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not so closely associated with known mineralisation, and these
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Alteration and Mineralisation in the Mt. Read
Volcanics, Western Tasmania

Introduction

Current mode}s for the formation of massive sulphide ore
deposits (e.%. Sqlomon and Walshe, 1979) envisage the
convective circulation of hot water through large volumes of
rock beneath the sea-floor, and the deposition of sulphides
where;the water emerges. In the cbmmon situation of deposits
hosted by calc-alkaline volcanic rocks, the circulation of
seawater is thought to be driven by heat from shallow-level
granitic intrusions. Volcanic activity commonly continues
after ore deposition. In this situation it might be possible
to distinguish pre-ore rocks from post-ore rocks according to
alteration style. Furthermore, chemical and thermal gradients

around zones of emergence should be high. These gradients

should be preserved in the alteration assemblages.

A question of importance both to exploration and to testing
the theoretical model, then, is whether alteration can be used
tc map the Yolcanics, effectively to determine stratigraphy
where mappable lithological units are charactéristically
impersistent along strike, and once this is done, whether

fossil gradients can be detected in pre-mineralisation rocks.

A comprehensive investigation of alteration in the Mt. Read
Volcanics had not been attémpted at regional scale. At

deposit scale, the close assoclation between phyllosilicate-

" rich assemblages and ore deposits was well-established. There

are also marked differences in alteration style among rocks !

were not understood.
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In the context of a regional compilaticon of data relevant to
mineral exploration (being undertaken by the joint venture
exploration partners) and of the theoretical considerations

mentioned above, the study was begun in 1980. The aims were:

(1) to claﬁsify alteration styles, and determine significant
differnces between them.

(ii) to investigate, at regional scale, the relationship
between mineralisation and alteration;

(iii) to determine whether alteration style can be used as a

criterion in mineral exploration.

In addition, as an inVestigation of the known mineralisation,
a sulphur isotope study has been undertaken encompassing most

sulphide and sulphate occurrences in the region.

The region investigated stretches from Bulgobac to South
Darwin Peak, and includes all known mineralisation in this
part of the volcanics except for Chester, Pinnacles and Mt.
Block. Fig. 1 is a locality map giving place-names cited in

the report.

The bulk of the report is a detailed account of the project. !
Because this is of considerable length, a section stating
briefly the principal conclusions and their relevance to

exploration is added at the end.
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' The Geology of the Mt. Read Volcanics

1, Summary of foregoing work

Recent publications on,.the geology of the Mt, Read Vblcanics
include those of Corbett (1981) and Corbett et al. (1974).
The brief summary which follows is derived from those sources.

Corbett recognises three major subdivisions of the volcanics:

a)y Central Sequence, a belt of lavas, and pyroclastics large-

ly of rhyolitic to dacitic composition, comprising the bulk of
the volcanics and ﬁosting most of the known mineralisation.
Granites intrude these rocks at Mt Darwin and Mt Murchison.
Sedimenﬁs form a very small component. These rocks form an

almost continucus (in places obscured) belt extending through-

out the study area.

b) Western Sequence, a belt of non-fossiliferous marine

sediments with interbedded tuffs and lavas and tabular quartz-
feldspar prophyry intrusives. These extend along the entire

western margin of the study area.

¢) Tyndall Group and correlates (also previously termed |
Eastern Sequence), in the Queenstown area a series of tuffs
" and aggIOmerates with minor lavas and sediments in the lower

part and volcaniclastic conglomerate in the upper part. South

EREEC L g

of Lake Selina, this sequence occurs discontinuously to the
‘east of the Central Seqiuence, and similar rocks overlie the
Central Sequence in a discontinuous belt west of the West

Coast Range between the Henty Fault and Mt. Owen.
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The Tyndall Group and correlates clearly overlie the Central

ot LI - o St = D aAnelr

Sequence unconformably; The Darwin Granite is truncated by a
Tyndall correlate on South Darwin Peak. The Owen formation
{conglomerate and b;sal volvaniclastic breccia) in turn over-
lies the qudall Group, in places conﬁo;mably; in others
unconformablz. Both the Tyndall Group and the Owen formation
may have accumulated in small rift systems developed (in the

area of study) south of the Henty Fault only.

The relationship of the Western Sequence to the Central
Sequence is less easily established. Corbett favours the view
that the Western Sequence is the older in the Queenstown area,
but states that relationships may be different to the north.
(In the‘present study - Eastoe, 1981 - it has been confirmed
that Western Sequence sediments overlie volcanics at the
Pinnacles Ridge, but the affinities of the volcanics are not
clear). White (1975; his Clark Volcanics correspond to the
Western Sequence) considers the Western Sequence rocks to be

younger than Central Sequence rocks in the Jukes-Darwin area.

In the Queenstown area, Corbett distinguishes Central Sequence
rocks from volcanics of the other units by the ahsence aor
rarity in Central Sequence rocks of quarté phenocrysts. Such
a distinction has been found in this study not to hold good
further north, particularly in the Murchison Gorge and Lake

Selina areas.

Because they host most o0f the mineralisation, the Central
Sequence volcanics have been the main concern of this study
and will be considered separately from Western Sequence and

Tyndall Group rocks.
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2. Furthur comments hased on the present study

The fileld geological aspects of this study have been reported

elsewhere (Eastoe, 1980;1981). It will suffice to summarise
(] .

the main points, and add new comments as appropriate,

a) Detailed'rork was undertaken in the Rosebery area because
that area seemed suitable as a control example for relating
alteration style to known mineralisafion. It appears to be
possible to relate all known syngenetic sulphide lenses to one
mineralised horizon extending from the Pieman River south to-

Howards Road. The horizon is exposed as many as four times

across the belt, the repetitions being due to folding.

b) On the Lyell side of the Henty Fault, it is suggested (on
the basis of a much less detailed investigation than in the
case of Rosebery) that a single horizon contains all sign-
ificant syngenetic mineralisation (with the possible, and very
minor, exception of the small pyrite-chert body on Mt.
Huxley). Pink rhyolites, veined by magnetite and sulphides,
are characteristic of the footwall of this horizon. The

horizon is exposed only twice across the belt in the limbs of

a syncline of northerly axial trend.

¢) It is not possible to correlate mineralising events across

the Henty Fault.

d) In the Murchlson Gorgg, a full section from sulphide-

bearing sediments through altered mineralised volcanics to

. granite (which may have provided heat for driving the hydro-

‘thermal circulation) may be present. DPalya (1981) has

investigated the area in detail as an honours project.

\



,ﬂ‘: .
N
"
o

L

[

312010 10.

e} Another, unlocated, repetition of the hoét horizon on the
Lyell side of the Henty Fault was postulated (Eastoe 1981
fig. 11) to account‘er the pyritic mineralisation at Lake
Selina, then thoughf tQ be of shallow footwall style.

14

A new drill-ﬁore has revealed granitic intrusions in close
proximity to this mineralisation, and a magnetite-pyrite
assemblage similar to that found near the Murchison Granite.
Therefore it is concluded that the Lake Selina mineralisation
is deep-seated and that there is no likelihood of an east-

facing repetition of the host horizon to the east of Lake

Selina. A similar situation may obtain east of Mt. Sedgwick.

e) North of the Pieman River, a massive sulphide host horizon
is known at Que River, and may extend southwest through the

Mt. Charter and Mt. Block barite deposits. Another outcrop of
a host horizon may occur at Pinnacles. The Chester deposit is
apparently enclosed in pyroclastics younger than the Rosebery
mineralisation. The evaluation of this area by examination of

alteration assemblages will be discussed in this report,

f) South of the King River, no massive sulphide host horizon
is known to crop out. The area has been re-evaluated

according to alteration styles, and this will bhe discussed

below.

g€) The Dora Conglomerate (east of the Tyndall Range) is
mineralised and altered, but is lithologically and
structurally akin to the Tyndall Group. M. Hutton (pers.

comm.) has mapped several small intrusions in and near the

mineralised zone.
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h) There is evidence for significant folding and erosion of

/
the Tyndall Group apd correlates. Both the Murchison and

Darwin Granites were exposed (the Murchison Granite prior to

. the Central Sequence volcanic rocks prior to the deposition of '

the deposition of the Owen formation). Beneath the Tyndall
nge, the iqferred sYnclinal structure of the Central

equence - is out ot harmony with the structure of the overlying T
en Conglomerate. The folding was probably coaxial with a

later Devonian phase of northerly axial trend so that Cambrian

cleavage and mesoscopic folds cannot be distinguished.

Devonian deformation may only have tightened pre-existing

Cambrian folds, slightly overturning certain limbs in the

Rosebery area.

3. Spacing of Deposits

There is probably a hierarchy of north-south spacings between
massive sulphide deposits in the Mt. Read Volcanics. Between
Rosebery and Hercules, small deposits occur about every
kilometre. This might also apply at Mt. Lyell (Blow to Crown
Lyell to Comstock). The Rosebery to Hercules spacing (7 to 8
km) corresponds roughly with the spacing between small
deposits in other areas (Farrell to Sterling Valley to Red
Hills; Henty Fault Zone to Howards Anomaly; Rosebery to

Chester to Pinnacles; for Red Hills to Itat Creek, the spacing

-1is about twice this unit). For large deposits, the spacing

may be 30 km (Rosebery to Mt. Lyell) or 15 km (East Darwin to

Mt. Lyell).
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The east-west component of spacing is more difficult to
estimate because there is no continuous east-west outcrop of
the host horizon(q). In any case, the tightness of folding

varies. A question of interest is whether the deposits

occurred in lines or in two—dimensiona} arrays. Is it
fortuitous, for instance, that the six centres of syngenetic
T

mineralisation from Rosebery to Hercules appear to compose a '

single line of deposits cropping out in different fold limbs?
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Alteration Study i

Introduction !

