﬂsseﬂ pulars, p s 13}

Co - aarnet smmllar tﬂ aho7e but w1th & MOre random replacemnpt by

é, _kuﬁjl . ;cllnﬂpyroaene dus to a lack 0” aonlng hnurt from the hyﬂrﬂ—:
?_'" | | -grossular rim. In nurts granulav aggﬂegane of cllnonyrﬁxene--
is i ters-aitial to' the garnet.
- (13, ‘erossed nolars, - 13) |
- da ';Hyﬂrogrossular g@rneu showmng ulstanct the?runsepce én& ZONING,
| B 7:{2?, crossed polars, x ﬁj] - | |
| i ,é; - ?1ongata Well forme& evldote fﬂp} 1nters¢1t1al o'thé_éérﬁatr
] {(goxic). o
E- _7'{1,7crosseﬂ polars, x 13}
i %{;ﬂﬁ,rz ff; r:l3“1cu1 scheellte gralns (qch) in a-clln0pjroxené rérnet-aqsérblage.'
| - -Scheellue in t&e gxarn,ls usually rounﬂed llke the larger gYein.
'E?Ei:-'ii f-1j;7; (32, exossed polars,rx 50). |
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4.1 IMIRODUCITON.

A major end trace element study was made of the Hine Series of Mo.1
orebody, The procedure for the trace elements involved firstly a prelim-
inary survey of the units exposed in the open cut in order to obtain an
idea of the distribution of several elements through these units, This
was followqd by a more detailed examination of the Volcanics, Biotite and
Biotite Actinolite Hornfels, Harble beds, Pyrcxene Gamet Hornfels and
especially the andradite skarn, based on the results of the preliminary
survey. The samples for this were pileces of drill core from diéménﬂ
drill holes 106, 112, 125, 17k, 207 and 422 located along section 7 (liap 2).

| For purposes of comparison, samples of unaltered volcanics, shales
and tillite, from the Grassy Group expcsed along the cozst to the north of
Grassy, #nd 2lso samples of metémorphosed unminerelized rocks in the
Investigator 6 area to the west of the open cut, were a2lso analysed for
selected trace eiements.

L,.2 }AJOR ELEIENTS.

Host of the major element analyses of the vﬁrious rock types in ﬁhe
Mine Sefies were obtained from Edwards et al (1955). Three-analyseé by
the author were méde on the andradite skarn froa drill holes on section 7.
These are shown in Tzble 7. HNo significant variatioﬁ in major elements
with increasing distance from the conlact was observed. An interesting
feature of the skarn is its lack of K. The chemical.analysis of the cenbact
zone of the Grassy Adamellite near calcareous rocks indicated that K
diffused from the intrusion into the country rock. This would have occurxed
during the formation of {the andradite in the skarn and conditions were
aepparently unsuitable for the deposition of K. It was either lost from
the system or incorporated into the biotite in the pelitic hornfels.

The compositionz of the units are best shown on the ACF, AFk and
SCM triangular disgrans as in Fig.9. These are stoandard plots the components
being caleulated as in Turner {1968). Since the rocks analysed, except for

the pelitic hornfels, did not consist of equilibrium assemblages es shovn
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CHEMICAL ANALYSES OF ANDRADITE SKARN

228 246 211

510, 36.47 35.95 . 40,20
A1203 4.5 5,61 L.4ud
Fe203 )

) 24.38 22.15 23.15
Fe0 ) :
Cal _ 28.33 29.30 27.66
Nazo 0.35 0.10 0.0L
K20 - Nil Nii Nil
Wg0 1.26 1.50 1.74
Ti0,, ' ' 0.42 0.22 0,33
Mno 1,24 0.99 1,03
9205 - 0.07 0,05 . 0,03
..0.I. 2.17 . 2.'50_ 1.99
S 1,13 0.25 0,07
wo3 {assay) Nil 1.90 0.80
Total o - 100.36 100,43 101,45

L,0,I. = loss on ignition,

Analyst P.H,

W03 assay - King Island Scheelite (1947) L%d,
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by texturzl features, tie lines were not dravm as they would be misleading,
The three plots shéw clearly +he consistency in the composition of

the andradité skam. Differences in the lg content of the merble are showm

best in the AFHM diagran, This reflects the original dolomite content cf

the limestone, &s the skamm is low in Mg it eppears to have formed from

a limestone with little dolemite., The pelitic hornfels show some varietion

in composition, mainly in 8102 A‘IZO3 and FEZOB’ due to slight differences
L)

in the original rock.

ll-. 3. 1 Results,

The results of the pfeliminary survey are shown in Appendix 3.
For each unit studied two samples were taken, one from the eastern and one
fron the—ﬁestern end of the open cut, No gignificant trace element
variations appear to exist within the units along the strike, Cu values
are very erratic due to the distribution of sulphides along fractures and
bedding planes and hence are of little meaning in most of the units. The
average trace element abundasnces in each uni{ are shown in Teble 8.
Obviously this is not &n accurate average of the trace element concen-
trations in the various units, but it does indicate the order of the velues.
In addition t6 these data, trace element date from Burchard (1972) is shown
in Table 9.

The results of a detailed study of several of the units are shown
in Appendix 3. Variations in trece element concentrations moving awaj from
the contact are erratic and show no definite £rends. This is probably due

to the small distance along the section of the contact aureole to which

s i e

sampling was restricted. Trace element concentrations in the unmineralized
rocks of the contact aurecle in the Investigator 6 area are 2lso shown in
Appendix 3.

L.3.2 Disgussion.
(a) Voleanics.,

The 7 content of +the Volecanics is varicble with values usually less

FERE b o PR P R AP LS
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TABL

td

g

AVERAGH TR.CE EITUDNT ABUNDAMCES (opm) Iif UNITS OF THE

MINE SERTES OF [jo.1 ORMBODY.

Volcanics 45 {40 ¢ 20 10 0.7k 710
Biot. Hf1ls. {20 {10 {20 (10 1.3 285
Merble _ {20 10 ¢ 20 {10 0,18 1260
Px.Garn.ifls.” 2,00 150 120 80 ¢, 20 3000
Px.Garn.Hfls, 50 20 40 20 1,08 1200
Skarn 8700 450 150 95 0.17 3000
- Biot.hct.Hfls., ¢ 20 <10 (20 (20 1,63 4,20
0lder Volec. ¢ 20 10 ¢ 20 {20 0.32" 170
Quartzite { 20 <10 {20 {20 0.19 125
i gr Co Su b Zn
Volcanies 35 85 55 40 {20 70
Biot.lfls, 55 120 90 60 20 55
Marble | 25 35 < 20 40 50 20
Px.Garn.tifls,* <10 50 70 5 40 20
Px.Garn. Hfls, 50 80 100 5 20 40
Skarn PRt €5 85 35 L0 30
Biot.Act.Hf1s, 150 70 95 120 20 70
Older Vole, 560 1380 105 20 15 10
Quartzite 10 50 {20 5 20 25

+ mineralized.

¥ unmineralized.

Analyses by licFhar Geochysies Pty.Ltd.
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TRACE FLEMENTS (ppr) IN UNITS OF THE MINE SERYTS FROM

BURCHARD ¢972)

i Mo i Zo gr T30%

Volcanics 2-40 5-30 60-680 40-110 840
Actinolite Hornfels ' L5 Lo 773 2800 0,25
Actinolite Biotite Hornfels 30 35 835 70 0,37
Henging Vall Hornfels ' 2-30 2-5
Biotite Pyroxene Hornfels 2-40 2-40 36-50 L6-345 _ 4.86-3.52
0lder Volcanics 2 2-3 820 80 30 0.6
Cuartzite ' 2-20 2-120
Marble (B lens) 20 15
Pyroxene Garnet Hornfels 850 50 :
Skarn _ 7400 500 22 ' . 36

Marble 160 220

Skarn . 75 90
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than 20 ppm tut in parts significantly higher, It appears that thece rocks

. were generally impermzable to the mineralizing solutions but some, ¢éue to

an open texture or frecturing,were more receptive to ihe Wa i, Cr and Co
in the Volcaniecs are lower than in the unaitered basic volcanics but the
Ni/Cr and Ni/Co ratios are similar showing the similar behaviour of Mi,
Cr and Co during metamorphism.

Metamorphosed 0.4 0,63

Unaltered 0.37 Q.48
Burchard's results, however, indicate that in parts Ni and Cr in the
Volcanics reach values of 680 and 840 prm respectively. 2Zn, which hes
previously been regarded as an indicator of the liire Series, shows values
in the Volcanics slightly lower than in their unaltered equivalents.
Therefore, Zn has been removed slightly during metamonphism;

(b) Biotite and Biotite Actinolite Hornfels.

"From the author's resulis, the pelitic hornfels are barren of .
However, Burchard's results show éoncéntrations up to 45 ppm. This could
be due to deposition of'scheelite-along minor fractures in the rock.
Similarly, his‘high'valueg for Mo could be due to the sporadic occurrence
éf molybdenite in the rocks. Vhen results from {he pelitic hornfels zre
compared with those of the ﬁnaltered sedinents, there is little difference
between the two with regards to maﬁy of the trace elements studied.
¥n, Ni, Co 2nd Fb show li{tle variation., 3Burchard's very high values focr
Hi and Cr appeﬁr rather doubtful. Ti is generally higher in the hornfels
than in the sediments, but this is probably a result of differences before-
glteration since Ti usually remsins immobile during metamorphism. The Zn
content of the biotite hornfels is similar to that of the sediments, but
it is higher in some of the biotite actinolite hornf'els due to the

preferential incorporation of Zn inte the actinolite.
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In the pelitic hornfels in the Investigator 6 zrea Zn and Ti values
- gre comparable with those in the unaltered sediments,
(¢) 0lder Volcanics.

