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INTRODUCTION .

The purpose of thls thesis 1s to present the writer's
interpretatlon of the geology of the Queenstown area and to describe
the nature and origin of the Lwell Schists, w1th a view to assisting
~"in any general search for mineraiisafion,on the4wesf Coast“of s
_Tasrxe.nia and also to assisting’ in more 1ooalieed-exploratioﬁ for
oopper orebodies dn<mineralieed éreesﬂ | |

‘The study hes consisted’of both. regional and detailed

field mapping with some laboratory work. - Earlier WOrkers in the a
queenstown aree have. dlsagreed violently on general interpretations
and partlcularly on the Lyell Schists,‘mainly because the theorles
have been based entirely on either restrlcted detalled work or
generallsed reoonnalssance work. .— For the flrst tlme, both
reglonal and detailed ‘mapping have been done as unlts of an overall
examination and the two. together have thrown new light on the

‘ geologlcal picture.- '

As will be shown later, mineralisation and Lyell Schist

. formation rook place during the Devonﬁan Tabberabberan‘Orogeny;
_thus the Mbsozoic and later geology is of little signlficance from
an econcmic’ p01nt of view and will be presented in summary form.

The area orlglnally studied is‘xhat part~of the West Goast
, Bange eouth of Mt. Sedgwick (see Fig., 1), involving abour 300 sq. mdles

of rugged terrain. _'This was mapped uedng aerial photographs of
’1 inch = 20 chains scale (or.4 inches = 1 milej and completion of
this work was followed by.‘tdetail/ed‘mapp‘ing' of the Lyell mine areas
Jin company with ﬁheﬁcnief Geologist of the Mf. Lyell Mining and
Railway Company. This-detailed néppiné wasidone on & scale of

.1 inch = 100 ft. and involved an ares of a little over 5 sq. miles
centred on the'Wesr—Lyell Open Cutf

| Further evidence has been brought. in from areas further

- afield that have éeén mepped by the writer.  These are mainlyr
_éoutn and west of fhe West Coaet Range, rncluding the Southern Ocean
coast.. from Cape Sorell to High Rocky Point and the'D'Agnilar Range.

The generél geological picture of this part of the West Coast and



the ares mapped in more detail is shown in Fig. 2; most of the
informetion relating to the area west of the West Coast Range
was supplied by the Hydro-flectric Commission of Tasmania.

In conjunction with the fisld work, over 200 thin sections

were made and examined by the writer,
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GEOLOGY OF THE WEST CQAST RANGE SQUTH OF MT. SEDGWICK

PREVIOUS LITERATURE

§

A The only earlier works coveriﬁg‘the regional picture are
those by Loftus Hills (1914), Carey (1953),and Bradley (1954, 56).
Loftus Hills described fhe geology of the West Coast Ra;zge south |
of Mt. Huxley but admitted to being hampere,d‘ in his conclusions by
lack of an-y comprehensive work on the area to the north.

Carey gave & general account of the tectonic setting of
the West Coast but Bradley was the first geologist to undertake
a full-scale geological examination of fhe rRa‘nge‘ and he exltendedz'
his work northwgrds to take in Mts. Mchison and Tyndall.
His ;-esults were not Vavailable when the writer began work and the
entire area has been re-mapped independently, generally in more"
detail.

A small number of other papers refer to particuler

aspects of the regional geology and thpse will be referred to later.
The papers dealing with the Lyell mine géolow, and the Lyeil Schists

in particular, are discussed in a later chapter.

PHYSTOGRAPHY

The most striking topographic feature of the area is the
-1line of rugged peaks that form the West Coast Range. They rise
from a general plain level of between 700 and 1000 feet to an
average of 3500 feet above sea level, with & maximum at Mt. Sedgwick .
of ébout 4000 feot. The mountains lie along a longitudinal belt
of rough terrain that is characterised by wide areas of flatly-
dipping, bhard, siliceoug conglomerate. Frpm north to south the
peaks are named: Mbts. Sedgwick, Lyell, Owen, Huxley, Jukes, Darwin,
Sorell, and South -Darwin, the last nameci marking the southern
termination of the Range (see Fig. 3).

This long 1iné of hills is flanked on either’'side by deep
river valleys, the most prominent of which are the XKing River on

the east and the Queen River on the west. The King River is the
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largest and rises well to the north'pear Eldon Peak. It flows
southward past Sgdgwick, Lyell, Owen,and Huxley, but then. swings
westward and passeS'thrm;gh a deep gorge in the Range between
Mts. Huxley and Jukes. It is then joined by the Queen River,
flowiné southward, and wipds its way along a soft limestone bed
until it enters Macquarie Harbour a miie south of Strahaﬁ.

The King River Valley east of the Rahge separates the latter from
the rugged Central Plateau of Tasma.pia. + West of the Queen
River a géntly dipiaing bu't“. deeply dissected péneplain sui;facé
slopes’ westwafd to the sea. ,

The Xing River is the main drainage chanﬁel and receives
gll flood ﬁters except for those flowing into Kelly Basin from
the Darwin and Sorell areas via the Nora, Clark and Bird Rivers;
those flowing south-east to the E‘rankiin via the Andrew River;
and those flo;ving west via the Yolande River. All rivers
show signs of rejuvenation and youth, with steep gradients, inter-
1oclf‘cing spurs, sharp V-profiles, terraces etc.. Although the
King River on fhe -ea.st‘ of thé Range shows a mature development,
below the knick points north and west of Crotty it has every sign
of rapid down-cutting following the regional uplift or 1’oweil.':i.ng of
base level. | |

The ruggedness of the Rahge has been further accentuated
by mountein glaciation both on the western and eastern slopes,
and cirques, hanging valleys, ice-smoothed platforms’and other
classical éhcial forms are abundant. - The effects of valle:y
glaciation are also seen in the Comstock and Linda valleys, and
along the upper parts of the King River.

Bradley (1954, p.196) describes the capture of the head-
waters of the Baxter River by the North Andrew River near Divide
Hill, and the impending capture of the King River. This would
divert the King waters towards the Franklin and Gordon Rivers,
via the Andrew River, a drainage pattern that most probably
existed prior to the capturq of the King River by E - W streams

cutting back through the Range between Mts. Jukes and Huxley.
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'Tne 'broa.d ve.lley_s and abunc_i‘a,;nce of river: 'gravels south of
" Crotty and near the Andrew Divide testify to the presence there,
at .one t:lme, of a large Vriver.’ - |

. Geologn.cal control of the topography and dra:.na.ge s
complete. ' The dlstribut:.on of the res:Lstant Owen Conglomerate
formation has an obv:nous control over the d.ramage pa.ttern and the ]
na,]or r:wers ‘are confined to the underly:mg or overlymg softer
) fornations.~ Along the Weet-Coast Range theA,Conglomerete .:Ls
folded into a broad anticline wltn aN-8 ‘strilce and the'_sof'ter |
overlying sediments hate teen stripped off the »higher‘l_evel’s near
the fold axis, so that ‘they flark the fold in broad valleys.
_ Thus the West Coast Range more or less marks the fold axis in the
Conglomere.te, and the valleys on either flank are. cut in the younger
‘stra,ta.. . Differential erosion in the younger series of alterne.tmg
quartzites, shales,and 11mestones produces still further topographic
complica.tions. » Of partlcular importance is the Gordon Limestone
mmedlately overly:.ng the conglomerate for it is partlcularly
g susceptlble to erosion and 1ts presence is often mdlcated by wide, ]
flat, marshy valley floors. . Mach’ of the King and. Queen - Rlvers '
are cut in this bed,and a.longﬂ the Range. it may be said buat,
generally speaklng, the present topography ma.rks the base of the ‘
. Gordon leestone.

The ‘oreaching of the Range by the ng River near Mt.

© Huxley reflects a close struotural control over topography.

The area between Mts. Huxley and Jukes represents an E - W zone

of tight foldmg and close faulting with & broadly synclinal form,
not unlike that between Mts. Owen and Lyell. The river has

picked out the approximate.axis of this struoture and has followed
the softer rocks and the more crumpled zones in the Owen Conglomerate.
~ Structural ‘control of the King ls continued between Dn;bbil-Berril

and l\at. Huxley; its coerse resembles the se(ot‘ion’of éf:‘north pitching
anticline or. a south pitching syncline with attendant ‘dra.g folds,

and th:Ls has iacllitated elucidation of the regiona.l structure.

Faulting pla.ys no mean’ pa.rt in determining t0pographic A
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form - the steep eastern flank of the Range east of Mbs. Sedgwick
and Owen owes its origin to strong faulting combined with glacial
action. Again the broad open valleys of Linda and Comstock,
though slightly modified by glacial erosion, closely reflect the
geological structure. They owe their origin to E - W faulting
and in the Linda Valley are preserved remnants of the younger
sediments that have heen stripped off the rest of the more
elevated Range. Again, the strong N.W. faults that cut

across Mts. Owen and Jukes are clearly indicated by the step-like
northern faces of both these mountains.

0ld peneplain surfaces are clearly visible throughout
the area. The oldest is probaﬁly the Carboniferous peneplain
(Bawards, 1941), at about 3500 feet, on which lie the Permidn
tillite and dolerite of Mt. Sedgwick. This level is also sgeen
at Mt., Dundas and along the concordant summits of the Range.
Bradley describes a prominent erosional surface at 2750 feet
east of Mt. Dundas but there are few signs of it in the Queenstown
or Darwin areas. Between Mt. Jukes and South Darwin, broad
plateaux at about 2000 feet are prominent (e.g. Intercolonial Spur)
and probably represent an old erosional surface.

The other major surface is the Henty peneplain, which slopes
westward from about 1000 feet at the base of the Range to about
500 feet near the coast, This level is equivalent to the
Little Henty Plain descriﬂéd by Waterhouse (1916) in the Heemskirk
district; it has undergone fairly recent (late Tertiary?) uplift
and is deeply dissected by a youthful drairage system. The
levels reflect a post-Palaeczoic history of restricted
sedimentation, prolonged periods of erosion, and a successive
lowering of hase level as a result of block faulting near the coast

stepping up to the east.



STRATIGRAPHY

- The approximate stratigrephic column for this ares is

shown in Table I.

TABLE I
Recent - " - . . o “1 piver gravels and talus |
Pleistocene - S moraines
Tertiary - . . . river gravels and lacustrine deposits

(thquarie Beds)

- = Unconformity - -

Jurassic (?) . - aolerite sills
Permian . S js_illitér, sagfistbne )

- -'Unconformity. (the Tabberabberan Orogeny) - ="

Siluro-Devonisn .  Eldon Group: Bell Shale
— ~ Florence Qxartzife_
Keel Quartzn.te and Shales
ST T Amber Skéle . "
| | - h Qrotty Quartzite‘j:
Or'dov:icia.n S Jg;lee ‘Grqul;:' _ :"',Gc_n.rd;or‘l-;t;[’;imesﬁélrie
- Ow‘ex}'CongZ‘Lonie:faté

. Jﬁkes Coﬁglomerate

- - Unconformity (the Tyennan Orogeny - Jukesian Movemént)~ -
Cambrian ) D@ndas Groups 'Lavas, pyroclastics, siltstones,

and greywack’ sediments. -

- -‘Unco'nformity (the Tyénnan Orogeny - Sti_chtain Movement) - -

Precambrian .- - ..+ quartzites, schists, gneisses.

Ea.st of the ng and Andrew River valleys and east of the
area mpped, the ground rises rapldly to the west flank of the Central
Plateau of Tasmenia. . Thm is composed of Precambrian rockl which
have acted as a stable core (the Tyennan Block) controlllng

subsequent tectonics and sedimentation.



The Raglan and Engineer Ranges represent the’ western
edge of the Plateau in this area and are composed of quartz and
guartz-mica schists, and dense grey quartzites forming prominent
arcuate ridges. North of the Lyell Highway the Precambrian
rocks are largely concealed by Permian sediments and dolerite.

Precambrian rocks are also seen on the Southern Ocean
coast south of Cape Sorell, at Trial Harbour, and again north of
the Heemskirk granite mass. They are mainly a rapidly

alternating series of quartzites, dolomites, and shales.

Cambrian - Dundas Group

.During at least the latter half of the Cambrian, this
area was part of a eugeosyncline which stretched along the west
and north-west coasts of Tasmania and across to Vietoria
(represented there by the Heathcotian Series). The Tyennan
Block was either a region of no relief or was submerged at this
stage, for there are virtugally no beds in the Dundas Group which
could have been derived from a Precambrian source. However,
if Dundas sediments were deposited on Tyenna then they were lat'er
removed by erosion, for Ordovician beds rest directly on Precambrian
strata along the Engineer Range. The relationship of the Dundas
Group to the Precambrian strata basement is not observable in this
ares but evidence from elsewhere indicates strong unconformity.
Carey and Banks (1954) describe the junction as the Stichten
unconformity from evidence gathered at the southern end of the
Sticht Range.

The more important Dundas lithologies found in the area
mapped are greywaél@ conglomerates, varying from coarse to fine,
basic pyroxene lavas, intermediate trachytes and acid lavas,
pyroclastics, siltstones, ar‘xd minor sandstones. They are typical
of the depbsits of tectonically and volcanically active eugeo-
synclines with island arcs rapidly feeding material into unstable
basins. The strata are unfossiliferous but are closely
parallelled by rocks mapped by Elliston (1954) in the Mt. Dundas
area, which contain trilobites of MMiddle Cambrian and lower Upper
Cambrian age (Opik, 1951). Elliston has traced formations over

considerable areas near Dundas and comparison of his maps with those
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of the Queenstown and Darwin areas highlights the lack of continuity
and the individuality of particuler lithologies in the latter areas.
A logical comclusion is that.the conditions of deposition were less
stable at Queenstown than at Dundas and were characterised by more
localised ephemeral environments. If this is correct then it may
explain some of the difficulties in establishiqg a generalised
succession and of determining structure. Both these tasks are
further hampered by the fact that the majority of the beds seldom
show bedding directions,lbeing, on the whole, rapidly deposited and
poorly sorted rock types. Structural forms have only been recognised
in a generalised manner but even this has proved useful, for in the
Lynch Creek ares, the very fact that the rocks are folded is of
importance, as Bradley has measured & continuous 2-mile succession
across strata that appear to be repeated by folding.

The Dundas Group sediments and volcanics are generally
lightly sheared and have been a2ffected by low grade regional
metamorphism. Farlier workers regarded the area as intruded by
rather peculiar and ﬁariable magmas of Devonian age, the obvious

sedimentary rocks being floating roof pendants and the lavas and

igneous-like rocks being intrusives. Twelvetrees (1902) described
this Yporphyry complex" in some detail and used the term "porphyroids"
for the schistose intrusives; he regarded them as dynamically
sheared porphyries. " This word *porphyroids" became popular in
Tasmenie and, until recentiy, was widely used, Tyrell (1930)
defines it as referring to coarse and fine igneous rocks which have
been sheared into schists and gneisses, but in which original
"phenocrysts' resist crushing and remain as porphyroblasts. Hoimes
(as quoted in Riée, 1954) states that porphyroid is a térm "applied
to porphyroblastic metamorphic rocks, intermediate structurally
between hﬁlleflintal' and granite gneiss, in the same way as quartz-
porphyry and granite-porphyry are intermediate between rhyolite and
granite. The term has been extended to include porphyroblastic

schists of sedimentary origin.®

1. Holmes defines halleflinta as applying to grenulose rocks
of horny aspect which are compact or porphyritic, and some-
times banded. The mineral composition, quertz, felspar,

micas, etec., indicates a metamorphic origin from quartz-
porphyry, rhyolite, or corresponding volcanic tuffs.
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The definition seems to inave become rather lcoee and it ‘:i.s ]
:notlced that neither Turner and Verhoogen (1951)nor Ramberg (1952) use
the word at all while dlscuss:mg metamorphlc or igneous rocks,
The writer has. found the term unnecessary a.nd oi_'ten misleading and
there is no reason for keeping it in service. _ -

- The concept of sheared 1ntrusn.ves initiated by Twelvetrees
and. other workers was modlfled by G-regory (1903) and Loftus Hills
(1914, 1927), who recognlsed the abunda.nce ‘of re-constituted volca.nicsv
' near Queenstown, but was returned $o by Nye, Blake and Henderson (1934) ,
Edwards (1939), and Conolly (1947). . Carey and Loftus Hills (1949),
however, re-affiz‘med the volecanic origin ‘of the porphyroids and in
- recent years, Carey, Bradley and Scott have developed the concept of
eugeosynclmal sedmentat:.on with depos:Lt:Lon of greywaclne sediments
and voleanics, followed by regional metamorphism which has converted
sedimeqts and volcanic»s 'alike‘ to igneox_;s—looking ma.terial.‘ A

| The chief rock types encountered w:{thin the Dundes Group in

the Queenstown ares are as follows: . S

Volcanics

As will appear in the ensuing pages, voleanic rocks of the

, )-}?E’est Coast form three. separate chemical provinces. ' The three groups
are - : 1. Verie_ble acidity but all sode;-rich. '
| 2  hcidie aﬁd pote.s_sic. |
T 3. Basaltic and soda-rich.

The 1ast group, .of sp:.lltes, is fozmd. along the Southern
Ooea;i coast from TSpero River to south of High Rocky Point, while the
- other two are found near-the West Coast Range. Their relative
distributi.onvis controlled by an important lotlgitud.inal structure,
known as the Lyell éhear, -which runs fronm near Mt.. -Sedgwick Fo, South
Darwin. The wleanics elong its length are characterised by high
silica and potashlpercentages _(gz:ou;p 2) while the volcanics in

flanking areas belong to the first group mentioned above.

The lavas of the Zone Flanking the Lyell Shear

The volcanic rocks of this zone, which has been mapped in
the Queenstown and Darwin arees, have been the subject of controversy

and there is considerable argument as to the extent of true voleanic
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lavas, for Bradley regards many lava-like rocks as the products of
metagomatism of greywackesediments and Scott regards the intermediate
and acid lavas as derived from basalts by metasgomatism.

Without doubt, albite basalt; occur elong Lynch Creek; they
have been described both by Scott (1954) and Bradley (1954) and their
extent hes been mapped by'the writer. Individual flows are limited
in extent, in both horizontal and vertical directions and they are
associated with considerable developments of Qolcanic breccias.

The volcanics pass along strike into sediments, mainly
finely banded siltstones and conglomerates.

The lavas are green-grey in colour and porphyritic with
phenocrysts of green pyroxenes up to 2 c.m. long, and smaller white
felspars set in an aphanitic ground mass. - Scott has identified
the pyroxene as diopside; it occurs in idiomorphic crystals and is
generally only slightly chloritised. The felspars occur as highly
altered subhedral laths which are generally impossible to identify.
Scott, however, states that all the felspar is albite. The ground
mass is composed largely‘of diopside gramules and felspar laths set
in a dense brown bhase.

Some of the lavas are veined by clear, fresh albite which
tends to ococur in veinlets and also in gléts and irregular zones,
apparently replacing the original rock.

An anmalysis of this diopside lava by Scott and two by the
Mt., Lyell Assay Office are shown in Table 2. The analysés of the
pyroxene basalt. have many features in common with that of the average
alkali basalts quoted in the table.

The breccias associated with the lavas along Lynch Creek
are of interest. They are coarse and consist generally of “boulders®
and *pebbles® of vesicular basalt within & basalt matrix, the latter
showing signs of "attacking” the fragments. The lava fragments are
generally much more vesicular than the matrix. The amygdales are
usuelly spherical and up to 5 ﬁ.m. in diemeter; they may be lined with
felspar enclosing hematite and with a core of chlorite; or filled with
calcite; or calcite with a core of chlorite; or chlorite with a core

of calcite. The breccias probably originate by the process of

autobrecciation in which the chilled gas-laden crust of a mobile lava
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flow becomes broken up by, and mcorpoﬁtéd into, the still molten
rock beneath,

Better exposures of a similar phenomenon occur along the
West Coast so;uth of ;l;he Spero River; here considerable thicknesses of
1a1._ra breccias are exposed, interbedded with shales and tuffs,

Rather different textured lava is found in a flow near
Miners Ridge; it is about 100 ft. thick and extends for several
hundred yards. It is composed of diopside and felspar but has a
more or less equigramlar texture with augite granules set 'in a
lattice-work of fine ‘felspar laths. Its chemical composition is
given in Table 2.

Tbe volcanicé are often veined by a fibrous amphibole
which has been excavated in a small way for asbestos at a mumber of
places along Lynch Creek.

These basaltic lavas of the Lynch Creek area are the only
ones about which there is no controversy from a petrological point‘ of
view. Bradley, however, maps them as extending for several miles
north and south of Lynch Creek and has assigned them a formation neme,
defining their vertical extent and the underlying and overlying beds.
As will be shown later, such accuracy of definition is not Kconsidered
practical.

Thin lava flows interbedded with siltstones are exposed at the
northern end of the Queen River Gorge. They consist of altered felspar
porphyries with chlorite lenses that were probably originally ferro-
magnesian minerals. At the base of many of the flows, the siltstones
are disturbed and fragments become torn off and incorporated within the
lava.

The igneous rocks deséribéd so far are the only ones to which
a volcanic origin can ciuite definitely be ascribed. However, there
is & considerable development of igneous-looking porphyries that may
well be of volcanic origin; such rocks are exposed in the King River
Gorge, the North Andrew River, and over several square miles east and
west of the Zeehan-Queenstown road. Hitherto the writer had ‘
considered these rocks as of metamorphic origin, as do Scott and
Bradley, but with evidence from outside areas, he realises that they

my well be igneous,



-13 -

The problem of the origin of these rocks is of vital
importance, for if these porphyries are primary volcanics that
have undergone only miror alteration, then the far-reaching
zoning theories of Bradley and Scott are nullified. They
envisage & regional metamorphism of existing conglomerates and
basalts, with distinet large-scale zones some of which include
sulphide mineralisation. If these zones have no significance
as far as mineralisation is concerned then they cannot be used as
guides in ore search. The recent work has shown that metamorphism
accompanying mineralisation is restricted and that the variation in
the nature of the igneous rocks that had been ascribed to metamorphic
zoning is actvally due to structural control of magma distribution.

As will be shown later, many of the Lyell Schist types
are presumed to be derived by alteration of the Dundas Group and
& knowledge of the nature of the original material is obviously
important in discussing chemical and mineralogical changes.

Albitisation and hydrothermal alteration in the Queenstown
area, combined with poor exposures, has made determination of the
nature of these igneous-locking rocks most difficult. In an area
affected by such metamorphism, it is difficult to prove that the
porphyries are not metamorphic, as suggested by Bradley and Scott.

However, Jennings (pers. comm.) has mapped meny hundreds
of feet of similar rocks that are undoubtedly lave flows, both from
field and microscope evidence, in an area no% affected by hydro-
thermal alteration. Similarly, the writer has found quartz and
felspar porphyries in the Dundas Group of the D'Aguilar Renge,
well away from any significant metamorphism. In this area it
would be unreasonable to ascribe a metamorphic origin to the felspar
and quartz phenocrysts.

Pebble outlines and sedimentary-like textures in many of
the porphyries has been quoted as support for & metamorphic origin,
assuming the original material to hewve been conglomerate, etc.

However, the writer's work in the Spero River - High Rocky
Point area has shown that lavas often exhibit breccia-like structures

and flow bending extremely similar to features seen in sediments.
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Autobrecciation of thick lava flows results in a conglomeratic-looking
rock composed of lava fragmenfs in a lava base. Another feature of
these basalts is their wide variation in thickness from a few inches to
several hundred feet, and a wide range in grain size between individual
flows. The microscope also reveals an extensive range of textures,
from porphyritic to seriate, reticulated, or chaotic and nondescript.
It is only the completeness and freshness of the exposures
on the shore line that provides proof of the nature and origin of
these rocks and which gives the clue to the true origin of the porphyries
of the Qﬁeenstown.area. | ‘
It may be pertinent now to describe the more common of these

igneous porphyries:

Felspar Porphyries

A variety of felspar porphyries are exposed along the
East Queen River. They are characterised by felspar phenocrysts,
very fine or micro-crystalline felspathic (?) matrices, and irregular
zones of albite-chlorite aggregate varying from several c.m. diameter
to iess then 1 m.m. Quartz is either absent, or present only in
smll quantity, and chlorite, augite, and hornblende may show locally
in small amounts.

The felspar phenécrysts are norm2lly very altered but show
mltiple twinning and appear to be albite. Alteration is generally
either‘to a dense brown cloud or to chlorite, ﬁhile others appear to be
chénging to fresh albite-chlorite aggregates and losing their identity.
Often the phenocrysts occur clustered together to form glomerophenocrysts.

Many of these rocks show amygdales filled with clear albite
or albite and chlorite and a specimen collected by Gregory from the
Comstock tram line shows an amygdale filled with albite, quartz and
epidote. These features probably are evidence of volcanic origin,
but one hesitates wher one remembers that felspars appear to
disintegrate into albite chlorite mosaics similar to amygdales.

The porphyries sometimes show banding and pebble outlines
that would suggest & sedimentary origin but the writer has seen
similar banding and "pebbles" formed by autobrecciation in unaltered
lavas south of the Spero River.

The chemical composition of one of these porphyries is
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shown in Table 3. On & chemical basis; the rock might be described
as a traéhyandesite (quoted in the same table) though with the large
percentage of albite in the mode, perhaps an albite trachyandesite is
to be preferred. | The felspar porphyries in general might well be
classed as trachytes, trachyandesites, and keratophyres (soda-rich
tnachytes).

A rather different felspar porphyry may he seen about hﬂlf
a mile south of the upper zig-zag on the Comstock line. It is a
pale grey porphyry with grey felspar crystals up to 2 m.m. diameter
embedded in an aphanitic ground mass; there are no ferromagnesian
minerals, The felspar seldom shows twinning and is fairly altered,
while the ground mass appears quartzose. Weathered surfaces
reveal fine banding that has been interpreted as flow structure
(see Fig. 4). Bradley describes the rock as a soda trachyte but
it analyses (see Table 3) closer to a rhyolite and on chenmical

composition could be described as a sodi-potassic rhyolite.

Quartz-felspar Porphyries

Of the several quartz porphyries in the Queenstown area,
most is kunown about the one outcropping in the West Queen River.

It is a pinkish or grey porphyry, with phenocrysts of
clear quartz up to 3-4 m.m, diameter and smaller pale grey felspars
set in an aphanitic ground mass. The quartz phenocrysts are
typically embayed and contain inclusions of the ground mass, and
occasionally show "pressure fringes'. All these features are
typical of present day acid volcanics and are not necessarily criteria
for metasomatic growth of gquartz crystals, The form of most of the
quartz crystals is typified by the figure of a pitchstone shown by
Hatch, Wells, and Wells (1‘952, p.226).

Felspars, however, which occur in approximately equal
quantity to the quartz, seldom show such embayments and inclusions,
They occur as hypidiomorphic crystals, sometimes showing good crystal
faces, often with marked zoning. The latter may be highlighted
by the alteration of the core to chlorite and the rim to sericite (?).
The felspars are largely albite, though many show no twinning and could

be orthoclase; they are all fairly altered to sericite (?) etc.
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Clear albite and chlorite occur in irregular zones-in the
ground mass, much a&s in the felspar porphyries already described;
the rock is also traversed by fine clear albite veins.