The present minpralogieé and fabrics of the Mt. Read Volcanics E

represent the response of the original fresh volcanics to a

variety of_processes. The fresh volcanics themselves are e
considered to have varied in composition; rhyolitic to dacitic

rocks were apparently the most common, but significant

andesite and minor basalt occcur locally. Subsequent processes

have included:

a) Submarine weathering 1in the case of rocks erupted on the

sea~-floor. This would devitrify all glass, and in the extreme 1
replace all mafic and feldspar phenocrysts by clays. Whether

the Mt. Read Volcanics were submarine or not is debated.

Certainly, the formation of massive sulphide deposits is a

submarine process requiring a considerable depth of water,

But at Rosebery, the volcanics above and below the host

horizon contain abundant bent and flattened pumice. Corbhett jf
(1981) has interpreted this as the texture of terrestrial
ash~-flow tuff. Green (1881), ﬁOWever, considered this
flattening and bending to be due to compaction in submariné
density flow deposifs and compared the effect to "a weak
foliation" of pumicé in submarine pyroclasticé from Japan. If
Green's view is correct, much of the C?ntral Seduence may have
undergone sqpmarine weathering, but evidently not to the
extent of aitering plagioclase to clay, or destroying all

hornblende and glass'structures. This relative freshness, the
. ' )

presence of what might be considered a strong primary

foliation in some cases, and the very massive nature of most

hangingwall rocks suggest that submarine weathering may not
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have been important, at least in hangingwall rocks. A
terrestrial origin cannot yet be dismissed.

v
b) Hydrothermal circulation associated with massive sulphide
deposition during the Cambrian. The circulation would be
expected to foect a large volume of footwall rocks around a
deposit. Given one mineralising event, volcanic rocks
deposited after sulphide deposition should undergo onfy minor
effects of this kind (in the immediate hangingwall of a

déposit, as hydrothermal circulation in the footwaill wanes) or

none at all.

¢) Cambrian hot spring activity associated with volcanism

might affect any part of the volcanic pile locally. While the
effects might be entirely overprinted by process (b) in the
footwall, they may persist as local inhomogeneities in

hangingwall rocks.

d) Cambrian contact metamorphism particularly in the

contacts of granites, and possibly including the effects of

magmatic hydrothermal fluids,

e) Devonian metamorphism. The entire region has undergone

lower greenschist grade metamorphism during the Devonian.
Variations 1in assemblage and composition repreéent either
variation in metamorphic grade (discussed below) or pre-
metamorphic differences in compositipn. The metamorphism
probably generally took place in the presence of relatively,
unimportﬁnt quantities o: introduced fluid. Locally, fluid

may have increased in quantity, bringing about intense

alteration and hydrothermal veining.
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f) Deformation, both Cambrian and Devonian. The development

of cleavage is almost universal, but the.degree of development
and of modification, K of earlier fabrics is extremely variable.
It appears largely tg be related to the amount of phyllosil-
icate develqped in the rock prior to deformation.

4
An important concern in a study of alteration is the differen-
tiation of the ﬁore widespread effects (particularly b and ¢
above) from primary compositicnal differences. It has been
argued (Eastoe, 1881) that in certain areas at least, alter-
atiqn style correlates with stratigraphic position and that
thié principally reflects Cambrian hyrothermal activity. This
will be examined below for other parts of the study area.

First, the nature of the fresh rocks will be reviewed.

Fresh Rocks

It is convenient to classify the Mt. Read Volcanics as

rhyolites, rhyodacites, dacites etc. although no entirely

primary mineral assemblage survives anywhere and distinctions
I o

are blurred (difficulties recognised in the past by the use of
T T T —

keratophyre and spilite terminology).

Primary mineralogy: This is best preserved in rocks of inter-

mediate composition, for example at Sterling Saddle between
Rosebery and Tullah, There, phenocrysts of hormblende,

~ plagioclase, llmenite and magnetite (primary?) survive in an
altered groundmass. From these and pther occurrences, it can.

be deduced that the primary components of the volcanics

comprised-

uunrwnunnunnnnwwmi
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Phenocr?sts Groundmass E
Plagiocclase Biotite Glass -
Quartz Tlmenite | Apatite l
{?) K-feldspar Magnetite | * Zircon

Hornblende Apatite t
Clinopyroxgne

These do not all occur in every rock type;‘the ferromagnesian
phenocrysts in particular are limited to the more mafic
rocks. Clinopyroxene was not definitely identified in any
specimen prepared for this study, but is reported by Cox
(1981) and Corbett (1981). No glass persists, but vitro-

clastic structures and devitrification textures are abundantly

preserved.

Primary textures: Almost all of g?e volcanics are porphy-
ritic, phenocrysts being sparse in a few cases and commoner in
others, but in most no more than 50% by volume. Vesicles are

preserved in a few cases. Flow textures are preserved at

outcrop scale as banding and rarely at microscopic scale as

pilotaxitic texture; these indicate lavas. Certain coarsely

fragmental volcanics may be autobrecciated lavas or vent

breccias.

Pyroclastic rocks pfeserve a variety of clastic textures

depending on theilr mode of deposition and the amount of

subsequent reworking. Pumiece is abundant (the significance of
flattened and bent varieties has been discussed above), and

shards are less abundant,

Perlitic cracks are preserved in a few originally-glassy

rocks, probably lavas.
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Devitrification textures: Almost all of the lavas and

devitrified mainly to quartz and feldspar with a variety of

non-reworked pyroclastics contained glass which has i
textures: - t

- -

Granular: An intergrowth consisting largly of quartz and
1

feldspar grains, irregular both in size and shape. The ;»,
feldspar is comménly albite (where it is coarse-grained encugh |
to be identified) and in some cases makes up almost the entire
groundmass. In specimens with perlitic cracks, the

distribution pattern of grains is controlled by the cracks.

Axiolitic: This texture -~ the radial arrangement of quartz or
feldspaf grains about the axes of elongate pieces of glass -

is rarely preserved explicitly in the Mt. Read Volcanics. It

1s probably implicit, however, in the preservation of shards

and flattened pumice a&as recognisable entities.

Spherulitic: A spherical cluster of quartz or feldspar

crystals about a point nucleus in originally isotropic glass. L $

These are uncommon in the Mt. Read Volcanics.

Snowflake: A family of similar textures, the common feature
of which is the development of areas of micropoikilitie,
optically cqﬁtinuous quartz. The microinclusions were
originally plagioclase and are commonly sericitiéed in the

Mt. Read Volcanics. Variants differ.according to the degree
of development of snowflakes, the amount of radial structure
they exhibit, whether they have nuclei (which are optically
continuous with the snowflake where present). An extreme case

is the devélopment of annealed, polygonal snowflakes without

~ radial structure throughout the entire rock. On weathered
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surfaces, snowflake texture if well developed is revealed as

_ abundant round granules.

1 .
Eutectoid: Graphic intergrowpth of quartz and feldspar. This
may he & pr%mary crystallisation texture, but White (1978)
suggests tha% the growth of snowflake nuclei at the expense of

snowflakes produces the same result.

Miarolitic: A texture of irregular cavities formed when

volatiles are released from devitrifying glass. It is not
present in any specimen from this study, but was recorded by

Rastoe (1973) in association with snowflake devitrification.

The diaénostic significance of snowflake texture is of great
interest because the texture is very common in the Mt. Read
Volcanics, and becauce the topic has been debated in the
literature. Anderson (1969) considered snowflake texture to
occur only in densley-welded ash-flow tuffs in his study
area. White (1975) considered the texture to be chara#t—
eristic of lavas in the Juke-Darwin area. The findings of
this study confirm White's view. As a general rule, di?itri-
fication style should reflect the structure of the precursor
glass. For example, pumice should develop axioclitic or
granular devitrification controlled by the form of the pieces
of glass. Structureless glass might be expected to devitrify
on one of the more isotropic styles - snowflakes, spherﬁ;itic
or eﬁtectoid. The anisotropy of strpctured glass may well
inhibit isotropic devitrification. Structureless glass is to
be expected in lavas (éxcept those.with pilotaxitic texture)
and densely-welded ash-flow tuffs. Snowflake texture is known
in lavas of the Mt. Read Volcanics, and also in massive rocks

which cannot be classified on other textural grounds. It is

v

i
|
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possible that very dense welding could not be distinguished in

these deformed rocks, but all such are tentatively classed as

lavas in this study.

v

- Examples of the textures cited above are included in the

photographic gtlas accompanying this report.

The destruction of early textures

Progressive alteration of the volcanic rocks correlates with
progressive destruction of primary fabrics and-devitrificatiOn
fextures, largely because the pressure of phyllosilicates
facilitates the formation of cleavage. As a general rule,
therefore, the fresher rocks have a bhlocky appearance, and the
more alfered rocks a schistose appearance. This is not true
in every case, however - e.g. specimens RL1 and BD6 are
massive, but have undergone an advanced degree of

mineralogical alteration.,

Not all early textures at microscopic scale are readily
destroyed by the formation of phyllosilicates and cleavage.
Pumice fragments are clearly recognisable in sheared
quartz-mica assemblages from the Hercules footwall (HF 4 et
al). Quartz and plagioclase phenocrysts survive much shearing
provided the plagioclases themselves are altered mainly to
albite and bear minimal sericite. Snowflake texture is
relatively easily destroyed, converting by degrees to
schistose texture, but it- survives as well in footwall rocks

(e.g.ND2, JP 11) as in Kangingwall rocks (e.g. CS2, RDZ).

The progressive destruction of early textures, then, is useful
only as a general guide to degree of alteration. The many

exceptions preclude a reliable criterion in this case.
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1Secondary mineral assemblages

£
e
{55

- The following are found as secondary minerals in the Mt. Read

Volcanics.

T

B o o =
i
1

Widespread major' . Widespread minor Local
Quartz : K-feldspar . Apatite
"Albite ' ' Biotite _ - Allanite
Chlorite : Sphene Tourmaline
Sericitel ' Pyrite Barite
Calcite. Hematite Calcic garnet
Epidote Magnetite Monazite
Rutile/Leucoxene

Clays and goethite are also widespread, but are considered to
. be weathering products and will not be included in this

discussion.