The Older Volcanics are easily distinguished from the Volcanies by
their higher Ni, Cr and Co content. The average Hi/Cr ratio of 0,36 it
similar to that for the Volcanies, but the average Mi/Co ratio of 5.5 is
much higher, Therefore, the Older'Volcanics.appear t¢c have originglly been
more basic than the Volcanies, possibly untrebasic., The unit is barren of
W and appears o have been unaffected chemically by the metamorphism,

(a) Quaftzite.

As expected, the quartﬁite is low in ﬁost of the elements studied,
indicating its relative purity and chemlcal inertness throughout meta-
morphism; The somewhat high Cr values are probably due to contamination in
crushing the samples by the author,

(e) Merble.

Concentrations of certasin minor elements in the marble zve variﬁble,
probably reflecting the extent of metasomatic alteration, Cne semple Which
showed the highest iV content (30 ppm) also showed higher concentrations of
Ni, Co, i and Ca than the barren marble. From thin section examinalion
this sample conteins higher than usual proportions of impurities such as
silicates and magnetite. The high Ni, Co and Ti va;ues sugsest that the
impurities existed in the original liméétone before mefamorphism since Ni,
Cr and Ti are higher iﬁ pelitic than in calcareous rocks. Therefore,
metasomatism appeérs to have.occurred more readily where the marole was
originally impure, The high ¥n content of most of the marble samples
suggests that metasomatic fluids have'infiltratcd the marble beds to sone
extent. This is also shown by the fluorine in the marble, bound in the
humite group of minerals. However, the lack of sufficient impurities which
con nucleate the growth of new minerals has‘limited the extent of meta-

somatism of new minerals.
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(f) Pyroxene Garnet Hornfels.

0f the sarmples of the Pyroxene Garmet Hornfels unit analysed in the
preliminary survey, one was metasomatized and mineralized, shoving similar
results to the skarn and therefore, will be discussed with it. One sample,
typical of most of the Pyroxene Gernet Hornfels unit, has not undergone
metasomatism to the same extent. The small Qegree of infiltraticn meta-
somatism is shown by the ¥, Mo, Sn and Ge concentrations of 50, 20, 4C and
20 ppm respectively. These values are internediate between the barren
pelitic homfels and the mineraliéed sxarn and pyroxene garnet hornfels.
Hn'has a similarly intermediete value., Ni, Cr &nd Co contents in the |
unmineralized pyroxene garnet horniels are typical of those in the pelitic’
hornfels. Therefore, it appears %o have originally been a very impure
calcareous rock. Its trace clement ccmposition 1s similar to that of the
tilloid in the Grassy Group as would be expected if the two units are
correlated. Zn is lower in the pyroxene garnet hornfels but this Iis
rrobably due to its mobilization cduring metamorphism and subseguent
metasomatism,

In the Investigatbr 6 area, a rock of the same origin es the Pyroxene
Gernet Hornfels unit (ovoids of calcite,rclinOPyroxene and garnet in a
mainly hornblende groundmass) had similar trace element concentrations
‘a5 the unmineralized pyroxene garnet hofnfels. However, its Sn and Ge
content is lower, reflécting a lesser degree of infilfration metasomatism,
The Zn content.is comparable to that of the unaltered tilleigd.

The pyroxehe garnet hornfels sampled {rom drill core along section 7
are metasomatized as shown by thé concentrations of Sn, Ge and Mn, Mineral-
ization has occurred but only to a small extent ((Ch2ﬁ'w03). The samples
enalysed consisted meinly of groundmass with no ovoids. Kiineralization
occasionally occurs in the ovoids, but Burchard's results do not show this
feature (¥ - 55 ppm, Mo - 2 ppm). The geochemical results are disé&ssed

further with those of the skam.
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(g) Andradite Skarnm.

- In the prelininary survey the andradite skarn and also the meta-
somatized pyroxene garnet hcrnfels showed significantly different trace
element geochemistry from the other units in the Mine Series. 4part
from the high ¥ ard Mo values the differences are as follows. The Sn
and Ge contents are the highest of all the units. According to Nesterenks
et al {1958) Sn and Ge are concentrated in the garnet, pyroxene end
vesuvianite. However, the concentration of Sn in garnet, pyroxene ani
alse hornblende from a sample which contained 110 ppm Sn was 58, 11 and
LO ppm respectively. A4s the proporitions of these mincrals in the skérn
are about L0% pyroxeﬁe, 254 éarnet and 15% hornblende, it is obwvious
that a2 significant part of the Sn occurs elsewhere. It probably occurs
as finely disseminated cassiferite which is common in skerms, although
none was observed in thin section. Ge fpllows Sn closely, but most of
it would probably be conteined in the garnet as indicatsd by Nesterenko
et al.

Ti is low, being similar to the marble beds where in is higher
in the skarn.than in the marble. HNi, Cr and Co are interesting in that
whereas Ni is very low, Cr vazlues lie between those for the marble and
pelitic hornfels end Co is équal to the values in the pelitic hornfels.
They also beaf similar.relationships to the unmeteamorphosed shales.
Burchard's analyses of the skarns show slightly lower Cr and higher Ni
and Ti02 than those discussed asbove, but Ni is still depleted relative
to Cr. The Cr anc Co vzlues for the skarn indicate the impure nature of
the original limestone before metamorphism, as shown by the trace elements
in the marble.

From their study of the skarns of the Tyrny-Auz deposit, Nestererko
et al concluded that Ti and Cr are readily removed curing skarn formation,
Ni at a slower rate and Co remains virtually immobile., The results for
the King Island akarns‘indicate that throughoﬁt éetamorphism end meta-
somatism Co and Ti were unaffected, Cr was removed +0 some extent and Ni

was readily remcved.
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In the detailed study of the skarn, samples of mineralized and
unmineralized rock were analysed for selected elements. The results sre
vest illustreted in a number of graphs of the concentrations of the trezcs

elements {(ppm) against the percentage of WO, as in Figs. 10 to 14. It

3

must be noted that the % /0, quoted for each sample may not be strictly

3
accurate since they were determined from assays of samples of drill core
up to more than one meter long whereas the samples analysed for the trace
elements were teken from only part of this interval., However, the plots
are suf'ficiently accurate to show definite correlation of scme elements
with mineralizaticn,

Sn and Ge show definite vositive correlations with V. A negative

correlation could exist between Zn and W but this is not very distinct,

mainly due to the scatter of Zn values at low W concentrations. Sinilarly,

¥n shows a scatter of velues for the poorly mineralized skarn, but whrere
the W concentration is higher, lMn increases significantly and is usualliy

above LOCO ppm. Cu is very erratic and shows no correlation with ¥.

The associztion of Sn and Ge with W indicates that they were deposited

in the skarn at the same time and probably originated from a common scurce,

nanely the Grassy fidamellite., The lower concentrations of Zn in the
mineralized skam is probébly due to its removal by the infiltreting
mineralizing fluids. Mn is more difficult to interpret. It z2ppears to
have been associated with thé mineralizing fluids but high concentration
of Mn are not restricted solely to the mineralized skarn., A possible
explanation for this is that in was not only assoclated with the mineral-
izing fluids but also permeated the rocks in the early metasomatism before
mineralization i.e, during the formation of the andradite, producing an
irregular distribution of Mﬁ. Turther ln was deposited where mineral-
ization occurred, producing the correlation between lin and W contents.
Howvever, if it is assumed that the Kn was deposited "in the skarn only

during the early metascmatism (i.e. deposited entirely in the andradite)
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then it appears that mineralization occurred cnly where the conceniration
of ¥n was sufficiently 1.u'.gh, but d@id not reach all parts of the skerr high
in ln.

In the Investigator 6 area two skarn samples were analysed. The
skarn in this area is predominantly unmineralized. The lack of W is due,
not to en unsuitable environment for mineralization, but to o lack of
mineralizing fluids as showm by the low concenirations of Sn, Ge and Nn
compared to the mineralized skarn., 2n in these rocks is similar to that

in the Mine Series skamn,
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; CHAPTER 5

PUNGSTEN MINERALIZATION
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5,1 SOQURCE OF TUNGSTLN.

The tyvical association throughout the world of most tungsten
skarn deposits with granitic bodies implies a genetic relationship
between the two, However, assuminrg this is so, there are still seversl
possibilities as to the source of the tungsten. These are :

1, The tungsten was incorporated into the magma when it was first
formed and was then concentrated through differentiaticn into

the hydrothermal liguids which were injected into, or permeated

through, the country rocks.

"2, The magma obtained the tungsten by its diffusion from the country
rocks into the magma or by assimilation of the country rocks. The
tungsten then follows the same course as in 1.

3. The tungsten was contained solely in the country rocks, the

gfanitic irtrusion serving only to mobilize and concentrate if

in the appropriate carbonate horizons.