Chlorite and hematite appears to ;eplace idiomorphic lath-
like crystals, possibly’origimlly of ferromagnesien mineral,

A chemical analysis of this porphyry (Table 3) is very
similar to a rhyolite with rather high soda content and might be
described as a sodic rhyolite, though most rhyolites are a little
richer in silica,

Field mapping indicates that the grey greywacle sandstones
that outorop in the Queen River Valley near the M. Lyeil‘ sub-station
pass along strike into the quartz porphyry. This might be interpreted
as an intrusive relationship, a replacement phenomenon, or a facies
change along strike. Unfortunately the field evidence is not
conclusive and the problem unsolved; there is no sign of baking or
marginal alteration of sediments in the borders of the porphyry and
nothing to suggest transformation of greywacketo porphyry, though
this could be accomplished without much chemical change.

Quartz felspar porphyries of éimilar type occur in the
King River west of Harris' Reward pack-bridge; in the Garfield River;
near Darwin; and at many other parts within the Dundas Group outcrop.
They often show bands of breccia, sandstone, or siltstone and their
characteristics conform to a series of acid (rhyolitic) volcanics
and volcanic breccias which have undergone albitisation.

A rather different type may be seen on the tram-line to
the Lower Power House from Lake Margaret. It is variable in colour
from grey-blue to yellowish and is composed of phenocrysts up to
.4—5 m.m, diameter of quartz, felspar, and chlorite, Even in bhand
specimen, it can be seen that many of the quartz crystals are idiomorphic
and one showed fully developed pyramidal faces. Zoning in the
felspars is also conspicuous macroscopically.

An interesting quartz-felspar rock fofms tors north of the
northern zig-zag on the Comstock tram-line, It is mottled or rudely
and coarsely banded in pink and dark green, the bands being several

inches thick, and it passes along strike to greywacke conglomerate with

sandstone beds.
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The microscope shows a more or less equigranular aggregate,
averaging about 1 m.m.diameter; of quartz and felspar with some inter-
stitial material. The felspar is fresh albite and occurs in
anhedral grains while the quartz often contains inclusions of the matrix
and shows ragged borders. The chlorite occurs as interstitial material -
and has an uneven distribution. This rock has the texture and field
appearance of a sedimentary or‘pyroclastic rock and is probably derived
from weathering of volcanic material or is a result of volcanic explosions.
Whether the felspar has been altered to albite since deposition or
whether it was originally albite is difficult to say.

Kaolinisation of quartz porphyries is noticed at several
points, particularly east of the Hospital and around Miners Ridge.

The felspars and ground mass are converted to white or greenish clay,
which is studded with unaltered quartz grains.

Some of the quartz porphyries and so-called "‘porphyroid" rocks
have been found to be simply sheared greywackesandstones in which the

dominant quartz grains have remained as porphyroblasts while the matrix

e e

has become an obscure, wispy, schistose mags of kaolin, sericite,etc.
Thus a slide cut from a rather impure sandstone on the.east end of Mt.
Lyell is identical with one in the Tasmanian Mines Department, described

by Loftus Hills as a “porphyroid from the conglomerate at Mt. Darwin'.

Hornblende-felspar Porphyries

In the Comstock - Crown Hill area, many of the hill-tops are
crowned by tors of hornblende porphyry. This rock is typically a
grey or pinkish colour with phenocrysts of felspars and hornblende laths
up to 1% x'%" set in an aphanitic ground mass. The laths usually show
random orientetion and the rock is massive and poorly jointed.

Microscopically, the texture is more seriate than porphyritic
and varies considerably from section to section. Felspar is the
dominant mineral, occuring as phenocrysts and in the very fine ground
mass; it is cloudy and partly chloritised but remnants of multiple
twinning are discermible. Mach of it appears to have the composition
Abqq though Scott (1954) describes orthoclase in similar rocks from the
Take Margaret moraine, several miles to the north. Zoning is common,
many crystals showing a clear outer albite fringe enclosing & core of

altered felspar.
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Hornblende crystals are typically embayed, and contain
inclusions of the matrix while some are more of a skeletal framework
than a crystal. Some show & dark ferruginous rim and & chloritic
core, others are represented by prisms of chlorite and hematite.

A typical crystal is shown in Fig. 4. A few quartz crystals are
usuelly present in the form of shards and they tend to occur in clusters
showing unit extinction. The remainder of the rock is made up of a
dark, probably felspathic matrix and fragments of rock that appesr to
be largely felspar and pyroxene and are therefore probably lave
fragments.

The hornblende porphyry grades through all stages to augite
porphyry; the percentage of ferromagnesian in the rock seems to be more
or less constant and where there is much of one mineral then there is
little of the other; thus they appear to be complementary. The augite
is generally in cracked and poorly shaped crystals and is partiaelly
chloritised.

A 1ittle to the east of Crown Hill, the porphyry develops
8 brecciated appearance due to veining by albite. Irregular blocks
of normal grey porphyry up to 1 ft. across are separated by bands and
zones of pale albite-hornblende rock (fig. 4). The albite is fresh
and appears to be secondary, replacing the original porphyry. In this
area also the porphyry locally shows a fine banﬂing very much like
stratification; in one place, a '‘pebble" depresses the "bedding".

This phenomenon may be flow structure, the “pebble! being a fragment

of country rock or of previously solidified lava incorporated in the
st1ll molten or plastic material. Similar features have been observed
near the Wanderer River mouth, north of High Rocky Point.

As previcusly mentioned, hornblende-felspar porphyry occurs as
large boulders on the northern slopes of the Lake Margaret moraine.

A characteristic of this rock is the variation in texture and the
inclusion of pieces of siltstone,etc., within the rock.

Scott (1954) describes parallel orientation of hormblende
laths in one boulder and this feature has aroused much discussion.

Scott regards this rock as a metamorphosed basic lava which has under-
gone silicification, albitisation, etc. to become similar to a hornblende

andesite. The hornblendes she regards as growing out of chlorite
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which results from breakdown of pyroxene during regional metamorphism.
This is, of course, the reverse of the usuwal relationship seen in
lavas, in which hornblende becomes “re-digested" to form magnetite
and pyroxene. She has not seen hornblende growing out of pyroxene
directly. |

Scott suggests this rock is a result of metamorphism of
basalt though if it is she is at a loss to explain the parallel
orientation of hornblendes seen in one boulder. Hornblendes do not '
pseudomorph augite and grow with random orientation, therefore,
according to her, the parallelism camnot be original. But the
hornblende orientation direction is at an angle to the cleavage and
therefore it is not a metamorphic effect. It would seem highly
probable th;t the University of Tasmania lecturers are correct in
calling the rock a hornblende andesite that has undergone albitisation.
Thus the parallel orientation would be explained as a flow phenomenon.
Corroded and embayed hornblende crystals are typical of hormblende

andesites from many parts of the world, though it is usual to see

evidence of augite growing as a result of the breakdown of the

R

hornblende. An analysis of typical material is given in Table 3,

A hornblende-quartz-felspar rock exposed on the Lake lMargaret

tram west of Crown Hill is distinctly banded and has a gramlar, sedimentary
texture. It is composed of more or less equidimensional grains of
chiéfly felspar (albite) with quartz and hornblende and fine interstitial
matter, The average grain size is sbout 1/3 or % m.m. The component
minerals are similar to those in the hornblende porphyries of Crown Hill
and there are also a few discoloured, fractured augite crystals. The
maréed banding, which“is due to variation in concentration of the components,
may indicate that they were deposited in water, possibly after volcanic
explosions, and that the rock is therefore of clastic origin.
Alternatively the banding may be a result of flowage in lava. The albite
in this rock is compar?%ively fresh and has & brownish tinge; it is very
gimilar té that in the banded quartz-albite rock near Comstock that has
already been described (p. 16).

Hornblende also is found in some of the augite lavas of Lynch

and Specimen Creeks; it is generally of minor importance and has the

typical form of the Crown Hill amphiboles. As the Lynch Creek basalts
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are accepted as unaltered, then it seems extremely probable that the
hornblende is a primary feature and not due to locally high temperature

" conditions during metamorphism, as suggested by Scott (1954, p.145).

-

ggoxéne-felsgr Porphyries

To the east of the Queenstown—Lynchford road, the grass-
covered hills show large tors of felspar-pyroxene rocks. " Many of
the tors show distinct pebblés of various sedimentary and volcanic
rockg, and locally, a banding which c§u1d be stratification.

Mlcroscopically the rock is very similar to that above the
_northern zig-zag of the Comstock tra.m- it has a: ru.dely equigranulsr
more or less rgtlculated texture, with grain size apout 1 m.m, diameter
and sparse interstitial matter. ' Typicélly the rock is '80% or 90%
felsiaar in subhedral crystals, the remainder —being- augite, quartz and
some intergtitial matter. The felspars are only slightly sltered,
have a pink tinge and appear to be albite (Abgs); ;it is ‘similar to that
type already described in banded rocks near Comstock and Cro;m Hill.
Augite crystals are anhedral, fractured and partially altered to
chlorite, Clear albite veinlets traverse the rock and irregular
albite-chlorite cglots‘are typical.

‘ This rock type, like that at Comstock, appears sedimentary or
pyroclasfic, by virtue of its structure. In this case, where ''pebbles"
are frequezit and bedding not so common, it appears more likely that it
is of pyroclastic origin, being the result of volcanic explosions
accompanying lava extrusion. Bradley, however, Sﬁggests it results
from weatheriz}g of thé underlying lavas and in support of this, calls
in e%ridence of uncor;formity é.t the top of the volcanic sequence. |

Twelvetrees (1902) and others regarded this rock as intrusive,
from field evidencé and texture, and they described it as an augite
syenite. . Certainly its cheiﬁical co‘mpositior; is syenitic (see Table 3)
but its field relationships hardly support intrusion, |
| " A similar rock occurs east qf Little Owen. For the most part
it is interbedded with sandstones and tuffs but at one 'point it vis clearly
cutting across strike. It shows no inclusions or pebbles and it is

' 9

possible that this r‘epresents a sill. Alternatively it might be a

PR

pyroclastic rock or a flow w1th transgresswe relationships near a vent.
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The thtle Owen rock has approx1mately equal quantltles of
hpyroxene and felspar w1th interstltlal quartz, felsPar (albite), and
) clear alblte-chlorite zones.r | -
| The or1g1n of these pyroxene rocks is dlfflcult to determlne -
;'and suggestlons range from lava to pyroclastlc sedlment or s1ll
» Eki Anotherflndlcatlon 1s glven by loose boulders found by BMr..
"‘.M L. Wade near the 9-m11e post (from Zeehan) on the Queenstown-Zeehan

*: road. ; Felspar-pyroxene rocks, 31m11ar to the thtle Owen materlal,
‘icontaln fragments of cherty banded 311tstone up to several 1nches 1n‘u
%’s1ze and shOW1ng random orientatlon. f These fragments appear to -

have undergone some - absorptlon by the matrlx and under the mlcroscOpe

. the marglns appear’baked R

7 Where these boulders have come from 1s not known, but they

1'provide evidence for an"lgneOus'orlgln and the wrlter,ls 1ncllnedrto

‘1think that the L1tt1e Owen and Lynchford occurrences are lava flows of

’ trachytlc type.'

- TheWPotash-rich lavas of the,hvell Shear ZOne

An unusual sulte of rock occurs in the Dundas Group along
the West Coast Range south of Mt Huxley. _A The long narrow Outcr0p
of these ~rocks marks the 11ne of the Lyell Shear.f;' They are
":ftyplcally plnk or grey and relatlvely'unsheared de5p1te the fact

,'that they act as® hosts:to several c0pper orebodles. )
' Perhaps the commonest rock type is the plnk felspar porphyry
j.exposed on Intercolonlal Spur and parts of Mt Darw1n.“ ThlS is’ a
closely 301nted plnk porphyry studded w1th crystals up to- 3 m. maij
‘ dlameter of grey felspar and chlorlte.{n Under the mlcroscope the
'sparsely dlstrlbuted subhedral felsPar laths appear to be alb1te, and
-:crystals often show- "nibbled" marglns. , Alteratlon varies from o
“1ntense to 11ght. 4 The ground mass, Wthh forms up to 90% of the
.rock,ais mainl& eomposed of mlcrocrystalllne rather crude spherulltes.'

' These are generally 1ess than --m.m. dlameter and typlcal forms are
‘~"shown An Flg. 53 they usually have a quartz core and often a rim of

. clear quartz or dark brown hematlte aust |

The notable features of the chemlcal compos1t10n of thls

rock are the hlgh 51110a and potash percentages (Table 3) . Staining
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‘with sodium cobalti-nitrite (Chayes, 1952) révéals that the potassic
material is among the ground mass, so presumably much of the fibrous
material of the spherulites is K-felspaf. . The phenocrysts were
not affected by the staining.

In several places on Mt. Darwin within the pink porphyry,
are outcrops showing bedded rocks, mainly breccias and conglomerates.
)On the eastern flank a creek’exposés siltstones and fine sandstones
showing fine banding. |

On the basis of chemical analysis and texture, the pink
porphyries should be classified as potassic rhyolites and iAdicate
that this part of thé‘Lyell Shear zone was one of intense volcanic
aqfivity during the Cambrian, withyextrﬁsidn of dominantly acid lavas
and breccias. |

- An interesting rock acts as host to the Lake Jﬁkes orebody.
It is a dense, mottled, pink or greenish grey "“felsite" that in part
is similar to those just described but locally is composed largely of

a crude microcrystalline interérowth between quartz and K(?)~fel spar.
This forms graphic texture and Hills (1914) describes the rock as a
granophyre. This texture is usually regarded as of igneous origin
though there are instances recorded showing that it -may result by meta-
somatic alteration of sediments (Hatch, Wells, and Wells, 1952, p.217).
It is possible that the granophyric texture has been produced as a
result of reconstitution of the normal spheruliticlméterial
concomitant with ore introduction and deposition.

The Iake Jukes rock massvlocally shows cross-bedded f)
sandstone and clearly defined outlines of boulders up to 3 ft. S
diameter in breccia-conglomerates; these are possibly rhyolite
breccias,

A rock similar to that’on Intercolonial Spur outcrops
at the head of Whip Spur on the squthawest flank of Mt. Owen.

It is a pink alﬁite porphyry, generally massive but in on; place
sho%ing fine banding; it is‘riéht on the‘liné of the Lyell Shear.

'The albite phenocrysts are up to 2 m.m, x 1 m.m., in size and lie in
a microcrystalline felspathic base in which tiny spherulites abound.
These are usually less than 1/5 m.m. in diameter and consist of
rediating material with & thin dark éircumference. The bage

reacts positively to the potash etch and stain test.
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The p1nk porphyries and breccias of Mt. Darwin extend south
along the western flank of South Darwin; here they are veined by
hematite and some magnetite and exhibit a crude foliation that is

similar to bedding.

The Basaltic Iavas of the Southern Oéean Coast

South of Point Hibbs, for many miles down the coa‘st, rocky
cliffs expose & s.equence of basalts and pyroclastic rocks.

The flows are extremely variable in thickness, being fr‘om
a féw inchevs tb over 100 ft. thick and are also variable in texture.
They are mainly fine-grained with some coarser zones, and dark or
medium grey in colour.  They are interbedded with banded shales
and tuffs and to a iesser extent with pebbly tﬁffs and agglomerates.

Whilé some of the flows are homogeneous, others are severely
brecciated, often throughout their depth; the brecciated appearance is
caused by the presence of fragments of lava embedded in a lava base and
the feature is probably due to aﬁtobre_coiation. : 'l‘hé fragments are -
often in greater quaptity than the base and :i,,fqt.hg rock were poorly
exposed, it could well be taken for a sediment. | »

The basélts are seldom vesicular, but very occasionally
show scoriaceous tops. Epidote-quartz veins w}ere seen about & mile
north of the Wanderer River bay.

The most common lava, in hand specimen; is & grey porphyry,
with grey felspars and daz;k euhedral augites in an aphanitic dark
ground mass.

Microscopically, the phenocrysts are sliéﬁtly chloritised,
subhedral albites, and altered pyroxenes which are probably augite.

The phenocrysts are generally less than 1-2 m.m. diameter while the
ground mass is a dense brown, or is finely microcrystalline with tiny
felspar laths discernible. Some thin sections show amygdales which
may be circular and lenticular in shape and genexally lined with clear
albite which encloses a chlorite core.

In other specimens, the microscope shows the ground mass as a
coarsely microcrystalline lattice work of albite laths and interstitial
pyroxene granules, or the ground mass is so sparse that the rock is
a poorly sorted mosaic of albite "pﬁenocrysts".

Some of these spilitic rocks probably extend into the
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intermediate range fhough free 'qu;artz is only seen in very small
quantity. Three partial analyses (Table 3) of different lave
types show the :Eange from basic to intermediate.

An interesting variety of fhe basélté was shown to the
writer by J. Gilfillan, of Melbourne University. _ It is a pale
grey-green porphyry, dominated by tabular crystalé of albite up to
5x 3x 1 m.m, in size, which lie with a few pyroxene crystals in a
microcrystalline mosaic of alb it“e laths and augite gramiles. The

rock also shows lenticular albite-chlorite amygdales.

. Summary of Cambrian Volcanic Activity

The Cambrien pé;‘iod in Tasmenia was characterised by
prevailing eugéésynciinai cond:i:tions, involving continued and
widespread volcanic activity, the nature of which varied from
pléce to place. The principal igneous products ranged from
basalt through alkeline tréchytes (keratophyres) to rhyolites., ..

At least the basslts, and probably the entire sequence in thé Dundas
Group, were most probably of submarine origin. Pillow structﬁres

in Cambrian basalts have been described from Smithton (Carey and Scott,
1951), Penguin (Scott, 1952), and King Island (Scott, 1950).

The acid and basic porphyries of the volcanic sui’(;e
have been the subject of controversy for meny years, but particularly
lately as a result of tﬁe opinions expressed by Scott and Bradley.
They have allowed f01" considerable mineralogical and chemical changes
resulting from Jukesianr (Scott) or Devonian (Bradley) metamorphism
of origiﬁally basic material.

However, if one assumes that the range of porphyries
represents original volcanic material (the aséociatiohs present in
the Dundas Group are typical of meny volcanic provincés) then there appeaxrs
to have been only minor alteratibn, principally in the form of albitisation.

The originai reason for assuming‘ widespread metasomatism of
the Dundas Group appears to have been based on field evidence in the
Roaring Meg - Lynch Creek area.  Bradley (1954) traced the basalts
of Lynch Creek northwards and, supposedly following along strike, came
upon quartz-felspar rocks, which he assumed‘to have been derived from
the basic lavas by metasomatism. ~

Re-mapping of the entire area and in particular the Lynch
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Creek area, has ‘shown that the lavas do not contmue along strike to

Roa.rlng Meg Creek and that the. foldlng is mich more intense than was

orig:.nally assumed.  In actua.l fact the volcanics pass by normal \1
lithological change to siltstones, conglomerates etc. s oOver renarkably
. e

short distances and it is: this recognition of rapid lithological
changes that has necessitated the revision of ideas on structure,

stratigraphic nomenclature ,and metamorphlsm.

 Distribution of lava Types -
» A notable feature of the Dundas Group is 'the concentration
of a.c:.d Kzo-rich rocks both volcanic and intrusive, along the Lyell
" ghear, partlcularly SOuth of Mt. Huxley. On either flank of the
‘Shear zone and extending for .several mileé away from it, the
voleanics al'e essentially Na'zo rich and on the wholé, less siliceous
than those in the Shear. ‘l‘his implies that the nature -of the
' magma along the Shear differed considerably from other areas.
The history of events in the Shear zone was proﬁably one of acid
effusionlfollowed during the Jukesian movement by granitisation, the
volcanic and metamorphic ‘products being chemieall;v very similar;
outside }the Shear the maguas pxjoduced ‘pasic to &chid d_ifferentiates_, the
characteristic soda being & component of the magma or pic_ked up _from

eénclosing sediments during extrusion, or a result of albitisation

© related ~l;o granifieation during. Jukeeiari tectonics. . There ls no
‘doubt the Lyell Shear hes exertel strong 1oca1ieed‘structural‘ control
ever magma distribution. -

"~ Outside the flanking zone of keratopltyres, rhyolites e't_:c. ’
the Dundas Greup is represented almost eﬁtirely by basalts with spilitic
tendencies, and associated pyroclasties. This voleanic suite is
exposed along tﬁe West Coast and is some 10 miles west of the Lyell
Shear; ‘it contains & f'et"; intermediai';e-type members but no acidic
voleanics and shows only minor metamorphism.

Similar variations in magma type bave been recerded from
several volcanic provinces of eugeoeynclinal type.  The ﬁriatlons
are usually regarded as 'being derlvee. initially by dlfferentiation
of a basaltic parent 'magma.,_ combined with the effects of assimilation
of wall rock and also of mixing of partially crystallised magmes of

different composition derived from similar stock. The abundance- of
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e,lbite suggests a primery soda-rich magma but as Turner end Verhoogen

(1951) point out there may be several other causes, of the soda '

enrichment: "......sterting with olivine-basalt magme as the parent
material, Differentation of this magma, assimilative reaction with rocke
sltuated in the basal levels of the_éeosyhcline , concentration of

magnatic water rich in soda, and chemical activity induced by entrapped

sea water a.nd rlsing connate waters squeezed up from deeply buried

' sedments, are all factors of p0531ble significance in evolutlon of
‘sp:l.lites and keratophyre."

ergln of the Albite in the Volcam.cs

There is little doubt that. the fresh, clear albite of the
veinletsand vesicles is of secondary origin_. It has a pinkish tinge,
s usua11y untwinned and is often difficult to distinguish from guartz.

That in the vesicles is J'.n a,ll probability derived from soda-
r:.ch Tesidues of the basaltic magmae and is therefore of 'deuteric origin.
It is also possible that the albite replacing the hornblende porphyry
on Crown Hill, a.nd veinlng the breccias (pyrocla.stics‘?) of the Comstock
tram—l:i.ne is of s:.milar or:.gin, being related to late stoge pm.ses of '
volcanic a.ct:w:.ty. However this 'l'atter form of occurrence could also -
be related to Jukesian movement (as suggested by Scott) or to the
Tabberabberan orogeny (as suggested by Bradley) Quartz-alblte
(and epidote, chlorite, and siderite) ve:ms related to 1ate phases of
mineraliset:.on» are ,common w:.th:.h the Lyell mine area and are %o be
seen 'occasionally et other points €. g.’at Lé,ke Juke and along the L'yell
Highway near the 'Kinfg‘River.v At the 1a.tter 1ocality, the veins are
‘:Ln Jukes Gonglomerate, luggesting a Tabberabberan age., The albite
in these quartz veins and bursts is almost a red colour, rather
different from the grey or pink of the albite in the Crown Hill and
Comstock material, which also has only minor a.‘sslociated -'quartz. The
) writer believes the quartz-alhite ‘veins of thelLyell'mine ,areka and other
points is Te-bbera.bberan, and post-ng.ne‘ralisation. The other secondary
albite is considered to he,lat_eg phase"vollcanic activity and' therefore
of.‘ce,mbria.n age. | L ‘ ‘

The felspars other than the fresh, clear albite seem %o be of

two types ~ either relatively unaltered albite or intensely altered

'plagiocle.se felspar which is extremely difficult to determine,
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rThe altered felspar is grey in éolour and generallyvtoo’clouded

by sericite, etc. for positive identification;_though much'of'it appears
to be albite and-the twinning indicates.a‘oomposition no more basic than
AbéS , Zonlng is not- uncommnon and often shows a clear alblte outer
fringe; agaln some of the crystals seem to bhe alterlng to. clear alblte
in 1rregular fashlon.,'( Chlorlte is & common alteratlon product of the
original-felspar._> Scott states that the latter is. entlrely'alblte '
- throughout the area and though the writer has been unable to conflrm
‘thls due -to the 1ntense alteratlon, there is no doubt that much of the
altered mater1a1 is alblte and none~of the>rema1nder 1s very baslc; :::

~ The alteration to fresh alblte 1s probably related to deuteric
Aactlon, as already descrlbed and presumably this is llnked W1th the . .
serlcltlclsatlon, chlorltlsatlon,etc.pﬂvf If thls 1s so, then the or1g1nal

‘ felspar, much of it alblte, is probably prlmary Prlmary a1b1te in
li-spllltes of the Dundas Group is reported from King Island by Scott (1950)

- The alblte there is in ophltlc texture Wlth d10p31de and this, 1s generally
1ndlcat1ve of prlmary origin., - waever,ushe concludes that there is
secondary alblte also 1nthe same sulte .of lavas and similar condltions seem
to -have exlsted at Lyell.‘ . 4 |

| The 1avas of ngh Rocky P01nt are composed domlnantly of
sllghtly altered alblte whlch shows no s1gn of belng derived from a ‘
- more basic felSpar and Whlch may well be primary. = These lavas.are'

simllar to those of Iwnch Creek the Battery volcanlcs, except for the

' _1ncreased alteratlon of the felspars in- the 1atter area,,

The relatlvelv unaltered alblte has a brownlsh tlnge and

: occurs in the lava (?) along31de the Lynchford road the banded alblte—'
hornblende rock on the Lake Nargaret tram-llne, and the mottled rock -

' above the tram-llne near Comstock There 1s some doubt as*to the -

-”,7or1g1n of'these rocks and.the presence»of unaltered albite probably

: reflects a somewhat dlfferent mode of orlgln to other porphyrles

LTA% 1east two of the three examples are probably pyroclastlc and the -

. lack of alteratlon'could possibly be related_to the fact that>the
“active deuterlc solutions:in general‘only oirculate'within lava‘

flows, and not in the associated»tuffaceous material,
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Sedimentary and Pyroclastic Rock Types.

Conglomerates and Agzlomerates

’ Predominant among ‘sedimentary ro'ck-types’are greywaoke
. conglomerates ~wdth pebble sizes ranginé from coarse to fine.
They are generally poorly sorted are often rloh in felspar, |
~&and show a variety of pebble types. Some e.re almost brecc1ya-v
' conglomerates,- as they contain angular 'fragments. 3 - A
It is difficult to dlstingulsh between pyrocla.stlcs and
sedlments in many cases and doubtless many of the so-called
conglomeratee conta.ining lava fragments shonld be termed agglomeiates.
. Sedinents deposited rapidly.and buried with little or no sorting by
wave e.ction= must appeer very" similar to materdal expelled by & volcano
and deposited in water. . . An obvious conglomerate occurs as lenses
" within finely banded siltstones on Whip Spur. . It consists of
coarse pebbles of felspar porphyry and slate in a confused matrix
of albite crystals, chiorite,'and‘miorocrystéiline quartz and
felsx'l)a,,r.. . Veinlets and zones of clear al—bite are common.
| Another type may be seen near 8218/3588; it is a deeply
weathered, grey, felspathic breccia-conglomerate w1th fragments
~and shards of sla.te and sandstone. The constituents a.re chaotically
dlspersed through the rock, which was obvions_ly formed under conditions
of rapid erosionand bizﬁal. | |
A conglomerate-looking rock forms tojrs on the hills immediately
east of the Queenstown‘-Lynchford road., Bd'adley describes this as
e, éreywack conglomerate but it has already been pointed out that this
rock may 'well be of iéneous origin., -
A prominent rock showinglerge rounde‘d pebbles ocutcrops
(on the spur running' north fi'om‘Littie Owen summit.. The oongiomerate
passes a.iong strike to pebbly sandstones and sandstones.
The gorge of the West _Qneen River exposes g:reywack
~ conglomerates and sandstones of oiassicé.l typ_e, tnongh again these
rocks could be of volcanic origin and deposited in water. .
An interesting type is composed of bands of fine grey sandstone

~mingled with zones of fine conglomemte which consists of ovate chert
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pebbles with their long exes parallel to bedding, the fragments
varying from microscopic size to 5 x 15 m.m. in cross seétion.»
The microscope revealsba typical greywacks-type texture, with the_A
grains 1argeiy quartz and subangular, but with a few more rounded
ones of félspar-chlorite mpsaic which are probably of igneous
origiﬁ. 4 i

Bedding is often difficult t6 determine ip thesé sediments;

they are generally massive and featureless and mapping structures

in them is extremely difficult.