Considering only major components, the number of assemblages
appears to be small.

1. quartz + albite + sericite * chlorite

2. quartz + albite + chlorite + epidote

3. quartz + albite + chlorite + calcite

These are classic lower greenschist facies assemblages (Turner
and Verhoogen, 1960). If biotite is also considered, two
further assemblages arise: |

1A. quartz + albite + chlorite + biotite

2A. quartz + albite + chlorite + epidote + biotite

These are present to a relatively minor extent, but indicate
that conditions local;y may have just attained those of the
quartz-albite~epidote-blotite subfacies. The quartz-albite-
epldote-almandine subfacies is not represented. Garnet is
extremely rare;”éalcic garnet is repofted only at Mt. Lyell
(Cox, 1981) and manganiferous_garnet has been identified in

. the Rosebery orebody (Green et al 1981). At the lower-
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= temperature end of the scale, zeolitic and prehnite -

pumpellyite assemblages are also unknown in the Mt. Read

Volcanics.

These five agsemblages differ in ways that reflect two major

effects, namﬁly:

(1) The presence or absence of significant calcium,
differentiating 1 and 1A from the others.

(ii) The mineralogy of potassium silicates, distinguishing 1

and 2 from 1A and 2A.

Calcic and Non-Calcic Assemblages

All of the volcanic rocks should have originally contained a
little calcium. Modern fresh rhyolites from New Zealand and
New Britain contain 1.2 to 1.6% CaO, dacites around 4% and

andesites about 8% (Carmichael et al, 1974). This increase in

.calecium content corresponds with an increase in the amount of

plagioclase relative to quartz, the amount of Ca in the
plagioclase and the amount of hornblende as a function of
increasing mafic character. Calcic plagioclase is almost
unknown in the Mt. Read Volecanics, both as phenocrysts and as
devitrification products. Analyses of plagioclase in
phenocrysts generally show Ab99-100 compositions; the
exceptions (ST4, ST10) may be mixtures. Their Ca:Na:K

molecular ratios, 6:92:2, 5:91:4 and 7:90:3 indicate amounts

of K which should be unstable in plagioclase under greenschist

conditioné. If the plagioélase compésitions are re-adjusted
after the removal of potassium; they lie between the
characteristic range (An 0-7) of gréenschist albites and that
of the amphibolite facies (An 15-30) (Turner and Verhoogen,
19605. Therefore the calcium in the analyses may also have

been contributed by microimpurities.

%‘1. iJ
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Calcium, then, characteristically occurs as the secondary

E
minerals calcite, epidote (including clinozoisite) and sphene
in the Mt. Read Volganics. ' The calcium minerals commonly dot |
plagioclase phenocrysts in which the surviving plagioclase is t
albitic. The phenocrysts presumably contained caiciﬂm when

they were frgsh. The present mineralogy would thus represent

the re-adjustment of volcanic plagioclase (and glass) compos-

itions to stable greenschist assemblages, the calcic pheno-

crysts or glass having survived until the metamorphic event.

Absolutely non-calcic rocks should not have been present
among the fresh volcanics (by modern analogy) so that the
presence of non-calcic assemblages implies the subsequent

removal of calcium.

Further complications arise. Calcic assemblages could be the
result of adding calcium to volcanics depleted in calcium.
Furthermore, there is evidence of short distance redistribut-

ion of calcium in certain outcrops (e.g. PR8, where secondary,
/

w-'--w

albitic, chloritic and epidote-rich patches up to 5 cm across
are differentiated). This might be possible on a larger

scale.,

Whether calcium takes the form of epidote, calcite or sbhene
depends partly on the availability of the other chemical
components involved. Sphene requires a source of titanium and
calcite & source of carbon dioxide. . In the case of calcite
metamorphic fluids probably transported sufficient carbon
dioxide from elsewhere, because sources'wifhin the volcanics
would have been very small. Epidote'apd calcite occuf
together in some cases (e,g. RA2, which also hears sphene) but

commonly only one is observed.
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" In biotite - bearing caléic assemblages the characteristiec

mineral is epidote (although calcite also occurs in ST 5).
Epidote is most abuPdgnt in the geheral vicinity of biotite
occurrences near Roéebgry and near the Murchison and Darwin
granites. Thus epldote may have formed/where metamorphic

temperatures were higher than in other parts of the volcanics.
H

Potassium silicates

At least a little potassium silicate of one form or another
occurs in every specimen. A little sericite generally flecks
plagioclase phenocrysts and lines grain boundaries even in the.
"non-sericitic" assemblages. This might be explained as a
product of retrogression. A little potassium is expected in
every sbecimen, but the stable form with assemblages 2 and 3
may be feldspar., K-feldspar may be much more widely spread
than suspected; in fine-grained form it is difficult to
distinguish from quartz and albite without detailed microprobe

work.,

K-feldspar is a prominent secondary mineral in two

situations. In the first, it replaces phenocrysts (other
feldsar?) in the vicinity of massive sulphide deposits. This
form of K-feldspar has a characteristic mottled, almost cross-
hatched appearance. It characteristically_6ccurs with calcite
and chlorite (in which case 1t belongs with assemblage 3) but
in one case (KJ 13) occurs with biotite and chlorite
(assemblage 1A). In the second it occurs as deformed veins
(MR 11A4) or in recrystallised groundméss (MS2) in the pink
rhyolites from the Murchiéon Gorge. The plnk rhyolites were

probably more potassic than other volcanics in the area.
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Volcanics bearing secondary biotite are of limited extent, and
probably evidence relatively high temperatures during the
Devonian. The gradé of metamorphism cannct be considered to

have truly entered the-guartz-albite-epidote-biotite sub-~

facies in the Rosebery area; although biotite is widespread,

it is abundaqt at thin section scale in only two cases

{RL1,KJ13}) and is probably not uniformly scattered over any

large area. It does not seem possible to draw.an isograd

within which only assemblages 1A or 2A occur.

Presence or absence of Mg and Fe

Rocks which consist of assemblage 1 vary widely in the amounts

of Mg and Fe they contain. Chlorite is in many cases absent

or insignificant. It is evident that such compositional
variation is characteristic of the footwall =zones of massive
sulphide deposits (especially visible at Hercules). Other
means of separating Mg and Fe from Na appear to operate, how-
ever, as in the case of PR8, the mottled rock cited in
connection with epidote segregation, and HAZ20 where epidote,
elbite and chlorite~rich varieties have developed. Large
gquantities of fluid do not appear to be implicated in the case

of PRB, because a little primary hornblende has survived.

Extreme cases of development of this type of assemblage are
quartz-sericite rocks (e.g. Rosebery footwall schist) and
albite-quartz rocks (e.g. BGl, BP5). The albite-quartz assem-
blage may arise by the action of the unknown mechanism

responsible for the mottling in PRS8.



- sphene occurs in otherwise calcic assemblages, and rutile or

"enclosed in chlorite.
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Relationship of minor minerals to the major assemblages

Titanium in secondary form occurs as rutile, leucoxene and

sphene and to a minor extent in biotite. It appears that '

leucoxene in non-calcic assemblages. Much detailed microprobe
work would be necessary to demonstrate this beyond doubt.
Rutile or leucoxene may also occur with calcic assemblages.
Sphene and rutile are difficult to distinguish when finely
divided. Intimate mixtures of sphene, rutile and guartz may
occur in some cases (indicated by semiqﬁantitative microprobe
analyses). Sphene occurs in a variety of habits; for exaﬁple,
ié occurs as large, pale-brown, clear crystals of high relief,

but in STP 221 it occurs as brown, turbid, wormlike bodies

Iron oxides and pyrite Magnetite appéars to be primary where
it occurs as euhedral crystals of phenocryst size. Much

secondary magnetite is encountered in close association with

- —r

pyrite and chalcopyrite mineralisation. t

Hematite is widespread as secoandary mineral, particularly near
unconformities where it occurs id specular.form in‘veins and
in fine-grained form distributed within the volcanics to which
it imparts a purplish colour. The fine-grained form is the
product of metamorphism of limonite. This can clearly be seen
near the Jukes Pty. workings. The strongly chloritised
volcanics atIJukes Pty. have develop?d a bright red-orange
colour through receﬁt weathering (to limonite). But where the

zone is-truncgted'by the unconformity at the base of the Jukes
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Breccia it is purple. There, Cambrian weathering had produced  5
limonite prior to metamorphism. The origin of hematite in the
Blow at Mt. Lyell is probably similar but early (pre-sulphide)
hematite is also known in the Prince Lyell deposit (Walshe and k

Solomon, 1981).

Pyrite is & minor but widespread alteration product in certain
areas of the volcanics, even away from significant
mineralisation - for example in the Pieman Road section where
it occurs with assemblages 1, 2, 3 and 2A, commonly associated
with chlorite. 1In BP5, however, pyrite is relatively abundant
in a gquartz-albite assemblage. The pyrite - or the sulphur it
containsg - may be primary or associated with late volcanic

phenomena such as fumaroles. ) '

Other minerals The rarer alteration minerals fall beyond the

scope of this study which does not seek to encompass the
complexities of hydrothermal alteration zones such as those at

Mt. Lyell and beneath Rosebery. Apatite and monazite occur

gy ey

mainly at Mt. Lyell (Hendry, 19281) and are mentioned in
company with allanite {(Lake Dora, DS 8; Murchison Gorge, CH
345) because they indicate that Cambrian hydrothermal
processes brought about strong redistribution of the rare

earth elements.