From his study of the Xing Island scheelite deposit, Burchard (1572) .
concluded that the tungsten was contained originally'in the sediments of
the Grassy Group before metamorphism. Moreover, he states that it was
mobilized and deposited in its present loéation 2s a resﬁlt of the heating
of the sediments, not long after deposition, by basic lavas (now forming
the Volcanics unit in the mine series) which were extruded over the
Grassy Group. Therefore, according to Burchard's hypothesis, the intrusion
of the Grassy Ademellite only served to recrystallize the already present
orebodies, His mwain argument for this is the apparent lack of significant
mineralization in the faults and in association with thé aplite dykes
cutting the mine series. Although mineralizetion in the faults exposed

at present is not abundant, Burchard's argument seems erroneous since,

&
£ 3
=

according to Knight and Nye (1953) "The King Island scheelite deposit....
veesss.was discovered in 190k by a prospector, Tom Farrell, while tracing
inland a scheelite bearing forration in a fault (the lNo.3 Fault), that

outcropped on the beach at the low water mark".
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If the tungsten was originaliy in the sediments and mobilized by

_the heat from the basic laves, then there should be some signs of contact

metanmorphism and mobilization in areas unaffected by the intrusion of the
Grasay or Bold Head Adamellites. In the exposures along the coast to the
north of Gressy, this is not evident and therefore, does not suppori
Burchard's theory (assuming the rocks of the Mine Series can be correlated
with these sediments and Volcanics). Also, anslyses of four samples of
unaltered shale for tungsten failed to show enomalous concentrations,

The high concentrations of tungsten found in the sphenes Irom the
Grassy and Bold Head Adamellites (Sections 2.2.6 and 2.3) irdicate that
tie intrusions, at some time, contazined a significant concentration of
tungsten and therefore, are most likely the sources of the tungsten in
the scheelite deposits., The direct correlation of tin and germanium with
tungsten in the skarn (Section %4.3.2) indicétes e common origin for all
three elements and since tin and geruanium ere kﬁown to have been deposited
from fluids derived from granitic intrusions; the Grass& end Bolé Head
Adamellites must have been the source of the tungéten in-thg King Isliard
deposits,

The stage at which.the tungéten was incorporated iﬁto the magma
cannot be determined with certainty from the present study. The magma
has been contaminated as shéwn in Section 2,6.1 but the material incorpor-
ated intc it was probably basic and is unlikely to have been & source for
the tungsten, Therefore, it is most likely that the tungsten was incor—
pprated into the magma during its formation or shortly after it belore
crystallization comménced. |

CONTROLS On THE METASONMATTIC FLUIDS.

In the Mine Series of N6.1 orebody, and also the other orebodies,
infiltration metasomatism is restricted to the very calcereous units.
Other than the introduction of minor sulphides alpng fractures and bedding
planes, the pelitic hornfels and metavolcanics are unaffected by the
metaSOmaﬁism. The metamorphism recrystallized the pelitic sediments end

volcanics into compact, massive rocks impemeable to metasomatic fluids,
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The only region where the pelitic hornfels has been metasomatized is
where it is adjecent to a calcareous bed. However, the slteration is
bimetasomatic, resulting from the two way diffusion of elements across
the boundary and only a2 minor contribution from the infiltrating fluids
from the intrusion.

Metasomatic fluids have clearly fevoured the beds which now fom
the endradite skarn. The present marble beds have been comparatively
unaffected except for minor alteration restricted mainly to small
fractures, This could be due to the relative permesbilities of the
skam and marble during metasomgtism, The metamorphism preceding the
metasomatism recrystallized the pure limeatone to a massive mosaic of
mainly caleite grains and therefore, its pérmeability decreased. On
the other hand, the impure limestone reerystallized fto a rocik conteining
celc-silicete minerals as well as calcite and this greater degree of
minefalogical change resulted in its permeability being greater than
that_of the pure marble. The metssomatic fluids have therefore, shown
a2 preference for the impure marble beds and altered them to andradite
skarn, leaving the more impermeable purer marble beds almost unaffected.

The permeability of the skarn is an importani feature in cetermin-
ing the extent of minerslization. A well known feature o the King
Islend skérn deposits is that the grade of the ore increases with the
grain size of the skarn., This result is expected sincé the permeability
would increase with grain sizerallowing more mineralizing solutions to
pass through the coarser grained skarm.

The location of the orebodiea at their present sites reflects
structurel control on the mineralization. Carbonate beds occur in the
contact aureole of the Grassy Adamellite on the western side but
exploration es yet has failed to find mineralization of the same extent
as that in tne present orebodies. The beds present é‘suitable
environment for mineralization, forming skarn in éarts, but have not

been mineralized due to a lack of turgsten rich metasomatic fluids.
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The most prominent feature which eppears responsible for the locelizetion
of the orebodies is the‘Grassy River Fault which lies just east of os.
1 and 2 orebodies and west of MNo.3 orebody. The control of the fault on
mineralization is further implied by the general increase in the grade
of the ore in Nos. 1 and 2 orecbodies from west to east i.e. appreaching
the fault. Since the fault is essentially strike-slip in character and
wes in existence and sctive while the magna was emplaced, lateral stress
applied to the crystallizing magma would have been released along the
fault plane, This stress release would have caused the migration of the
late stage liguids containing the tungsten towards the fault. Mineral-
ization was therefore, corcentrated in regions near the fault and
reduced‘in exterit farther away. On this basis, minerslization should

have occurred in the fault unless it was very tight due to compression.

5.3 MECHANISH OF MINERZLIZATION.

Before discussing the actuel mechanism by which the scheelite was
deposited in the skarn, the form in which the tungsten was transported
in the mineralizing sclutions must be considered. The oldest view is
that tuﬁgsten is transported in the form of halides since the halogens,
especially fluorine and chlorine, are abundent in late stage magmatic
fluids., Hdwever, Barsbanov (1974) states that on the basis of the hests
of formation of tungsten chlorides tungsten cannot be transported in
the form of halides or oxyhalides. He also states that under the
eppropriate conditions the partial pressures of various tungsten halides
and oxyhalides'are too low for them to be transported in significant
quantities. Barabanov concludes that the tungsten is transported in the
high temperature solutions in the form of highly soluble potassium
tungstates and therefore, the solutions afe elkaline,

Bryzgalin (1958),fr0m.his study of the Tyrny-iuz skarns, also
regards the tungaten bearing solutions as alkal%né but, as sodium pre-
dominates over potassium in the skarns, he zssumed the tungsten was

transported as a sodium tungstate which is of similar solubility to
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potassium tungstate.

Transportation of the tungsten in an alkeline solution as either
a potassium or sodium tungstate is most likely. Analyses of the King
Island skarn show essentially no potassium, so it appears the tungsten
was transported as sedium tungstate.

In studying the mechanism of the deposition of the scheelite in
the Tyrny-Auz skarns Bryzgalin noted that the scheelife bearing skarns
contain sodic plagioclase and amphibolitized pyroxene. He therefore,
concluded that scheelite deposition was accompanied by albitization of
calcic plagioclase and amphibolitization of pyroxene. The mechanism
proposed involved the cation exchange rezction oNa”* 2 Ca2+. Sodium
from the mineralizing solutions became incorporated into the plagiocluse
and the altering pyroxene and the calcium from these minerals comﬁined
with the tungstate anion to form the séheelite. Precipitation of the
scheélite resulted from a drop in the pH of the soluvions due to the
fixation.of sbdium in the plagioclase and the aﬁphibole. Experimental
work has shown that scheelite will precipitete when the pH of the
alkaline tungsten-bearing solutions drops te 6 to 7. Experimentel
hydrothermal work using calcic plagioclase and solutions of Na, WCA
showea that scheelite can be precipitated by the above mechanisz. The
possibility that calcium in the scheelite has come from the caleium
carbonate in the skarns is argued against by the fact that scheelite
is never found associated with the calcite and also the pH of the
solutions woﬁld not be lowered sufficiently to precipitate the scheelite
(Barsbanov 1974). Therefore, Bryzgalin's theory expleins the deposition
of écheelite in the Tyrny-Auz deposits very well.

| Application of this mechanism to the King Island deposits seems
possiblé, but some changes must be made, Unlike the skarns of the
Tyrny-Auz deposit, the King Island skarn formed only from the very
calcareous bedé_and not the pelitic hornfels ané therefore, its

aluninium content is much lower. This is reflected in the almost
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complete lack of plagioclase. However, amphibole that has formed froo
calele ¢linopyroxene is present and is almost invarizbly associated with
mineralized parts of the skarn. The scheelite is rarely associated with
the celcite in the skarn and so the precipitation of the scheelite
appears to have been due to the release of calcium and the drop in pH

of the wineralizing solutions resulting from the alteration of clino-
pyroxene to amphibole. Also & necessary prerequisite in the deposition
of scheelite is the breakdown of the garnet to oproduce the clinopyroxene.
The occurrence of scheelite completely enclosed in garnet is probably
due to the deposition of the écheelite in spaces that had formed in the
garnet while breaking down since scheelite doesn't occur in the unaltered
garnet in the siliceous skarn,

The alteration of the endradite garnet end i?s replacement by
clinopyroxene suggests that the calcium in the scheelite came directly
froﬁ the garnét brezkdown, since as can be seen frﬁm the respective
formulae, the garnet is richer in calcium than the clinopyroxehe.
However, if this is the case, then it is difficultrto Justify the drop
in pH to precipitate the scheelite. Also, garnet commonly reacts to
give clinopyroxene where the skarns show little sign of mineralizetion.