Silts£ones

These have been fqund in a dozen or so localities and
presérvationlof the characters of éedimentatiqnﬂ(such as-bedding,
slumping, etc.j has assisted in elucidation of the structure.

Strictly speaking, they should not be classed as silt-
stones, for they actually consist of alternatiﬁg fine bands of
quaftzoée shale and coarse silt or very fine sand (using Wentworths
-particle size classification as in Krumbein and Sloss, 1953). ° The '
shale& bands arelthicker then the silt bands, and afe studded with
_ quartz grains of silt gfade. The'cdafser, narrower silt bands

are usually composedof angular end subangular quartz grains in a

sparse matrix. These beds are usuélly rudely cleaved and
'Bradley terms them “Miners Slates", Locally a tendency to,
grading maj be seen and the silts look much like varves. Very

fine ripple marking and erosioﬁ of tops of bands are common and '
good .examples of slump structure may be seen on Whib Spur. To
give some idea ofthe frequency of banding; & specimen held in the
Mt. Lyell geological museum shows, in & nine-inch face, variétion-
between one band. per inch and 35 bands per inch.
| These  finely banded sediments generally alternate wi?h-

’greywackesaﬁdsténe (or tuff) and may include lenses of coarse
preccia-qoﬁglomeraté (6r agglomerate) and lava flows. They
undoubtedly mérge alogg strike into different lithologies and

it is unwise to link all the isolated exposures-and refer them to
one horizon. The principal and most accessible exposures of the

siltstones are along Lynch Creek, in the Queen River Gorge, and
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along the'l South Owen Creek east of Queenstown. - They may

’ outcrop— in ridées or along stream beds depending on the relative
résistance of the propinquent beds. .‘Rather similar finely banded
rocks ocour over & wide area north of Flannigans Flat, but there is

cons:.derable doubt as to their age and ev1denoe gathered so far

a

. suggests they are a peculiar facies of the Silurlan beds. . The

most continuous sn.ltstone exposure is that in South Owen Creek,
along which the bed has been traced for .1;1.5 miles with a fairly
constant thickness of about 300 feet. ' il}Tear $o the confluence
of the South Owen and Conglomerate Creeks, the siltstones are silicified.
These siltstones would meke excellent marker beds for use in
identical
geological mapping but there 1s no doubt that siltstones have been

formed at several stages during the Cambrian and that the beds merge

to other lithologies along strike over fairly short distances.

Tuffs

. Positive identification of tuffaceous material in the
Q,ueenstown ares ‘is not easy, due to the ‘poor exposures. Doubtless
the deeply weathered and banded' silty mterial exposed among the
lavas along Lynch Creek is tuffaceous a.nd doubtless there are’
considerable developments elsewnere.

South of the Spero River a.long- the Southern 6cean coastline
tuffs of »varying grain size are seen interbedded w1th lavas., Many
of the -g“reen shales are in &ll probability lithified volcanic ash and
these grade to coerser txa:tezjials in which lapilli and felspar crystals

~are visible to the naked eye.

. A chéﬁcteristic conglorrieratic rock that occurs at several
points consists of subangular and rather discoidal quartz and chert
grains up to 1 c¢.m. or so in diameter- embedded in tuff-like material.
The grains lie along bedding planes and the rock appears to hsve been
deposited in water, The pyroclastics may be followed along strike
to basalts and the(’ nature oi‘. one horizon is eonstantly changing from

place to place.

Limestones'
Associated with the volcanics near Spero Point are several

beds of limestone. They vary from dark grey and fairly pure to
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dirty brown and fairly impure. They are referred to by
Taylor (1956).

No Cambrian limestones have been observed in the Queenstowm

_ area,
Sandstones
Greywacke sandstones may be seen at several horizons in
the Dundas Group. They are variable in character, lenticular,

Mdirty" or Ymuddy" and are the fine-grained equivalents of the
greywacke conglomerates described earlier. Thin beds outerop
in the Lynch Creek area and a considerable thickness of sandy
sediments may be seen near Little Oweﬁ. lany of the sandy
beds may well be of volcanic origin and should be described as
tuffaceous sandstones.

The one notable exception to the predominating greywacke -
type and tuffaceous sandstones is the grey, clean quartz sandstone
which outcrops along the crest of Miners Ridge east of Lynchford.
It is about 100 ft. thick and can be tracedifor about 4 miles.

The sandstone is lightly sheared, with grain size between & mlm.
and 1/30 m.m.3 1t is largelyvcomposed of quartz but contains &
number of P;otite flakes aligned parallel to the rude schistosity.
Al11 thé quartz grains show strain shadows. It is interbedded
with siltstones and is of some importahce in that its prominent
outcrop mekes it a useful merker horizon for "“following out"

structure.

Stratigraphic Nomenclature in the Dundas Group

Bradley (1954) made the first attempt to draw up a
stratigraphic succession for the Dundas Group in this area and he
put forward three formational names for the use of later workers.

His classification, youngesf at the top, is as follows:

Lynch Conglomerate 3,000 ft.
Battery Volcanics 4,000 ft.
Miners Slate 3,000 ft.

10,000 ft.
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This subdivision is based on exposures found along Lynch

Creek but the results of field mapping in the same area by the

writer indicate two rather important points:

(&) The formations suggested above do not continue north and
south of Lynch Creek for considerable distances, as
indicated by Bradley.

(v) The type section is fairly closely folded on N-S axes,

resulting in the repetition of lithological units.

Tt is felt that these two factors alone warrant some
re-examination of the proposed definitions; it has also been found
difficult to follow the details of the published successions in the
field and some of the relationships gquoted have been disproved,

e.g. the ILynch Conglomerate is by Bradley's definition conformable
below the Ordovician beds yet evidence at Lynchford suggests that
it lies unconformably below the Owen Conglomerate.

In an area where the environment of deposition is subject
to local and frequent changes, rapid variations along strike and
repetition of similar rock types must be a normal occurrence, hence
difficulty in establishing a stratigraphic succession that is valid
over wide areas is only to be expected and allowance must be made
for this when discussing the subject. With the information so
far obtained, it seems to the writer unwise to recognise more than a
number of prominent lithologies that may be mapped in the field, i.e.
a number of rock types, with no significance in time and in no
particular stratigraphic order, and not, therefore, reaching the
status of formations.

It is difficult to reconcile the latest information and
ideas with earlier proposals and definitions, and though a compromise
might be effected, it would hardly be satisfactory in the long run.
It is suggested, therefore, that the definitions submitted by
Bradley be discarded and that no formations be named for the time
being but that certain rock types be named so as to assist in

future work.
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The most important unit is undoubtedly the finely banded
siltstone that Bradley termed the Miners Slate. He named it
after the Miners Ridge, & prominent topographic feature trending
N-S about 1% miles east of Lynchford., It is unfortunately named,,
as this ridge owes its existence to a bed of hard sandstone, which
the writer wishes to name independentlys The best exposures occur
a: little to the west in ILynch Creek and it is proposed that these
beds be known as the Lynch siltstones. The thickness and details
of the term Miners Slates should be abandoned and the definition’
of these rocks should follow the desqription al;éady given,

The term Battery Volcanics as used previously, might

usefully be retained to describé the albite=~pyroxene bassliis and
associated breccias and tuffs exposed along Lynch Creek, However,
the term should not have the status of a formation.- Bradley’s'
thicknesses and his descriptions of the overlying and underlying
strata are not considered valid in the light of recent field work{
for instance, the dips in the Lynch Siltstones to the east of the
volcanics suggest that the sediments are younger and not older, as
Bradley proposed.

‘ The Lynch Conglomerate, as previously defined, is impossible
to trac; in the field, even in the type locality, and it is
considered advisable to drop this name altogether, In reference
to this formation, it is supposéd to be eguivalent to the Dora and
Sorell Conglomerates, which are again supposed to be the topmost
conglomerates in the Dundas Group. Yet the Sorell Conglomerate
is undoubtedly the equivalent of the Jukes Conglomerate and is in
no way similar to Bradley's "Lynch Conglomerate™s  The writer
has not seen the Dora Congloﬁerate but from descriptions it seems
that similar remarks might be applied to this formation too.

At Lynch Creeck, the supposed ILynch Conglomerate formation

is overlain unconformably by purplish Jukes Conglomerate, which in

turn is overlain conformably by Owen quartzites and Gordon Limestone.
The only new rock type that the %riter éonsiders worth

naming is the grey sandstone of Miners Ridge, The obvious name

would be the "Miners sandstone'l.
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In summary, the writer considers that the following rock
types should be given formal names so as 10 assist in future work
in this area:

Miners sandstone
Lynch siltstones

Battery volcanics

More detailed mapping at some later stage will

doubtless result in some modification of these proposals.

Thickness of the Dundas Group

Owing to the mature of the Dundas environment and the
difficulty in following structure, determination of a generalised
succession with definite thicknesses for individuwal units is
impossible. It is felt ghat Bradleys total figure of 10,000 ft.
and his separate formation thicknesses should not be accepted until
further work has been done, or more comparisons with other areas
can be made.

Elliston (1954) records 11,500 ft. of Dundas Group
volcanics and sediments from the relatively undisturbed anticline
near Dundas. The overlying Owen Conglomerate and the underlying
Precambrian beds both outcrop in this area and the Dundas rock
units are persistent for considerable distances; thus & reasonably
accurate estimation of the total thickness of the Group is a fairly
simple matter,

The only reliable measurements made so far in this area
have been done during detailed mapping along the western slopes of
Mt. Owen. The maximum thickness measured was from Little Owen
to South Owen Creek, as follows:

1,000 £6. Conglomerates and sandstones near
Little Owen.
700 £t. Greywacle sandstones and volcanics.
300 ft. Lynch siltstones, along South Owen Creek.

500 ft. Blocky, “dirty", sandstone.

2,500 ft.
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This figure of 2,500 ft. is doubtless only a portion of
the total but it is the maximum undisturbed thickness recorded.
The type area quoted by Bradley along Lynch Creek is confused by
folding but it is apparent that several thousand feet of sediments
and volcanics occur there,

While drawing horizontal sections through the area it was .
found necessary to assume a thickness of at least 4,000 ft. for
the Dundas Group. As a general rule, a figure about twice
this was used.

Hills (1914) suggests a thickness of 21,000 ft. for the
Dundas Group in the Darwin areza but he points out that the beds may

be repeated by folding.

The Jukesian Unconformity

Towards the close of the Cambrian, the deposits of the -
Dundas eugeosyncline were elevated by folding and faulting and
subjected to erosion. This hiatus in sedimentation represents
the Jukesian Movement of the Tyennan Orogeny (as defined by Carey
and Banks, 1954). . . It is the major upheaval of this orogenic
cycle and Browne (1949) has ‘recogniséd it throughout Australia.
In Tasmania, the youngest fossils below-the unconformity are trilobites
of lower Upper Cambrian age (Opik 1951, B), while the oldest above
this surface are of Ordovician:age.

The Jukesian unconformity is defined as the angular
discordance between the Dundas Group below and the Junee Groug
above while the type area is taken at the north end of Mt. Jukes,
as described by Hills (1914). Actually, as Bradley points out,
the supposed unconformity at Mt., Jukes is only & metamorphic contact -
flatly dipping coarse greywackeconglomerates overlie sheared conglomerates
with a strong vertical schistosity, a lineation previously interpreted
as bedding. This contacf is far better exposed on the northern
face of Mt. Huxley, where the schistosity appears to eat up into
bedded conglomerates. Faint relics of bedding péfallel to that in
the unaltered bedé may be seen in the sheared facies. It is & pity
that the unconformity bhas been defined on erroneous evidence but there

is no doubt that & tectonic break does exist at the top of the Dundas
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-.Group a.nd" it may be'ihferred from severalplaces‘ in the areé mapped.

In the South Q,ueenstown-Lynchford area there is every indication

' ‘ tha.t the Gordon Limestone and/or Owen Conglomerate rests on tilted

" and eroded Dundas Group beds. and at ths Lynch Creek bridge (8148/
3576). dlscordance of dips is a,ppa.rent., - Again at Upper lake Jukes,
| flatly dipping Oweri Conglomerate and basal hematitic greywaokeconglomerates
are well exposed in cliffs above the ‘old miné workings while on. the
‘ 'plateau to the west, metamorphosed Dundas sediments show steeply
dipping bedding traces w1th strikes diseordant to those in the Owen.
Iastly, at South Darwm, the regional trend in the Dundas
rocks. is N-S, with locally tight folding and replacement of
individual beds by granitic rocks. ’ Yet overlying Owen Conglomerate
beds and Jukes breccia-conglomerates 'a.re flatly dipping and strike
at right arigles_ AtoA the regional trehd. Uncohformity with consequent
erogsion is ~a1so suggested by the: presence of gre.nite pebbles in the
Jukes Copglaﬂarate. At several other points e.g; north-west of Comstock,
in the Linda Va‘.'lley, and neer Little Owen, there a‘re signs of
unconformity but the presence of strong faulting in most cases
preclud.es proof of discordance. R Elsewhere the relationship appea.rs
. couformable, e. g. -near the Mt. Lyell Company's ‘smelters a.nd the
FQp.eenstown Recreation Ground. ,
Smlar observations have been made in the ‘Red Hills and
Walford Peak areas by Carey and Banks (1954) H they found that the
Junction of Dundas and Junee Groups may show no signs of a break in ‘
deposition in one area dbut it may be markedly discordant in a.nother.
This suggests that the movement associated with the Jul;esie.n‘ orogeny
was e.rea.lly restricted, and was possibly related to 1ocalised faulting
’ rather tha.n general folding
4 Isopachytes of the Owen Conglomerate (Fig. 6) indicate a zone
of no depos1tion west, of the Range and north of the King River.
Carey (1953) relates this to movement along the Porphyroid anticlinorium,
a broad zone of ex{ticlinai upliﬁft‘ or the Tyennan dmgen&. This
movement was accompanied bj west side up shift on the Lyell Shear,
resulting in -the formetioh of a ba31n of deposition (the Jukes trough)

- between the'Range and the -Tyenmn Block, e,nd an elevated ridge west
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of the Range. .  The lé.tfef is ln;xown as the Dundas Ridge and it
remained an elévé:ted region until weIl. into_,‘Owen Conglomerate time.
The ,reg‘&l&r:.x“epetition of.gpa;:sg)graiged béds in the Dundas
Group as &esgribed by Elliston (1954) has led Carey and Banks (1954)
to infer éight or more orﬁgenié movements within thé Dundas Group,
the. las_y being followed by a périod of non-deposition and erosion.
Regula.x:, recu_ri'ence of cyoa;.rse cohgiomexates unfdrtx_mately camnot be
provéd ifl“ the Q.uéenstown or Darwin areas, ‘but it is extremely‘ likely.
in an unstable active basin like the Dundas eugeosyncline that minor
upheavals took placé repeatéd;y and affected the course of
‘ sedimentéttion. Bradley' lhas inferred unconformity along Lynch
Creek above the Battery volcanic.é-a.nd évidence of re-working of
folcanioé and sediments is;-continually met with in the field in the
form of varying tfpes of greywacle conglomerates,; - - There is little
doubt that tectonic activity was coeval with deposit;'.on.

- Field evidence indioatéé repeated movement on the main N - S
structures"(e.g. the Lyel_ir Shear() during the Ordovician and it is
reasonable to suppose fhat thes.ewla_lements were also aétive 'during ~‘i:he
Cembrian sedimentation. ~ Movement on the fault lines was probaebly
ac,;companied by afching ;)f ':the Pdrphyréi;i. anticlinorium and Bradley
(1956) 'dey‘otes c’:'brllsidvembie-space to a discuss:';on of the mechanics of

this process,

Granitisation, Ultrabasic Intrusion,and Hematisation

Accompanying the Jukesian Movement

The Darwin Granite

The onl-y granite body within the ;drea under examination is
a long, thin granitic mass extending from Mt. Darwin to South Darwin.
It is approximately three miles long and 4 mile broad. It is
complex, being éomposed of pafé.llel zones of ‘differing compo“sitign
with & predominance of granitic types, chief of which are & pink
orthoclase-quartz rock and a white plagioclase-quartz rock.

The pink granite forms a loﬁg line bf t‘ors on the eastern
side of the Darwin-éoufh Darwmspur It is coarse grained, has
a texture thet is typically granitic, not seriate yet not quite

equigranular (Fig. 5). The mineralogy is simple, the only
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constituents being pink orfhoolase, colourless quartz, and pale
green altered plagioclase felspar. The orthoclase is fresh and
shows a fine wispy cleavage; often it also shows perthitic structure,
enclosing thin parallel, irregular tongues and lenses of plagioclase
felspar, with multiple twinning arranged perpendicular to the length
of the tongues, and all units in one host crystal showing similer
extinction. It is not clear whether-this is an exsolution or a
replacement phenomenon. Sutured crystal boundaries are common and
these are supposed to be typical of granitised granites as compared
to magmatic granites (Goodspeed, 1952).

Quartz, whiéh is locally present in greater quantity than
felspar, is finely fractured and shows undulose extinction, indicating
that it has been under stress.

The plagioclase felspar is considepably altered to kaolin,
chlorite (hence the green colour), etc. and its composition is
difficult to determine. It shows symmetrical extinction angles on
mltiple twinning up to 17° and may be albite.

Generally, the mineralogical composition runs orthoclase
greater than quartz greater than plagioclase, but sometimes quartz
exceeds the felspar,which occur in approximately equal quantity.
Such variations should perhaps be termed adamellites.

Ferromagnesian minerals are rare and only occasionally
ragged crystals of biotite or chlorite are to be seen. Two
chemical analyses of this granite type are given in Table 4; they
closely resemble analyses of typical potassic granites.

The white granite occurs on the west flank of the pink
granite and is widest and best exposed near Thompson's workings.

It is coarse grained and sometimes almost pegmatitic, and is

composed entirely of rather altered; cloudy plagioclase felspar

and colourless quartz, present in roughly equal quantities.

Alteration of the felspar makes identification extremely difficult

but it appears to be oligoclase; it is significant that the alteration
products of this felspar are white while those of the felspar in the
pink granite are green.

Quartz occurs in aggregates showing sutured boundaries and

ragged margins against felspar crystals. The felspars are loaded
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with inclusions of quartz and have therefore crystallised after
quartz or alternatively partially replaced original quartsz. A
chemical analysis is given in Table 4.

A rather similar rock of finer grain may be seen in the
creek bed east of Thompson's workings. It consists of quartz
felspar rock containing bands several inches thick of dark hornfelsic
material that looks like re-crystallised Lynch Siltstone. The
quartz felspar portion varies in grain size and texture; the felspar,
which appears to be orthoclase, may occur as interstitial matter to
a8 sandstone-like quartz mosaic, or it may occur in closely inter-
locking quartz-felspar aggregate. The felspar shows quartz
inclusions and quartz shows felspar inclusions.

The general alteration of the plagioclase felspars within
the Darwin complex extends to considerable depths, as proved by
underground workings, and cannot be a weathering effect; it
presumably represents a late hydrothermal affect or perhaps is due
to Devonian activity.

Within the granite complex, between the white and pink
granites, is a zone of schistose sedimentary-looking material that
shows patchy mineralisation in the form of chalcopyrite, pyrite,and
hematite. A similar sedimentary zone occurs within the pink
granite on the eastern flank of the Darwin-South Darwin ridge.

Bradley describes a creek section across the granite,
indicating an alteration of sedimentary schist of “greywacke
hornfels™ and granite. He illustrates pebble outlines in the
granite and similar features have also been observed by the writer.

The margins of the granite mass are unfortunately not exposed
in detail and it is impossible to observe any contact phenomensa.
However, Hills (1914) states that “the boundary-line between the
granite and the felsites which it has intruded is sharp and well-
defined. This line of contact has been opened up in several places
by trenching, and the granite can there be seen in contact with the
felsite, being quite as coarse-grained as in the interior of the mass,
no transition into finer grained varieties being observable at the
margins’,

Over a small area west of Thompson's workings, a dark
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grey hornfels-~like rock flanks the white granite but its margins

are obscured by secondary growth. '
The Darwin granite presents some rather unusual features

for & normal igneous intrusion e&nd the possibility of formaticn by

metasomatic replacement or Mgranitisation'™ has to be considered.
The principel reasons for thinking in terms of granitisation

are as follows: _

(a) There is no sign of “doming“‘or of & “pushing aside" of the
host rocks.

(v) The long, thin, tabular form parallels the regional strike
and the alternation of granite and sediment suggests certain
beds were more favourable to replacement.

(c) The pebble outlines, though rether vague, suggest replacement
of a conglomerate,

(a) According to Hills (1914) there is no fining of grain size
at the margins, though the contact is sharp and the hornfelsic
rocks near Thompson's workings might be invoked as evidence
of "baking" by granite magma.

(e) Sutured boundaries between crystals are evidence of granitised
meterial according to Goodspeed (1952).

(£) Variation in texture and mineral content and the presence of
perthitic texture which could be due to replacement phenomenz,

(g) The lack of accompanying apopbyses, aplites, pegmetites, etc.

which seem to be typical of most magmatic granites.

These points are not conclusive and Bradley seems rather
hasty in decléring that “it is indisputable that the granite complex
is a metamorphic one and the Darwin granite a metamorphosed
conglomerate't,

The writer would rather say that it seems likely that the
granite is metamorphic and is a product of granitisation processes,
rather than a normal magmatic one.

A similer rather complex and inhomogeneocus granite outcrops
in the Murchison River, some miles north of Queenstown. This is of
interest in that it also occurs in the Lyell Shear zone and must have

been formed under similar conditions. The other West Coast granites,
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at Heemekirk and Low Rocky Peint (S-W Tasmania), ere both well
away from the Lyell Shear and are large batholith-type masses.
Bradley continues to say that fhe granite is in all
probability derived from the Jukes Conglomerate formation by
metamorphism and its age‘is Devonian, This statement has
aroused considefable contrqversyAand is thought by the writer
t0 be most unlikely. ‘
As already mentioned on page 23, rocks flanking the
granite on its western side often showla crude foliation similar to
bedding. The foliae are composed of grey quartz, green chlorite, and
orange, iron-rich material. The microscope shows the quartz
foliae to consist of rounded quartz grains embedded in a potash
felspar matrix, the chlorite foliae to consist of indefinite chlorite-
sericite zones, and the erange foliae to be quartz~felspar aggregates
stained by finely divided hematite, Sodium cobalti-nitrite
staining shows the felspar to be potassic and forming at least 30%.
of the rock, which might therefore be expected to.show a potesh
eonfent'of‘about 5%.’
The fact that this foliation only ocours alengside the
granlte and appears to cut across beddlng directions as indicated
by aerial photographs, strongly suggests that it is of metamorphic
or metaeomatlc origin and_related_to the formatlon ‘of the granite.
On the other hand the foliation is notﬂunlike bedding and the
mineraloéicai segregation could in part be éue to original differences

in distribution of shaley and ferruginous matter.

Age of the Darwin Granite

The Barw1n granite complex is of particular interest in
that it provides evidence of Tyennan metamorphism, The basal parts
of the Jukes Conglomerafe at South Darwin contain quite distinct
sub-angular fragments, up to 9" x 12", of pink granite,»gneissic
granite, and hematite,-and smaller pebbles of Precambrian quartz and
chert (see Fig. 5).  The pebbles are clearly defined in a matrix
of granitic detritﬁé and would seem to pfovide clear prbof of pre-Junee
Group granitisation. Similar conglomerate occurs below the Owen

formation on Mb. Sorell, though the pebbles of granite and hematite

are fewer and smaller, and conglomerates'carrying chert and granite



- 42 -

.
pebbles have been found alongside the pink granite in the creek
running easﬁ from Thompson'!s workings."

Bradley prefers,toﬂregaid the gnanite as Devonian
- (Tabberabberan) in age and the pebbles of éranite and hematite, etc.
as due to selectivé replacement, the pebbles simply being parts of
the same rock types that formed the original material of the granite
comﬁlex. To fit this theory, the Mgrade® of érahitisation mast
be considered uniform over & wide area (including Mt.Sorell), in which
the differing rock formations react differently to the metasomatism.
Thefefore there is no question of zoning of the metagomatism, merely
a differential reaction iniéwuniform metasbmatic field.

| Probably the principal objectioﬁ to this is'that‘éuch"

variation in rocg types over a small aréa is unlikély;\indeed; relict
sedimenta;y features in the pink granite and thé pink felsite are much
alike and wouid suggest that tﬁe products should bé similar. A
second objection is that the ﬁeéatite masses, ffom which the pebbles
~are presumed t§ be derived, do ﬁot aépear to replace particular beds,
as they occur in leﬁses aﬁd irregular masses over & wide area within
‘.the pink felsiﬁe. Tﬁe contrgl of hematite diétribution seems to be
largely structural, How then are the granitisation processes to
seleét individuél pebbles in the,Jukes Conglomerate for replacement?

Again, the copy of the Kodachfome slide (Fig. 5) of the Jukes
Conglomerate shows & large slab of hematitic schist. This rock
gradually takes the placé of the granitic pebbles as the succession is
ascended, until the JukesICoﬁglomerate is composed entirely of hematitic
schist‘fragments in & hematitic matrix. ‘lNow by Brédleys hypotheses,
hematite méves;ahead.ofvgranite in a hematite “front" during
granitisatioﬁ, regardless of the composition of the originael rocks; how
then do the hematite and hematiﬁiqkschistkpebbleé become mixed up
with granite pebﬁleé?'A Again,‘how does this zoning fit.ih with the
overall uniform grade of granitisation just implied at Darwin?

As a final objection on the subject of hematite, there seems
clear evidence in the Linda Valléy and at Lyell, that hematitic bodies
weée being eroded during dgposition of th@ Jﬁnee Group. - © In the

Linda Valley, in particuler, Bradley must find it hard to explain

scattered pebbles of hematite in the Jukes formation away from any

known areas of Devonian hematisation.



- 43 -

Problems of this type, involving interpretation of pebbles
apparently overlying granite mésses, are by no means few in number
and are often the subject of much controversy. Bradley (1954)
quotes several cases in which such pebbles may well be due to
selective replacement, though in the majority of these there seems
to be considerable doubt; the pebble outlines are generally vague
and shadowy, and by no means as §1ear—cut as those in the Jukes
Conglomerate.

A good example with which the writer is acquainted is the
supposed migmatisation of tillite at Mount Fitton, South Australia.
Bowes (1954) described in some detail, and with chemical analyses, what
appeared to be a classical example of granitisation of tillite; yed
Campana (1955) and later Chinner et alia (1956), have established that
the granitised tillite is merely a basal arkose underlying normal
upper Precambrian tillite, and unconformably overlying an Archaean
granite complex.

In an attempt to solve the Darwin problem conclusively,
Professor ﬁarey has forwarded samples of Darwin granite to the U.S.A.

for age determination of zircons.

An interesting feature of the Darwin granite is the depth
of formation. The writer is quite satisfied that the granite was
intruded during the Jukesian movement and this being so, then an
estimate can be made of the cover existing at the time of formation
of granite.

The Jukes Conglomerate was derived from erosion of that part
of the Dundas Group exposed along the Dundas Ridge. This probably
included the Darwin area, and therefore by assessing the thickness
of the Jukes formation, an estimate of the thickness of material removed
from the Ridge (and also from above the granite) can be made.