Tourmaline occurs an alteration product in assoclation with

iron oxides at Prince Darwid (PD3) and Jukes Pty. (JP7, JP10).
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Alteration and geology - relationships,

in the Central Sequence

Traverses betweén Rosebery and Hercules and in the Murchison
Gorge were chosen as control examples in which alteration
assemblages cduld be related to known massive sulphide miner-
alisation. As has been stated in earlier reports (Eastoe
1980, 1981) the geology of the Rosebery - Hercules area was
soon found to require reinterpretation. As a result of this
and an extension of the study northwards and southwards,
certain systematic relations between alteration and the
proposed single host horizon have been detected. The Rosebery
~ Hercules area has the disadvantage that no traverse penet-
rates mére than a few hundred metres into fooﬁwall rock. Nof,
probably, does any traverse on the Rosebery side of the Henty
Fault. On the Lyell side, the Murchison Gorge provides what
may be a complete section from host horizon to granite of a
Cambrian hydrothermal system associated with massive sulphide
formation. This, too was examined in this study and in

greater detail by Polya (1981).

The distribution of alteration assemblages is shown in fig 2.

for the whole study area.

oo e

#
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Calcic and Non-Calcic Assemblages:Pieman River to Howards Road

In the area between the Pieman River and Howards Road, calcic
assemblages (not including carbonate mineralisation associated
with the various massive sulphide bodies) are found in three
areas: .
(i) A broad band to the east of Rosebery, including Mt.
Black, the summit of Mt. Read and the road junction just

north of the Henty Camp.

(ii) A band stretching south of Koonya towards Howards Road,
bounded westward by the Jupiter5Williamsford -~ Hercules
line of deposits and eastward by the Grand Centre -

- Dallwitz - South Pallwitz line of deposits/sediment

lenses.

(iii) A small area north of Kocnya (near the large bend on the

Mt. Read Road in this area).

Sedimentary facings, structural considerations and the well-
exposed sections in the Rosebery and Hercules areas suggest
that the volcanics with calecic assemblages are younger than a
single mineralisation event which rationalises all syngenetic

deposits in the area.

Non-calcic assemblages.occur invariably in volcanies older
than the massive sulphide host horizon, and in places in those
younger than the host horizon. In t@e older volcanics,
quartz-sericite schist is commonly developed, and can be
traced as more-or-less continuous bands from the Koonya
deposit between the Jupiter deposits to about 1 km south of

Hercules, and south of the Mt. Read Road, west of Lake
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Jdohnston. Similar alteration persists into the hangingwall at
Hercules and Jupiter Cu, passing gradationally into calcic
assemblages and massive, blocky outcrop. At Rosebery, how-
ever, the transition 1is sharp and no quartz-sericite alter-
ation occurs above the host horizon. Other non-calcic
volcanics of massive, blocky appearance are interspersed with
calcic volcanfcs in the hangingwall. Yet another type of
occurrence of non-calcic assemblages occurs along the linear
zone of mineralisation through the East Hercules workings in

the Hercules hangingwall.

There are probably insufficient hangingwall volcanics'along
the western faulted margin of the Mt. Read Volcanics in this
area for a recurrence of calcic assemblages on that side.

Volcanics along that margin are strongly silicified.

Polya (1981) has delineated another zone of calcic alteration
in deep-seated footwall rocks in the Murchison Gorge. Both
calcite and epidote occur in veins and patches near the
granite contact (including volcanics near the westernmost
intrusions). Calcium minerals are absent from the alteration
assemblages in the 300 - 400 m section of volcanics in the
footwall of the Farrell Slates. There is apparently no

hangingwall preserved in situ west of the Farrell Slates.

Calcic assemblages, then, appear to occur in the hangingwall

‘rocks and in deep footwall rocks relative to host horizons in

the Rosebery and Murchison Gorge areas.
T -
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It was possible to test part of this assertion in the Mt. Read

'area (see Eastoe, 1981). Arcund Rosebery, the eastermost

repetition of the host horizon sediments is consistently east-
facing and is succeeded eastwards by volcanics with calcic
assemblage. At Mt. Read, the easternmost known sediments (the

South Dallwitz lens) were west-facing. The volcanics on the

summitrof_Mt. Read and eastwards are calcic. By analogy with

the control section, a repetition of the host horizon was
predicted to 1lie between the South Dallwitz sediments and the
summit 6f Mt. Read. A thin lens of sediments was subsequently
located, with quartz-sericite alteration to the west (as far
as the South Dallwitz sediments) and a gradational change into
massive, calcic volcanics to the east. The suggested
relatioﬁship of alteration and the host horizon in the
Rosebery-Hercules area apparently has some predictive value
within that area. From the point of view of exploration, it
is of fundamental interest to know whether the same distri-
bution of alteration assemblages applies elsewhere in the Mt.
Read Volcanics, especially in areas remote from known

mineralisation.

Calcic and Non-Calcic Assemblages: Other Areas

In no area on the Lyell side of the Henty Fault is it
apparently possible to move far along strike from known
syngenetic mineralisation. On the traverses studied, the
distribution of calcic assemblages is as follows (in Central

Sequénce rocks only):

(1) Jukes - Darwin: Calcite and eéidote are prominnent in
the volcanics near the western contact of the Darwin
Granite (see fig 10 in Appendix 1) A littie calcite
occurs in JP4, an intensely mineralised sample from

Jukes Proprietary.

!
4
t
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Mt. Huxley: A trace of calcite occurs in HX4, which is

on the inferred
probably within

pyroclastics.

Mt. Lyell: Cox

his units E and

hangingwall side of a shale lens, but

a broader group of host sediments and

(1981) reports epidote and calcite in

F which overlie Mine Seguence pyro-

clastics., He also reports calcite replacing plagioclase

in his unit A, dacitic volcanics 200 m and more below

and possibly 800 =~

significant footwall mineralisation,

1000 m below the original (largely removed) host

horizon.

Mt. Sedgwick:

Calcic assemblages occur in volcanics

younger than the Itat Creek black shale (SE 1,

Older volcanics have non-calcic assemblages.

Andesites in the footwall

Howards Anomaly - Basin lLake:

of the mineralised horizons are calcic and show no sign

- —

Insign-

of pre-metamorphic hydrothermal alteration.

ificant hangingWall-is preserved.

Lake Selina: Minor calcite occurs in DDH 185, in what

is thought to be deép~seated mineralisation associated

~with granitic intrusions.

Red Hills: A trace of epidote occurs in a vein in one

~footwall sample, RH2.  1In hangingwall pyroclastics there

"1is a significant amount of a finely-divided high-relief

mineral of rhombic to lenticular section; this may be

sphéne.
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With one exception, observations seem consistent with

irregular occurrence of calcic assemblages in hangingwall

rocks, their absence in footwall immediatley below host

horizons and their eventual reappearance at depth,.

The exception is.the Howards Anomaly - Basin lake area. The
andesites exposed in a road section and drillcore are remark-
ably fresh, - In Basin Lake drillcore they are seen to be
extrusive. In that area, we may be far from a mineralising
centre, and mineralisation may be distal. Alternatively, the
andesites may not become altered in the same way as more acid
rocks. This is suggested by the fact that andesites beneath
the Que River deposit are similarly unaltered (S.F. Cox,

; . R L
pers., comm). There must be fluid pathways through the PR

AR i_Lq 7

andesites; presumably these are narrow and unlikely to be s’

found in field exposure, while the rest of the andesite 1{;

remains impermeable.

North of the Pieman River In this area, there is a relative-

ly large section of the volcanics with no significant mineral-
isatién. The Chester and Pinnacles deposits occﬁr against the
western mafgin of the volcanics, and Que River to the north
east. The Que River horizon may extend south-west through the
Mt. Charter and Mt. Block barite deposits. Here, then it
might be possible to use or test the assertions based on
observations to the south. Lack of geological contrel, how-
ever, precludes an investigation of ;he alteration of footwall
rocks far along strike from known mineralisation; we must
first find the continuation of the host horizon. Caleic
aésemblages occuf.throughout'most of the area. Eastoe (19815
noted that a zone of non-calcic alteration is 1ntersected by

the Pieman Road. The zone is on the southward extension of
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the Que River - Mt. Charter - Mt. Block line, which intersects
the Murchison Highway near the Farh Creek bridge. Samples
were taken along the highway, and were found to be calcic
except for MH2 near Farm Creek. That specimen is from a
cﬁtting 100-200 m long in volcanic rock of massive habit, but
more readily weathered than the surrounding calcic rocks.
Other non-calcic volcanics occur along the Burns Peak track,
but these are more massive and preserve glassy textures. It
can be concluded that a distinctiﬁe linear zone exists,

defined to the north by sulphide and barite deposits and to

the south by differences in alteration style.

Potassium Silicates

Biotite: The probable significance of secondary biotite in
terms of metamorphic conditions has already been discussed.

It remains to relate the occurrence of biotite to other
geological features. Fig. 3 compares secondary biotite occur-
rences with features thought to be associated with Devonian

and Cambrian granites.

Secondary biotite occurrences in the Rosebery area, tourmaline
and axinite occurrences (indicating fluids rich in boron), and
Sn, As and pyrrhotite occurrences form a broad band which
joins the High Tor pluton to the southern end of the Heemskirk
pluton. The Pine Hill granodiorite and the pluton underlying
the Renison deposit fall in this band, which may broaden west
of Renison. The only known secondary biotite occurrences cut-

side this band are at PRS on the Pieman Road or far to the

" south (Lake Dora; Darwin Granite). In the Rosebery area,

sampling north and south of the band has covered most of the

country {(compare fig. 2); the pattern is not an artifact of
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_ sampling. The coincidence of secondary biotite occurrences
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near the Murchison Granite (Cambrian) with the band may be

fortuitous; those are probably a product of contact metamor-
phism. ' : | t
The pattern of biotite occurrence, with or without the occur-
rences near the Murchison Granite, suggests that Devonian
granitic intrusion and biotite formation were related. The
non-pervasive nature of the biotite suggests patchy hydrother-
mal zones (rather tﬁan contact metamorphism) above a granite

which may be relatively high beneath the Rosebery to Hercules

area.