The location of the mineralized regioﬁs of the skarn away from the
Grassy Adamellite contact reflects unfavourable conditions for-the
depoéition-of scheélita close to the intrusion. This is probably due
to the very alkaline nature of thec metasomatic fluids just after their
liberation from the crystallizing magmz, In order for the pH to drop
to a value suitable for the precipitation of scheelite,the solutions
travelléd sone distanée glong the beds now forming the andradite skarn.
The shape of the orebodies, wedged out against the intrusion (refer
cross section 7 of the open cut) suggests that the solutions travelled
more readily along the central parts of the units since these regions

genérally contaln the highest grade ore.
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Skarn tungsten deposits are found in numerous lcealities throughcut
the world. They are almost invariebly associcted with granitic intrus-
ions. In this chapter the King Islend deposit is compared with two areas
of significent tungsten mineralization in skarn, viz. the deposits of
the Bishop district, California,U.S.A. and the Tyrny-iuz deéosit in
Soviet Armenia. These, dlong with the King Island demosit, are among
the largest tungsten producing areas of the world,

BISHOP DISTRICE.

The skarn tungsten deposits of the Bishop district are located in
roof pendants set in the Sierra Nevada batholith, The pendants consist

of predominantly interbedded quartzite and pelitic end caleareous

- hornfels. . They range up to several miles long. Most of the commercial

deposits are located in the Pine Creek pendant and the Tungsten Hills
pendants.

The_intrusive rock responsible for the metasoma?ism and mineral-
ization of the.marble in the pendants is =z granite which consists of
orthoclase (58%), oligoclase (18%), quartz (18:), biotite (573),
acéessories (zircgn, sphene, apafite and pyritej (1%5) and hornblende
(trace) {Lemmon 1941b). This is possibly similar to the compositicn of
the Grassy éﬁd_ﬁold Heod Adamellites before their contamination.

| Skarn has formed in the marble beds close to the contact ﬁith the
granite, Its mineralogy is similar to that of the King Island skarmn.
In the Tungsten Eills deposits the minersls comprising the skarn, in
approximate decreasing order of abundance, are garnmet (mainly andradite
with subordinate grossularite), amphibole, pyroxene, epidote, chlorite,
quartz, phlogopite, scheelite and sulphides (vyrite, sphalerite and
chalcopyrite). The skarn in the Pine Creck pendant consists of garnet
(as above), diopside (varying toward hedenbergite), epidote, horablende,

clinozoisite, vesuvianite, guartz, fluorite, sphene, scheelite and

sulphides (pyrite, pyrrhotite, chalcopyrite, molybdenite and bornite).
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NThe garnet forms large idicblastic zoned crystels and the pyroxene and

hornblende usually occurs as dark green aggregates as in the King
Island skarn; The scheelite, however, is often idicblastic with
crystals 3 to 25 mm in diameter. The sulphides, aspart from molybdenite,
are sbsent from moat of the ore indicating that, as at Xing Island, the
ascheelite and sulphides formed at different stages.

The petrogenesis of the skarns of the Bishop diatrict, given by
Bateman (1965), differs from that proposed by the author for the King
Island skern. Bateman states that the first minerals to develop in
the skarm, garnet, pyroxene and scheelife, formed simultaneously and
that the proportion of garnet end pyroxene were determined by the
relative sbundance of silica. Apparently, there is no evidence of
garnet altering to pyroxene as in the King Island skarn., The later
formed, lower témperature minerals developed in 2 similar manner in
both skarm areas.

As the skarn in the pendants is observed to grade into pure merble,
it is clear that it formed from this. ' However, at King Island the skarn
is believed to nave formed from impure mafﬁle;

Lemmon {1941b) and Bateman (1965) suggest that in the deposits of
the Bishop district metasomatic fluids were introduced bréﬁarily along
fractures and that the extent of skarn development depended on the
intensity of fracturing in.the marble. At King Isiand these fluiés are
believed to have moved mainly along the bedding planes with only minor
channelling along fractures. Geochemical data on the deposits of the
Bishop district were not aveilable.

TYRNY~:UZ DEPOSIT.

The Tyrny-Auz skarn tungsten deposit is situated in the Tymyzuz-
Pshekish mobile zone which runs along the north siopes of the Front
Bange of the Caucasian lountains. Granitic bodies have intruded the

zone and the largest of these, the El'dzhurtie biotite granite, is

7 v e —
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believed tc be responsible for the mineralization of the deposit.

The deposit.is distinetly different from botn the King Island
deposit and those of the Bishop district., The skarn has formed in an
anticlinal fold along a strotigraphic boundary between marble and
biotite hornfels. Therefore, the metasomatic fluids moved along this
boundary so that 8q%70f the skarns are in hornfels (“"hornfels" skarn)
and 205, in marble ("limestone" skarn). There is & definite zonation
developed parasllel to the boundary. Approaching the boundary, the
zones in the hornfels are biotite hornfels, amphibolé—biotite hornfels,
pyroxene hornfels, pyroxene-garnet and garnet-pyroxene skarns. In the
marble the zones are marble, vesuvianite-wollastonite skarn, pyroxene
and pyroxene-garnet skarns, Therefore, only near the marble hornfels
boundary does the composition of the skarms zpproach that of the King.
Island skarn., At King Island, this raﬁge of skarmns has not develojped
sincé the biotite hormfels has remained reletively inert to the meté—
somatic fluids'and the development of skarn has therefore been restricted

.to the marble., The occurrence of wollastonite in the fyrny—ﬁuz deposit
~ indicates that the skarns probably formed at a-highér temperature than
that of King Island.

Comparison of the compositions of the biotite hornfels ;nd the
hornfels skarn indicates that during skarn formation Fe, Mn and Ca
were introduced and A1, T1 and alkalis were removed. The development
off skarn in the marble was accompanied by an increase in Fe, Mn, A1, Mg,
Ti aﬁd Si and a decrease in Ca. Therefore, Fe and ¥n must héve been
introduced to both skarn types féom the metasomatic fluids from the
intrusion, Bimetasomatic diffusion, as in the barnded footwall beds
of the King Island deposit, as well aé infiltration metasomatism, was
significant in the formation of the zoned skarms of Tyrmy-Auz deposit.

Besides the zonation parsllel to the marble hornfels boundary,
there is nlso a zonation along it. The lover pa;ts of the Tyrny-Auz

deposit are nearest the intrusion ond are enriched in Fe and Mn while



COL1Ed 60.

the upper parts are enriched in 41, Ti and alkaliis, The zonation is
aependent on the relative proporiticns of the clements in the retesomatic
fluids and the ecountry rock., Fe znd Mn are higher in the fluids and
therefore are deposited meostly near the intrusion and in decreasing
amounts away from it, A1, Ti and alkalis, however, are higher in the
hornfels so they are removed by the metasometic fluids near the
intrusion and are redeposited farther away in the upper parts of the
deposit, At King Island zonation of this nature has not developed
since the skarn formed only in the marble beds which are low in all
the above elements relative to the metasomatic fluids.

Comparison Qf several trace eleﬁents in the skarns of the Tyrny-

Auz and the King Island deposits have been made in sec¢tion L.3.
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In the scutn-east part of ¥ing Island the Grassy and 3old Head

Adamelliies have intruded the Precambrian Sandstone-Siltstone Formation

and gecchemical features of the intrusions indicate that they originzated

from a common source, the Beld iead Adamellite being an offsheoot of the-

Grassy Adamellite and intruded 2long the Grassy River Fault. Structurel

elements within the Grossy Adamellite suggest that the Grassy Eiver Fauli
vas active during the emplacement of the intrusions and alsc at the time

of the intrusion of basic @ykes into the Grassy idemellite.

Arko/hrjg age deternminations reveal a late Devonian age {(about 370
m.yu) for the adamellites and an early Carboniferous age (545 m.y.) for the
basic dykes. From this it appears that tﬁe G:assy ané Bold Head Adamellites
were intruded shortly aftér the cloge of the Tabberabheran Orogeny. This
is consistent with thé post orcgenic tiée of intrusion indicated by the

shallow depth of emplacement and the discordant relationship of the

intrusions with the country rock. The adamelliies were intruded in the
same tectonic phase as.the Middle Palaeozcic Tasmanizn tin granites srd

are similar to them in many respects.

| From a petrological study of ihe calcareous units of' the lliine Series
the following conclusions were drawn. The marble beds have undergone

mild fluorine metasomatism and have not aitained equilibrium as is typical
of most mefasomatized rocks, The pyroxene garnet hornfela was formed Ey
metamérpﬁism and metazsomatism of a calecareous tillcid, the unaltered parts
of whicn are exposed to the north of Grassy. Variaztlons throughout the
pjroxene-garnet hornfels are due to variations in the conposit{ion of the
tilloid. The banded footwall beds originally consisted of' thinly inter-
bedded pclitic and calcareous rocks and were formed by the process of
binetasonatic diffusion (defined by Korshinskii,1955 and used by Large,1569
and 1971 in-desoribing the formation of similar rocks in the contact

aurecle of tﬁe Bold Head Adamellite). This involved diffusion of calcium
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into the pelitic tends and silica, iron and alumirium into the caleareous
bands. Irfiltration metasomatism wos negligible except vhere mineralization
has occurred in the calearecus bands.