Now the Jukes Conglomerate at Iyell is at least 2,000 ft.
thick and the base is not visible, so we may conclude that at least

2,000 ft. of sediment and volcanic rock covered the zone of granitisation.



- 44 -

Dltrabasic Intrusions

Intruded at the same time as. the Darwin granite are a
number of ultrabasic masses. These occur in' the- Renison Bell-
Dundas area, in Macquarie Harbour, the Spero River, and at
‘Adamsfield. - The 1ast-named ig the most 1mportant from a
theoretical point of view for 1t provides ev1dence as’ to the t1me
' o£ intrusion; pebbles of serpentine occur at the base of the over-
lying Owen Conglomerate and indicate a Jukesian age‘(Carey and Banks,
1954). These ultrabasics consist of pyroxenites and gabbroic
bodies that hate undergoneASerpentinisation and they appear to be
the_complement of the Darwinj(and probably Marchison) granites.

In contrast to the granltes, there does’ not appear to be any -

- structural control of the location of the basic material,

Hematisation
.luhes:fan granitisation Was &ccompanied by limite_d
hematisation along the Lyell Shear-zone;‘ This ds proved by the
. presence of pebbles of hematite and some magnetlte in the- Jukes
‘Conglomerate at South Darwin and Mt. Sorell, and also at Mt. Lyell.
Some of those on Mt. Lyell con31st of sandstone (?) veined by
hematlte, suggestlng the hematlte was of hydrothermal type and not
derived, say, from a 1ater1t10 orust
Hematisation accompanying sulphide mineralisation also took
place during the Tabberabberan Orogeny but this will be described later.
Further evidence that a hematite source existed prior to
.Owen depos1t10n is suggested by pebbles of hematite in the Middle
Owen Conglomerates of the Lyell mine area.  They were probably
derived from hematite in Dundas beds- exposed durlng Owen times by
movernent on the Lyell Shear. ’
Bradley nas suggested that the hematite pebbles in both
_Owen and Jukes beds originated by selective metasomatlsm. Hematite
is supposed to travel ahead in the van of granitisation, as a sort
of Ybasic front", hemat1s1ng oertaln beds or pebbles favourable to
such a prooess.- As already pointed out when dlscuss1ng the Darwin
granite, the sudden confusion of basic and graniti’c zones in pebbles .
in the Jukes Conglomerate is difficult to explain by_this'theOry;

other arguments against granitisation also apply to hematisation and
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the writer feels that there is no justification in regarding the pebbles
as other than material derived from an older land mass undergoing

erosion.

Ordovician - Junee Group

The Jukes Conglomerate

The Jukes Conglomerate is the»greywackebreccia-'-conglomemte
overlying the Jukesian Unconformity. Originaliy known aé the Jukes
Breccia, it has been re-named as the majority of the pebbles are well
rounded. It occurs aiong a narrow belt more or less coinciding
with the West Coast Range and reaches & thickness of several thousand
feet on the eastern side of the Range. It represents the rapidly
eroded portions of the Dundas sediments that weJ;'e elevated by
localised upheavals of the Jukesian movement and it is assumed by
»Carey to be of Tremadocian age.

Tyennan uplift aloﬁg the Porphyroid anticlinorium, and
movement on the ILyell Shear combined to form an elevatéd zone west
of, aﬁd along, the Range at the close of the Cambrian. Considerable
erosion of this region (known as the Dundas Ridge) took place prior
to deposition of the Owen Conglomerate, particularly along the eastern
mergin, where ILyell Shear activity resulted in the formation of
east-facing fault scarps. - Erosion hére was rapid and the products
quickly buried in a sinking basin of sedimentation known as the Jukes
Trough (see Fig. 7); conditions were ideal for the formation of
greywacle-type sediments, of which the Jukes Conglomerate is a good
example., Rapid degradation apd burial continued until uplift of
the Precambrian areas commenced‘deposi:tion of the Owen Conglomerzte.
Ez'osidn along the western margin of the Dundas Ridge was perhaps less
severe and resulted in the formation of conglomerates and sandstones
such as may be seen on Mt. Sorell.

Parts of the Dundas Ridge remained elevated tﬁroughout much
of the Owen Conglomerate deposition, prdbablyl as strings of islands.
This applies particularly to the area west of the Range and north of
the King River, and to & narrow zone aloz‘lg the Range south of Mt.
Darwin. The Mt. Jukes area was apparently covered fairly quickly.

It is to be expected that erosion of these islands, etc., would form a
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narrow fringe of Dundas detritus along their margins while siliceous
conglomerates were being deposited in the outer areas. Thus, in the
area. ofthe Dundas Ridge, part at least of the Jukes Conglomerate would
be the equivalent in time of .the Owen Conglomerate. This idea is
amply substantiated by evidence at South Darwin, where Jukes Conglomerate
merges along strike to Owen Conglomerate as shown in Fig. 8. Bach
successively younger Owen bed oversteps the Jukes formation until it
rests directly on the once-elevated Dundas surface; and coarse Owen
Conglomerates with slabs of Dundas schist may be seen overlying the

old surface on a small ridge 4 mile west of South Darwin pesk.

Over the Dundas Ridge, weathering of Bundas islands contimued
right up to the beginning of deposition of the Gordon Limestone and
was coeval with deposition of Owen sandstones in inter-island areas.

This is deduced from the alternation of beds up to 2 f£t. thick of
siliceous. pebbly sandstones with shaley and weathered Dundas-like
material near the Mt. Lyell Sub-station. Again, south of the Lyell
District Hospital, Queensfown, typical Owen fine conglomerates and
sandstones appear to be interbedded with weathered Dundas material
and shale,

Exposures of the Jukes formation are good along the eastern
flanks of Mts. Owen and Lyell, on the northern end of Mt. Jukes and
Mt. Huxley, at South Darwin, and below Mi. Sorell. | It is unfortunate
that for considerable distances along the Range, the Conglomerates; being
easily weathered, are obscured by talus spreading out below the cliffs of
Owen Conglomerate.

The formation is largely of coarse congiomergtes with some
pebbles and fragments showing angular marging; the matrix is generally
felspathic and the degree of sorting is low. The size of the pebbles
is variable but lenses with boulders up to 2 or 3 feet are common.

The colour is generally & greenish grey but at several points the
formation is hematitic and of reddish hue. Greywacke sandstones
reach considerable thicknesses locally, and generally contain pebbly
bands.

Bast of Mt. Lyell, at least 1800 ft. of the Jukes formation is
éxposed and the base is not visible. The change from the siliceous

Owen Conglomerate in this area is fairly sudden but the two formations



L,47f'

.are conformable, and pebbles of vein que.rtz oceur in the breccla
for several hundred feet below the base. of the Owen. Sandy beds ]
alternate with conglomerates and bedding. planes are often marked
by flne dark bands representlng a heavy: mlneral concentration.
Anastomosing veins of quariz, albite, and chlorlte are v151ble along
'the Lyell nghway south of the Klng Rlver brldge. The pebbles and -
-. boulders are largely of nondescrlpt Dundas rocks but quartz and ‘
"felspar porphyrles can be d1st1ngm.shed, énd ab 8204/5664, pebbles
of hematite and hematltlsed sandstone may be seen. - Slmllar beds
occur on the east side of Mt. Owen, where they are about’ 400 ft thick.,
The succession below the Owen Conglomerate at Mt. Huxley is

as'follows:

‘Lower Owen Conglomerate: c Coarse,fnnite slliceous oonglomerate.
dukes’Conglomerate} ‘lOO’,‘Tbinlp bedded dark purpllsh and locally
‘ | - 'greenish medium-fine sand&-conglomerete
_‘w1th hematite-rich bands, overlying
‘76' very coarse chaotic oonglomerate w1th.
i IPQrPhW?Y and sandstone pebbles, ‘merging
donnmardsAto highly}sheared-conglomerate:
end>then quartz schist with vertical

- - schistosity..

Wﬁth'verying'thicknessesltnis succession is seen at several
points on Mt;‘Jukes; e, g.~at Lane Jnkes,.0wen Conglomerate conformably.
overlies about 50 f%. of hematltic fine—gralned sheared greywackev'
conglomerate whlch, from observations of dlps, appears to rest
unconformably on conglomerates and sandstones of the Dundas Group.

‘ . The exposures at SOuth Darwin have already been mentioned -

ag providing proof.of‘preQJukeslan granitisation. The:oontroversial_w'
conglomerate occurs north of the peak and is:composed of angular and
sub-angular fragments of pink granite‘up to 1 ft. square;‘gneissic
grenlte;'SOme Irecambrien;qnartéites;‘hematite blocks up to é" across,
and a -few chert pebbles, while the matrix is composed of -fine granitic
detritus. Approaching the summitdend going-up the snccession, grenite

‘fragments become fewer and finally are missing immediately below ‘the
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Owen beds., | Their place is>téken by hematitic schist and quartz
porphyry, occurring as coarse blocks almost to the exclusion of all
other pebble types. This rock type ié exposed in situ immediately
below the Owen Conglomerate on & ridge half & mile to the west, and
indiéates that fhis“ridge was elevated and being eroded at least in
later Jukes Conglomerate times, while the granite to .the N.E. then
became submerged. | o
‘Along»the steep lower eastern face of Mt. Sorell, some
300 feet of brownish médiﬁm-gﬁained greywackeconglomerate may be .
seen. The pebbles generally average 1 inch in diameter but a
 few reach 1 ft. across. | They are chiefly vein quartz, quartzite, and
schist with a few small granite anthematitic pebbies, presumably
derived from the granite mass about 2% miles to the east. This bed
has been linked with the Dora Conglomerate of Bradley's Dundas Group
but is regarded by the writer as a repfesentative of the Jukes Conglomerate.
Jukes Conglomeratee: are brought to the surface at several
places on Mt. Owen as a result of fauiting on N.W& lines; Those at
8177/3641 and 8168/3633 are of ‘pebbly hematitic schists immediately
underlying the Lower Owen beds. Thehexposureg are small and faulting
- has resulted in a high degree of shearihg;‘but traceé of bedding
indicate that the schists were gr%ywackéconglomerates §howing conformable
relationships with the Owen anglomerateﬂ The outcrops of Jukes
formation near 8157/3662 are similar to those east of Iit. iyell.
Hematitic purple greywackeconglomérates with Dundas pebbles
may be seen at Lynch Creek bridge adjacent to the Owem Quartzite.
INo bedding planes are discernible but the bed is probably equivalent
to the Jukes Conglomerate, and indicates erosion of the local Dundas

rocks.

The Owen Conglomerate

This formation is one of siliceous conglomerates and sandstones
derived from Precambrian sourceé; it indicates uplift'and{erosion of the
older rocks of the Tyennan Block.

The bas;l beds ére coarse grained and confined to‘much the same

zone of deposition as the Jukes Conglomerate, but younger members are

finer grained and transgress the boundaries of the Jukes trough.
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Owen Conglomerate fa01es are iound mainly along a. belt whlch extends
.1:ealong the West and North Coasts of Tasmania and flanks the older f
Precambrlan core., It marks arlarcuate trough of sedimentation
' more .or 1ess c01n01d1ng w1th that in’ which the maximum depos1tion of
the Dundas rooks took place. South of the West Coast Range the
o trough 1s agaln encountered in. the D'Aguilar~Range.
| Owen beds are found chiefly along the West Coast Range in
nthe QneenstOWn and Darw1n areas but were also deposited away from the

Range, as indicated by exposures at Mt. Arrowsmith, Zeehan, Trial
| Harbour, and the Elliott Range. A | |

The- fact that the Owen Conglomerates are almost entirely

composed of rounded, quartzose pebbles suggests contlnued re-working

‘f along cld shore lines, a marked change from the condltions of rapid ’

'burlal'and 1ack of sorting that prevailed in Jukes Conglomerate time.'_u
The sudden disappearance of Dundas pebbles at the base of the Owen
formation does not necessarily 1ndieate that the older rocks were . |
entirely burled, as p01nted out by Carey and Banks (1954) | It bas
o already been Suggested that parts of the Dundas Ridge remained elevated
| through mach- of the Owen depos1tion, and the absence of Dundas-type
pebbles except in the 1mmed1ate v1cin1ty of the elevated areas, 1s due
7to thelr 1nability to w1thstand the prolonged wave aotiOn and rigorous
condltions. : ’~ | ‘ | |
The Owen Conglomerates form the rugged cappings :to the peaks
of the West Coast Range and where fLatly dipping, form prominent cliffs
\.,whlch rise sharply from the surrounding countryside.ffll They are
» highly re31stant to eros1on and the tOpography moulds 1tse1f upon the
structure of the formation. j ‘ For many years these beds were known
. as the West Coast Range Conglomerates but by v1rtue of priority of .

1

deflnition, the term Owen Conglomerate has been established (Bradley, '
~p.205, 1954) . The essential characteristics of the formation are
given below" (see also Bradley p.206) and w111 be enlarged upon in the

%

succeeding paragraphS"

o4

1. \It is a quartzose formatlon, being’ derived almost
.:entirely from Preeambrian source rocks,composed
largely of quartz—rich rocks,fromtwhich any soft

_material has,been;femoyed by prolonged re-working.
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2. ‘It ié of late Cambrian or eafiy Ordovician:age,
being above the Jukesian unconformity (at least .
lower Upper Cambrian) and below the Ordovician
Gordon‘Limestonei | Y

3. It is‘esséhtially conglomeratic but the uppermoét
beds are mainly sandstones andisﬁaley types with

. - ﬁinor conglomératés. .

24. Variation in thicknesses and of individﬁal beds’
albng strike ié considerable but & three-part
division of the forﬁation has proved workable in

the field.

The main item lacking in Bradley's déscription of the
formation is a detailed definition of the succession on Mt. 6wen;
Ithiq is noﬁ provided in Table 5. ﬁue to rapid variation along
strike it is in part generalised but represenfs fairly closely the -
succession exposed on the nérthern faces of the mountain, ‘

Perhaps the most striking featu?e of the Conglomerate is

- the gradual reduction in particle éize‘from the base upwards. - The
,iower beds are coarse or bou;der coﬁglomerates whilé the upper are
dominantly fine-grained, intervening horizons showing intermediéte
Agrain sizes. ' The reductioﬁ in graiﬁ takes placé in wéll defined
stages Whiéh permit & rough classificafion of the formation along
.this art of the West Coast Range. }article sizés quoted in the

“following divisions refer to the Wentworth Scale:

:Upper Owen Beds: Iargely grey or pinkish sandstones, generally
thin (2! - 29) - or very thin (2" - &%) bedded,
and often alternating with dark hematitic
shales; locally medium pebble to granule

' conglomerate beds. | Chromite-rich conglomerate
and quartéite important at Lyéll. Sandstone
beds characterised ﬁy’presence of ﬁpipe—stems"

~or "tuberciesﬁ - %ubicolar sandstones.

. Middle Owen Beds: Grey or yellowish medium and large pebble

‘ cor;glomerates with thin sandy bands and reddish
pebbly sandstones; generally thick (4' - 2!) -

or very thick (greater than 4') - bedded.
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Lower QOwen Beds: Coarse yellowish conglomerates with average
pebble size very large or greater. In the

Lyell area it is split‘by a sandstone horizon.

B . Thetpebbles in the conglomerate arelpredominantly milky

rein quartz, grey quartz schist,or sheared quartzite, banded quartzite,

-dark grey:¢hert, and Jasper. | | —

'It is-believed thet these divisionsrhave time significance

' and:ere not entirely a reflection of the lithology. ' The coarser
basal member is confined to a-narrow trough more or less coinciding

. wrth the zone of deposition of the Jukes Congiomerate, whilelthe middle
nmember is encountered over‘much_wider~area3'within the West Coast Range,
and the upper bedeeare fouud‘at peints over the entire Tyennan Block
’andfas far west as Trial Harbour and'Point Hibbs, This widening of
the orlglnal trough of sedlmentatlon and the flnal overall deposition
-0of the top beds took place along With the gradual dlmlnution of the

:;SOuree area, and the extent of the deposition of a particular member

: is related to the average grain size;u' Thus, generally speaking, the
early beds are coarse and the later ones fine.

.The contraet between the young bede that covered the Precambrian
areae and those_deposited rnvthe,flanking_trbugh is wel} shown in the
'D'Aguilar Range area. Within the Range, 1500—2000‘ft. of coerse
~ grained siliceoue treccia-conglomerates are found_everlying,Duudas rocks,

but ouljla few miles tolthe east and overlying‘Preeambriau_strata,
‘there are enly 250 ft. or sandstoues and fine conglomerates. ' The
“interpretation is that after depositioﬁ of the coarse material along a
. narrow trough,the source areas to the east, and p0391b1y also to the .
west, were dlmlnlshed and then the whole area was covered w1th flne
mterial derlved from areas further afleld.
Before going ‘into detalls of the dlulslons outlined above
it may be as well to examine prev1ously publlshed 1nformat10n. . Hills
" (1914) gives an admlrable account of'the Owen Oonglomerate at Mb. Jukes
and his suoqess1on has been reproduced by Bradley (1954, p.205).
‘The writer assumes there‘is a printer's error in the thickuessee
_quoted in Bradley's paper for they do ubt tally with the’eriginal

description; neither does the uppermost part of the tabulated

successiou, though perhaps some additions have been unwittingly made
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‘to the original‘work. " Hills (19145 divided the beds into
four "é%ages", each of 400 ft.,(making_a total of<1600 ft. These
four groups can be recognised iﬁ‘the Lyell area but are otherwise of
vrather limite@ applicatioﬁ; Whereae the linking of the middle two
“to form.three sub-divisions has been feund muach more useful, The
thickness of 1600 ft. seems rather high, the writer's estimate being
nearer 1250 ft., but the opportunity for accurate observations has
:not yet occurred. The thickness falls to about 700 ft. at Lake
‘Jukes, abeut 1 mile south of the pesk. '
Bradley (1954) considers the beds too variable to go beyond
a two-fold classification'and he only distinguishes any particular
type as belonging either'to the»Tubicolar Sandstone member‘er the
-Owen Cenglomerate preper. This tubicolar member.is described
as a “yellow sandstone with pipe steﬁsﬁ and it‘is apparentlfrom
‘Bradley's description of the Lyel; mine aree geology, that it is
”distinguiéhed from other tubicoler sandstones. Judging by his
maps this member has a Wlde occurrence but the writer's work revealed
,only limited outcrOps in the Lyell area and on lit. Jukes (see Hills,
'1914). Tt is assumed to be equivalent o the chrome quartzite to
‘be mentioned shortly. - |
As tubercles have been found at varylng horizons in the -
Owen Conglomerate near Tyndall (M. M. Banks, pers. comm.) and also
.occur in the Bldon Group it is felt inadyisable to continue usinéi%%rm
Wtubicolar" in & stratigraphic Asense. ,
Conolly ('1947) has ’—s.uggvested 'a,' fairly deﬁailed sub-division
of the Owen formation but it applies only to the area of the mines and-
_'iS‘notﬂserviceaﬁle'elsewhere;>the three major divisions suggested in
his table are diffieult-to use in the field an& have been somewhat
‘:' modified. Conolly's\qiassifieaﬁion, and that used in the recent

. mapping, are compared here:
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Conolly's West Coast Range Pregent Classification
Conglomefate Series

Upper Series

o

( Chocolate sandstones, Upper Owen Conglomerate
Middle Series. ( Red Sandstone

shales etc.
Razorback conglomerates
‘ Middle Owen Conglomerate

(
( Mountain Sandstope Lower Owen Conglomerate

N S e AN S e’ N

( .
( Mountain Conglomerate
(

Lower Series Lower Conglomerate

g Breccia Conglomerate Jukes Conglomerate

The Lower Owén Conglomerate is the coarsest of the three

divisions, pebbles being generally greater than 2% or so in diameter,
and with lenses of boulder conglomerates showing fragments up to 2 ft.
across, It is repeated several times on Mt. Owen by faulting and
.the lithology can be studied there in detail. The summit of the
mountain is formed<by one of the boulder beds just mentioned.

Its greatést development is at the east end of Mt. Lyell
where 1500 £t. have been measured. The estimated thickness on
M. Owen is 900 ft. but north and south of these peaks the bed thins
rapidly. Elsewhere (except for one area) the Lower Owen is eithgr
missing of is represented by less than 50 ft. of coarse conglomerate.
The exception to this statement is the occurrence of about 400 ft. of
Lower Owen type conglomerate on the ridge running east of Lower lake
Jukes. At a mumber of points e.g. 8281/3639 and 8127/3618, pebbles
of Dundas rocks may be seen at the base,

On Mt. Lyell, a 100 ft. bed of red san@stone occurs about
400 f£+. above the top of the Jukes (onglomerate énd is matched on
Mt. Owen by 100 ft. or so of pale grey sandstone and dark grey shale;
these beds dare Conolly's lMountain Sandstone. Despite diligent
search no fossiliferous rocks have been found at this horizon but the
Mt. Owén occurrence shows some interesting current markings on bedding
surfaces,

Possible evidence of unconférmity above the Lower Owen is given
by discordance of strikes at 8025/3650; the discordant angle is about 20°
as measured on the aerial photographs. The significance of the

unconformity is discussed in the structural chapter of the report.
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‘ The Middle Owen Conglomerate is more pers1stent though
still restricted compared w1th the Upper Owen. :' In the Lyell ares -»
and on the northern end of Mt Jukes 1t 1s poss1b1e to d1vide this bed
into an upper conglomerate w1th sandstone bands and a lower red sand- B
‘stone, as shown by the tables published by Hills (1914) and Conolly
(1947) Elsewhere conglomerates and sandstones alternate 1rregularly.
‘l‘he maximum thiclmess for this diVis:Lon, _mapped as the beds between the
distinctive Upper Owen. and the coarse Lower Owen, is 850 ft. , a8 seen y
on Mt. Lyell.v " | !
Conglomerate pebbles average .about 1— inches diameter [and'-u
‘ " - ‘show less s1ze variation than the Lower Owen pebbles i e, the beds are :
;better sorted The lenticular bands of pink sandstone are "
oha:cacteristic of the conglomerate phases while thin pebbly bands
[ are seen in’ the quartz:l.tic beds. ‘ . Ev:.dence for local unconformity
T in the Middle Owen is diSplayed 1n a cliff face :unmediately SOuth of
Lower Iake Jukes where the lower beds 1n the face are folded -more -
| steeply than the upper, the discordance 1n dips being locally very sharp.-:
'l‘his feature 1s located right on the Lyell Shear and therefore indioates
that this structural element was active at - this period. :__ 3 Oonsiderable
movement on the Shear during depos1tion of the Upper Owen'beds *has been
roved by detail‘ed mapping in the Lyell Mine area. “:'5‘ ‘ ‘
‘ '- The Middle Owen is. represented near the l.yell mines by' '
oonglomerates and red sandstones w:.th conglomerate bands' all the coarse

N -~

beds are’ characterised by an abundance of hematite pebbles and (
hematisation preceding the Middle Owen is therefore 1nferred. "The -

!1-.

uLower Owen, however, is entirely i‘ree from such pebbles and the

assumption is that either hematisation took place post Lower and pre-

"

‘ Middle Owen or that the Middle Owen marks the exposing of 1ron-r1ch

- material 1n the source area. ; - i‘ - ';:;:

- d

The Upper Owen’ Conglomerate is that part of the Owen

‘\,“formation lying between the medium grained Middle Owen Oonglomerates - '

‘ ’;iand quartzn.tes, and the Gordon Limestone. e It may be studied at
;‘_:: nany localities but: to most effect .on, Mts. Owen, Lyell, and Jukes.

M'It 1s characterised by the generally fine grain s:Lze, the. presence of

purplish dark hematitic sandstones, "pipe stems“ of varying types, and

ev1dence of small scale contemporaneous current disturbance such as .
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. slumping and "balling up" of thin sandy layers.

The chenge from Middle Owen beds to these sandstones and
shales is sharp and easily picked up in the field; the passage upward
to Gordon Limestone, however, is obviously transitional, sandstones
giving way to shaley sandstones, sandy shales, shales, and then
limestone.

The pink, red, purple, or '“chocolate" beds are characterised
by & percentage of ferrﬁginous matter; this iron content is fairly
evenly distributed and presumably indicates either a steady supply of
ferrous material from the source area or suitable cqnditions for the
formation of organic iron, Certainly the latter suggestion holds for
certain beds in the Upper Owen near West Lyell; in the pink tubicolar
sandstone (the Chocolate Sandstone) overlying the Middle Owen Conglomerates
there occur at least twp beds, between_2 and 3 ft. thick, which are as
mich as 40% hematite, and composed largely of tiny discoidal elemgnts
averaging 1 m.m. in diameter. On seeing a typical specimen,
Professor Carter, of the University of Cincinnatiti, remarked on its
close similarity to the Clinton iron ore beds of the U.S.A., which are,
of course, of organic origin,

‘ Of considerable interest is the unconformity near the top of
the Upper Owen which has been traced from Gormanston to North Lyell and
is known locally as the Haulage unconformity. It is referred to by
Bradley (p.209) but he only traced it for 200 yards and regarded is as
due to slumping or drag on & local contemporaneous fault. scarp.

Conolly describes the unconformity in unpublished Company reports and
his detailed mine maps show that its entire outcrop was carefully
ma.pped. He does not, however, do more than mention its presence while
discussing the geological succession and apparently attaches little

gignificance to it. The erosiomal surface is cut in the Chocolate

Sandstone, and is generally overlain by a rose-pink, small-pebble gquartz

conglomerate, then a yellowish (grey when fresh) tubicolar quartzite,

and lastly by sandy and shaley beds which pass up into Gordon Limestone.

'The conglomerate and quartzite beds are usually rich in rounded chromite

grains and weathering of this mineral often imparts & pale green colour
to the rocks; they are known in the mine area as the chromite quartzite

and chromite conglomerate. Locally a basal breccia with hematite and
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sandstone pebhles may be seenlon the‘unconfornable'surface;” “:The
chrome conglomerate has been recognised on Owen Spur where’ 1t lles
conformably over hematltlo shaley sandstones,,and is overlaln by pink
granule conglomerates and pebbly sandstones.

Further ev1dence of contemporaneousrmovementvis given‘h o
tby the sandstone dykes seen in Middle Owen Oonglomerates on the Razor-
back rldge near West Lyell. ‘They are 3 - 4 inches thick, lie perpen-
dicular to the bedding and are composed of fine pink sandstone.- Their
mode of'formation is revealed in a loose_boulder~found on‘the slopes
south of the Blow; this illustrates the splitting up of a'sandstone
,bed into blocks with intervening cracks, into which overlyinévpink
. sandy material and a few ghaftz pebbles have fallen,'  The sandstone
‘layer must have been at 1eaet partially lithified'before earth tremors
~formed the cracks. Thin, crumpled hands of pinkvqnartgite in schists
‘adjacent to the Razdrh@ck ridge are thought to he;sandstone dykes that
have been folded by localvpressures in the'schists.