The sinéle biotite occurrence at lLake Dora is in a pressure‘
shadow, and was confirmed by eleciron microprobe. It is
probably of Devonian metamorphic origin, but cannot be related
to any geological features. Allanite occurs in the same

specimen in sheared chlorite.

The secondary biotite at Prince Darwin in clearly related to

.ot

the contact of the Darwin Granite. Specimen 3D12 is a

biotite-quartz schist 200 m from the contact. PD1 and

specimens from the Mt. Lyell collection contain deformed

biotite in veins.

Note that biptie.is very variable in colour in the Mt. Read
Volcanics. Red-brown viotites occur is phenocrysts in
rhyolite (Clark Valley, Murchison Gorge - Polya, 1981) and to
a minor exteht in SD 12. Most of fhe bliotite in SD12 is very
pale brown. Bright gEreen biotites are found in the Murchison

Granite and PD1 at Prince Darwin. The biotites in the
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Rosebery area are green in some cases and brown iy

35.

vwthers,

The distinection of green biotites from highly biPUfplgent (?)

chlorites is dealt with in the next section.

K—feldspar: Occurrences of the type of K-feldspar which has a

characteristic mottled texture near extinction and raplaces

pheriocrysts are shown in fig 2. There is a strong Association

with massive sulphide deposits, at Rosebery, Herculnn. Red
Hills and Mt. Sedgwick, the K-feldspar defining a hyggg
aureole relative to the size of the deposits. This type of
feldspar has not been identified elsewhere,
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Alteration in the Western Sequence

Thin sections were prepared from a few specimens of Western

Sequence rocks trom Howards Rd, Bradshaws Rd, the Lake E

.Margaret Road and Yolande Gorge area, and from the King River

gorge., Calcic assemblages are scattered throughout: HR6
bears a little epidote, LM6 calcite and BR7B calcite. These i
are lavas and (?) ash-flow tuffs. The other specimens,
including reworked pyroclastics,'consist 0of assemblage 1
minerals. Massive sulphide mineralisation_is known to occur
in this sequence (at White Spur and along the Lake Margaret
Tramway) so that it is possible that a situation similar to
that in the Central Sequence obtains, i.e. calcic assemblages
survive in post-mineralisation volcanics. The Western
Sequence has not been studied sufficiently to determine if
this is so. It is kﬁown that the structure is locally very .
complex (Bastoe, 1981) so that such a study might be
difficult. The environment of these rocks is undoubtedly

submarine, so that submarine weathering or post-depositional

gy o —

reaction with seawater trapped in the predominant sediments
may be important factors governing present secondary

assemblages.

The calcic assemblages preserved in the Western Sequence
resemble those of the hangingwall rocks in the Rosebery area
rather than those which occur near the granites. There is no
sign of granitic intrusion” in the Western Sequence, and no
example of pyrite-magnetite-chlorite mineralisation. By
analogy then, it might be speculated that the Western Sequence
rocks are not older than the Central Sequence, but possibly of

the same age or younger.,
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Alteration in the Tyndall Group and correlates i '

Samples from Red Hills, Howards Anomaly, lake Dora, the King

River, East Darwin and the South Darwin track have been i
examined in thin section. Calcic assemplages are preserved at E
Howards Anomaly (epidote, HA20) East Darwin (epidote, ED21)

and the King River (calcite, KR1 and 3).  Epidote and allanite w
occur in intensely mineralised samples from Lake Dora. Much ;
of the Dora Conglomerate may bear calcite -~ an adit at DS14
contains calcite decorations. In other cases from these areas

and the others the assemblages are non-calcic. By analogy

with Central Sequence Volcanics, the preservation of calcic
assemblages 1is consistent with demonstrated stratigraphic
relatiohships, the Tyndall Group being younger than the

Central Sequence. Although non-calcic assemblages exist, the
development of phyllosilicates is minor except in the Lake

Dora area, and even there the rocks scarcely lose their

massive appearance.
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Properties of Chlorites

Chlorite is a common mineral in the Mt. Read Volcanics, and
one whose variable composition might be expected to have
responded to the physical and chemicai gradients associated
with ore deposition. Many electron microprobe analyses have
been performed with a view to learning more about the

variations in chlorite and their significance.
The optical and chemical data of the chlorites are summarised
in Appendix 3. Chleorites from a wide variety of geological

situations are represented.

Effect of metamorphism

A discussion of the possible preservation of Cambrian geochem-
ical patterns in chlorites must first consider the effect of

Devonian metamorphism. Does this reset chlorite composition?

The preservation of patterns related to Cambrian geoclogy
strongly suggests that Devonian recrystallisation (which has
certainly occurred) has not been accompanied by regional homo-
genisation of the chlorites. The variation in chlorite
composition in the Hercules footwall (below) and the patterns
found by Polya (1981) in the Murchison Gorge are large-scale
examples. At microscopic scale, the very close similarity
betﬁeen compositions of chlorites in pressure shadows and the
groundmass in HF66 and DS3 suggests that recrystallisation may

not have affected chlorite composition. ﬁ. C. Green (pers.
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comm} reports an exception, in the Williamsford deposit. i
There a remobilised chlorite in a vein bearing chalcopyrite
has a lower Mn content than chlorite from syngenetic

chloritepyrite layers. _ t'

Variation in composition

A typical chlorite analysis is given in Aﬁpendix 4, 1In

addition to the major components (Si0Ogy, AlgO3, FeO, FegOgj,

MgO, Hg0) most chlorites from the Mt. Read Volcanics contain

at least a little MnO. In Appendix 3, the data are simplified

as follows:

(i) An "Al-number", or Al/A1+Si%, which varies little around
50%.

(ii) An Mg-number, or Mg/Mg+Fe%, which varies in the range 12
to 78%.

(iii) Mn-content, which varies from 0 to 0.74 structural
formula units (see explanation of table), equivalent

approximatley to 0 to 4% MnO.

- —

(iv) A structural formula total (see explanation, and
appendix 4 ) which should give an indication of the '
amount of Fe3* present but in practice is not accurate
or consistent encugh to be of use.

(v) Alkalis (and other elements) detected.

Mg-number. Figure 4 is a frequency histogram of Mg-numbers.
Each unit represents the average of data for a single type of
chlorite in one specimen (i:e. units‘are hased on different
numbers of analyses). The data_are classified aécording to

stratigraphic position localities, both general and specific.

The main group of data (25 to 56%) are not stfongly dependent

on locality or stratigraphic position.



o o =

oae' ' e’ ' Y ' e e e R

'ﬁa

Feo

U

912041 .

The lowest values {12 to 22%) are contributed'mainly by vein

chlorite from Jukes - Darwin and Lake Dora.

The highest values (58 to 78%) are all but one from the

Hercules footwall.

Mn content The histogram (fig. 5) is typical for trace

component distribution, being skewed towards low values,
Hangingwall chlorites (Central Sequence) and chlorites from
non—mineralised.Western Sequence and Tyndall Group are
charactefistically low. The highest bracket (0.52 to 0.74) is
defined by chlorites from Lake Dora veins and from the host
horizon at Koonya. Another high Mn bracket (0.28 to 0.50) is
occupied largély by chlorites from the Hercules footwall.
Note, however, that chlorites from the Red Hills footwall are

low in Mn (less than 0.10).

Alkalis etc Na is reported in many microprobe analyses, but

is in most cases regarded as spurious, an artefact of the
microprobie calibration routine (see Appendix 4 ). K is not
uncommon, and is variable within a given grain. If other
components are plotted as a function of K50 contentllinear
relationships are usually found, implying sub-microscopic
mixing of a chlorite (whose composition is found by
ext;apolating to K90 = 0) and a potassic phyllosilicate
(bibtite, sericite, clay). A little Ti accompanies K in some
cases, but TiOg seldom varies linearly with K90, suggesting
that minute rutile inclusions'may be present. Such chlorites
probably'reblace titaniferous biotite or hornblende. Ca is

uﬁcdmmon, and does not appear to be related to K90 content.
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Rare components include Cr (specimen F3) and Cl (specimens

Rh4, 5, 19).

Variation in optical properties

Chlorites from the Mt. Read volcanics vary considerably in

colour, birefringence and interference colour. Data are

summarised in Appendix 3.

Colour Pleochroism varies between colourless to pale green

and yellow to intense green, the greens varying in degree of

‘yellowness and blueness. Because these qualitites are

difficult to classify, and the classification is difficult to

communicate, colour is not considered to a useful criterion.

Certain'correlations with composition have emerged, however :

(i) Mn-rich chlorites are generally very pale green to
colourless in the Rosebery - Hercules area.

(ii) Cr-bearing chlorites from Findons are an intense

yvellow-green. But other chlorites are intensely coloured

Yet non-chromian.

Fe3* content is probably important in determining colour. Mg

- number does not necessarily appear to be so, because the

‘wide variation in Mg-number in the Hercules chlorites (fig 4)

does not correspond toe colour differences.

Birefringence Most chlorites show first-order colours, but a

significant number have second-order colours. High bire-

- fringence is documented in-chlorites of a limited range of
.¢omposition (Deer et al} 1966y, Most of the high-birefringent

chlorites can probably be explained by weathering, particular-

ly those which have a yellowed or orange-tinted appearance,

This applies to the high-birefringent chlorites from the

A
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Rosebery to Hercules area, where microprobe analyses (DJ3)
have shown high water content, of the order of 20%, and
variable K90 content, probably indicating'some clay

component; Similarly, the mineral in BP12 may be a clay.

Certain high-birefringent chlorites cannot be so dismissed.
Those in specimens RH4, 5 and 19 do not appear to be weather-
ed, and are of a diétinct, earlier, more deformed generation
than "normal" chlorites. The high-birefringent minerals have
low total MgO + FeO, less than 30%, as opposed to 35 -~ 42% for
the "normal" chlorites in the same specimens. In RH5, the
high-birefringent mineral contains appreciable Cl whereas the

"normal" chlorite does not; in RH19 the opposite is true.