The andradite slkzrn was formed by irfiltretion metasomatism of
caleareous beds. This consisted of two main phases. The first involved the
introduction of iron 2nd silica with the fomation of andradite. In the
second phese the andradite wes replaced by predeminantly clinopyroxene which
was almost immediately altered in parts to hornblende. Scheeliie was
deposited ot this stege. TFollowing this, the remaining skaim minerals iere
fomed,

Geochemical data supperts many of the vetrologiccl corclusions,
Comparison of troce elemernt distributions in the marble, pelitie hopnfels,
andradite skarn and unzltered eguivalents suggests that the skern was formed
from an impure marﬁle._ The determining-factor in the metazsomatisn was the
relative permeabilities of the marble beds, the impure marble being the
more permezble rock.

The positive correlation of tin end germanium with tungsten in the
andredite skarn indicates thet these elements originated from the same source,
viz. the adamellite intrusions. This is further indicated by the ancmalously
high concentration of tungsten in the sphene from the sdamellite.

The control on the location of the orebodies appears to have.been the
Graséy Piver Fault., Stress relesse aslong the fault plane during the

emplacenent of the cdamellites ceused the locellization of the hydrothermal

:

fluids to parts near the fault,

The occurrence of sciieelite in peris of the skarn containing hormblende
indicates that the deposition of the scheelite was probcbly associated with
£he alteration of clinoPyréxene to hornblende. Therefore, the mechanism

of minerzlizaetion is believed to be similar to that proposed by Bryzgalin

(1958). By this mechanism tungsten is transported in alleline hydrothermel
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solutions as sodium tungstate which is very soluble in such an envircmuant,
During the metasou]a..tism the clinopyroxene is partly amphibolitized =znd the
calcium released by this reaction combines with the tungstate ion. The
fixation of the sodium from the solutions into the hornblende resulis in
thne lowering of the pii a2llowing the deposition of the scheelite when it

reaches 6 to 7.
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ITETHODS A TRCITEIULS

FIFLD 1070035, :

The traverse through the Gressy idamellite was maede using a

1.5000 base mep No.,6016 provided by Geopeko Lid. Sempling

1

n the open
cut (lo.1 orebody) was underiaken using an cpen cut geolegical nlen
also provided by Geopeko Ltd, The co-ordinste system uged in both
maps is the integrated co-ordinete system bosed on fustrzlien gecdetic
datunm,

OPTIC:L 1ETHODS.

Thin sections were cut in order to male detailed petrographic
studies of ine rociis. Twenty thin sections were cut by the technical
staf? of the Geology Departmeﬁt.

High dispersion oils were used to delermine refrzctive indices
of the minerals garnet, clineopyroxene, hornblende, actinclite ond
nelilite, 1lineral compositions viere deﬁcrmined Trom standard plots of
refrective index zgeinst composiiion in Deer et el (1966} and Yoorchouse
(1959), Plngicclase compositions were determined by the llichel Levy
Hethod involving the measuremcnt of the extinecitlon angles in the zcne
norsal to C10., The plot of extinciion angle ageinst composition in Deer
et al (i966) enabled the anofthite content of the plagiociase to be
determined.

The nodal proportions of the minersls were estimated visusally,

SALPLE AND VIDERLAL PP RATTONS.

Rock samnles were crushed initizlly in a jaw crusher znd then

4

in a chroize steel terna to reduce the minerals %o o size suitable for

analyticcl work, linerpl fracticns were obtcined using a Frantz
Isoéynanic seperator., In some instances the heavy liguids bromoform

ond methylere iodide were used to obioin pure froctions.,



3.4 X~BAY DIFFRICTOLNTRY,
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cot121

X~ray diffroactometry was used for the determination cl the magnesiua
content of caleite and the detection of dolomite in samoples of marble.
It was 2lso used for the determination of the cell dimensicns of garnets
in order to determine, with thelr refractive indices, the oceurrence of
components other thon andradite and gressularite, In all cases Cu Iix
radigtion wes used.

A-RAY TLUORESCENCE SrECTROSCOFRY.

Major Elements:

Eleven total rock samples were subjected ftc major element anslysis

by X-ray fluorescence spectroscopy. 8i0

o1 A1,05, Fe 0y, Ce0, a0, K0,

3! “‘?‘2 2 .

g0, TiOZ, ¥Mn®, PO_ and S were determined using the fused borate disc

275

method of Norrish and Chappell {1967). The intermaotionai geochamica

[

rock standards G-2 and BCR-1 were used. Xeadings were computerized

using & progremme supplied by lr. A.S. Badgley of the Geology Department.

Trace Elements:

Bb, Sr, VV and Sn were determined by X-razy fluorescence spectroscopy
on the intrusive rocks using pressed powder dises with celiulose as the
backing.

FURTHNR AMALYTTCAL VORT,

Many semples were analysed for selected trace elements by HcPhar
Geophysics Pty.Ltd. W, Mo, Sn, Ge, Ti, Ni, Cr and Co were determined
using X-ray fluorescence spectroscopy. Cu, Pb, Zn and In were determined

using atomic absorption speciroscopy,.
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THIN SY¥CTION DESCRIPTIOINS

2.1 INTRUSIVES.
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Sammle 100,

i lB b0 B

Porphyritic Adamellite.

Texture: Porphyritic, hypidiomorphic,

i R R

Groundmass coarse grained and inequigrsnular,
Plagioclase (30%): 0.5 - 5 mm, average 2 mm,
Anhedral ‘o subhedral, Lamellar twinning and normal oscillatory
. zoning well developed. 4verzge extinctien anglas normal to 010 is
130, therefore average composition is An 30, Partly sericitized
especially 2long selected zones. Fraciuring common,
Orthoclase (25%): Phenocrysts (15&), groundmass {10%).
Phencoerysts: Several centimeters long. Suﬁhedral, distinect
rectangular form but margins irregular and accommodate srallex
grains, ell developed carlsbad twinning, Perthitic texture.
Poikilitic, contain mainly plagioclase and biotite grains, Very
little sericitization.
| Groundmass: 0.5 - 7 mm, ﬁverage 3 nm.
Anhedral, very irregular form. Perthitic and poikilitic like the
phenocrysts and slightiy more sericitized.
Quartz (2@3):10.2 -~ 4 mm, average 1 mm.
inhedral, BSome grains show irregular extinction indicating strain.
Biotite (17i): Up to 4 mm, aversge 1.5 mm.
Anhedral, platy. Strongly pleochroic, « pale brown, B brown,
Y dérk reddish brown, therelore rich in titanium. Most greins
parfly altered to chlorite and occasicnally epidote and sphene.
Some grains completely altered to chlorite,
HEornblende (53%): Up to 3 mm, average 1 mnm.

Subhedrel, prismatic. Pleochroic, =< light brown, 8 1light green-




001123
browm, Y olive green. Refractive indices, £ = 1.671, therzfore
Kg/ilg+Fe = 0,54, |

Kegnetite (Z3): Up to 0.4 mm, average 0.2 mm.
Anhedral, Usually associzted with the mafic minerals.

Sphene (15%): Up to 1 mm, average 0.3 mm.
Euhedral, double wedge form. 8lightly pleochroic, orown to dorker
brown, therefore contains iron. Oftén contains or is associated
with magnetite.

Sample 1ikL.
Xenolith,

Texture: Porphyritic. Approsching e decussate texture. Meny greins
poikiloblastic.

Orthoclase (25): Phenocrysts (57), groundmass (20%).
Phenoerysts: About 5 mm, Subidioblastic. Similar to ortnoclase
in adamellite.

Groundmass: Up to 1 mm, average O.4 nmm,

Xenoblastic, very irregular fomm.

Poikiloblastic, conteins inelusions of epatite, sphene and

zircon., Changed in parts 4o microcline {cross-hatched tiwinning),

Partly sericitized.

. Hornmblende {2C57): Up to 1 mu, average 0.5 mr,
Xenoblastic to subidioblastic, prismatic.
Pleochroic, « pale brewn, f olive green, y green. Refractive
indices, B = 1,683, therefore lig/iig+Fe = 0.42.
Occurs in parts as élusters of almost pure hornblende,

Biotite (155): Up to 1.5 mm, average 0,7 mm.

| Xenoblastic, platy. Strongly pleochroic, « pale brom, 8 darker

browvm, ¥ dark reddish brown, therefore rich in titanium. Nest
grains partly or completely altered to chlorite,

Guartz (17%5): Up to 2 mm, averagze 0.5 mm.

Xenoblastic. Poikiloblastic, contains inclusions of avatite,

J sphene znd zircon,
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Svaene {&:): Up 4o C.4 mm, average 0,2 mm.

Xenoblastic to subidioblastiz. Dark browvm colour. Often

oceours &s inclusions.

kpatite (5%): Up to 0.5 mm, average 0.3 mm.
/ Tdioblastic, elcngate with perfect hexagonal transverse section,
Oceurs only as inclusions.

Zircon (trace): Up to 0.2 mm, averzge C.1 mm.

L LT 0 RS AR P

Xenoblastic, Associated with sphere and apatiie.
Semple 304,
Contect Hock - Endoskern.
Texture: Similar to that for the adamellitie cpart from the interstitial
. calcareous assernblage which is very irregular, poildlitic and
| typical of the textures in the metasomatized rocks.
Plagioclase-(GQﬁ): 0,2 - 7 mm, average 3 mm.
Ankedral., Well twinned and zoned and same composition as
plagioclase in normal edamellite., 7Well fraciured and partly
altered %o sericite and zoisite especially along the fractufes.
Actinolite (fﬁﬁ): Up to 3.mm, average 1 mm,
Subhedral, prismatic to fibrous. Associeted with calcite and often
grows through it; Faintly pleochroic, « colourless, f very vale

. green, Y pale green. Refractive indices, B = 1.665, therefore

Mg/lig+Fe = 0.38,

Calcite (15%3): Anhedral, very irregular form, Poikilitic, contains
inclusions of actinolite, sphene and apatite. Interstitial to
plagioclase g?ains.