The chrcme conglomerate and the associated basal breccia are
characterlsed by the presence of pebbles of hematlte. In the breccia
they may be as large as 3 1nches in dlameter but in the conglomerate
\they average about 1 1nch. . They are probably derlved from erosion of
the hematlte-rlch iron beds of the Chocolate Sandstone member.j

Fossils in the Owen Conglcmerate

Pipe-stems or tubercles of the "tubicolar" sandstones pave
been nentioned repeatedly and are worthy of a few notes.' The terms
refer to organic-looking “Wtracks' and "“casts" of several types, the
Comajority lying on bedding plane surfaces but a few lying perpendicular
_;to bedding, The most common torm is a closely packed jumble of thin,
'winding *Subes" of sandstone which Professor Caster has suggested may
“represent the<fossil excreta of worm.colonies, " In section,,these
sandstone tubes:give a knotted‘appeardnce to the beddlné planes.
Aispecimen collected by Mr. Wade and the‘writer from the main peak of

‘ Mt. Lyell shows interesting sandstone,tubes exposed onTthe bedding
surface of a sandstcne bed from the Upper Owen. The tnhes, generally

. 1/10 or 1/5 inch thick, either wind irregularly across the surface or are

;Ecurled up in circles which are generslly l‘inch in dlameter; the tubes

* lie in pronounced depressions in the bedding surface. Presumebly these



N4

-5 -

have a similar origin to the forms just described. Another
common type on Mt. Lyell shows a main winding sandstone column
with short branches leading off at right angles to either side and
spaced a few inches apart; the "tubes' of sandstione average 3/8 inch
diameter. On Owen Spur and near the old North Lyell Open Cut,
tubercles perpendicular to the bedding may be seen. Those from
the formerﬁlocality are 1/10 inch in diameter and many are curled up
to form a U in section; the Noxrth Lyell types are up to 9 inches long
and average 3/8 inches in thickness. These perpendicular types
are presumably excreta from burrowing organisms and similar tubercles
may be seen at certain horizons in the Crotty quartzite.

Nye, Blake and Henderson (1934) describe impressions in the
Owen beds on the Gormanston-Lynchford track which runs across the lower
western slopes of Mt. Owen. They occur on the bedding surface of &
block of Middle Owen sandstone at 8188/3627, on the track from the Gap
to Moore's Waterfall. Nye describes them thus: ‘'*the tracks
consist of a double row of impressions such as would be made by the
parapodia of a worm resembling the sand-worm Nereis. Five "tracks"
are ohservable on the rock exposed, one of which is strongly curved".

The only fossils (other than the worm casts) found in the
“Owen formation are confined to the Upper Owen beds. Local residents
report having seen “shells" in the rocks near the top of Mt. Owen,
but the only occurrence found by the writer is at 8158/3669, near the
old Kelly Basin railway line. The fossils occur in pink and grey
sandstones which are interbedded with fine conglomerates; despite
confusion of the structural picture in this area by faulting there
seems no doubt thet the beds belong to the Upper Owen. This is
important for Banks (pers. comm.) has recognised Camaratoechia
synchoneus among specimens submitted to him and he regards this form
as confined to the Silurien.

Thiclmess of the Owen Conglomerate

Rapid changes in thickness are characteristic of the Owen
formation, the maximum range being from 2650 ft. at Mt. Lyell and a
possible 3,000 ft. on Mt. Sedgwick, to a minimum of 20 ft. or so along
the Queen River Valley. The thickness of the formation has been

mea.sured wherever possible and this information has been used to
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:construct an isopachyte map of the Owen Conglomerate (Fig.‘6) which

:;fhighlights the main zone of sedimentatlon wrth a thickenin northwards :

K also shows

depos1tion. T R uj-' B ? j.;‘;& 'g::»‘ I o

Iateral Variations 1n the Owen Conglomerate

ljpvi; A‘ South of Mt Sorell and South Darw1n peak the conglomerates.’
”fi and sandstones merge fairly rapidly into alternating crossebedded Owen—

‘ like sandstones and blue-black limestone, such as are exposed along thelj
) .

’(

'l‘lower reaches of the Bird River.;f' South of this again, the sandstones

b

-

“alternative exPlanations for the absence of the Owen Conglomerate in.

1y:4this area.AI Either 1t was at or above sea; 1evel during depos1t10n

Y

":of the Owen beds and therefore received no sediment or tne conditions

H

‘A"of deposition were such that while siliceous conglomerates were

deposited to the north of South Darw1n, limestones and sandstones were

pforming to the south.: ‘ The thinning of the Owen towards ‘the Bird River .

d1strict rather favours the first alternative while the alternation

- ~_of 11mestone and Owen-like sandstone favours the second. : ThlS is a

problem for the palaeontologist to solve.

This change to 11mestone or thinning of the sequence is

‘apparently only temporary, for 1n the D'Aguilar Range, some 12 miles .
‘ further south* the Owen formation is represented by 1500 to 2000 ft. of”

: coarse to medrum grained bre001a-conelomerate with minor sandstones.

.“ X
N .

“\},\ Gradation of Jukes Conglomerate to .Owen Goqglomerate along strike,

‘fhas already been.mentioned from South Darwin. «‘5i Similar phenomena may '

bewseen near the Mt. Iyell Sub-station and the Queenstown Hbspital and
thls 1nterd1gitat10n of Dundas and Owen 11tholovies 1s probably character-
1stic of parts of the Dundas ridge, on Whlch products of the erosion of

greywackesand volcanics must have mingled w1th material derived from

%
1 T

Precambrian sources. L The possible occurrence of rapid alternations of R

- .such W1dely differinn rock types in the Lyell mine area has helped to

' throw more light on the original nature of the “Lyell Schists"
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The Tabberabberan folding and faulting induced prominent
'vertical JOinting in the Owen Conglomerates. , JOints are well
displayed on Mts. Owen and Lyell and the most prominent set which
shows up well on the aerial photographs, ‘strikes more or 1ess N N H,

3 Silicification

-¥

: Metamorphism accompanjring the learth "movement's has' resulted

', in re-crystallisation of the Owen formation, givmg it a dark, dense ',

appearance on freshly exposed faces. Bradley (1954, p.208)
states the lower beds are more strongly “Silicified" than the- upper,'~
in support of his metamorphic theories, yet the examples of the. densest

rocks that he quotes near Gornanston lie 1mmediately below the Gordon

. Limestone. ” It is pOSSlble that some Silica was introduced during the

Devonian in restricted areas, but for the magority of the Owen the

ev1dence is overwhelmingly in favour of re-crystallisation of existing

' naterial

Caroline Creek Beds
————— ———]

Following reducti‘on in relief of the Precambrian source areas,

. and. the disappearance of small islands on the Dundas Ridge, in the

. early Ordov101an, limestone was depos1ted over Wide areas of Tasmania.

.

" Locally, however, the limestone was preceded by impure sandstones

' known as the Caroline Creek sandstones and shales, which contain

trilobites of Lower OrdOViCian age (Hills & Carey, 1949, p.26)

z

Poss1ble representatives in this ares. are exposed only at two places,

- viz. Harris' Reward, and south of ‘l‘en Mile Hill.

At the former locality, 4.0 ft. of soft, grey-o*reen, rather

' clayey sandstones With brachiopods are’ clearly exposed lying conformably :

between pink Upper Owen quartz:Ltes and black limestone. There seems

¥ 1ittle doubt of the stratigraphical pOSition of the beds yet experts ‘

| of the Universn.ty of Tasmania suggest the brachiopods indicate a Silurian

age, which would place them above the Gordon Limestone (OrdOVician)

’I'he inference is that the structure here is more complex than the remainder

. of the eVidence suggests and that Silurian beds are i‘aulted aga.inst Owen

Conglomerate. :

South of Ted Mile Hill, along ‘the 0ld Kelly Basin railway,

" cuttings exposelthin—bledded, ‘brown or fawn, medium grained sandstones
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locally containing a few pomly preserved foss1ls. These ;
sandstones are interbedded w1th pale and dark grey sandy shales and ‘

appear to occur near the top of the Owen Conglomerate.

’ Gordon- Limestone ‘

The Gordon Limestone fomation in this area consmts of
dark blue-grey 11mestone or shale, it varies from pure limestone, to

l_mestone with shale bands, to shales w1th limestone lenses, to .

A,

e normal shale. Undergomg more rapid denudation than the adgacent

i

’ conglomerates and quartmtes, the fornation usually occupies valley
‘floors in which exposures are often concealed by overlying, “Ore,
‘I‘eSJ.S‘tant material..l_ | o

The limestone facies is generallur a dark » blue-grep colcur |

and 1s either thin bedded w:l.th -~;- 3 mch bands of dark blue shale,

£

or mass1ve w1th few v1s:.ble bedding planes. . It 1S often well .

gomted and breaks w:.th a lmobbly structure a feature Whlch ass1sts
in quan'ying Operations. It is usually slightly sheared. :' ’
" Accordlng to Hosking and Hueber (1954), the parer West Coast
limestones contaln between 85 and 95/ calcium carbonate. T
The main limestone exposures in the Q;ueenstown area are at the
old émelters Q,uarry, near the Recreatlon Ground, along Lyell Road- at
several po:mts in the Q,ueen Rlver near Lynchford, and at the Hall's
Creek Quarry. ok In the Darvun area, 11mestone may be seen along the
Currie and Garfield Rivers, and in the old Darw1n Flux Q,uarry. . It is
also well exposed‘in the Nora and Bird Rivers, where there 1s gome ‘
doubt as to :i.ts age. . The type area for this formation is of course
. along the Gordon River., wherejlimestone forms steep cliffs along the
" .river valley. | ' | |
Shaley facies of the limestone are ‘seen associated w:.th the B
exposures already mentioned and also they are particularly clearly
expcsed in’ the creek beds near Linda Much of the material is non—
calcareous but this may be due in part to- leaching. These |
argillaceous facies of the formation often weather to a dark blue—grey
, clay\or "'pug" Wthh is eas:.ly recognised in the field and serves as a

v

useful marker for tracing the formation.

There is generally a gradual passage up. from Owen Conglomerate

&

" and quartz:u.te through sandy and shaley beds to the Limestone.
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jTran51tional beds. above the Owen formatlon may be seen at several

) }p01nts between Linda and TWest Lyell, and Bradley gives a good '

faccount of the limestone base' at Lake Margaret.

SR

The lithologlcal change from limestone to Orotty quartzite

§

"4y’ comparitively sharp, .in that usually there 1s ‘a sudden 1ncrease

»:lin the arenaceous content of the rocks. : Above the 11mestone in

the Linda Valley (8206/3657) there are. several feet of pale brown

;shales w1th bryozoa and these are overlain 1n turn by typical Crotty

gQuart21te. : At the old Smelters Quarry uhere is an increase in the
‘1frequency of the shale bands ag the t0p of the Gordon Limestone then

‘ya sudden change to quart21te. o Simllarly, pale grey shales are seen .

'1mmed1ate1y below the Crotty on’ the Prlncess River (8136/3647) near .

"4Lynchforda However, at the old Linda cemetery (8203/3647), very

"vsandy 11mestone or dark calcareous sandstones with Ordov1oian

; trilobites suggest that a passage from leestone to sandstone does exist.

Lar
¥

The age of the Gordon Limestone has been fairly well

:,}established by the palaeontological experts. ' Hill and Bdwards

\ (1941), G111 (1950), and i1l (1955) describe Ordovician corals from

’ the Smelters Quarry and the Recreation Ground and’ Carey and Hills

‘(1949) desoribe the age generally as from Lower Ordov1cian to Upper :

Ordov1cian. Bradley (1954, p.203) quotes M. Banks (Un1vers1ty of

4'Tasmania) as saying that the latest collecting shows the age to range

f from Lower Ordov1o1an to Lower Silurran.

Accurate measurement of the thickness of the formation 1s

"qé‘difficult, ow1ng to the fact that the contacts tend. to be obscured
“; by talus from the adgacent, more reS1stant beds and that the I
‘ leestone thlns or thickens to sult the structures in the more, . l
‘competent en01051ng quart21tesvand conglomerates, thus giving an

‘ unnaturally W1de-range~of thickness measurements. } The limestone at

Iwnch Creek bridge is relatively undisturbed and’ measures 500 ft

; Carey and Hills (1949) suggest a thickness of 1000 ft. for the whole of

: Tasmania, but Gill and. Banks (1950) record 2000 ft. near Zeehan.

The Gordon L1mestone has been used as. a flux for smelting
Operations sinoe 1896 ) Until 1932 it was removed from the Smelters

Quarry 1n Queenstown but the depth of overburden forced operations to

- be transferred to a prominent limestone outcr0p by the railway, 1 mile
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gouth of Lynchford, now known as Hall's Creek Quarry. Limestone
for the North Lyell smelters at Crotty was obta.med from a low-].y:mg

quarry é- mile east of Darwin township.

T Siluro-])evqnian - Eldon GrOug
The post-Ordovician sediments w111 only be described

in ;a general way as they are.only of minor eqonomic significances -
Their chief importance is in revealing _Tabbembbeﬁn structural
forms,

The altermting sandgtor;es and shales 61‘ the Eldon Group
indicate &. reéula.r-oscillatipn ,le'om sha:llow to deep water con&itions
in a miogeosyncliné.l 'envirqnment. Glll (1950) ha.s studied this
group at Eden, 10 m:.les south of Zeeha.n, where the exposures are
good and the structure open, and he devotes cmsiderable space to
d:l.sc_ussing its charactqristics; his chief copclug;lons are as follov}ss
' - Al. The rocks were c_}.eposited in the southern part of

the Tasman geosyncline. o
2, - There is en altemstion of rock types with & gradual
- ;'eductionr.,‘in contrast between propinguent sediments,

3« There is an overall reduction in grain size of the

arenaceous members from bottom to top. |

4., A11 the formations are siliceous, even the shales

peiug essentially siltstones,

He also brings attention to theclose relationship between
. geology and topogréphy, the alternation of soft and hard :n.'ocks~
producing a. series of ridges sepamtéq‘by narrow valleys. All
these statements also apply to the Grc;up as seen in ihe Queenstown
district. ' v | ,

The sicoession at Eden as quoted by Gill (1950), and
G411 and Banks (1950) may be roughly matched in this area, the
principé,l differences feiat'ing to thicknesses of individual
formations and local lithological developpents. A. comparison of
the successions at Eden and the relatively undisturbed area nesr

Lynchford is given belows
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o _i,; . Bden s f?_yiﬂxi'ﬂxﬂj Lxgchfard

Bell Shale-’ F} 1‘f‘ 14@017' - Bell Shale: R 7000t
Florence Q.uartzite~ 1600' - : _Florence Quartz:.tel-‘f T 1800!
| . -VKeel Q‘;uartzrbe. i 400' . Keel Q.uartz:.te and Shales 1900'
- Amber. Slateni fni‘“fsﬁéoof_:‘hfwamber Slate; . . " 900"
Crotty Quartz1te~ »‘vxiSQOf;}i"Ti}crottvaua;pzites ff%i},”i' soofi

!

-- ‘Disconformj.‘_ty" (2) - = il ‘

e;'

t : The Lynohford thiclmesses do not hold over’ the entire

Queenstown and Darwin aree.s but 1t 1s the only dlstrlct where

mea.surements for ‘the whole Group can be made wrbh *any degree of -

accuracy. “An’ exam:matlon of” the aer:.a.l photographs mdica.ted"-

that the Eldon and Junee Groups could be studled to advantage along the N

e ra:.lway between Dubbll-Barr:Ll and’ Teepookana but unhapp1ly thls area -. . .

'-vjhas been extens:.vely sil1c1fied and recogn:.t:.on of 'the format:.on is

; J'uvery dlfflcult

The a.ge of the Eldon Group (Gllly P-238) ranges from o

Sllurlan to Dev0n1an, the base of the Devonlan belng tentatlvel,/ placed '

L 'at the bottom of the Florence Quartzite. 3 However, G111 pon.nts out

that further fOSS:Ll collectlng may show the Keel and Amber to be

“ Devonq.an ‘also.‘ I-Ils tr1al grouplng is as- follows. vl

e
1

( Bell Shale‘;*"7"l}‘ o

st

" Lower Devonian' - g
T 4 Florence Qua.rtzite
( Keel Q.uart21te L

' Slluro-l)evonaln Amber Slate\

Crotty Quartmte ‘

P
o

. Crotty Q.ua.rtzite" S L T )

| ) . '.“ . “’ - ' y . -
’I‘ [N Al

Thls 1s a thln-bedded whlte or grey coloured, med:Lum to

. fcoarse gramed sands’cone, composed of* rounded and sub-angnlar quartz

,’grains.. j rebbly bands and plnk beds are found, whlle the 1ower

14

,part in the Queenstown area 1s often sta.lned green by copper carbonate.;

o -Locally the formation is split 1n two by shales or reddish stained sand-

.A. 3

stone. Bradley's success:.on and thlcknesses glven for the Crotty e

+

area are not.considered ‘oi‘, any practlcal value". " Certain beds 1n
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the formation are characterisedvb&~thiok tubercles or pipe stems,

genérally.occurring in clusters arranged perpendicular to the bedding.

*The Crotty Quartzite is used as & flui in smelting operations at Lyell.

Amber Slate

This formation consists of grey or blue—gfey slatey shales,

which weather to a rusty brown. A thick yellowish limestone out-

croppingWZ miles north-east of Darwin may belong to the Amber Slate.

Keel Beds
R

The sediments between the Amber Slate and the Florence

Quartzite vary considerably in lithology in this area. The chief

member is & grey-brown, fine grained, thin bedded sandstone not unlike

the Florence Quartzite. It usually direcfly overlies the Amber
Slate and is separated from the Florence formation by shales, sandy

beds and locally, lenticular crinoidal fragmental limestones.

Florence Quartzite

This is a grey-brown, fine grained, thin bedded sandstone,
characterised by patchy iron stainingAand 2=-3 inchybands'rich in

fossils in the top 100-200 Tt. -

Bell Sha}g

The lower part 6f the Bell formatioﬁ consists either of
dark blue-g;ey slates and shales, alternating dark shales and grey
sandstones, or of muddy sandstones with thin shaley partings. |
The lower beds‘pass up to micaceous shales, shales %ith thin sandstones,

and greyish silts and shales in the top-most beds.

Tabberabberan Orogeny
e e e )

Lower Devonian sedimentation was interrupted by a prolonged

- period of orogenesis and mineralisation in which the Lower Palaeozoic

strata were cast into théir-present“day aftitudes and in which all the
important orebo@iés of the field were férmed. This stage in the |
geological history is known as the fébberabbéran Orogeny.

| The structure and outline of the mineralisation will be

given in later chapters following the brief description of the

' remaining phases of the geological history. of the West Coast.
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Permian and Trias

The Tabberabberan Orogeny was followed by & long period
of erosion extending througﬁ the Carboniferous, during which the
area was planed to sea level. This Carboniferous level may be
seen to-day on the Sedgwick plateau and concordant summits of the
West Coast Bange. Peneplanation was accompanied by widespread
glaciation which continued until the early Permien, when marine
transgression resulted in deposition of several hundreds of feet
of sandstones, mudstones, and shales, with tillites showing recurrence
" of glacial conditions. Sedimentation probably continued into
the Triassic.

The only deposits of this age on the Queenstown and Darwin
area maps are seen at Mbt. Sedgwick. Under a dolerite‘capping and
lying in a shallow depression in the old land surface are about
150 £t. of tillite with sandstone bands containing Permian fossils.
The tillite rests on both Dundas Group and Owen Conglomerate beds
and is composed largely of Owen Conglomerate fragments, some of which
are several feet in diameter. It occurs at about 3,500 f£t. above
sea level.

Other Permian beds are seen along the Zechan-Stralen railwey
and east of Strahan at elevations less than 500 ft. above sea level.
If these strata were deposited on the Devonian-Carboniferous peneplain
then they have been thrown into their present position by large scale
post-Permian faulting (probably early Mesozoic). The Permian (%)
tillite exposed on the Queenstown road about 2 miles east of Strahan

appears to be faulted directly against Eldon Group formations.

Mesozoic

\Permo-Trias sedimentation was followed'by extensive
intrusion of dolerite sills, The remnant of one sill may be seen
capping Mt. Sedgwicks it is of colummar quartz dolerite and is about
300 £t. thick. A similar form of outcrop forms the peak of
Mt.'Dundas, and other dolerite sills may be seen covering wide arees
of the Central Pletesau north of the Lyell Highway.

Succeeding elevation of the Permo-Trias sediments was probably
accomplished by block faulting stepping up to the east, with the major

faalts near to the present coastline,
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The prolonged period of eros1on wh1ch followed this
elevatlon reduced the area west of the Range to the. peneplaln which
is clearly, v1s1ble to-day. . Monadnocks of Lower Ealaeozoic rocks
rise up from the general “level but no Permian strata ‘are v1sib1e on
4its surface. ' They were, however, preserved‘west of the peneplaln
edge by earlier faultlng which dropped them below sea-level. ‘ This
planed surface was described by Gregory as the Henty Penepla1n, |
- chough Bradley-apparently terms it the Howards Peneplaln (1954, p.l95).
nIt falls from about 1000 ft.;near the Pange to 5-600 ft. above sea-level
near Strahan and 1s equlvalent to the thtle Henty Peneplaln descrlbed
by Waterhouse (1916) near Heemsklrk. . Its contlnuatlon on the |
1 west side of Macquarle Harbour is clearly v1s1ble from the Range
where 1t falls from about 700 ft. on: the eagstern s1de of the Cape
Sorell penlnsula to about 300 ft. on the Ocean side.
! The Henty Peneplain mlght well be descrlbed as a pedlpha
(Klng, 1953) for in all probablllty it orlglnated by scarp retreat
from somewhere near. the present shore-llne east to the'West Coast

.Range.- f

Tertiaryp
Mesozoic peneplanation was‘interruptedjearly in the Tertiary

by w1deSpread block faultlng, largely on similar 11nes to the earller
Me30201c phase.‘> ~ Near' Strahan and to the north these faults have a
NNW trend ( see Fig. 2) but south of Strahan the domlnant trend 1s

‘ 1ong1tud1nal.' A partlcularly promlnent fault is known as Lee Fault
whloh Tuns N-S along the west flank of the D'Agullar Range. The .
general résult in the area mapped was uplift brlnglng base level some
500 ft. below the earller pre—faultlng level and’ about 300 ft. above
the present one. | Maoquarle Harbour represented a depressed area
(the Macquarie Graben) in Whlch several hundred feet of laoustrlne
vdeposits aocumulated;-these are well exposed at Strahan and along the
eastern shore of Macquarle Barbour and are known as the Maoquarle Beds.
mhe_,r con51st of flne—gralned seml-consolloated sandstones, shales,

. gravels, and 1ign1tic horlzons,which dlp gently westward with angles
less than 59, At Strahan thev rise to abOut 500 ft but west
of Mt. Sorell they appear as hl“h as 1200 ft. above sea level, which

suggests they have been tilted after dep081tlon.
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Ev1dence of the early Tertiary er051onal phase 1s seen

1ndand 1n the Queen Rlver Valley. Isolated gravel depos1ts -oceur at

several p01nts along the flanks of the valley-and generally some

200—300 ft above the present floor. ; The pr1nc1pa1 gravel

occurrences are near the Mt Lyell Sub-statlon, west of the Mine Office,

n Lthe Smelters Magazlne (8195/3603), Splon Kop, Hospltal H111 South

ﬁQueenstown (8174/5583), and near Lynoh Creek. They attaln a

f:,thlckness of 100 ft or so locally and cons1st largely of well rounded

wboulders and pebbles of Owen Conglomerate, Wlth lesser amounts of

, dolerlte and Eldon Group beds. . A planed surfac ’% m11e north~east

- eds

fzof Queenstown(8194/361l) in Conglomerate Greek anpears b0 001nclde with
‘ithe 1evel of these gravels. } They are 1nterpreted by the writer as
o frepresentlng the dep051ts of a Tertlary river follow1ng uhe soft
'jlimestone bed and cuttlng down 1nto the Henty Peneplaln subsequent to ;4

. ithe early Tertlary'upllft

Iate in the Tertlary, movement along pre-exlsting faults '

1;again took place, elevatlng the entire area 80 that rivers were

oy

& re—auvenated and the mertlary beds of Macquarle Harbour Were both

",-plifted and tilted.‘* This movement mlght be correlated Wlth the

TK0501uskan epoch so well developed on’ the Nalnland of.Australra.

Pleistocene

' The flnal ma;or event in the geological t1me scale wa.s the

.Plelstocene glaclatlon, whlch affected the higher parts of the West

\<Coast Range and some of the larger river valleys.. Mbralnes,

c1rQues, 1ce-smoothed pavemenus and U—shaped valleys testlfy to

PR
.

~the work of the Plelstocene 1ce..1 )

) Of partlcular 1nterest 1s the Klng glacler, whlch flowed

B

: down the Klng Rlver Valley, and forced its way up many of the rlvers

[trlbumarles agalnst the natural dralnage d1rect10n.“ The Comstock and
L'Llnda valleys prov1de examplee of these ice dlstrlbutarles, “at the

" "head of each there are extens1ve dep031ts of t111, w1th a—fa1r

percentapge of varved chay, 1ndicat1ng the presence of 1ce-dammed

' lakee. ' The level of each lake was controlled by the elevatlon of

. the watershed between the Klng and Queen dralnage systems, and

-

' overflow from the 1akesdra1ned‘west towards the_Queen'River. | At no’
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stage did the ice sheet cross either the Lyell-Owen or the
Lyell-Sedgwick divides,

The glaciers of the higher parts of the West Coast
Range generally melted below 2000 ft., though a few tongues
descended to 1500 f£t. Associated glacial features are well
exposed on the sheltered eastern slopes of Mts. Sorell, Jukes,
Owen,and Sedgwick; and also at lLake Margaret, where a large arcuate
'moraine extends out from the Lake on the lower western slopes of
the Rangé.

Although much of the ruggedness of the area is due
.10 glacial erosion, yet modification of pre-Pleistocene topography

by glacial agencies is only of minor significance.

Recent
The only deposits of Receﬁt origin are portions of
the extensive screes fringing the mountains, and alluvium and
gravels of parts of the King and Queen Rivers.
The raised beach between 20 and 50 feet ahove sea-
‘level along the coast south of Cape Sorell is a result of Recent

uplift.
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STRUCTURES OF THIE TABEERABBERAN CROGENY

Tabberabberan movement marked the éulmination of minor
earth movements that characterised the Lower Palaeozoic stratigrephy,
and closed the chapter of orogenic insiability fof this area, for
succeeding stages in the geolégical column were largely ones of
quiescence broken only by short-lived phases of block faulting.

As a result, the complex structures observed to-day in the West
Goast Range are largely related to the forces acting during the
Tabberabberan upheaval.

The broad tectonic picture is of a thiék, longitudinal
sedimentary prism being squeezed against a relatively stable
Precambrian core by forces directed towérds the north-east. The
major structures follow itrends that had become established during
early Palaeozoic times and which had a profound effect on succeeding
tectonics and sedimentation. The Tabberabberan phase merely accentvated
a structural pattern thet was already in the making.

The principal elements of structure observed in the Queenstown

and Darwin areas are six in number. They are:

(a) The N - S West Coast Range anticlinorium, the King-Sophia

synclinorium, and related secondary folds.

(v) The N - S Lyell Shear, and the Toft-Crotty structure.
(c) The Mi fault-folds, v . sut:cthisin.

(a) The Linde Disturbance.

(e) The NE Faults.

(£) Tﬁe NNE Faults.

A number of ENE wrench faults occur east of Darwin and
Crotty but only reach major significance in the Preecambrien rocks
east of the area mapped. Little information on this structural
type is available but & few notes are provided after the discussion
of the NNE faults. The principal structures are summerised on

Tig. 9.



: (a) The West Coast Range Anticlinorium, ete.

The West Coast Range Anticlinorium, with 1ts flanklng
synclinorla is the ma.,]or structure of the area, upon which the other
B ~features are superimpo ed. It has a N - S trend and 1ts axis passes ‘
"a little to the east of Queenstown, 1t s markedly asymmetrioal, the
secoudary "drag“ folds showmg vertloal or overturned and often . .