It is difficult to tell such minerals from green biotite with-

out a microprobe analysis.

Interference Colours Low-birefringent chlorites may display a

variety of anomalous and masked interference colours e.g.
purple, blue, brown, salmon and green. Because these are
easier to classify and to communicate, an attempt has been
made to relate these to Mn content and Mg - number. Fig 6 is
a plot of Mg - number versus Mn content, the points being
colour—-coded for interference cclour. In practice, two or
more coloﬁrs can occur in a single chlorite; and for simplic-

ity a hierarchy of "dominance" has been adopted, as explained

on the figure, .

The relationships are not random. Purple-only chlorites have
a limited field; blue ones a rather larger field, and green-

masked chlorites even larger. But none of these overlap with

Do S YR W



4

g

Lt o

{o" f
- INTERFERENCE COLOUR AS A FUNCTION OF CHEMISTRY

| Colours as shown .qcnhe f‘:’
® ® = second-arder coleurs

 Ascendancy of colours:- green, blue, purple, brown
: o.g. All chlorites with a green effect to interference
- _ colours are shown as green; bius + purple shown
as blue; purple + hrown shown as purple.
Figure:-6 ‘

9V0ET6




';”_ G4 913047

- - - : _ 43,
" the Hercules footwall chlorites, which occupy a characteristic
—

field and have brownish or non-anomalous interference

!r colours. The more manganiferous Kconya chlorites have a

Ih characteristic pale blue anomalous interference colour.

Ir It has been noted that "purple" chlorites characteristically
t occur with epidote.

'_ From these considerations, a bright anomalous interference

- colour in a chlorite is probably a negative indicator in the
'1 search for chlorites similar to those in the Hercules

i- footwall.

' This very preliminary look at interference colours should

encourage further investigation of the topic, particularly if

ever reliable Fe3+ determinations become feasible for finely

divided chlorite.

The Hercules Footwall

It is possible to trace footwall rocks 1.6 km south of the
Hercules, and 1.0 km north (with some difficulties around the

500 m mark - see Eastoe, 1981 for a discussion of the geo-

logical difficulties). These were sampled for chlorite at 16

&

0.
”'; | |
N

points along a line more-or-less parallel to the host

hérizon. The Mg-numbers and MnO contents of the chlorites are

" plotted as a function of position in fig 7.

-

The MnO contents diminish northwards. This does not necess-
arily reflect a similar trend in whole-rock MnO content,

because chlorite varies greatly in abundance; HF4 is much more
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chloritic than HF9 or HF24. The trend is unexplained. As

seen above, all of the chlorites are rich in Mn in the

regional context.

Values of Mg/Mg+Fe form a more complicated pattern. Beneath
the centre of the Hercules deposlt, and in HF24 (which may be
centrally placed beneath the Williamsford deposit) the values
are relatively low, i.e. the chlorite is Fe-enriched. Presum-
ably these mark feeders, zones of intensified upward tranpsort
of hot water. _Around the Hercules feeder is a zone some hund;
reds of metres wide in which Mg is enriched (Mg-numbers of 60%
or greater). In the regional context, this is the anomaly;
such high Mg-numbers aré not known from any other geological

situatién in the Mt. Read Volcanics,

Mg-numbers of sericites were determined in eight specimens. A

correlation with chlorite Mg-numbers exists but is imperfect

(contrast the results of Hendry, 1981, for Prince Lyell). The

chlorites give a larger range and also, apparently, better
polished surfaces for analysis. Therefore the study of

sericites was not pursued further.

Alter#tion similar to that in the Hercules footwall could pro-
bably be detected by the Mn and Mg-number anomalies at a
distance of several hundred metres from a feeder zone. One
other tesf case with sufficient geological control exists:

the footwall zone below the small Red Hills massive sulphide

deposit.
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The Red Hills Footwall

Chlorite analyses from pyrite and chalcopyrite - bearing veins
in the pink rhyolites at Red Hills, and alongustrike about one
km to the south of the apparent céntre,_fail to give the

péttérns like those from Hercules.

Mn is all but absent from all chlorites in the area. (The

syngenetic deposit contains no significant Ma carbonates).

Chlorite Mg-numbers are largely confined to the narrow range’

32 to 42% and there is no recognisable trend.

The presence of K-feldspar replacing phenocrysts is the only

distinctive feature common to both footwalls.

Other manganiferous chlorites

Chlorites with anomalous Mn contehts have been found in the
sulphide deposit at Koonya (KJ8), in the Williamsford orebody
(b. C. Green, pers. comm.,), and in the Hercules hangingwall
(RD7). A correlation between high Mn and the host horizon is
indicated. One other example, RD5, is alsoc rich in Mn aand was
unexplained until the discovery of the lens of sediments near
Lake Johnston (see section, #bove, ot Calcic and Non-Calecic
Assemblages and their relationship to geology). Specimen RD5
lies approximately along-strike from the newly-discovered

lens.
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Sulphur Isotope Study

Introduction: .
Past sulphur isotope studies in the Mt. Read Volcanics have

centred on the major deposits, e.g. Mt. Lyell (Solomon et al,
1969; Walshe and Solomon, 1981), Rosebery (Solomon et al 1969;
Green et al,'1981), New North Farrell and adjacent sulphide
occurrences (Solomon et al, 1969) and Chester (Collins, 1981).
Polya (1981) has assembled a new set of data for sulphides
from the Murchison Gorge. In this study, samples have been
collected from most other sulphide and sulphate occurrences in
the Mt. Read Volcanics and from the Colebrook Mine.

The 5345 values for this study have been determined in the
Stable Isotope Laboratory of the Geology Department, University
of Tasmania. Mr. P. Robinson, Mrs. R. Nickel and Ms. C. Hall-
Jones performed most of the gas separations and much of the
mass spectrometry. The help and expertise of these people,

and of Dr. D. C. Green of the Mines Department, are gratefully

acknowledged.

Results:
The data are presented in table form (Appx. 6 ), as histograms
(fig 8 ) and as a map depicting all available S-isotope data
from the Mt. Read Volcanics. (fig 9 )

Processes:
If we accept that a system forming massive sulphide deposits

‘consists of seawater circulating through volcanic rock, the
circulation driven by magnetic'heat (from a granite?), then
the following may be sources of sulphur, each with 1its
characteristic isotopic composition.

1. Seawater sulphate, 8343 = +30% (in the Cambrian).

2, Sulphur in volcanic rocks.

3. Magmatic sulphur, borne in magmatic fluids.

The last two might be expected to 1ie.in the range 0 % 3%.

This is the average isotopic composition of acid igneous rocks,
although ranges as high as 10 * 5% have been suggested. (see
discussion by Ohmote and Rye, 1979). '
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There is no indication as to whether this is so in the case
of fhe volcanic rocks. Polya (1981) has determined 8348 on
pyrite disseminated in granite from the centre of the
Murchison Granite (+10.1%), and on a pyrite vein in altered
granite at the top of the intrusion (+ 9,0%). If the
disseminated pyrite represents magﬁhtic sulphide, then the
Mt. Read Volcanics may be atypical in sulphur isotopé
composition. Conversely, the sulphur in the granite may

itself be introduced from outside.

Various processes may affect the distribution of sulphur
isotopes in such a circulating system. These include:

‘1. Reduction of seawater sulphate by Fel+ involcanic rock.
Complete reduction would give a sulphide species with 8345=30%.

Partial reduction would lead to a variety of possibilities.
For example, 10% reduction to H,5 at equilibrium at 300°cC,
where [3804 - H,5 = 22%, would give sulphide at 10.2% and

sulphate at 32.2%. Disequilibrium could produce different

results depending on reaction kinetics.

2. Partial oxidation of sulphide species in volcanic rock.
This would produce lighter sulphide and lighter sulphate to
add to the above.

3. Decomposition of magmatic sulphur species. S0, may pre-
dominate, or may become predominant, over HZS during the
expulsion of magmatic volatiles, and S0, is thought to
decompose to sulphate and sulphide species on cooling to
400°C. These may be added to convecting waters above a

pluton.

34

4. Precipitation of sulphides. The 67°S value of sulphide -

sulphur in convecting waters would be slightly diminished.

5. Boiling in zones of upward circulation would affect the
distribution of sulphide species, both through pH change and
through fractionation between liquid and vapour. -

L
t
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6. Oxidation or reduction at or below the point of emergence of
hot water on the sea floor. The emergent hot waters may
partially reduce seawater sulphate, in which case sulphate

becomes enriched in.34

S. Sulphide so formed might be

lighter or heavier than emergent sulphide. In another

situation, sulphide-sulphur might be oxidised on emergence.

This would lighten remaining sulphide, but have a negligible .
effect on sulphate which would be dominated by seawater

sulphate.

The relative quantitative effects of the above might vary,

so that predictions are extremely difficult.
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Discussion of Data

Granite: Within the Darwin Granite, and in veins and
replacements near the contact, 6 pyrite samples lie in the
range 8.7 to 11.3%, and ore vein in the western contact has

g3%g = 13,54,

In the Murchison Granite, pyrite lies in the range & to 10%,
but in mineralised contact is 12%. Late Pb-In sulphide veins
contain heavier sulphur (Polya,1981).

The pyrite at Lake Selina appears to be associated with dyke-
like intrusions of granite, and 4 determinations fall between

9.8 and 10.9%.

Most graﬁite_associated values cluster around 10%,  but values

may increase in the volcanics above the granite.