Sohene (53): Up to 1 mm, average 0.2 mm.
Anhedral to euhedral. Associuted with caleite and actinolite,
Contains inclusions of magnetite, Distinctly pleochroic, light
brovm to dark brown, therefare contains iron.

Cuartz (2%): Up %o 1 mm, average 0,5 mn.

Anhedral,
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gnlovite (2:): inhedral, irveguier fora.
Occurs a5 poorly formed roseites. Anomalous blue interference
colours. fissociated with caleareous sssemblage between
plagiocluse groins.
Avatite (195): Up to Q.7 mm, aversge o.1 mm.
Euhedrel, Occurs in the calecareous assemblsge.
Biotite (troce): 0.2 mm. Anhedral,
Assoclated and included in plagioclase,

Same as in normal adomellite,

Hagnetite (trace: 0.1 mm. Anhedral., Usually cssociated with
sphene.

‘I' Sample 165,

Lanpronhyre,
H Texture: Porphyritie. Groundmass fine grained with a typical basaliic
texture, |
Plagioclase (65%): Up to 0.3 w1, averege 0.1 mm.

Subhedral, lath shaped., Lameller and corlsbad {twinning common,

Mormal zoning., Extirction ;ngles normal to 10 vary Crou 170

to 2?0 (An 35 to 4n 50) in the care of the grains with the larger

groins being more caleie., In the rims of the zgrains the extinctlion
@ angle is 3° (an 22).

Hornblende (325): Phenocrysts (1Z7), Groundmass (2062).

Phenocrysts: 0,3 to 4 mm, average C,7 mm.

Subhedral to evhedral, prismatic elongate., Some grains show carisbad.

twinning. Pleocﬁroic, <« pale broym, B 1light brown, ¥ derier

brovm. Refractive indices, F = 1.697, therefore Mg/iig:Fe = C.25.

Some grains partly altered to c¢hloxite with the liberation of ccoleite.

Groundmass: Up to 0.3 mm, average 0,2 mm.

Anhedral to subhedral, Similar to tie phqnocrysts.

Viosnctite {30): Up to 0,5 mm, average 0.2 mm,

snhedral, very irregular form., Occurs in grein clusters.
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Conteriinenis {5¢:):  Anhedwmal., Hainly orthoclase, 1 to 3 ma, average Z mm,

averse 0.1 mm, ccours

man

intensely sericitized. 4duarts, up to 0.3 mm,

A

in grain clusters, 4ilso traces of epidcte and sphene.

MIFE SZRIES RCCHS.

Hames given are the unit nemes.

Sampnle 237.

Volcanics (silice deficient).

Texture: Gronoblastic, fine grained.
Tremolite (606): Up to O.4 mm, overage 0.2 mm.
Xencblastic to subidioblastic, prismatic te fibdbrous.
Razndomly oriented,
. Spinel (2053): Up to 0.2 mm, oversge O.1 mm.

Xenoblasiic, very lrregular form. Dark sreen colour, therefore

spinel-hercynite composition. Altered in parts tc e browm
amorphous material,
Phloropite (1%): 0,1 to 1 mm, averzge O.4 mm.

Yenoblastic, platy. Faintly pleochroic, =« pale brom pale
s T T ) P ) I

brovn colourless., Poikiloblzstie, conizins ineclusions of
3 3

tremolite and magnetite,
Forsterite (53): 0.1 to 1 mam, average O.L wm.
. Xenoblastic, granular. Grains often occur in clusters vith sane

optic orientation, DPoikileoblastic, contoins smell inclusions of

nagnevite.
Hagnetite (£.): Up to 0,1 mm, average 0.05 mm.

Yenoblastic to subidioblasiic, occasionally in the form of small

cubes, Usuzlly cccurs as inclusions,

Samnle 35.
Volcanics (silica rich).

Texture: Blasto-~anyzdaloidal., Growxdmass fine greined, granoblostic.

Anygdales porphyritic.

e e e e

Lebe-onvrdales (5G5): 0.5 to 3 mm, average 1.5 om.

wuarts (15%7): Less *han €.05 om. predominantly. Yencblastic,sranular,
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Sericite (i50): Ixtrenely fine greined. Xenovlastie, inferztitici,
Biciite (1@3): 0.05 to 0.2 nm, avercge 0.7 om.
Xenoblastic Lo subidicblastic, platy.
Fagnetite (1G1):  Up to 0.2 mm, average less than 0,05 mm.
Xenoblastic, rounded.

Groundmess (5%):

Quartz (251): Up to 0.2 mm,.average 9,55 nm,

Xenoblastic, granular. Poikiloblastic, contains small rounded

inclusions of magnetite.
Biotite (1C:I): Up to 0.2 mm, average 0,1 mm.

Xenoblastiec to subidiconlastic, platy. Poikiloblastie, contains

. rounded inclusions of quartz and megnetite.
Actinolite (105):  Up to 6.2 ma, average O.% nm.

Zenoblastic to subidioﬁlastic, prismetic,
Magnetite e (5%) Up to 0.2 m, average 0,05 mm,
Xenoblastic to suvidioblestic, square t0 rounded shane, Smaller
grains usually occur as inclﬁsio_ns.
Biotite Hornfels,

Texture: Grenoblastic, approaching a typical hornfels texture., Tine

. greined,

Biotite (LC5): Up to 0.1 mm, aversge 0,05 mm, Xenoblastic to subidio-

blastic, platy. Random corientation,

Cuertz (3%G5): Up to 0.1 mm, average less then 0,05 mm, Xencblastic,

granular., Poikiloblastic, contains small rounded inclusions of
mapnetite., Sowme grains occur in elongate grain clusters.
Tremolite (15¢): 0.1 o 0.3 mm, average 0,2 na,
Subidioblestic, fibrous. Fibres usually radiating,
Kagnetite (15:): Up to 0.1 mm, average less then 0.05 mm. Xenoblestic,

rounded, Smallest grains often gccur as inclusions,.
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Sample 52.
Biotite Actinolite Hornfels.

Texture: Granoblastic. Compositionally banded, bands 1 to & wmm thick,
avefage 2 mm,

Biotite (30%): Up %o 0.1 mm, average 0.05 mm. Xenoblastic fo
subidioblastic, platy. Rendomly oriented. In biotite-rich bands,
up to 6% biotite. In bintite-poor bands, up to 1% biotite,

fetinotite (3G0): Up to 0,2 mm, average 0.1 mn., ZXenoblaztic to
subidioblastic, prismatic, elongate. Randomly oriented. In
actinolite-rich bands, up to 50% actinoliie, In actinolite-poor
bands up to 157 actinolite.

Quartz (30%): Up to 0.1 mm, average 0.05 nm. Xencblastic, granular,
Evenly distributed through the bands,

Ilenite (i0f%): About 0.1 mz. Xenoblastic to subidicblastic, elengato,
RhndOmly oriented. Restricted to biotite-rich bands. Occasionally
forms thin bands itself up te 0,1 mm thiék.

Older Volcenics,

Texture: Granoblastic, medium grained.

Tremolite (50%): 0.1 to 1 mm, average 0.4 mu. Xenoblastic to
suﬁidioblastic, prismatic. Occesional inclusions of magnetite
and spinel.

Forsterite (2053): 0.1 to 0.5 mm, average 0.3 mm. Xenoblastic, very

| irregular form. Poikiloblastic, contains small inclusions of
magnetite.

"Spinel (1563) 2 Up to 0.3 mm, average O.,1 mm. Xenoblastic. Shape
controlled by other minerals. Dark green colour, therefore
spinel-hercynite compozition, Altered in parts to brown
amorphous materizl. '

Phloponite {(1055): 0.2 %o 0.6 mm, average O.4 mm. Xenoblastie, piaty.

Occasional inclusions of magretite and tremolite. Faintly
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pleochroic, < pale brown, f pale brown, ¥ colourless. CO1129

Hagnetite {(103.): ﬁp to 0,2 mﬁ, average 0.05 rm. Xenoblestic, rounded.
Usually associated with spinel.

Sample 68.
Quartzite,

Texture: Granoblastic, approaching granuloblasiic. Fine grained.

Quartz (80%): Up to 0.3 mm, average 0,1 mm. Xenoblastic, grenular,

| Poikiloblastié, contains very small inclusions of muscovite,

ruﬁile ané magnetite.

Muscovite (185): Up to 0.2 mm, average 0,1 mm, ZXencblastic, platy.
In parts occurs as very fine greined interstitial material.

Magnetite (155): Les; than 0.05 mm. Xénoblastic, rounded. Occurs
almost entirely as inclusions in quartsz,

Pyrite (15%): Up to 0.1 mm, everage less than 0,05 mm. Idioblastié,
square.

Rutile (trace): Less than 0,05 nm, Subidioblastie, rectangular, Cccurs
only as inclusions in guart:.

Sample 3.
Harble ~ C lens,

Texture: In pafts granuloblastic, fine greined. In other parts cozrser
grained grancblastic.

Calcite/dolomite (75%): Up %o 2 mm, averace O,k mm, Xenoblastic.