{,

. severaly attenuated eastern limbs, and relat:l.vely flat and undisturbed-

~ .'_.western 11mbs. AR The form suggests E W pressure with the east-

\n'dlrected forces dominant thus the thick Palaeozon.o sediments of the

o geosynclmal bas:.ns fla.nking the Tyennan craton were squeezed against i

L .fthe stable ma.ss in a serles of ma,]or longitudinal folds. . The origin

!

= of the _. W oompresslon is discussed at the close of the structural
':section of this report. o | - o
North of Comstock, reconnai‘ssance mspping mdioates shallow,
) symmetrical fold:mg of a8 different type from that along the Range
; to the south. . ‘I'h:.s change in the tectonlc env1ronment indicates
.‘,the 1nfluence oflsome other factor 1n the regional pioture. —The ’

‘e,nticlinorlal structures are locally oonfused by later Devon:.an

[

C features, most important of whloh a.re the N -5 and I\TW elements.

The N - S features parallelling the antlolinoria.l axes usually

BN 'a.ccentuate the prevailing asymmetrioa.l folds by produc:.ng oons1derable

i

‘ 'ﬁ! :displacements on the steep 1imbs. The general pa.ttern of NE direoted

:; forces and mduoed shearlng couples 1s maintained.l Some of the N - S-

o structures are . eas:Lly traoed e.g. the Lyell Shear a.nd the Toft-Crotty

features, but others are not s0. eas:.ly picl'ed up and ‘are found only as

Abroad zones w:.th strong l\T - S 1nfluences. o B L
Several of “the - secondary folds om the’ e.nticlinorium are

. imruediately obv1ous and aSSume local 1mportance. Perhaps the most

h ;‘,\interestlng are those developed on the eastern 1imb of the magor fold, E

S ’chlef of Wh1ch are the Thureau antlcllne and the Toft-Crotty fold.

L

These features form the eastern s:.de of the antlcllnorium from s, Owen )

l H
~

to South Darwm, north of Owen the eastern limb 1s sheared out by move-

.ment on’ the King River Fa.ult

sty



L an east limb d1pp1ng west. -

11mb oan be followed over to the next asymmetrical fold, the Thureau T
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The Toft-Orotty structure mcludes B more or less horn.zontal

W

Awestern flank, a central vertical or overturned, east facing l:.mb, and

'\It is thus a combination anticlme and

¥

R syncline but 1t 1s conven:.ent to regard it as one un:Lt of structure. '

Bradley refers to 1t as a monoclme and though this mlght be regarded

te
'

. by some geologists as 1oose termmology 1t nakes for convenient
”‘reference. The steep 11mb of thls fold forms the low' stralght,

. . N - S ridge running west of the old Kelly Basin railway line. - " .The

‘ .

dips mdicates close folding, again, detalled mapplng by the Hydro-; '

B Electrlc Comm1ssion geologists near Div:Lde Hlll shows that the .
N=5 faulting mdicated by regional mapplng near 'Darwn.n 1s of greater
mportance than previously realised The steep limb is thus one
) of complex folding, steep dips and longitud:mal fault:l.ng. In the |
U iToft R:Lver Gorge, good exposures show the steep limb to be composed of‘
a. series of right angle folds whlch in proflle resemble a steep flight

‘of sta:.rs, wh:.ch steps down to the east In this area the eastern

t » (

L V, anticline. The steep llmb of th:.s feature, exposed east of the
: "I‘hureau HlllS, shows drag foldmg and overturning, and is affected by

N -5 faults 1n 31m11ar fashion to the Toft-Crotty structure.ﬂ As -

o

near l]arwin and Crotty, the Gordon Limestone 1s locally sheared out.»

u-"‘\' "y

'I'he ax:Ls of the antiolinorium 1s roughly mdicated by t S L

: o

follow:l.ng the Owen Conglomerate beds across the West Coast Range.
‘ Th1s 1s most eas:n.ly done on Mt Jukes, and here the formation reaches

" its greatest elevation on a N - S line comcident with the Jukes

"1

5

APlateau. "fj North of this area the axis of the antlclinorium has

\ (been eroded s.nd 1ts pos1tion has to be estimated by extrapolation of -

| structures observed in the Range -(eee-see-t-iea-éé-u g The anticlmorium

may be traced south of 'Darwm for many miles. It first re—appears

. 1n the D'Agullar Range where 1t 1s asymmetrlcal with an overturned

o ’east limb, and has a gentle northerly pitch.. 1 This pitch alters to :}

southerly south of Tarwin, . -

' Structures on the western 11mb still reﬂect dominant

east- dlrected pressure, produclng overturned folds. A fine example

i

o d:Lps are pre-dominantly vertical though near Crotty ra.pid variation in R
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may be seen on Mt. Sorell; the magnificent cliff that overlooks the
Claxlc River Valley is composed of Owen Conglomerate dipping west at about
45 and conformably overlying- Jukes COnglomera;teo On the lower part

of this facs, the breeccias dip 80° to the west and are upsi&e down,

This overturned,. eaot-faoing fold is known as-the Sorell anticline.,

The overturned limb was missed by Hills (1914) and as a. result he quotes
a. far greater tloickness of Jukes Conglomerate than aotualiy exists;

This is & clear example of how important the deﬁe_rmination of structure
is to elucidation of the stx'atigx;aphio sequence.

Other important secondary folds must exist and are inferred
when d.raw:l.ng up sectlons, but those Just described are clearly exposed
and picked up in the field, and their characteristiecs, therefore, perm:Lt
no arguments A feature of all these N - § secondary folds is a
‘ tendency to ;lariation'in plunge. For instance! norjl-fh‘of the_'l‘hgreauv
Hills, the anticline olearly plonges nox;th al%; about 55° or 60° yet
near JKing Hill the plungo diréction on this fold is revorsed to south
at 45° or 50°; & similar angle and direction may oe measured on
folds in the Toft Ri’ver. The: smtherly plunge in this area causes
an apparent indentation of the Owen Conglomerate by the Gordon Limestone
and Eldon:formations (see Fig, 3 (b)). Elsewhere plunge clﬁnges
result in.the apparent gi;ying out of folds along their axes. Obviously
such variations must be related to folding on axes ,vtr‘ansverse to the
anticlinorial trend and it is thought that such folding is a reflection

of fault movements in the basement rocks (see the "Linda Disturbance"),

. The Ki£g~50p§ia synelinorium lies between the West Coast
anticlinorium and the Tyennan olook. ]ft is asymmetrical with a sfeelb
western flank apdexposes largely Eldon Group edimonts, which are
“involved in tight isoclinal folding, details of Woich can only ba
picked up locally. On the Queenstown sheet the pikh is northerly,
expoéing successively younger formations.to the north, but in the ‘
Darwin sh_eet’ the :pitch is variable, giving once agafm an impression of
cross~foléing, , The synclinoriu.lm' is much narrower than the West
Coast Range anticlinorium, its wo\re—length averaging about 2 miles; it
forms & topographic low between the Range and the Precambrian Centrel

Plateau.
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West of the Range, Eldon lfoz;tnat-ions ocomp;); hax‘s;'rmclinorial
zone shown on Carey's struotural maps (1953, p.1115) as the Zeehan-
Mgnet Synclmorlum. ) Folq axes 1m the..Queenstown—Sprahan area
are dominantly N.W. and pllinge'nor;aherly. ) L Ther enti:re etructure
has not been‘kmapped as y_et' by mhe,wri'ter but the main features of
the folds have been obtaine’d by aer_ial-.photogzaph interpretation.
The fadlng out of the N - § fold axes away from the Range reflects
’the decreasmg 1nf1uence of the Precambr:.an craton on structures in
w1:he main geosyncllnal basin, and the predomlnance of the effects of
S.W. - N.E. compression. The form of the anticlinorium and the
flanking struotumee is showm_ in a versr‘ general way in Fig. .10 and

"in the more detailed B - W sectiomé of Fig. 11,

(b)  The Lyell Shear

The Lyell Shear is perhaps the most 1mporta.nt and
interesting feature of the tectonic framework. It parallels the
West Coast Ra.nge fro'm Comstock to" South_Darwiri‘aln'd is aesoc’i:ated'
with local overturning and ettenuation,mith g:r_anitisation.and
minerelisa'bion; Its points of confllct with oross-cut‘blng
structures are foci for the depos:l.t:.on of sulphldes.

4 The Sh_ea.r was active during, and at the cloee of, the
Cambrian; during Owem deposition; and again in the Devonian tectonics,
and is probably an old. smruc'bure of Precambr_‘ian origin. Tt has
profomndly influenoed‘ the course of Lower Palaeozoic sedimentation and
an *mnderstanding of its history is vital %;o_ the elmoidation of the
dlepoeiti'onallenvironments. Probably a fracture in depth; it is
generally expressed in ithe rooke expose‘d at the pmesent day as a zone
of.overfolding, monoclinal folding, or upturning, with axes dipping
towerds the west. ' Eault movement at depth must have been west side
up. Also, Carey (1953) suggests that the d_ra.gglng of N.W. shears
towards N - S allgnment, as shown up -by both the regional and detailed
mapping, suggests transcurren‘b type movement west s:.de north and
Bradley desorlbes the Shear as a "complex dextral tear fault" The
’erter does not consider the amount of horizontal movement to be very '
great.,

Superimposition of this structure on the antiolinorium

lvocally exaggerates secondary feaﬁuree of the ma.jor folds thus at
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Lyell anfeastffaoing monocline becomes an overturned'anticlinefuith

' ,shearlng of the steep- 11mb. Whereas in, some areas the presence of

":jthe shear is made obv1ous by the local structvres, in - others 1t can

.only be 1nferred from 1nd1rect ev1dence. ’ Thls is in part due to
-offsettlng of the structure by tear movement ‘on N We faults and partly du
to variatlon of surface expression induced by varylng depths of bedrock
and changes in the prOpertles of the overlylng sed1ments. A; The Lyell
Shear has been mapped ag a - -more or less 1nterm1ttent zone of overturnlng
and faultlng from Comstock to South Darw1n‘ o Its trend is best

shown by the llneeup of m1nera1 occurrences along the Range for w1th .
only a feW'exceptlons, these 11e on a. N - S 11ne from Comstock to

Prlnce Darwin (Flg. 18) From Huxley southwards the Shear follows |

.1

- the east flank of the West Coast Range but from Huxley to Sedgw1ck
1t lles on the western flank. It is s1gn1floant that south of
- M Hhxley, where the dlsplacement is small and the foldlng on the

>‘Shear zone is comparltlvely‘weak, the mlnerallsatlon 1s llght and patchy

' The Lyell'Shear,-from Mt.‘Seagwick 6 South Darwin)l”

North of Comstock all ev1dence of the Shear is lost in the

- gentle folds of the Sedgwick- Plateau and it 1s assumed that E ~ W‘tear

faults have dlsplaced the’ structure some 5 OOO feet to the west, S50

g that 1t passes West of the Range.

' There 1s no doubt that the shear structures in the nelghbour;.
:hood of the Lyell mines show a greater degreeyof overturnlng and
complex1ty than elsewhere along the Range. ‘ The ex1stence of a
_prominent N -' S structure at Lyell was probably flrst recognlsed by ’
],Gregory (1905) and he named it the Great Mt Lyell Fault " Conolly,

in d01ng the flrst'detalled mapplng of the m1ne area in 1940 followed
out the structure and nemed it a monocline whlch he referred to as the

' Razorback fold in his publlcation of - 1947 ' ~The Ra.zorback monocllne
,has a‘steep limb facing east and is generally overturned§ it is locally
" sheared out by N - S faulting; The crests and troughs of the monocline
‘ (i:e. the "anéles" of the structure) are often seen as contorted zones
‘showing small scale overfolding and thrusting as would result‘from

. nressure directed éastward‘(see Fig. 12). ‘Phe richer copper>orebodies

are located in schists occupying the steep limb of the monocline.
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A sfgnifica'nt outcome of ‘ detailed mapping of the mine ares in *1955-56
is the. discovery of lthe( significance of the Haulage Unconformity. The
wrlter has "unfolded" the unconformity using stereographlc methods
(Phllllps, 1954) and has shown that the Upper Owen movement ‘consisted -
‘of locallsed fault:.ng of N - S trend associated w1th 11mited E -W
"faultlng. o 'I‘he movement is 51mflar to that associated. ‘with the
‘ _Tabberabberan Orogeny. :
: Go:.ng south of the Lyell mn.nes along the western flank of
Mt. . Ower, there: is no. slgn of N - S foldlng until the South Owen area,
, -"where upturnlng of the Lower Owen. Conglomerate and NW structures can be
,seen from a m:.le or more away. " In the Huxley—East Jukes area, the
1nf1uence of the Shear movement 1s seen in the sw1ng of NW faults and
. folds to I\T - S on their western - ends. ‘ However, struotures*as
» severe asthatat Lyell are not present. ' E‘ast of Lake Jukes, the .
. structure is 1nterpreted as & vertlcal fault w:.th down-throw to the
east of no more than 500 ft (Fig. 12) 1 South of Lowerf lake Jukes,
there is rather a feeble suggestlon of west 51de north movement as
shown by the relative p031t10ns of the base of the Owen Conglomerate
At East Darwm, the Shear is apparently offset to the east and is not
. picked up agam unt11 it is recogmsed in the tlght foldlng' near
Prlnce Darw:m, and the sharp syncl:l.ne and faultlng 1n oonglomerate'west
- of South ‘Darwm peak. rIn the latter area, . movement along the Shear
- in the late Cambrlan or early Ordov1clan is 1ndlcated by the mferred
‘ex1stence at that perlod of elevated rldges supply:.ng detrltus to-
:adgacent bas1ns. ) Some of the forms of express1on of the Shear at the
Surface are illustrated in Flg. 12 J
| - It has already been stated that the Lyell Shear has had an

‘important 1nf1uenoe on 1ower Palaeoz01o sedlmentatlon. - It was 1n‘

©oall probabillty anact:.ve element durlng the Cambrlan, produc:mg

localised breaks in depos1t10n and exposmg recently depos1ted sedlments
, \and volcanlcs within the Dundas eugeosyncllne. - ManI‘ 1ntra-Dundas ‘
‘movements culmlnated towards the close of the Cambrian in a- major .
upheaval (Jukes:.an movement Js which resulted in the formation of a |
hig;h east-facir\g scarp, erosion of wh:.ch poured vast quantltles of

g material 1nto the Jukes trough Ev1dence of at 1east local movement

during the Owen is: shown by unconformities in the conglomerates at Iake
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Jukes and more obv1ously 1n the Lyell\mdnes area.' There 1s no‘
"dlrect ev1dence for movement during the Upper Ealaeozoio unt11 the -
‘ Tabberabberan Orogeny, when the Shear agaln sprang to. 11fe, tectonlo
‘act1v1ty of, this stage was accompanled bv sulphlde mlnerallsatlon.
There are other N - S 11nes of faultlng, and locally hlgh

dlsturbance whlch must have a. 51m11ar orlgln to the Lyell Shear.

“‘Chlef of these is the moft—Crottlstruoture whlch Las already been

,descrlbed in connectlon w1th the West Coast Range antlcllnorlum '
’,‘Its surface express1on 1s varlable, llke the Lyell Shear, and
there is.&’ suggestlon at 8025/3650, that movement along thls llne
" has taken phace at more than one perlod, aerlal photovraphs show

"20 dlscordance of strlke .on the steep 11mb w1th1n the Owen

R

' o Conglomerate, probably'between Middle and Lower members. B nh1s

o

:could be ‘due to faultlng but the form of the dlsoordance favours

" looal unconformlty. i Another 1ess Obvwous zone of. N - S faultlng

‘3

‘>:occurs west of tHe, Range on. grld 11ne 3540 D. a N W‘structures take
"on longltudlnal trends in. 51m11ar fash1on to the Lyell Shear and the
M'iToft-Crotty 11nes, and 1t seems 11kely that there is also a deep—‘
"'-seated N = - 1nfluence in this’ area. . These two 1ong1tud1na1 fault
-llnes show no 1mportant mlnerallsatlon and they are thus of mlner /

. 31gn1f1Qance’oompared to the nyell Shear.

(c) The N-W Fau].ts

{

Superlmposed upon the N=35 foldlng is a set of. N W‘trendlng
‘features expressed either as. asymmetrlcal folds or hlgh angle reverse
\:ﬂaults. Thelr strlke averages N 60°'W but varies from N - S almost
kto B = V. Thev may be regarded as. sllohtly overturned folds in Wthh
"ﬁthe steep llmb 1s severely'attenuated or faulted out - hence use oft the
kterm fault fold r.l Conolly (1947) refers to N W folds whlle Bradley ‘
uses the term faults but the dlfferenoe is negll 1ble, 1n thls 5‘
descrlptlon they w1ll be referred to asg faults oxr fault folds.,_‘d
The structures are: best developed on ‘Mb. Owen and Carey’ (1953l-
i;'descr1bes “Owen—type" folds.’ ‘”here are four NW‘faults on the mountain,
.each facing north and stepplng down to the north Wlth vertlcal throws
of- up to lOOO ft., in thls WEY the nlghegt beds of the Upper Owen
Nare beautlfully exposed at the summlt of the mountaln. The steo-llke

northern face of Mt. Owen clearly reflects the fault pattern, which is
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"demonstrated in. sectlon in Flg.,13 L Bradley descrlbes 1ncllnat10ns

' of NW feults es low es 40 ’ 1n Wh1ch.case they would be nore correctly
,called thrusts, but the wrlter's fleld observatlons suggest the faults ‘

‘:seldom flatten below about 70° ‘ Of course, changes of attltude rn'

i o

vfzdepth are poss1ble, partlcularly if the Palaeozoics are draggung over

1
'

- a rlgld basement in whlch case the frlctlonal effects on' the stable |

' surface wculd cause the faults to. fhatten as they approached that

'

surface.v", However, the Precambrlan basement 1n thls area appears

¢

“‘Eto have shared 1n tne Tabberabberan deformatlon and therefore such effects’

" are unllkely. Along N -8 fault zones llke the Lyell Shear many of

.the NW faults SW1ng to ‘a,. N - S line and 1ose the1r 1dent1ty. They

[

swing northwards on the east slqe of the N - S features end SOuthwards

4y
4

";on the western s1des, 1ndlcat1ng drag of west s1de north The two ‘:

C structural groups must be: contemporaneous and result from the same

- i

”;system of forces,,for they merge 1mpercept1bly. Conolly (1947)

s reallsed the essenulal unity of the two features when he wrote (p.8)

.

that "the truuh 1s that the foldlngs cannot be separated"‘x 3 However,

some of the NW‘faults (e g. the North Lyell fault\ ot cleanly'across

'hffithe Lyell Shear, suggestlng a later phase of movement, probably of
fitrenscurrent type.,.ifiil,;h‘ QL, o Lo L ‘

it
be “

. The NW ﬂdults are vcry much ev1dent 1n the Lyell Owen area,

‘ near Mt. Jukes and at Eest Darw1n. ;% In 1nterven1ng areas and away

t

f';from the Range, N=~-S structures comblne W1th NW schlstos1ty Or

. cleavage.‘ ThlS 1s primarlly a matter of relatlve competency, ‘the

'

weaker Dundas Group, and some Eldon formatlons, accomodatlng themselves
to compre581on by development of cleavage whlle the strongly competent
Owen beds form w1dely spaced folds. ‘lll Both schlst051ty and faultlng

-ﬁ'are related to the same SW compre351on.,'”‘

'

West of the Range, e g. along the Mt. Lyell Rallway'to Strahan,

‘ Slluro-Devonlan rochs are 1nvolved 1n maaor NW symmetrlcal folds that

',pltch to the north.,@_ They may be traced fbr many mlles, allOW1ng ror

‘fault 1nterrupt10ns, and reflect the overall crustal shortenlno from

. o
,,\, I e .\ L o , A L. . S - s
. v‘ w - v 4 RN [ g

. SW - NE pressure.v“,{~‘,ﬁ' "f’#-@“ fu»»l,"‘ - Vf'u
The pr1nc1pal centres of mlnerallsatlon are conflned to the

R

nelﬂhbourhood of Lyell Shear g NW fault 1ntersect10ns and thls fact has ‘
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" The mejorit# of the ﬁw faults fece (o; throw donn) to the
" north but at M. hyell and at:Comstook there'is a zone of faults
facing in theﬂopposite directiOn,;the‘result belng almost a tift
valley structure between N-faolng and S-ﬁ301ng groups. AThis:
‘stmctural “low“ is situated in the Llnda Valley, ‘and Hllls (1927)
_describes 1t as the Linda “bgaucer” or ba81n. " This .anomalous feature
is inherited from deep-seated movements along an old fracture line
whlch is known as the Llnda Dlsturbance; it comb1nes w1th the Lyell -
. Shear and the N-9 asymmetrlcal folds and the NW‘faults to form a
complexly folded and brecciated zone between Mts. Lyell and Owen, in
which the major 00pper orebodies of the area are sltuated;

| Comments on the mone important NW}faults,Enoughly from
north ' to south! are given below:

_The Comstock Faiilt

i

The Comstock Fault strikes apnrox1mately WNW and throws
Lynch Slltstones agalnst Lyell schlsts and Owen Conglomerate. It
is a’ south f301ng feature and forms part of the northern rlm to the
Linda saucer. Observatlons of the fault at the surfaoe and in
underground workings suggest it is ‘vertical or lnolfned_et~a steep
angle to the south. The possibility of a'parallel fault, to the:
north; running at.the foot of‘the scarp of‘the Sedgwick plateau, is
indicated by siliolficatlon and contontion at 8260/361?1 and hy‘the
probable disPlacenent of‘the'L&ell=Sheen to‘west of the Range; this
-indioates N side W‘movement. | |

The North Lyell Feult

The North Lyeii Fault strikes at I 500 W and'is' one of the
1mportant ore bearlng structures of the Lyell 00pper field. E Like, the:
Comstock fEult, it is a south -facing fault with a steep dlp 1n that
direction, and its influence can be followed from Cape Hbrn down to-
the King River Valley, where it is out off by the Klng River Fault.
Remnants of the steep limb, of the orlglnal fold are v131b1e north of
‘Lfndalbut have been ‘obliterated elsewhere. | In the North Lyell area,

' the fault is marked by;a’wide zone of bnecciatlon, orushlng,and
silicification‘where itoorosses the Lyell Shear - an example, of
" Conolly's “fearful conflict" of folds; this intensely disturbed zone

is the home of the rich North Lyell chalcopyrite and bornite
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orebodies, and thorough prospecting of the zone if a major exploration
target, A little north of Linda, closely spaced faulting is
apparent in conglomerate and quartzite, with accompanying gold
minerelisation ( e.g. McDowell's claim). At 8204/3658, Lower Owen
Conglomerates may be seen in contact with Crotty quartzite, while
near the King River the Owen quartzites are severely crumpled,
intensely quartz veined, and locally mineralised by pyrite with a
little chalcopyrite. The westward continuation of the fault has
not been picked up and it may be possible that it is offset by e.
fracture parallel to the King River fault. The lcng straight line
of the BEast Queen River Valley may mark such & zone of weakness,

The fault has & vertical throw, south side down, of between
1000 and 1500 ft., but it also shows an apparent horizontal displacement,
north side west, for the Lyell Shear is offset to the west by about
3,500 ft. across the North Lyell fault. Conolly (1947) explains
this apparent horizontal offset by vertical movement but & similar
type of displacement observed west of Mt, Owen (the South Owen fault)
can only be a result of horizontal movement and it is unlikely that
this is-markedly different from the North Lyell feature.

If thepicture of both horizontal and vertical types of
movement is accepted, then it becomes necessary to decide if two
separate periods of faulting are represented, or whether the two
are combined, as is the case with the Lyell Shear, to form a type of
oblique-slip movement, ‘Only a few NW faults show this horizontal
displacement and the writer considers that they are the result
of an early verticel movement in conjunction with Lyell Shear upturning,
followeq. later by w:renchL movement offsetting the Lyell Shear,

Bradley (1956) quotes Hills as saying that bornite ore in
the North Lyell mineshows horizontel striae, suggesting horizontel

post-ore movement., However, observations by the staff of the mine

1, The term "wrench" is taken from Anderson (1951) and

is synonyrhous with "ranscurrent®,



- 80 -

over a period‘of many years does not confirm Hill's reportﬂ‘

The Owen Spur Fault

The Owen(Spur'Fault is the most northerly of the nortn—
facing NW faulte and represents the southern margin of rhe Linda
depression, Its presence is marked by the striking escarpment
overlooking Gormaneton and the Linda Valley. At Gormenston'the.
base of the Middle Owen is:faultea againsf quartEites high in the‘Upper
Owen sequence, involving‘a verfical %hrow in fhe neighoourhood of
6-700 ft.;"heavyAquartz veining of rocks adjacent to the fault. plane
is often obeerved'(e.g.'at'8188/3646) and is obviously a claracteristic
feafure’of these NW structures. ‘ |

rConolly'considered~fhet thé Owen Spur Fault was twisted
around uo paes.througn‘the “Blow" lfine, the‘conoentretion_of
ninerelieation occurring near the point of upturn, where.shattering
of the rocks was at its ﬁagimgm development..  Along the eastern
side‘of Mt. bwen, the strike of this fault-fold sWings almost to
N - 8 before belng cut off by the Klng River fault. 'The swing to
1ong1tud1nal trend east of Mt. Owen, showm by all the faults in this
vicinity, probablyvrepresents the northerly contimation of the

influence of the N - § Toft-Crotty- structure.

The North Owen and Owen Peults

These may be dlscussed together as‘they join before reachlng
Moore's waterfall. They are of similar form to the Owen Spur fault
and exhibit all the charaoterispics of the Owen type fault-fold. The
three bIooks isolated ny ?he two faults may be recognise&‘north.of
Mt Owen summit from a con31derable dlstance., hAt several points along
the fault planes, the effects of S11101flcet10n are seen 1n the massive
- slabs of plnk dense. quart21te in whlch all sedlmentary features have .
been obscured (e.ge at 8180/3643 and 8165/3652) . s;mllar effects
are seen.on NW‘faults north of Comstock and at Upper Leke Jukes.