Footwall: The Jukes-Darwin sulphides are placed in this
category, and have a range 10.5 to 17.0%. Jukes Propriety
(deep-seated?) where there is an association of sulphides
‘with massive magnetite and tourmaline replacement has a range

of 10.5 to 12.3%. Findons, associated with patches of chlorite
alteration with disseminated magnetite (of higher level than

Jukes Pty?) has 8348 in the range 13.6 to 15.8%. East Darwin,

where chlorite and sericite form an extensive alteration zone
(subsurface?) the range is 13.5 to 15.7%. The Lake Jukes bornite

is +17%. ~ Sulphides from the barite vein at Taylour's Reward

are exceptional, 4.9-5.6%. Those sulphides have equilibrated

with sulphate in a sulphate-dominated system, and hence have

low 8348 values. In gross, there may be an upward incCrease

in 8348

In the Murchison Gorge, a sample of chalcopyrite from rhyolites
beneath the Farrell Slates gave +12.7%. This is slightly
heavier than pyrite deposited near the granite contact (see

above). (Polya, 1981),

At Red Hills, shallow-level footwall sulphides gave 10.8 to
13.0%. These can be compared with the Lake Selina pyrites



{(above) which may be deeper-seated sulphides from the same

system.

At Hercules, two shallow-level footwail pyrites gave 14.5, 15.3%,.

At Rosebery, pyrite from the footwall schist has a range
10.9 to 14.9%. (Green et al, 1981; Solomon et al, 1963).
In general, 8345 appears to increase upwards between granite
(+#+10% and host horizon (+15% in the subsurface). There is,

however, a major exception:

At Mt. Lyell, footwall sulphides (shallow level) lie in the
range -10 to +10%. (Walshe et al, 1981; Solomon et al, 1969).

Host Horizon relative to Footwall
At Red Hills, the sulphur becomes heavier, 11.4 to 17.8%.
At Hercules, the sulphur becomes a little lighter on average,

' pyrites ranging from 12.5 to 14.5%. A heavy galena, 19%,
B

occurs in the Williams workings.

At Rosebery, both lighter and heavier sulphur is found, 8 to
19% (Green et al, 1981; Solomon et al, 1969).

At New North Farrell, the sulphur in heavier, 13 to 17%, than
that in the Murchison Gorge. But the Murchison Lode bears
lighter sulphur, 8 to 10% (Solomon et al, 1969). This
lighter sulphur may be derived partly from the same source

as a nearby ?Devonian pyrrhotite vein (see below).

y
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At Mt. Lyell, the Blow, Comstock and Tasman and Crown Extended
massive sulphide lenses lie in the range 5 to 10% This is
the same as for Prince Lyell footwall sulphide, but heavier
than the Comstock footwall pyrite (Solomon et al, 1969;

Walshe and Solomon, 1981).

Massive sulphide lenses

Other massive sulphide lenses span a broad range, from -9 to

+ 18%. In most cases, individudl deposits have much narrower

ranges.

Deposits bearing Cu, Pb and Zn sulphides occupy the upper end
of the range, higher than 5%. The lower end of the range, -9
to + 5%, is occupied only by barren pyritic deposits, or by
barren pyritic sections of deposits.

The isotopically light, pyritic deposits differ among themselves
in character. Chester is a large body of slumped, interbedded
pyrite and chert. The very small occurrence at Huxley Saddle

is similar. The pyrite at Basin Lake prospect occurs in
bedded, carbonate-bearing shales and tuffs. At Howards -
Anomaly, it occurs with bedded tuffs, one zone of which includes
prominent hematitic bands and beds of carbonate, chert and
barite. The Ring River occurrence is a bed less than Smm

thick in a flysch sequence of conglomerates (some bearing
clasts of pyrite), sandstones and siltstones. At Dunn's Blocks
light pyrite occurs 1 km south along strike from the Hercules
deposit.  The Lake Margaret Tramway pyrite lens 1s relatively
light (6%) but overlaps isotopically with some of the lighter
Pb-Zn and Cu bearing ores,

The Howards Anomaly occurrence warrants detailed description
because the isotopic distribution appears to be complex. There
are three successive mineralised units, described in order
downwards, (i) Tuff in which pyrite occurs in association with
‘carbonates, hematité, magnetite, chert and barite. Values of
8348 are - 5.4% (pyrite from a hematitic carbonate bed); + 6.0%
(pyrite band from a carbonate-bearing tuff}.

- (ii) In the underlying tuffs, mixed sulphide from
a sphalerite - galena lens, possibly slumped into its present

position, + 8.3%.
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(iii) In andesitic tuffs underlying unit (ii},
disseminated pyrite, + 16.8% and - 8.3%. P. Komyshan (pers.
comm,) considers this unit to be the same as the pyritic unit

intersected in DDH BL4.

Empirically, there is an association of iight sulphur and
the déposition of barren pyrite. This could be a useful
exploration criterion. It is not, however, fully understood
at present. The correlation is imperfect: Pb-Zn bearing
and barren sulphide lenses overlap isotopically in the range
+5 to +6%, and heavy sulphur (+16.8%) is found in one pyrite
sample from Howards Anomaly. Oxidation of emergent waters
on the sea floor may produce light sulphide-sulphur and
prevent the formation of Pb and Zn sulphides. This hypothesis
appears reasonable in the case of Howards Anomaly, where
hematite was a primary exhalative deposit - i.e. conditions
were more oxidised than usual. Such conditions might vary
rapidly with time and over short distances, giving the large
range of 8348 values apparent at Howards Anomaly.

No primary hematite is found in the other isotopically light i
pyritic deposits. There is thus no indication of oxidation

state (although it could have been high; iron oxide need not

form if there is sufficient sulphur available). Alternatively

there may be some other process for depleting the sulphur in

348 and removing Pb and ZIn. The Que River sulphides complicate

the situation even further., They are relatively light (5 to 6%)

but are composed mainly of galena and sphalerite.

Barites
North and west of the Henty Fault, the six stratiform barite

bodies for which data are available have a 8345 range of

35 to 47%. The enrichment in 35 is probably the result of
partial reduction of seawater sulphate (+30%) by emergent
waters. This process should be exclusive of the process
(discussed above) for producing light sulphide by oxidation
of hydrothermal sulphide as it emerges on the sea floor.

No light sulphide is known in association with barite in the
deposits concerned (at Que River, 8348 values of galena-
sphalerite ore are as low as 5%, but barite occurs 1000m long

strike)..
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Barite is reported from Chester, where sulphide is very
light, but none was found on the dumps. It would be extremely
interesting to determine 8345 on Chester barite, if it exists.

Stratiform barite occurs south and east of the Henty Fault
(Lyell-side) at the Blow, at Howards Anomaly and possibly in
the Lyell Tharsis area and at Tullah. The Blow barite is
similar .to Rosebery-side barites, and associated sulphides
range from 5 to 10%. At Howards Anomaly, where an oxidising
environment is demonstrablé, sulphide associated with barite
is Very light, and barite has a 8345 of 33%, near seawater
value, possible slightly enriched in 348 (which enrichment
if significant would not accord with the Qxidation—reduction
model). If the Lyell Tharsis barite is stratiform, its
environment of deposition may have been oxidising (it occurs
with banded hematite). The 8°7S values are 23 to 28%, close
to Cambrian seawater or depleted in 345 The Tullah barite

is remobilised and recrystallised and has 8345 = 23.2%.

Other barite occurrences are veins, most of them obviously

‘deformed and probably of Cambrian age. All such veins gave
results in the range 26 to 34%, which may be considered
coincident with Cambrian seawater. At Mt. Lyell,'however,
certain vein/footwall barites have £34S values of 19 to 20%a.

(Solomon et al, 1969j.

In a strongly oxidising environment, sulphate derived by
partial oxidation of hydrothermal sulphide might account for

low 8348 values in barites.

Walshe and Solomon (1981) have suggested that sulphate in
equilibrium with the light footwall sulphides in the North
Lyell - Crown Lyell area could account for the light barites
there. On emergence at the sea floor, this sulphate would be
insignificant in quantity‘relative to. seawater sulphate, and
should not be detected in stratiform barite.

Y |
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Black shales
All black shale pyrites have positive
being 2 to 43%. This is consistent with bacterial reduction

§%%s values, the range

of sulphate subject to kinetic controls in a system closed to
sO4= (i.e.'sulphate is reduced faster than it can be supplied),
for example in semi-enclosed shallow marine or brackish basins
(Ohmoto and Rye, 1979) or perhaps during the diagenesis of a
mud to which seawater no longer has free access.

In such basins, the 8348 value of seawater is an upper limit

to the 8348 of pyrite if the system 1is closed to HZS (i.e.

there is relatively little formation of sulphide). 1If

sulphide forms as fast as it is produced, pyrite so formed

may be heavier than seawater sulphate, and the system is open

to H,S. Only the pyrites from the Que River black shale exceed
a 83§S value of 30%, and that system can therefore be considered
open to H,S. At Rosebery and Red Hills, where values from 2

to 26% are known, the systems may have been closed to HZS‘

Devonian mineralisation in the Rosebery area

Devonian hydrothermal activity is thought to be responsible for:
1. The pyrrhotite-axinite-amphibole replacement deposit at
Colebrook Hill, 8348 = 4 to 6%.

2. Pyrrhotite alteration of the massive sulphide ore at
Rosebery (8348 = 15 to 16%; Green et al, 1981).

3. Tourmaline and sulphide bearing veins at Salisbury and
Rosebery Lodes (§°°S = +16.0, +18.6%).

4, (Probably) the pyrrhotite-pyrite veins intersected in

DDH STP 221, Sterling Valley (854S =+8.7%; Polya, 1981).

5. The Murchison Lode, arsenopyrite - bearing veins (8348 =

8 to 10%). The possible role of Devonian hydrothermal activity
in the formation of the Farrell ores is much debated (see
Polya, 1981, for a summary). These ores give a g34s range of
13 to 17%.

There is no characteristic isotopic composition for the-
sulphur in the occurrences above. Colebrook Hill sulphur
resembles that at Renison (Patterson et al, 1981), The other
occurrences contain heavier sulphur, in most cases resembling
the sulphur of Cambrian mineralisation., It may be concluded
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that on vreaching the Mt. Read Volcanics, the Devonian hydro-
thermal fluids had become poor in sulphur, and that most of
the sulphur in the observed vein and replacement sulphides

came from the volcanics.