Granular calcite about 0,3 mm, Irregular grains larger and
poikiloblastic, contain inclusions of forsterite and magnetite,
Forsterite (15:,: 0,05 to 0,3 mm, average O.1 mm, Xenoblastic, gronular,
usually rounded, Distinguished from humite minerals by lack of
colour.and 20y 80°, Intergrowths form with calcite grains,
Vagnetite (5:): Up to 0.1 mm, average less than 0,05 mm, Xenoblastic,
rounded. Occurs mostly slong fractures and between caleite groins.

Some occurs as inclusions,
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Xanthophyllite (3%): Up to O.L mm, average 0,41 rm, Xenoblastic to

.subidioblastic, platy. Colourless, non-pleochroic,

Diopside (2:): 0,05 to 0.3 mm, average 0,1 mm., Xenoblastic, granular to
slightly vrismatic, usually rounded,

Semple 259.
larble - B lens.

Texture: Granoblastic, approaching granuloblastic. Nedium grained.

Calcite/Tolomite (65:5): 0.05 to 0.3 mn, average 0.2 mm, Xenoblastic,
gfanular, oféen polygonal,
Clinohumite“(EQﬁ): 0.05 to 0.3 mm, averzge 0,1 mm. Xenoblastic,
granular, rounded, Distiretly pleochroic, < golden yellow,
g lemon yellow, Yy pale yellow. MNost abundanf near fractures.
Spinel (10%): Up to 0.3 mm, average 0.1 mm. Xenoblastic, granular,
" Green colour; therefore spinel-pleonaste composition, Contains
inclusions of magnetite. Most abundant near.fractures.
Hagnetite {(57): Up to 0,1 mm, average less than 0.05 mn. Xenoblastic.
Hoét abundant near spinel.
Samle 51.
Pyroxene Garnet Hornfels.
Texture: Blastopsephitic, calcareous fragments in the original rock have
been preserved zs oﬁoids. Groundmass grencblestic, medium greined.
Ovoids coarser grained with & ﬁore irregular texture.
Ovoids (15%): Up to 3 cm, average 1.5 cm. Percentages of constituent

minerals below are given in relation to the ovoids and notv total

rock.
Guartz (4060): 1 to 10 mm, average 5 mm. Xenoblastic.

Poikiloblastic, contains inclusions of azctinelite and vyroxene.

Calcite (25%): 1 to 10 mm, average 5 mm, GSimilar fomm to guarbz.
Epidote (10¢): 2 to L mm, average 3 mn, . Subidioblastic, elongate.
Very feintly pleochroic, & colourless, g colourless, y very pale

yellow.
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Cordierite {4C0:): 0.5 to 2 mm, averege 1 mn, Xenoblastic, very
irregular form. Lamellar twinning develcped.

Vesuvianite (52): Up to 0.5 mm, average C.3 ma. Xenoblastic.
Anomalous blue interference colours. Assccizted with cordierite,
Actinolite (5(): Up to 1 mm, average 0.3 mm. Subidioblastic,
needle to fibrous form. Often occuls as inclusions in quartz

and calcite.

Pyroxene (45%): Up to 0.6 mm, average 0,3 mn. Xenoblesiic,
granular. Occurs usually as inclusions in gquartz and calcite,
Scheelite (152): 0.1 to 0.3 mm, average 0.2 mm, Xenoblastic;
granular, rounded.

Groundmass {85): Percentages given in relation to groundnass.

 Garnet (603): Up to 1.5 mm, average 0.5 mm. Xenoblestic,
granular, que brown colour, therefore predonirantly grossularite.
Poikiloblastic, contains numerous inclusions of clinopyroxene and
quarcz.

- Cliropyroxene (303):. Up %o O.4 mm, average 0,2 mm. ZXenoblestic,

granular., Very pale green colour, therefore diopsidic. In parvs
grains occur in.aggregates. |
Quartz (105): Up +to 0.3 mm, average 0,4 mn. Yenoblestic,
Interstitial to garnet.

Sample 56.
Banaed Footywall Beds.

Texture: Compoéitionally banded with bands 0.5 to 1 cm thick, . lost

| bands have a granoblastic texture with the marble and clinopyroxene
bands approaching a granuleoblastic texture. Pelitic hornfels bands
have a typical hornfels texture.

Marble Bands:

Calcite (98): 0.1 to 1 mm, averege 0.3 mm. Xenoblastic, polygonal.

. Poikiloblastic, contains small inclusions of magnetite and clino-

pyroxene,



Clinovyroxene {15}: Up to 0.1 mm, average less than 0.05 mm.

Xenoblastic, grenular, Pale green colour, therefore diopsidic.
Kagnetite (1%): Up to 0.1 mm, average less than C.05 mm,

Xenoblastic,

HMelilite Bonds:

Garnet

Melilite (80%): Up to &4 mm, average 1 mm. Subidioblasfic,
prismatic. Some grains show wide lameller twinning. ALassociated
with calcite, Intergrowtiis with calcite occur. Calcite also
ogceurs in fractures in the melilite. Refractive indices,

P = 1.659, therefore composition is 3k mol$ ckermanite, 66 mol#
gehlenite. |

Caleite (15%): ZXenoblastic.

Hydrogrossular (53:): Up to 2 mm, average 0.5 mm. Xenoblastic,

granular., Identical to grossulerits with uncrossed polars but
under crossed polars shows a low pirefringence end is uniexial
negatvive. Occurs rezr boundary of melilite and garnet bands,

Bands:

Rarely pure except occasionally in thin baends less than 1 mm thick,

~ Bands usually consist of garnet and clinopyroxene. Grade into

clinopyroxene bands.
Garnet: Up to 1 mm, average less than 0,05 mm., Xenoblastic,
granular, Refractive index is 1.777, therefore composition is

72 mol; grossularite, 28 mol% andradite.

Clinopyroxernie Boands:

Yhere garnet disappezrs completely the bands are very pure.

Clinopyroxere: Up +to 1 mm, average 0.2 mm. Xenoblastic granular.

Pale green colour, diopsidic composition.

Pelitic Hornfels Bzands:

Very altered to iron oxides mainly., Only troces of bilotite remains.

Actinolite forms near the clinopyroxene bend.
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Semple 43.

Skarn - C léns.

Texfure: Porphyroblaztic., Smaller grains usually granoblastic,
Poikiloblastic textures common.

Garnet (50%): Up to 5 mm, average 2 mm. Xenoblestic to idioblasiic,
granular. Poikiloblastic, contains grains of all other minerals
in the rock, Thin hydrogrcssular rims around large idicbleastic
grains. Deorker brovm colour than garnet in pyroxene garnet
hornfela, therefore richer in the andradite componsnt.

Clinopyroxene (2&3): Up to 1 mm, average 0;2 rm. Xenoblastic, granular

and occasionally prismatic. Light green colour, non-pleochroic,
Smaller grains occur as inclusions in garnet. Larger grains
usually interstitial %o gemet. Partly altered to iron-rich
material, |

Calcite (1C55): Up to 3 mm, aversge 0,5 rmm. Xenoblestic. leinly
inférs‘.;itial to garnet grains.

Hornbiende (5%): Up to 1 mm, average 0.2 mm, Xencblastic to subidio-

| blastic, prismatic. trongly pleochroiz, « light green. - hrowm,
.ﬁ olive green, ¥ deep blue.greenf Associated with the c¢lino-
pyroxene from which it has formed. Partly altered to iron-rich
meterial, |

Quartz (4e3) Up to 1 mm, average 0,3 mm. Xenoblastic. Similar form

" to calcite, |

Scheelite.(Z?): 0.1 to 0.6 nm, average 0.2 mm. Xenoblastic, grantlar,
rounded. Colourless, very high relief. Scattered thfough all
pafts of rock except interstitial calcite and quartz.

Opaaues (2%): Up to 1 mm. Xenoblastic. Mainly pyrite with a little
molyvbdenite (platy). Interstitial to garnet.

Actinolite (frace): Up to 1 mm, a;erage 0.3 mm, Subidioblastic, needle
and wedge forms. Completely enclosed in éuartz interstitial to

garnet,
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Calcite (%a): Xenoblastic. Associated witn gerrnet in the fractures.

- Clinopyrozene (Z5): Xenoblasiic. Associeted with garnet end usually

-enclosed in it., Partly altered to iron-rich material,
Hornblende {Z:): Xenoblastic, Similar association as clinopyroxene.
Epidote (155): Xenoblastic., Interstitisl to garnet. Socme ocours in the

fractures.




Sample 32,
- Skarn - C iens.

Similor to sample 13 but the garnet has been more extensively
replaced by clinopyroxene., Also zonation is visible through the garnet
grains as well as the hydrogrossular rim. In perts, replacement has taken
place selectively along certain zones, mainly those richer in iron, Com-
‘positions of the major minerals vere determined from refractive indices.

Clinopyrovene (457): ﬂ = 1.713, 2Vy = 550, therefore composition in

relation to the formula (€a Fe ig), (S:TJ‘J)ZOG is Ca 0.42, Fe 0,31
and #g 0,27.

Gernet (205%): R.I. = 1,842, ‘therefore conppositicen is 71 mol¥ andradite,
29 mol} grossularite.

.Calcite (153).

Hornblende (&7): | g = ‘1.7:1‘1, therefore Mg/ilgtFe = 0,1, i,e. ferro-
hastingsite.

Quartz (5%):

Scheelite (5).

Opagues (Zi).

Actinoiite (trace}.

Sample 20,
Skarn - C lens (siiiceous). .