- The nature of these structures is well displayed at the
Waterfall on Moore's Creek where the violently upturned and squeezed
north-facing 11mb in’ Upper Owen beds is faulted against Lower Owen .
Conglomerates, which themselves are tlghtly folded agalnst the fault
plane. The latter has proved to be a zone of weakness into which

the hetasomatising agents have penetrated deeply, and small showings of
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copper carbonates 1n this shear zone have been opened up east of

b

Moore's Waterfall;‘e' ‘As w1th the Owen Spur Fault these features

sw1ng to almost a 1ong1tud1na1 strike east of Mt Owen summit

The South Owen Fault

. The South Owen Teult is the most southerly of the Wt. Owen
group. It strikes parallel tovits northerly neighhours and throws
Lower dwen beds-against Dundas-like schists, indicatiné a vertical
~ shift between 500 andAIOOO ft., south side up. It differs from>the
Owen and Owen Spur Faults in'that it can be traced for some way west
. of the'mountain, apparently diSplacing the Lyell Shear-in a mammer

closely. parallelled by the North Lyell Fault This displacement has

not prev1ously been described, and is 1mportant in that it assists
interpretation of the North Lyell Eault movenent. Along the conglomerate
ridge north of South Owen Creek, there is a sudden change, at 8l81/3625,
from N to N - 5 anes accompanied by local crumpling and‘quartz weining;
this is presumed to mark the 11ne of the Lyell Shear, which must ’
originally have been continuous with the upturning 80 well exposed

south of the fault, along the Western flank of Mt. Owen. ' The

apparent displacement is in the order of 1200 or 1500 ft., and mst have
‘been accomplished by'wrench movement for the south side up vertical
movement clearly shown along the fault would give the Oppos1te effect

to that»observed,'i.e. it would throw the Shear south side west instead
of north side west - Wrench movement is also indicated by the
westward swing of the Shear upturn adjacent to the fault zone at 8172/3628,
and by slickenS1des on the fault wall at 8177/3628; these are cut in

Owen Conglomerate and dip south-east at about 20°,

This iault has been mapped in some detail ior nearly'a mile

“of 1ts length, and details of . 1ts appearance at the surface are therefore
available. ) Underground workings at 8181/3624 1nd1cate that the
conglomerate face of the fault plane 1s vertical, while on the mounteain
it uSually dips south at 80°. L The conglomerates of the northern

wall show local crumplinb With overturning on axes - parallel to the

fault, but only minor 3111cification. Where both.walls .show Owen
Conglomerate(as near the summit of the mountain), they are separated by
& zone of intensely sheared material, now mainly duartz sericite schist;

where Dundas beds are thrcwn against the Conglomerate, the zone is
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characterised by sericitic and chloritic schists, in several places
showing heavy pyrite and chalcopyrite minerslisation (e.g. the Duke
Lyell and Great Lyell mines),
h For about ‘Ewo\ miles to the south of this feature NW
elements are not in evidence but they re-appear in a contorted

zone between South Jukes and Huxley,

The FEast Jukes Iaults

These mark the northern edge of another zone of north-facing
W fold-faults of the Oweﬁ type. & crude, marrow, basin siructure
Qevelops in this ares though the south-facing feature is obscure and
limited. The most northerly of the faults in the East Jukes area
shows evidence of north side up in the King River Gorge (at 8096/3638),
throwing Jukes Conglomerate against NMiddle Owen Conglomerate, an@
tlfze general pitch in this area is southerly. éouth of BEast Jukes
peak, however, all NW faults throw down to the north, giving a step-like
face to Mt. Jukes. It is interesting to note that the south-facing
fault previously mentionéd, in the Gorge dips steeply south as do the
north-facing features, and this odd fact is alvso observed at North
Lyells The faults at East Jukes tend to fade out in both NW and SE

directions intco N-S structures.

The Faults on Mt. Jukes

There are two major faults on Mt. Jukes itself, the more

southerly, Central Jukes Fault (Hills, 1914) and the North Jukes Fault,

The displacements of the striking red and white sandstone and
conglomerate beds show up wéll and the faults are thereby clearly
visible from several miles awa;v. They step down to the north with
throws of between 200 and BOQ ft. and the faults dip steeply south.
Silicification of wall rocks is typical and there is usually a narrow
zone of highly sheared material between the conglomerate walls,

The beds of the downthrown blocks are sherply upturned aé'ainst the
fault planes, There are several small workings in the schistose
rocks on the Central Jukes Fault line and strong silicification of the

Mid‘die Owen beds may be seen at 8121/3618. South of Lake Jukes a
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sharp syncline is locelly faulted with attendant silicification

-and upturniné;.this ls‘the South” Jukes Fault-fold.'
Another zZone of N faulting . .occurs on Conglomerate Spur.
If the East Darwin orebodies and the laultlng there 1ndlcate the p051t10n
of the ‘LyellShear, as seems _reasonable, then the latter has ‘been offset
_to the east. The NW folds here are ngrth-_faomg and this eastward
dlSplacement is anomalous.w | - ’
West of Mt.-Jukee there are seyeral important faults which:

‘vary,in'strike from N - S to NW. A The& are nrobabl& related to the

NW faults of the Range, the swing in trend being-related to the’rook

types and N = S—shearymouementsq

- (d) -The Linda Disturbance.

This structural element was-f1rst recognised and named by
Bradley (1956) It is a reglonal feature of the utmost 31gniflcance
and obv1ously has an- 1mportant bearlng on the d1str1but10n of the
copper orebodles in the Range. For all that, it is not so clearly
‘defined as the‘structures alreadyUdescrlbed and details must~await
geologlcal survey of areas to east and west of the Queenstown map._
Between Sedgw1ck and Owen there is an E - W or WNW zone of

- extra-strong faulting and foldlng which extends into the Precambrian to
the east and 1nto the. Silurian and Devonlan rocks to the west. The
prlnclpal ‘feature of thls zone is the presence of N-facing and S-facing
. faplt-folds, pro&uolng a narrow rift or oownthrown zone, oflwhlch the
Linds basin is-a part and in which the richest oreboéies of .the Lyell
field'ocour.‘ The_NW'faults are swung to WNW o almost B -:W~a1ong :
y:the llne of the Llnda Dlsturbance. 'The compressive-"rift talley" is
confined to the Range in the area mapped but is well dlsplayed aga1n
“along the Nelson Rlver valley and more partlcularly at Bubbs Hlll.

At the latter p01nt Gordon leestone and Crotty Quartz1te are preserved

>1n the fault’ zone, wedgeduln between Precambrlan qnartzlte ma.sses
“i(see Carey and Banks, 1954) M. Spry has also 1ndlcated in course
- of conversatlon, that several parallel structures have been mapped in the
Frecambrian of the Raglan Range; they extend for many miles anQ'show a

WIW trend.
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In the’ Klng Rlver Valley east of Mt.,Seagw1ck, the northern
"margln of the D1sturbance is marked by the appearance of Precambrian
rocks adgacent to Devonlan sedlments, . dlcatlng an E W fault with

a con31derable vertlcal throw. r The westerly contlnuatlon of the

_Dlsturbance centres on the'Howards Plalns Fault whlch extends for
meny miles down to the coastl1ne.“ On the Queenstown sheet the fault
’throws Dundas sedlments and volcanlcs agalnst Silurlan and Devonlan .
formatlons, indlcatlng a vert1ca1 throw (north gide up) of, the order of
5 OOO ft ‘4 There is no ev1dence of s1gn1flcant wrench movement and
Carey states (1953, p.1123) that the parallel Henty Fault, some
8 m11es further north, is one of only vertlcal throw. ) ' The Howards .
Plain Fault can be traced eastward into the Queen Rlver Valley and LI
its poss1b1e effects on the structures of the Lyell m1ne area is a-
problem of flrst 1mportance. - <« Yet no 91m1Lar dlsplacement can be
seen’in that area, the only fault showing s1m11ar features belng
’that at North Lyell | " Is there a southerly dlsplacement of the Lo
. "North Lyell Fault, or 1n other words ‘are the two features really
'one and the same9«v10rudoes the HowardS‘Plaln‘Fault s1mp1y die out
Yebefore reachlné the Range? Cons1der1ng the large throw on the fault,
the second alternatlve seems unllkely and in support of the flrst
the po 31blllty of a fault along the Fast Queen Rlver has already ’

been mentioned.‘ Such a fault would be parallel to the Klng Rlver

I
. RS

Fault Whlch also cuts features assoc_ated with" the Llnda Dlsturbance
and represents a h1therto unrecognlsed addltlon to. the tectonlc framework,
_To sum up, the presence of the “Llnda saucer" due essentlally
to the exlstence of anomalous S-faclng folds, the sw1ng ‘in strike of“
:the nw structures- the occurrence of abnormally severe brecclatlon and
ffpicrumpllng, the dlstrlbut1on of the magor copper orebod1es, the Howards
‘I&alns fault, and the Bubbs Hill structure all p01nt to the 1nfluence
of a 11ne or zone of weakness cuttlng across the area on an E W or
. NNW. trend. Y Pos31bly these features exposed»at the,present day po1nt:

to the presence of an old Precambrian zone of faultlng whlch was given

a new lease of life durlng the Tabberabberan orogeny.
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{(e) [The NE Faults
Faults of Ni trend are 1ai-gely"no1;ma1' and tensional,
comylementery to the NW‘faultrfolds'end relatedlto the -same system
of forces. They appeer to be of minor sighificance with only |
small vertlcal d1sPlacements, generally'south s1de up.
| A few NE faults .8, at Jukes Proprletary, ‘have been cut\
‘ off by NW faulting but others e. g. the Halls Creek fault affect the
Lyell Shear upturn and NW foldlng. . It my be S1gn1f1cant that theA
"f:abparentlyfeaflier‘NE'phase has’associated minenalisation (e.g. Dixon
étreet Leed and Jukes Proprietary‘Copﬁér) while the 1ater‘NE fanlts
- only show occasional,Jinslgnificant_gold‘wo;kings: |
The possible importance of4NE‘faultihg.iﬁ relation to
'-_ore'distribﬁtion'has beeﬁ a’source ot discﬁssioﬁ for eome:time-among’
West Coast workers. Conclly (1947) and.Alexandér (19535 indicated
e NE. control fcr the Lyell orebodles but were unable to back up- ‘their
suggestlons with fleld ev1dence. Bradley (1956) supports these views
by mapping a large number of NE faults and by saylng (p 76) that
‘“there are hundreds of unmanped small faults and joints which ‘have the
same trend.........o." ) He Suggested that the NE faults acted as
channelways for the passage of hydrothermal leachlng solutlons which
concentrated the’ubiquitOus, 1ow-grade mineralisation.into.the rich
orebodies of the Lyell area, This is an 1nterest1ng suggestlon but
‘much of ‘the fleld ev1dence brought in as a basis for the argument is,
con31dered by the wrlter to be hypothetlcal. The maaorlty of the
'NE faults shown on Bradley s map of the Lyell mine area (1956, P. 84)
cannot be traced in the fleld u51ng e1ther reglonal or detalled methods,
and small scale NBE features such as 301nts are consplouous by thelr
- absence. waever, at Lyell, 1t 1s pos51ble to link some of the .
orebodies on thecretlcal NE. llnes as Conolly and.Alexander have dcne,
and;lt mey be that a NE coptrol is present in the field. Detailed
mapping has proved that dt is not a mjor ccntfolling factor in cre,
distriﬁuticn. | | _
The NE faults tend to vaty‘initfend=from NNE nesar the:West
’Coast Range to ENE west cf the Range. | Thds ie_presumaﬁly related to

| the incressing depth of the basement to the west.
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It is noted thet Bradley's maps, both in Part I and Part II,
show the King River Faul% as part of the NE system, Yet this structural
feature shows different characteristics to the usual NE faults, having
an opposite and much greater throw, and it is'thought that it may belong
to a system of different origin to the tensional faults. It has a
NNE trend and it is discussed under the hea@ing of NNE faults in a

later section of the structural chapter.

(f) The NNB Faults and Joints

There are few 'repreeenta.tives of ’{;his group on the
Queenstoﬁ and Darwin mapse ".The principal feature is the King
River Fault which forms e prominent escarpment along the eastern
. flanks of Sedgwick, Lyell and Owen. . Over most of its length it
shears out the steep western linb of the King-—Sopllia synclinorlum,
throwing Florence and Bell formations ageinst the 'base ef the Junee
Group. The maximum estimated throw is about 6,000 ft. It cuts
off the WW faults of Mt. Owen and obliteral:es the eastward continuation
of Lirlda Disturbance fee‘l;u‘r'es, bu_t appears to die out near the Thureau |
Hills. As has ‘already been men{:ioned, Bradley regards this
fracture as part of the NE tensional system.

The possible existence of a NNE fault along the line of the
Fast Queen River has already been mentioned. lhe long straight line
" of the BEast Queen llnks up with the. faulted zones mapped in the Queen
River Valley near Q.ueenstown, and may mark the course of an important
crush zone. It may serve ag the link between the Howards Plains
fault and the North Lyell fault, as already described.

Joint planes of NNE trend are strongly developed in the
Owen Conglomerates of Mt. AO;Nen, 'partictllarly near the ILyell S11ea:.r
They show up clearly on aerial -photographsvof the mountain and cut

obliquely across NE folds, -

(g) The ENE Faults

Hast of Darwin and Crotty, & number of ENE faults have been
picked up during recomaissance mapping. They are most prominent in
the Precambrian rocks but fade out in the Silurian and Ordovician

formations exposed in the King-Sophia synclinorium.
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The faults show hOrizontal displacements of frecambrian
rocks ﬁp to 5,000 ft.y nor%h side east. They generally have a
gen%l& curving strike and appear to be wrench ﬁaﬁlte with a movement
picture complemenﬁary fo.the MW faults, in that transcurrént movement
on these two fault groups results in exteneion along N - S lines and
contraction on B — W lines. | | -

Their lack of perslstence into the youﬁger Eldon aﬁd Junee
sedlments flanklng the Precambrian core may be related to the dlfference
in physical propertles between the younger and older rocks and to the’
increasing depth of the sedimentary prism away from the core. They
are only significant in the Precambrian basement and in the overlying
rocks for a short distance above the vasement; between two and three

miles above the Precambrlan rocks, the displacements are negligible.

Schistosity and Cleavage

Throughout the area, the less competent‘rocks of the Dﬁndas'
Group have developed a cleavage which is dominantly NW trending. The
more massive laeés éeldomvshow cleavage but the siltstones and most .
greywacke and tuffaceous rockS'Aevelop bolh flow and fracture cleavage.

The NW’trena is locally distorted by major structures;
thus near the Howards Plalns Fault, the cleavage in the Florence
Quart21te is B - d, parallel to the fault line and the distorted fold
axes. Along the Lyell Shear, the cleavage direction is variable;
" while near Mt. Huxley it strikes N -'3, at Lyell it is_dominantly
between BOoa;end 330° but near the maselve Owen Congloﬁerate it
often parallels the cbntect and the strike shows variations on all
compass directiéns.l Thé'cleavage is morevhighly“developed along,the
Shear than elsewhere and assumes the 51gn1f10ance of 'schistosity. The
schlsts involved are re-crystalllsed under stress and most types show
linear structures derived from movement parallelntp the planes of
schistosity. The schists of'the Shear zone, t@e Lyell Schists, will
be discussed in more detail in a later chapter. |

The shielding effect of the Owen Conglomerate in regard to
the development of cleavage is seen at several_points and has already
been described at Mt. Huxley. The feding out of vertical cleavage
in flatly bedded, incompetent rocks immediétely.below the massive

Owen beds has given rise to erroneous interpretations of unconformity
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‘on Mb. Jukes (Hills, 1914) where the original bedding has been

destroyed by shearing.

Structural'Analysis

The flrst analys1s of West Coast structure was glven‘by !

Carey (1953, p 1125) and the subgeot has ‘been. further pursued by
Bradley (1956) . Carey regards the structure pattern as due to: :
Al»shearlng parallel to the Tyennan Block comblned W1th some early
1ateral compress1on. K Varylng orlentatlon and S1gn1flcance‘of
g‘structural elements is related to the 1ncrea51ng thlckness ‘of the
geOSyncllnal sedlments west of the Block - Bradley relates the
i entlre pattern to'rorces applled from the SW w1th a, resultant N -3
"shearlng couple.\“f'_. ;5x“ A I '

- This concept of NB dlrected forces seems & loglcal one
and. accounts for all the prlnclpal struotural elements‘ o Each of
TVthe elements Just descrlbed may be related to the one system of
' forces;fthev are cognate and penecontemporaneous. 'A Confu31on only
* arises’as a result of 1nterplay'between structural types whloh produoes

locally un1que developments. ':_ Undoubtedly the major factors controll—

;'f,lng the structures 1n thﬂs area are as follows.'

(‘
s

J“(a)L,:P,‘)forces actlng from the- SW- ﬂH"f'
E '°Kb>£‘22 | the presence of relatlvely rlgld mass1f to‘)-'
o the east-“ | | | o
'(c)‘ ; the" 1ncreas1ng thlckness of geosyncllnal

_sedlments Westwards from the- margln of the

ma551f¢‘

o - . [
- N vy

:Foroes actlng along S‘-NB 11nes, squee21ng the Palaeozo1c'
sedlments agalnst the relatlvely reslstant Precamhrlan rooks would.
"be expected to resolve 1nto components allgned perpendlcular and
parallel to the moré rlgld mass.'j- As the latter's margln has a
‘h 1onv1tud1nal trend in'this area the forces resolve 1nto N - S and
"',E ‘ W components.; : There is thus a resultant-lateralth:—'Wt

.“

'Av compress1on on the N - S helt of sed1mentat10n, comblned w1th forces

p:",rtendlng to move the sedlnentary un1t northwards agalnst the stable

' iblock. Thls drag on the margln of the mas51f Wlll form a shearlng

. couple aligned N = S and aotlng west side north.
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The'combinatioﬁ cf 1etera1'ccupression'and shearing c0up1ed

‘forms the background to the understandlng of the structure flanklng the
craton. 1 Away from the 1atter, the 1mportance of thls comblnatlon
recedes,and the results‘of d1rect NE - SW compression becomesidomlnant.
hThus moving Westwérd>from the Tyennah;Block the tectohic environment
‘1s contlnually changlug, and this is expressed in- varylng orientation

. and S1gn1flcance of the main structural units. = For 1nstance, the
'tNh faul ts of the Range veer towards ENE trends West of the Range and
‘the IV faults beoane NV i‘olds. L L

. The tectonlc pattern outllned above for the Tabherahberen

) \Orogeny holds good for the entlre Palaeoz01c era --the patterns for
the, ‘Cambrian, ﬂgksman,and 0rdov1clan movements are essentlally
,s1m11ar to those -of the DeVOnldn.- “In fact uhe Tyennan.and
Tabberabbsran orogenles aretmerely more v101ent phases of a series
of dlsturbances that contlnued from. Cambrlan to Devonian “times.
| The orlgin of the 1nd1v1dua1 structure types 1n terms.of
the system of forces Just outllned may now be brlefly dlscussed.

The effects of 1ateral compresslon with pre-domlnant
;east—dlrected forces are seen in the asymmetrlcal reglonal anticlinoria
: and syncllnorla of 1ong1tud1nal trend. . They’ suggest crumpllng of

the sedlmentary strata against the rlgld Precambrlan rocks

The superlmposed qufaults and folds strlke at rlght angles ~
- to the dlrectlon of compress1on and may be regarded as B-structures. |

But along the Range, one of the expected features ‘of the N -'s shearlng
couple is the’ presence of a NW'thrust (or reversed) fault, 50 that
NW‘features, dependlng on thelr geographlcal pOS1t10n and perhaps on e
; the stage of deformatlon, may reflect iy compression or N8
shearlhg. ‘ »

Slmllar remarks apply to the NE faults, wnlch mlght also
‘ be expected both as a result of. SW-ND compress1on, end also from
"N .»s shearing; The~resu1tant faultvtypes in thls caseiwould be
very similar. ' o | . 1

‘The class1cal pattern of shearlng c0uple derormatlon 1s:

'shown by expermenml data. Mead (1920) 1ndlcated the effects

of shearlng couple mcvement by dlstortlng a wire frame over whlch

was stretched a w&xed‘rubber sheet. The results he Obtainedﬂare
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showﬁ‘ in Fig. 14, and it can 'bé.éeel'l that there is & close parallel
’between the main West Coast Range features and Mead's results.A -It

_'1s 1nterest1ng to note that the tens1on faults ol the exper1ments

\_,‘

«f.form early, yet in the Queenstown area, some form late and some early, -

- L

‘_thls may reflect the dual orlgln mentloned above.‘lfml,dﬁfgl : k}"
The only other elements on Mead's pattern that are not".

‘accounted for 8o’ far are “theé N.- S shear and the approx1mately E AW

'ﬁ<shear- these are represented by the Lyell Shear and the TLinda Dlsturbance.

‘ These structures once’ agaln conform also to the SW compressron, belng

of s1m1lar trend to the. theore01Cal shear planes resultlng from such

"5?{compre351on, thls enplalnslthe contlnuance of the Llnda Dlsturbance both

:feast and west of the Range.k}‘ Thus all the structural elements so. far

a

“‘descrlbed fit 1nto the overall pattern of SW compres51on, Wlth N -5

';ashear and E - W‘compress1on of local 1mportance close to the Tyennan

. block

The 51gn1floance 0r the remalnlng structural elements 1s less

y»4n

easy to deflne,tand the alscuss1on that follows mist be regarded as

T
PR [',4-
PR -
- Ty

N - -
. . . o nT

T The queSulon of the NNE faults has already been mentloned

[

d and 1t seems to the erter that features 11ke the Klng Rlver Eault

: must represent a dlfferent phase 1n the structural pattern from the
‘:hE tens1on faults. '_ A suggestlon put forward teutatlvely 1s that
~these frdctures are 2 result of rotatlonal shear, and developed at
in mlate stage When the phySIGal condltlon of the_sedimentary prlsm was
vh'dlfferent from that of the early phases..s: Reldel (1920) has demonstrated
1n the laboratory that shear fractures can develop at acute angles to
'the 11ne of shearlné couple (see Flg. 15) He lawd.a 5¢. m. thick
;slab of chay upon tvo parallel and adgacent boards, and by mov1ng )
wone bOard agalnst the other, a str1p of clay above the Join developed
" two sets of Iraotures.‘ . One lormed at about 45 Wlth the llne of
movement and was tensronal the ‘other was a set of shears at angles

: between 12° and 17 Wlth the 1ine'of movement. Slmllar results

.- have been obtalned by Lelth (1923), u31ng a block of 11mestone.-_

It is suggested that the experlmental results may'be applled in the

iflelc and that the NNF faults are, therefore. @ result ‘of ' N.~- S

shearlng resultlng‘from Swupressure near.the\craton.' The faults are
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undoubtedly later than all the‘ofher features and are therefore likely

to have been formed at a time when the sediments were well consolidated

and possessed greater rigidity. This isAperhaps a case to which the

"stress" ellipsoid can be tentatively appiied;~many geologiats have

maintained that rocks which have undergone folding and cleaving and

are thereby consolidated will behave, under further stfess, as more

or less homogeneous, brittle'masses similar to those met with in

engineering tests, and ﬁo which the stresg ellipsoid may be applied

(see Wilson, 1946). This premise is, of course, wide open to

“oriticism and is refuted by meny workers, Eut there is no doubt that

in the case in hand, the theoretical results giveﬁ by the stress ellipsoid

tie in well with experimenta;Adata an@‘field,evidence (see Fig. 16).

A possible explanmation for the ENE faults that become
prominent in the Précambrian, ana together with the MW to E - W faults
form the mgjority of the faults on the Tyemnan block, is linked with
E - W compression, Theoretically the NW and ENE wrench faults
"complement"veach other in that together they produce N - S elongation,
which could reflect E - W compression (see Fig. 17). This wrench
movement is_later than .the vertical movement on the_NW faults and is
earlier than NNE faulting. \

| In dealing with structufeé in the frecambrian, there is
always the complicating factor of the possible presence of pre-existing
® . '
lines of weakness. Such lings would render the strata inhomogeneous
and would constitute pre-determined zones of relativelyﬂeasy 8lip in
later deformation phases. ~ This may be the explamation of Devonian

structures that local 1y deéart from their theoretical trend due to

the'influence of older features.
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MINERALISATION OF THE TABBERABBERAN OROGENY

The intense folding and faulting of the Tabberabberan
Orogeny was followed by localised mineraslisation showing strong
structural control. The only mineralisation of economic importance
was the formation of copper sulphides along the line of the ILyell
Shear, foci of deposition being the points of intersection of
cross—cutting NW faults. The major deposits are all in the
Lyell area and this concentration is undoubtedly rélated to the
influence of the Linda Disturbance. The principal copper mines are
shown in Fig. 18.

Apart from the dominating structural control there is a
stratigraphic control indicated by the occurrence of all the copper
deposits at or near the seme level in the geological column, i.e. at
or near the base of the Owen Conglomerate, The controlling factor
here is not so much one of geological age but rather is redated to the
differences in physical properties between the Dundas and Jukes beds,aﬁd
the Owen formation. The relatively easily sheared, incompetent
Dundas Group and Jukes Conglomerate allow an easy passage for rising
ore solutions, but upward progress is halted by the overlying
competent, massive, siliceous Owen Conglomerate, Ore solutions are

thus trapped in structural "highs" in much the same way as oil.

Only where the Owen Conglomerates are abnormally thin or highly
sheared do hydrothermal solutions rise above that formation.

This happens at Lyell where the Gordon Limestone beds have undergone
hydrothermal alteration.

The most iﬁportant copper minerals are bornite and chalco-
pyrite; insignificant chalcocite and covellite occur along with very
minor developments of secondary minerals like malachite, azupite,
tenorite, native copper,and chalcanthite.

The lack of supergene enrichment and oxidation is probably
related to the high rainfall, which removes any aitered material as
fast as it is formed.

Gold and silver are ubiquitous accompaniments to copper
mineralisation and the other important associated mineral is pyrite.

Mach of the pyrite mined at Lyell in conjunction with the copper is
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It seems probable that the source of the ore bearing
solutions is at considerable depth, perbhaps as an acid intrusive
that has risen upward towards the surface along the deep-seated
Lyell Shear at a late stage in the Tabberabberan Orogény. It

might be expected to have a gsimilar form to the Darwin granite.
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" [EE LYELL SCHISTS

‘In the Lyell area, the Lyell Sohlsts occupy the western
lepes of the Lyell Owen d1v1de and flank the tlghtly folded Owen

"Conglomerate on the eastern slopes.ﬂ A deta;led.geologrcal map

‘of the divide is shown,ln,Frg.ll9.

‘

Hlsrbhr—or VIERS QN THE“ORIGINAOF“THE LYELL scHISTs

"‘ ‘ The or1g1n of the Lyell Schlsts has been a subJect of
controversy since the flrst geologlsts v1sited the West Coast at
the end of the 1ast century.‘l, Gregory (1905) published the
first detalled appralsal of the area concludlng that the schlsts
Kwere orlglnally volcanlc ash and 1ntrus1ve porphyrles. ‘He 1"
descrlbed in some deta11 the prev1ous geologlcal oplnlons 'whlch :
1ncluded suggestlons that the schlsts were altered sediments

1nterbedded W1th the Owen Conglomerates (Peters,1893, Mbntgomery,

1893, Offlcer Balfour and Hogg, 1895), that . they were altered '

37bas1c 1gneous rocks (Haber, 1900), and that they were metamorphosedk’.l

v‘porphyrles of the’ Dundas Group (Twelvetrees, 190&)
Hllls (1927) regarded the Schlsts as metamorphosed
- 1gneous tuffs (1 e. the Dundas) and he was the flrst %o reallse Y
‘that the alteratlon of the pyroclastlcs was a result of - ore
g”depos1t1on. wmm;z ~ | ‘ ) | | '
Nye‘ Blake; and Henderson (1934) agreed w1th Twelvetrees .
in descrlblng the Lyell Schlsts as altered complex igneous rocks

»intrudlng the Owen Conglomerate.:_‘ Edwards (1939) and Conolly

S (1940, 1947) accepted ‘these views, though Oonolly suggested

gthat the 1ntrus1ve porphyry 3111s actually replaced rather than "

. "I“pushed aside" the conglomerates. } Alexander (1953) states that

Ay

lreplacement of the Owen formatlon took place "elther as the result
of anllntru31on or hy metasomatlc replacement” ‘ ;

| Hllls and Carey (1949) and Carey (1953), relterated
HlllS' earller views that the Schlsts were largely altered Dundas
‘Group greywackes and volcanlcs, etc. - b

. ‘Bradley (1954, 1956) however has supported Conolly's

' theory that the Schlsts are, largely replaced Owen Conglomerates,:
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exported for use in superphosphate productlon'

The chlef ore comblnatlons are (a) chalcopyrlte and
bornlte- () chalcOpyrlte and pyrlte, and (c) pyrlte alone.
Natlve copper occurs in the altered Gordon formation and thls
/:ore occurrence creates a fourth group.