Miscellaneous Sulphur in the Lake Dora,ﬁurns Peak, Langdons
and East Hercules veins, and in (?) secondary Pb-Zn bearing
veins from the Murchison Dam area lie in the range 8 to 19%,
and is not distinguishable from sulphur in stratiform occurrences.

Sulphur Isotope Thermometry ,
Attempts at calculating temperatures from various sulphide

and sulphate pairs are summarised in Appx. ..%2. The temper-
atures were calculated using data from Ohmoto and Rye (1979).

'Only in the case of the Taylour's Reward barite were they

both consistent and reasonable. A temperature near Z800C is

indicated.

Summary
The sulphur isotope study has demonstrated the complexity of

the massive sulphide forming systems in the Mt. Read Volcanics,
particularly those which deposited the larger orebodies.
Various explanations of the data have been suggested, but
without independent constraints, particularly on temperature,

these cannot be regarded as final solutions to the problems

posed by the data. Indeed, it is probably possible to explain
any conceivable variation in 8348 with a suitable combination

of temperature, oxidation state and sulphide to begin with.

It can safely be concluded only that many different possibilities
were realised, possibly as variations of a single, simple

process.

From the point of view of exploration, we have the empirical
finding that light sulphur and barren pyritic stratiform
lenses appear to correlate. Any new.discoveries should be

tested to see if this holds good.

From the academic point of view, we have indications of a

. . . 34 . '
consistent upward increase 1n & 'S between granite and sea-
floor, and of a variety of processes in and near the ore horizon.
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In addition to more detailed treatment of some of the
occurrences dealt with here (particularly Howards Anomaly,
which appears complex), I recommend the following § 'S deter-

minations to complete the study,

(1) Sulphides from the pink rhyolites east of Little Farrell
and on a southern spur of Mt. Sedgwick.
(ii) Barite from Mt. Block, from a prospect on the north slope

of Mt. Murchison and, if they exist, from Chester, Red Hills

and the Henty Fault Zone sulphide lens. These last three are

reported in Company literature, but could not be found by this
author and may have been misidentified.

(iii) Pb-ZIn sulphides from Chester

{iv) Sulphides from the area between Great Lyell‘and Little

Owen.

1 ————— Aot



(4

(. .

R O .

- . . .

s

.

E{')

foute

913062 57-

Conclusions, and implications for exploration

Within the framework of the three aims set out in the
Introduction, the conclusions of the study are as follows:

(i) Five assemblages (in terms of major minerals) appear to be

present.
f. quartz + albite + sericite t chlorite
1A. quartz + albite + chlorite + biotite
2. quartz + albite + chlorite + epidote
2A. quartz + albite + chlorite + epidote + biotite
3. quartz + albite + chlorite + calcite

The significant differences between these are the presence or
absence of calcium minerals and the nature of potassium

silicates.

(1ii) Certain relationships between alteration and mineralis-
ation appear to hold. In the Rosebery and Murchison Gorge
areas, Ccalcic assemblages occur in hangingwall rocks (relafive
to the massive sulphide host horizon) and in deeper footwall
rocks, near granite. Calcic assemblages are not found in the
immediate footwall of the host horizon. The same appears to
apply elsewhere, one major exception being the andesites in
the footwall of the Howards Anomaly - Basin Lake

mineralisation.

A characteristic K-feldspar replaces phenocrysts in an aureole
in both hangingwall and footwall and along strike from four

known massive sulphide deposits.

Biotite as an alteration product occurs near granite contacts

“and in a zone near Rosebery thought to have been affected by a

Devonian granite high beneath the volcanics.

A broad and distinctive halo of Mn-enriched chlorite in the
footwall of the Hercules_orebody, and Mn~rich chlorite also
cccurs in the Hercules hangingwall, ., Mn-rich chlorites are
characteristic of the host horizon at Koonya, Williamsford and
an unmineralised section near the summit of Mt. Read. At
Hercules, a less extensive halo of Mg-enrichment in the same
chlorites is presént. Not every deposit footwall has such
characteristics, however, as in the case of Red Hills.
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(iii) Alteration as an exploration criterion.

Alteration appears to be a gulide to stratigraphy in the areas
investigated. As such, it should be of use in the location of
host horizons on across-strike sections. It has not been
possible to test the usefulness of the calcic/non-calcic
distinction for mapping in areas remote from mineralisation
because the only such area available la¢cks sufficient geolog-
ical control. It can only he suggested that alteration be
considered in such areas; 1f distinct zones are discovered,
proximity to a mineralised area may be indicated. It is
stressed that alteration studies must be carried ocut over
large areas and in conjunction with other techniques.
Indications from small areas must be treated with caution.
Because the mechanisms propdsed rely on the permeation by
waters of certain rocks and not of others, deviations from

gross tendencies are not impossible.

Once a part of volcahic sequence has been identified as being
near & host horizon, alteration can be tested for similarity
with known mineralised areas. The presence of the distinctive
K-feldspar is characteristic of footwall and hangingwall in
four known cases of syngenetic mineralisation. Mn-enrichment
in chlorite is characteristic of the footwall and the hanging-
wall at Hercules and host horizon chlorites in nearby small
deposits. Mg-enrichment in chlorite is characteristic of the
Hercules footwall. Neither Mn nor Mg is enriched at Red
Hills, however, so that these c¢riteria may be regarded a
positive indication but their absence méy not be regarded as a

negative indication.

The sulphur-isotope study has produced an empirical result of
interest to exploration. Syngenetic pyrite deposits which are
effectively barren contain isotopically light sulphur.
Deposits containing significant Pb, Zn, Cu are heavier.' The
two ranges overlap in the B34S range 5 to 6%.

Specific implications for the Mt. Read Volcanics

The likelihood of furﬁher discoveries of syngenetic
mineralisation in the Mt. Read Volcanics is as follows.
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(i) In the Tyndall Group and correlates: unlikely. None is
known, and alteration does not suggest the existence of

a host horizon.

' (ii) In the Western Sequence: possible. Syngenetic pyrite is

known in two cases, but both are barren. If there is a
host hofizon; it cannot be traced at present.
(iii) In the Central Sequence: probably along the lines
indicated in Eastoe (1981) figs. 2, 3 and 11l. (except
for the postulated line in the Lake Dora - Lake Selina
area; no repetition of the host horizon is now
postulated to the east of Red Hills, Mt. Tyndall and
Mt. Sedgwick), and possibly in the Pinnacles area. No
other possible repetitions of host horizon are indicated
by the evidence available. Where absent in an east-west
section the host horizon has been either eroded away or
concealed by younger formations. In some areas, the
line of the host horizon is inferred but has not been
located in outcrop (e.g. Henty Fault Zone to Howards

Anomaly).

Following on from this study, then, it is recommended that the
host horizon be located exactly in those areas where its
position is only approximately known. The footwall side
should be examined for distinctive areas of alteration, and
these could be tested for similarity with the Hercules
footwall,

‘The chief areas of interest are:

(1) Howﬁrds Anomaly and environs. This 1is probably at te
right spacing (about 15 km) from Mt. Lyell, and many .
indications of mineralisation are already known. Some
are interpreted as unfavourable - the light sulphur in
certain pyrites and the abundance of hematite, for
example - but not ﬁll are s@. ., Lead-zinc mineralisation
is present, and rnot all pyrites are light. This is a
complex piece of mineralisation, not yet well

munderstoo&, It would make a good honours project.
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(it) The southward extension of the Que River horizon. . Most
of this lies on other leases. Any geophysical and
geochemical anomalies in the area should be carefully
considered.

(iii) Huxley Saddle to Whip Spur, where on interval of
probably hosE horizon has been poétulated. " The 6348
‘value of pyrite from the small pyrite-chert body on Mt.
Huxley is & negative indicator, however.

The eastern margin of the Central Sequence, form the Murchison
River to Lake Beatrice, is not likely to yield syngenetic
mineralisation. The pyrite-magnetite mineralisation may yield
precious metals, and all examples not assayed to date should
be done. If results are negative, the ground could be

relinquished. The same applies to the Jukes-Darwin area.

At Prin¢ée Darwin and Jukes Pty., the tourmaline - bearing iron
oxide bodies should be assayed for tin. The tin potential of
the Rosebery area is already under investigation. The area of
interest there may extend south towards Hercules and east to
the Murchison Gorge.

Fig. 10 is an attempt at classifying alteration styles in the
Central Sequence based on the results of this study.

Applicability of this study elsewhere

Whether or not the findings of this study on the distinction
of pre-ore rocks from post-ore rocks can be applied in other
massive sulphide provinces depends on factors such as -

(i) the number of mineralising events in a given area

A{ii) the metamorphic facies

(iii) the original composition of the enclosing rocks
This study should be applicable in other parts of the Mt. BRead
Volcanics outside present leases.
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In south-east New South Wales there are indications of more
than one mineralising event in the area around Cooma, for
example. Furthermore, limestones are widespread in the host
sequences and this may affect the geochemistry of calcium. At
higher metamorphic grades, {(e.g. possibly in the Peelwood
area, where metamorphism is of amphibolite facies) calcium:
would remain in or be concentrated in plagioclase so that the
disginction between calcic and non-calecic would, if preserved,
be more difficult to detect by petrography.

At the Fukuzawa mine, Hokuroka Basin, Japan, the ratio (K0 +
MgO)/(Nas0O + K0 + MgO + Ca0) is used to discriminate between
pre-ore and post-ore rocks (Date et al, 1979, who cite other
Japanese work). Variations in the ratio reflect the removal
of Nag0 and Ca0 and the addition of K90 and MgO in footwall
rocks. This corresponds to what is observed in the Mt Read
Volcanics, except that clays are characteristic
phyllosilicates in the relatively unmetamorphosed Japanese’

terrain.
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