Texture: Granoblastic, poikiloblastic. Very cocrse grained.

Quartz (505): Up to several cm across. Xenoble.s“c‘ic. Poikiloblastic,
contains many well formed gornet grains, Otherwise vefy clean.

Garnet (40%): 0.1 to 3 mm, aversge 1 mm, Idioblastic. Zoning and

hydrogrossular rim indistinct., Brown colour indicates a predom-

~ inantly endradite composition as in other skarn described. Replaced
to e small extent by c]:inopyroxene, hornblende and calecite. TVell

fractured in parts,
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APPENDIX 3

GROCIEICLL RISULTS.

3.1 W 21D Sn (pom) IN GRASSY AND BOLD HFAD ;DAIGILLITES.

Lnalyses by esuthor (X.R.F.)

Sample lo. i Sn Sarole io. g
72 3 7 184 5
i 6 5 185 W
101 5 N 186 2
11 6 5 191 6
1;[ 125 3 3 194 3
; 143 7 5 155 2
E’; 169 5 10 301, 5
§ 180 3 7 305 5
i 181 9 6 306 10
2 182 0 6 324 1
? 183 2 3 327 A

[
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3,2 PRELIITIILERY SURVEY OF LINME SERTEE OF Ilo.t 0=B0DY

Sarmle To.

1
32
3k
35
38
11
L2
bl
46
L9
53
62
6l
66
67
68
69
70

Sample No.

1
32
34
35
38
L1

{20
¢20
24,00

50

{20
<20
{20
{20
<20
<20
{20

Hi

{10
<10
{10
50
20
<10
£0
60
50
{10
50

2,0
180
190
<10
10
10

601

Analyses by lMNePhor Geophysics Ptr.Lid,

Ko

360
540
10
{10
{10
10
10

{10.

{10
150

20
<10
<10
{10
{10
{10
10
<10

130
110
50
80
80
60
700
2100
100
70
100

Sa

190
110
<20
{20

{20
<20
<eC
<20

120

Lo

{20
{20
{20
{20
{20
{20
{20

{20
70

{20

20
80
100
70
100
80
110
100
110
{20
20
{20

230

Ge

50
100
<10
<10
<10
<10
{10
{10
{10
80
20
{10
{10
{10
{40
{10
{10
<10

Cu
- 60
10

70
10

100

110

10

10
- 25
20
10
10

lin

3400
2600
580
600
820
£00
2600
230
290
3000
1200
270
190
780
166
220
60

120

L]
2 <)

=~

d

Q.17

0.06

g Oy O\ —'-\.h-'-

Py = - =-J\n
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3.3 DETAILED STUDY QF ITNS SZRAXES OF MNo.1 OREICDY.

Analyses by McPhar Geophysies Pty.Ltd.

Volcanica:

E Sample Mo, v &n
8 | /
g 200 <20 100
& 221 ¢ 20 20
£ 236 {20 30
i 251, <20 20
i 255 <20 25
i 256 {20 .15
i 257 320 20
£ 272 <20 30
. Merble - B Lens:
Sample No. in in Mi
205 20 3300 15
239 _ 25 1300 20
| 259 10 2900 25
273 25 1300 20

Biotite Hornfels:

Semple No, Zn Tis
202 95 1,26
223 70 0.27
2L2 "985 1.12
262 30 1,16

275 85 - 100

Biotite Actinolite Hornflels:

Sample KNo. Zn Tig
218 30 1.89
233 210 1.42
251 220 1.11
268 270 G, 40
287 55 1,30
301 85 1.69

Pyroxene -Garnet Hornefels:

Sample No. Sn Ge Cu Zn Mn
208 50 L5 10’ 100 4000
225 30 25 60 L0 1700
24, {20 20 10 70 1700
265 29 o 30 95 3600
278 20 30 - 30 55 3500

291 ' LE 40 20 45 2400
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Andradite Skarn - C lens:

B Semple No. Ti0 %% Sn Ge Cu 7Zn 'n
. 210 1.82 220 100 15 30 6800
i 211 0.80 170 80 10 25 5900
212 0.43 120 60 L0 35 3900
¥ 227 0.35 250 50 L0 55 7400
2 228 0,05 130 65 25 35 9200
s 229 <0,05 110 55 340 55 7100
4 2L5 0.17 85 L5 85 100 5300
-E 2L6 1,90 350 80 10 20 6300
3 247 0,50 80 70 15 45 68C0
-t 269 0,04 110 - 55 350 55 7160
-i 270 0,03 130 35 20 70 5300
i 271 0. 0L 50 25 10 GO 1900
£ 280 0,05 Q0 80 20 35 7900
. 281 1,48 290 140 10 15 7100
282 0,08 190 85 35 30 76C0
293 0.80 200 75 45 45 €400
291 1,20 130 - 70 70 35 4200
295 1,00

170 70 20 50 13,00

3.4 INVESTIGATOR & ARZA,

Volecanies:
Sample Mo, W, Zn
329 {20 20
334 {20 65
Marble:
Sample Mo, Zn i | Ni
, _ 317 25 240 15
{. 322 15 180 20
331 10 900 30
2L 15 1000 25
345 20 €00 20
" Biotite and Biotite lctinolite Hornfels:
Semple No. an Ti%
312 70 0,16
320 70 0,70
333 75 0,96
339 100 1.48

3L 90 0,70
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Skarn and Pyroxene Garnet Hornfels:

' Sample No, sn Ge Cu . Zn bn
321 20 20 490 35 1400
335 30 15 10 50 2600

353 <20 <10 110 100G 1000

3.5 UIIETANORTHOSED ROCKS:

Voleanies:
Sample lio. N_:L_ Cx Co in
340 70 . 200 120 65
351 55 170 120 85
343 L5 75 100 70
Sedinents:
Semple lNo, il Sn Nn T___l_f_:i
3532 {20 {20 380 0,83
3, 0 L2000 {20 870 0,43
356 _ <20 <20 260 0,60
357 {z0 {2C 12C0 0.53
Semple Mo, Ni Co - Zn
353 £0 65 130
354 65 65 95
356 65 85 120
357 LO 70 80
Tilloid:
Semnle lio,. W Mn Ni Co Zn
5 (20 730 35 40 60
350 {20 760 &0 95 100

3.6 McPHAD ANMALYTIC.L ITETHODE.

v, ¥o, 8n, Ge, Ti, Ni, Cr and Co were analysed by X.R.F,
Cu, Pb, 2n and Mn were analysed by A.A.8. following hot
concentrated HCI leaching and HCI/HNOB leaching in the latiter stages for

one hour of 0,25g of sample. ;
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PP HSI L 4
LG, 39 )
:l_'f..?r /.‘.I'j !._‘LLEOD O'.\' AL DIERIIIST TG,

%9

The 42"/ir?” method is deseriboed by Green (1973) and only & brief

1 summary is given here.
-3
E The samples dated were subjectel? to neutron irradiation in the PRSI
g 40
¥ s . : . »
=§ rezctor at Tuecas Heighis. The ratio of radiogenic £y (croduced by decay
4 o : o2 . o
: of naturnl I ) to A {vroduced in the fast neutron flux only by the

39

reaction K39 (n,p) Ar”” ideally) for each sample was measurad with a nass

. . L A0 9 .
spectromeier. Comparison of theze values with Ly /ArB’ ratios of samples
of known nges subjected to identilesl irredistion enabled the ages cf the

wumown semples to be determined.

L2

Assuming no interferenze fron the Ca

39

(n,a) Ar’” reaction and
similar reacticns, the age of a sample can be determined by the equation
IRy 39
= &30 x 1”9 log [1 + 7 (AT far’ i]
30

where J is a measure of the neutron szbsorption by K77 and is given by
Je e'tstd -
50% ;59
k
(4™ [ix’ )s ta

where tstd is the age of the standari sample dated by conventional means,
-1 40
and T = ( Ao+ Ag)” for i decay.
. The Tollowing table lists the resulls obiained in determining the

ages of the samples.

Sample Hineral Measured Ratios L0 -3 (

Lio. m CAT Jxi0 Age (m.y.)

— O w z f &) gy
Azh' Lrjg Ar37/ﬁr39 ArJ6/£r)9 m~——£22§)

183 Biotite 158.77 0.617 0.034 93.5 1.453 358
183 Hormblende 157 .44 8.81 0,1G2 80.6 1.718 376
195 Biotite 153.53 0.G37 0.052 §9.1 1.718 374
165 Hornblende 193.19 5.63 0.123 61.0 1.272 345




sectiaon,

APPENDIX &

CATALOGUE 01 5APLLS,

Sample locations are shown on llaps 1 and 2 end the zccompaiying

Their co-ordinates are based cn the integrated survey grid system.

¥here a semple was c¢ollected from drill core the co-ordiinates of the drill

hole are given end 2lso the number of the drill hole follcwed by the cepth

of the sample in meters. Tor the érill holes in the open cut

co-orcinates are not given.

~ Preparations:
a. Thin sectionf
b. Mineral preparation.
c. Photcmicrograph.
d. Z¥-ray diffractiqn.
e, Hajor element.analysis (x.r.F.) ) )
: by author,
f. Ninor element analysis (X.R.F.) %
g, Optical analysis of minerals.
h. Arﬁo/ﬁr59 age determination.

however, the

A1l samples listed have been sﬁbjected to minoy element analysis by

MePhar Geophysics Poy.Lid.

Catalog