The ' groups are not sharply defmed, IOI‘ 1nstance, pyrite
ocours locally in the bornlte-chalcopyrlte bodles of the North Lyell .
'ivmlne and’ again, bornite is found in some of the chalcopyrite-pyrite
- ore lensesvat~Comstock. »p Bornlte often occurs at Nbrth Lyell: to the
exclusion of ‘all other sulphldes and the sulphlde at Iake Jukes is
almost entlrely bornlte. ‘ : - )

Bdwards (1939) has shown that pyrlte wes the first sulphlde
‘to form,'followed probably by chalcopyrlte and then bornlte, 1n order
~of decreasing iron content.

‘:fs,> Jhneralisatlon away- from the. Lyell Shear is of- m1nor
1mportance and consists malnly of Sporadlc gold 1n quartz velns.
The ore deposits of the Lyell Shear. are of hydrothermal
’orlgln,vprobably'of mesothermal type, and depos1t10n'wa5«accompanied
by hydrothermal alteratlon of the surrcundlng country rock The
products of .the various phases of alteratlon, which are dependent ‘
: upon the orlglnal nature of the host rock the type of sulphide and
rthe 1ntensity of mlnerallsatlon, are known as the Lyell Schlsts. )
They are strongly developed at Lyell but also occur elsewhere along

" the LyellShear._ Thelr or1g1n and thelr relatlon to mlnerallsatlon |
!~'have been the subJect of dlscu351on for many years and it -is only
1:1ately, as the result of regional and: detalled geologlcal mapplng,
that the problem has neared solutlon. o

,,' Mineralisatlon followed upon formatlon of the schlsts and -

- deve10pment of’ schlst051ty, but locally late stage movement shears both
sulphlde and host rock. ;; »‘j A

mhe source of the hydrothermal solutlons is hypothetical
for there are no known Devonlan igneous bodles to whlch the mlnerallsatlon
canrbe attrlbuted. The nearest'body of probable Devonian age is the
Heemskirk gnanlte, about 25 mlles\north-west of Queenstown, and it is
hardly concelvable that thls 1ntrus1on is the cause of the mineralisation

along the Tyell Shear. -
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though Bradley speaks of granitisation and metasomatism rather
than intrusion. |

As a result of regional a.nd detailed mapping, it is now
clear that the mjority of the Lyell Schists are hydrothermally
metamorphosed Dundas and Jukes Conglomerate rocks but at Lyell there
ig evidence for alssuming very 1imii;ed alteration of the Owen formatio‘n .
near the contact of Schists é,nd oonglélmerate.

It is intended naw o desoribe the schists in tﬁe type
area of the Lyell mines and later those deyeloped elsewhere along

the Lyell Shear, amlto show their relationship to mineralisation,

. THBE NA.TU'RB OF THE SCHISTS

The Lyell Sch:uts are va.riable in texture and composition
but the vast majority fall into one of the following three groups:
| (&) Quertz-sericite schists
(v) Quarté»éhlorite sch;sts
(¢) - Quertz-sericite-chlorite schists.
There are c‘zontinu4ous‘ variations between these types and it
‘is often difficult to distinguish the true nature of a particular type
during field mapping, Weathered surfaces reveal textures and relict
sedimentary and igneous structures but superfibial bleach;ing often
mekes determination of the minerél‘ogical content Qiffi;zult. On the
otier band, the reverse is trﬁe when mapping the quarries and oren cuts
and in :tiais regerd, it is pnfgzjtﬁmte that the weathéred exposures on
the original surfaces wére not 'geologically mepped prioi' to the commence-

" ment of the more recent excavations such as the West Lyell Open Cut.

Quartz-Sericite Schists

These are particularly well exposed in the Blow open cut
and on the northern and north-eastern fé.ces. of West ILyell Opén Cut,
They are typically pale grey and normelly weather to a
yellowish colour due to brgakQ.OV{n of pyrite. They may appear uni:ftorm,
with quartz 'a:géregates sepai'ated by thin films of sericitic material
or they may be inhomogeneous, showing rapid variations in grain

size and development of schistosity. Sometimes the grain
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is coarse and the rock is dominatéd by individual “augen' of

quartz which resemble squashed cylinders in form and are packed
together like Turkish cigarettes. The 1ong axis of the cylinders
is genefaily steeply inclined down .the schistosity, while the |
intermediate axis parallels the strike of the schistosity. This
structure mey be seen in all-stages of development and appears to
result by the shearing of an originally massive homogeneous rock such
as'sandstone.

Under the microscopeg the quartz sericite schists generally
appear as a very fine aggregate of quartz crystals speckled with
short sericite (7) fibresﬂin parallel alignment. The average grain
:slize is slightly‘less»than 1/15 m.m. but considerable variations are
found from specimen. to specimen. Occasional coarser optically simple
crystals up to 1 m.m. or so in diameter may occur in this aggregate
and often show crystal boundariés. Gregory (1905, p.45) revorts
similar features from “talcose quartz schist"‘on the Gormanston-Queenstown
road, .Ee describes some ".......much larger quartz grains, some'
of which appear to have had fairly well preserved crystal oﬁtlines,
while others have been embayed by the ground mass; and these large
quartz phenocrysts remain optically simple, except that some of them have
passe@ into a mosaic on their borders." ‘ These embayed euhedral
quartz crystals are éxtremely similar’to those fdund in the acid
volcanics of the Dundas Group.

The crystals in‘the ground mass aggregate are closely infer-
locking and often the cr&stal boundaries are sutured, indicating
recrystallisation. ~Some crystals have ragged edges which appear to
'mergé to séricite fibres. Many of the slides of quartz sericite
schists are studded'with black specks which show yellowish white in
reflected light. Grégory (1905)'described similar phenomena and
thought‘the mineral was leucoxene, but the wfiter would éuggest
limonite as more probable,

In the north-east section of the- West ILyell Open Cut, in the
Honeypot orebody, the sericitic schist has a characteristic pink tinge

that is probably due to very finely divided hematite.



g

On the northern faces ‘of ‘the open ‘cut the schlsts are very
sericitic and flne-gralned 4h Thls flne serlclte hinders flocculatlon '
”vin the flotatlon m111 and results 1n‘poor concentratlon when present
K in’ any quantlty;t.” These schlsts with' hlgh m1caceous percentage merge -
' to others composed entlrely of hydrated alumlnlum s1llcates, whlch

,w1ll be described 1ater. ( ‘ : “
‘ . It is noticeable that vhen pyrlte 1s present in any quantlty,
,elther w1th or'w1thout copper that the enclos1na rocks are quartzose
and,serlc;tlc. | o ‘> ‘

R ‘ Seddmentarv.features are'observed{on veathered‘faces in
quartz.sericite#schists. Thus along Phllosophers Rldge south of
- West Lyell there are extens1ve developments of schlsts show1ng fine
bandlng very suggestlve of stratlflcatlon. The bands, whlch.are
.1nd1v1dually less than L thlck, show up by dlfferentlal weatherlng of
Iﬂalternatlng bands of quartz aggregate of vary:mb grain size. The
bandlng 1s often crumpled o faulted and drag—folded in random
f?shlon; o It often parallels sch1stos1ty and a metamorphlc origin -
w:'might be suspected, but near.the‘open,cut-lt SW1ngs.across cleavage -
,‘“and it seems_fairly certain that it;is relict bedding.v‘ ‘The causelof‘
' the contortlon of‘the stratlflcatlon 1s not clear' 1t could be orlglnal
’Jbut may be due to volume changes consequent on’ hydratlon and metamorphlsm
accompanying ore dep081t10n.x’ ‘

In some places the quartz serlclte schlsts show dlstlnct
fragmental textures w1th outllnes of pebbles and boulders and in others
they 1ook 11ke s1llcif1ed bre001as.‘ " The magor}ty of,exposures,;
however, are. mass1ve and featureless. ‘ 1 L

' As a very general rule it may be sald that serlcltdc‘schlsts
are dominant near to the connlomerate-contact but away frompthe contact

chlorite schists become more 1mportant.

The chemlcal comp051t10n of typlcal quartz serlclte schlsts

L is glven 1n Table 6 they are typifled by B h1gh s1llca percentage and

'

hlgh potash and water contents. : The compos1tion of the mlcaceous
materral 1s varlable, while most of 1t appears to be serlclte (Judglng
by analyses), many speclmens show fa1rly high soda percentages indicating
)u- the presence of paragonlte. -’This has™ yet t0xbemconfirmed by X-ray

" and spectrographic analysis.
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Quartz-Chlorite Schists

These are typically dark grey-green in colour and composed
essentially of quartz and chlorite. Quartz occurs as a fine
aggregate with sheaths of green chlorite and “dusty" sericite (7).

The texture varies from an intimate mixture of quartz and chlorite
to one of coarse quartz aggregates.enclosed by chlorite aligned along
schistosity. These quartz-rich aggregates may be several m.m. in
diameter and sometimes give a pebbly appearance on weathered faces.
At Comstock, chloritic schists seem to have been derived from quartz
porphyries in which the phenocrysts have survived but the ground mass
has been chloritised. Some of the gquartz aggregates have embayed,
irregular borders and include portions of the matrix; they are
similar to those in the sericitic schists and the unaltered siliceous
Dundas volcanics.

The chlorite is normelly pleochroic in green and yellow-
brown and shows anomalous interference cclours, such as dense Prussian
blue or dark brown. Often, however, the chlorite is & nondescript
Bdirty" green and merges with sericite-like material.

Generally the presence of sulphide minerals has no effect on
schistosity and mineralogy and it is apparent that ore deposition followed
shearing. However, some slides show recrystallisation of green
chlorite to a coarser, colourless mica (like muscovite) in the “shadows"
of pyrite grains, suggesting that the pyrite and chlorite were sheared
together after pyrite introduction.

Edwards (1954) states that chlorite in a Dundas Group tuff
from Great Lyell, shows recrystallisation around a pyrite grain, with
the orientation of the new, coarser chlorites bearing no relation to
schistosity. This suggests that pyritisation followed shearing.

A feature of some of the guartz chlorite schists is a crude
foliation seen in thin sections and developed by segregation of quartz
and chlorite into wrinkled microcrystalline bands, This foliation
has only been seen in a few thin sections and in these it is more or
less horizontel and perpendicular to the steep schistosity.

Chlorite is usually accompanied by sericite and other
micaceous minerals, and by decrease of chlorite the schists pass into

the intermediate quartz-sericite-chlorite series. Mascovite is often
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seen in the chlorite sheaves in the quaf%z:bhlorite schists.

Similar sedimentary features to those shown by the sericite
schists may be seen on weafhered faces. . - For instance, in the south-
east benches'of”the West'Lyell Open;Cﬁt éré lensss up to 20 ft. thick
of coarse, "kﬂdbbly" chloritic schist shdwing fragments, shards, and _
'bsﬁb;es'of lightsr colsured‘materials; ths original rock may well have
been ; pyroélastic‘or a ssdimentary’srecsia—conglomeraté. |

| Psbble outlinesfiﬁ chloritic schists aré;well exposed near ﬁ
'tﬁe Glen LYeil_wakingS‘south of Wést Lyell. . The pebbles are generally

rounded, up to several‘inches diameter, and show a thin White:rim.

A . possible explanation for, the 1atter feature is that ths Ypebblesh

',Were orlginally lava fragments thrown up by volcanlc explosions and

chilled at their marglns durlng thelr passage through the air, Whlle
the hotter interior cooled more slowly. ‘The white rim therefore
reflects sn)origihél,différéncs in‘gnsin”sizé.

A variety of chloritic schist with low quartz content may
be.seen in distinct bands, several feet thlck alternatlng with the
banded quartz-serlclte‘schlsts descrlbed from south of West Lyell.

_ The bands are hpmogeneous,'dark green 1n'colour, and composed
largely of chlorite; they—may be a few inches or up to 100 ft. thick
and cut across schistdsity. ’

In thin.sections,'thiS'rosk appears as a sshistoss Ydusty"
chlorltlc schlst studded with quartz gralns and aggregates generally less
_‘than 2/3 m.m, &Cross. - There are also vague pale ser101t1c zones with
‘lath-like form that might well be altered felspar crystals. The

chemlcal analys1s (mable 6) shows the basic nature. of these eds®
-and that they are composed largely of chlorite. Orlglnally, they

were probably basic tuffs or even lava flows.

Intermediate Quartz-Sericitefchlorite'Schists.

Typical of these infermediate schists is a type mapped as
Wgericite-fleck" schist; it is a chloritic schist in which rectangular
wﬁite sericitic‘flesks shéw on.schistosity faces;selongated in parallel
alignment down the dip of the schistosity.

This schist type is wsll exposed just north of the North
Lyell Open—Cut, and at several points within ﬁhe'West Lyell Cut. The

flecks may form a considerable portion of the rock and appear to be
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,altered felspars. o Thrs rs conflrmed by mrcroscOplc‘study, whlch here
and there reveals fadnt traces of lamelhar tw1nn1ng ‘in the ser101te
' laths, »t. Altered felspars in schlst on: the south eastern faoes of

‘the West Lyell Open Cut appeared to have a compos1tion ‘of about Ab9o_95
Gregory (1905, p.108) reports an altered 1dlomorphlc plagioclase

orystal from the South‘Tharsis (= RoyaliThars1s) Mlne. -0 An analysis
uof'a typical’speclnensin nhlch-the felsbars are Qompletely altered is
- lglven in Table 6 ' l

| There 1s no doubt that con31derable portlons of” the Lyell

Schlsts were orlglnally felspathlc and were elther 1gneous, or
’sedlments derlved from 1gneous rocks, doubtless much of the sericitic,
materlal in the Schlsts was derlved from breakdown of felspars. f As
will be 'shown shortly, all stages of” the change from unaltered felspars
«in Dundas Group lavas to the hlghly altered serlclte—fleck schists S
fmay be traced in the fleld and W1th the m10roscoPe. The marglnal schists
exposed West of the mine area prov1de the 1ntermed1ate phase of alteratlon

between true Lyell Schlsts and the porphyrles of the East Queen Rlver.

. Other Schist Types

'(a)' Here and there in;the schists‘are found roch types that are
clearly of seédimentary txﬁe;_ . A typical example is a grey cleaved N
siltstone specimen gathered from the western side of the West Lyell bpen
' Cut: Unde# the microscobe:the‘rook_is clearly a little altered . |
quartzosevshale'or-shaley»Siltstone‘ well bedded and studded with
"pebbles" of quartz mosalc up to 2.x 32 WeI, diameter which d1sturb
" the beddlng in typlcal sedimentary fashlon »
Agaln 1n drlll hole West Lyell No.._. 93, the drlll log from -
'1591 . to 1610 ft. runs as follows- .
, 1591 - 1600": Grey sheared’ flnely'banded s1ltstone w1th
- A I; coarser bands and pebbles falrly rounded
:and up to 1" diameter, whrch’have been
replaced‘b& yellow siderdte.and pyrites._

1600! - 1602!

s Blue-grey quartz—serieite and locally quartz-
chlorite schist.
t ' Finely alternating dark and pale grey shaley

1602' - 1605!
siltstones with coarser greywacke sandstone

in bands up to 2 inches thick. DPebbles
locally.- replaced by siderite.
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:1605':- 1610";" Grey-brown Owen quartzite.

"' These siltstonés are»very”similar‘to the Iynch Siltstones

. and suggest that at this p01nt Owen Beds rested directly upon Dundes

Group rocks. That such a relat1onsh1p is likely has already been

demenstrafed in the preceding chapters.

(b) Another variety of.“schisf“ of rather uﬁusual nature is
essociated with some of;the 1arger orebodies, partieularly North Lyell, .
| the Blow, and éomstock; E'It ie soft;>rather greasj, translucent,
generally paié green:bﬁt.a;so.White or pinky,grey. It occurs on

the flanks of well defined orebodies (e.g. on the 1850:bench.et
Comstock) and often between the orebody and the conglomerate contact

(e.gs at’ Nbrth Lyell and the. Blow) T 1s‘also~frequent1y seen
in the base of the serlqiﬁlc schlsts‘aﬁd inlsome‘cgseS'forms a large
pr0portion of the rock., ' It may be scﬁistese or massive,

_This "schist" type is probabiy menomineralic ana earlier»
workers have given it several names such-as batchelorite, delessite,
damourite, pyrophylllte margaroalte, etec, The chemical composition
is usually slmple but varies con31derably from specimen to specimen;
many that look allke analyse dlfferently. .. The analyses available
are shown in Table 6a épeclmens have been forwarded to the C.S.1I.R. O
forlidentification bu@ enfortunately no results are yet available.
However, it is obvious that fhese miherals-represent a more or less
continuous series of{hydrafed eluminiﬁm silieates.passihg from the

. so=called batchelorite with 46-0&& percent of eilica to minerale with :
analyses simiiar.fo some .of the hydro-micag.- Many are probabl&
mixtures of minerals.

- The similerity of some of the analyses to those of clay
minerals such as kaolinite, suggest that here there is some
representation of the “argillic* type'of alteration described frem several
areas by Schwartz (1947). He desoriﬂes the concentration of clay

minerals in the zones of most intense rock alteration.

(e) Another “schist" type that is met with in areas of more
intense mineralisation is a grey quartzite. It consists simply of
recrystallised quartz, is relatlvely'mass1ve,and usually charged with

pyrlte and perhaps chalcoPyrlte. Thls quartzite is probably due to

hydrothermal silicification.
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‘ "\/IARGINAL SCIIIS”S R e
| Flanklng the main longltudlnal ore zone of the Lyell-Owen

\‘div1de and Gomstock and occupylng the 1ess elevated areas are a

. R
e

serles .of barren or only llghtly mlnerallsed schlsts that represent
: the tran31t10na1 stages between the schlsts of the mlnerallsed areas
hpand the unaltered Dundas rocks. “ Due'to the softer nature of-
these "marglnal" rocks, surface exposures are poor but underground
worklngs (and in partlcular the new'West Lyell Tunnel) prov1de fm
,excellent materlal for examlnatlon. ‘ e

o The marglnal schlsts dlffer from those ‘of the ore zone’
‘ 1n having a lower quartz content and éenerally a hlgher alkall percentage
twhlch:1s~1argely soda.<' They are typlcally composed of serlcltlc or

‘chlorltic materlal and are greasy to touch

Whlle those near the ore zone are varlable malnly llnht

i '
t

3

‘vcoloured, and contaln zones of typlcal Lyell Schlst those near the

unaltered porphyrles are generally chlorltlc and dark in colour

iy

i

- flrst 500 ft. of the Weqt Lyell Tunnel._" The rock 1s a dense, dark
‘grey-green schlst Whlch here and there on weathered surfaces shows
.jclear beddlng traces and pebble outllnes.' - Flne calcite blebs are
'”dlscerned when the rock is broken across.schlstos1ty.'“1 Thln sectlons
j*show a “dlrty" mlcrocrystalllne schlst w1th streaks and strlngers of
‘ brlght green chlorlte, specks of hematlte and “augen“ of calclte,
chlorite, and felSpar. : These augen are elongated along schlst031ty |
' and represent the 1n1t1a1 phases of alteratlon of felspar to chlorite
vandncalclte., The felspar appears to be alblte. | ThlS type of
: alteratlon is typlcal of propylltlsatlon of feISpars near Sulphlde
deposxts. ) , . o
:f o GregorJ (1905) descrlbes s1m11ar rocks from Stubbs Valley
;(near £6 the flotation m111) and 11ke the author . regards them as
'tran31t10nal stages in- the alteratlon of Dundas rocks.ﬁ He recognises
“the felspars as alblte.hjgh;:}GZ } . ;‘ “4.“ :
| At 740 ft from the portal i the’ West Lyell Tunnel the
o schlsts have a clearly deflned fragmental texture w1th coarse fragments,

—shards, and pebbles of. 1gneous and sedlmentary rocks arranged 1n

typlcal grewacke or agglomerat1c texture.
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Nan& ofhthe schists (e;é.Lat|éBO ft.’from4the portal) show
' porphyriticvtextures>sini1ar to'thoselseen in the‘volcanics of the
t Dundas Group and ‘seem to be only sllghtly-al ered phases. The
fe1Spar phenocrysts are now largely plnklsh ca101te blebs orywhlte
SGTlClth zones and can only be 1dent1f1ed 1n th1n sections.

Another typlcal marglnal schlst is pale grey, serlcltlc,
soft and greasy to the touch. -‘ It is typlfled‘by spe01mens taken
at: 1721 £t from the portal of the West Lyell Tunnel. ~ . This is é
| umllky grey uOft schlst Wlth dark patches of. chlorlte. Microscopically;
it is a "dusty“ mlorocrystalllne schlstose mass w1th fine specks (generally
" less than 1/15 s m.) of qgartz and greenish chlorltlc zones that could
'represent altered felspars:kj, Another Speclmen from 1354 ft. in the
same tunnel shows a: 51m11ar mlcrocrystalllne base of serlclte (?), chlorite,
‘etc. that is studded with quartz aggregates and chlorlte zones up to
3 x 4 m.m, dlameter | Some of the chlor1u1c patches have a dlstlnct

Lath form and are probably chloritised felspars.

Marglnal schlsts south of the Blow mine show pebble outlines

”: and beddlng traces very clearly on bleached weathered surfaoes. The

beddlng is-‘most . 1rregular and locally very crumpled but the foldlng does .
“not follow any pattern, Whether this Ieature is of prlmary origin
(1 e. slumplng etc.), 1s due to the maln foldlng and faulting, or is.
related to volume -changes consequent on hydrothermal alteratlon, is
notlknosn. |

The'zone of narginal alteration.is‘Often not present or
difficult o0 trace and unaltered materlal may pass quickly to Lyell
. Schist types. . This is particularly s0 on the sonthern end'of the
mlnerallsed zone where pyritic quartz sericite schlsts exposed along
the Lyell Highway give>way.rapidly to finely banded siltstones and
pyroclastics exposed in Conglomerate.and Sonth Owen Creeks:immediately
* to the south. | '
| The extent ofithe marginal zone in a‘particnlar area is rather
‘ miégested by the'local'toﬁovraphy;j ClThus in the area3just’mentioned
i.e. the southern end of the ore’ zone, the marglnal zone is narrow and
this is reflected in the steep tOpography, however, east of the Smelters

the zone is partlcularly broad and the ground slopes gently from the

Lyell-Owen divide to the Queen River Valley. The steeper slopes below
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" Cape Horn.and the Thars'is’Rildge uarka‘anot‘helr:-‘thinnin'g of” t}ie:marg;inal
alteration'cone. : o |

The apprOXimate extent of the marginal(zone and the true
Lyell Schist zone is given in plan in Fig. 20 and in section in
- Pig. 22. '

The poss1ble presence of an outer fringe of alteration '
is sugéested by the occurrence of kaolinised rocks at a few pOints in
»the Queenstown area. O There 1s‘no question-of these occurrences _— .
- forming a ‘zone around the propylitic phase but kaolinisation may
well be a feature of hydrothermal alteration at Lyell and therefore
“of some importance in suggesting ‘the proximity of sulphide mineralisation.
h Kaolinisation is best observed east of the . Lyell District Hospital

where a quartz felsPar porphyry -has been converted to white and greenish

‘ clay carrying quartz grains- Similar material occurs near Miners Ridge, A

) 'east of Lynchford “

From the evidence presented S0 far it is clear that the
maJority of the Lyell Schists represent altered Dundas &roup rocks,
both volcanic and sedimentary.u’ However detailed studies along the '
contact of Owen Conglomerate -and the Schists indicate that some of the
Schists are derived from Jukes Conglomerate and some from the Owen

- formation.

NEQUS ACTIVITY

The pOSSibility of the Lyell Schists being sheared intruSives,
‘as postulated by many earlier workers, has been given due consideration.
However, the nature of the schists, their sedimentary textures, and
their similarity to.the Dundas volcanics is- considered sufficient‘
"uproof of their“derivation,bv alteration of"Dundas Group rocks. A
,magor difficulty in assuming extenSive intruSion is the “sPace“ problem
and the lack of evidence of doming and "pushing aSide" of the country
‘rochs.?‘ ’ ~

| In the lowerllevels of the Comstock mine’, a‘quartz relspar
porphyry occurs betweem Owen Conglomerate and Lyell Schists. The
porphyry is mass1ve, relatively'unaltered and unmineralised,and

Bdwards (1939) suggests this is a]ate intruSive. However, it is so
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B s1m11ar both in hand specimen and under the mlcroscope, to typlcal
Dundas acid voleanics that the writer 1s inclined - to think that it
is simply a lave: that has escaped schlstlng.-

The oply pro?eg igneous intrusives are fosﬁLGre 1ampr6phyre
dykes that may be seen in the West Lyéll 6pen Cuf; ﬁear the Smelters,
and on the QueenstownfGormanstonxroad;‘_I,They are up $0 6 ft. wide
an@ consist 1arge1y'of'olivine;‘éugite, and biotite, with interstitial

felspar.

O

T

THE SCHIST-CONGLOMERATE CONTACT'

The contaét between the schisf and congiomerate is
partlcularly 1ntrlcate and. 1t is not. surprlslng that earller workers
regarded the Schlsts as 1ntru51ve. Conolly, howeyer, found such -
continuity of structure across his so-called aykes,and‘sills fhat
he ﬁas forced to regard.ihelschistSAas igﬁéoﬁs replacementé of Owen
Cbngiomeraté. I It now appears that such contiﬁuity.of strike and dip
frdm'conglomerafe to schist’can,in a éeneral way, af least, bélaécribed
to facies changes, though a detalled study of the contact reveals
anomalles that the wrlter feels can only be explalned by assuming
some hydrothermal chemical replacement of Owen Conglomerate. The
picture is,furthef confused by the squeezing together of incompetent
(the-$chist) and compeféﬁt_(éwen Conéloméfate)'material,'resulting in
"a sort of tédtqnic "fusion" along the contact, such as is often‘seen
in interbedded éhales andAs;hdstonés}:gnd also‘cagsing movement along
' .the contact, this being & fre7determined plane of weakness.

No single theory ban'exﬁléiﬁ all thé‘details and account
mist be taken of each in dealing with particular features of the

contact.

Thié recognition of facies_changes at Lyell is a major
freakaway from ﬁhé‘work of other geologists in the last few years
and is more a return to the'opinions'expreséed by some of the
workerS'of the early hiétory of the field.

A thorny problexﬁ of the contact is that 's‘chis'ts oceur
'adjacent4to almost every meﬁber of the conglomeréte'sequencé and
that structures in the Schists are coﬁpétible_wifh th§sé in'the'Conglom—
erate. The writer does.nbtvagfee with“BradIey (1954) that palimpest

structures in’the Schists are continuous with those in the Conglomerate,
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but certeinly they interlock and give a general impression of a
unified structural picture,

The explaration for this is found in the sudden thinning
of Owen Conglomerate at Lyell. Whereas to the east of West ILyell,
drill holes have proved over 2000 ft., of Conglomerate, yet at
Queenstown only 10 or 20 ft, lies between the Gordon Limestone and
Dundas beds, This is related to the palaeogeography at Lyell in
the Tremadocian, when the Dundas Ridge was elevated on the west
side of the Lyell Shear and a trough existed to the east in which
siliceous waterial was being deposited, The margin of the ﬁundas
Ridge was fairly sharp and weathering of sediments and volcanics
of Dundas age resulted in deposition of & narrow zone of greywacke
conglomerates along the shore at the same time as Owen sediments
were being deposited to the east,

This picture hes been deduced from the regional mapping
and already explained in an earlier section of this thesis, The
facies changes involved have been illustrated in Fig. 8 (a), amipart
(v) of this plan is the result ofiupturning the illustrations; the
tie-up with the Lyell area is clearly seen when Fig, 8 (b) is
compared with a typical B = W‘section across the Lyell area (see
Fig. 21).

That the Owen beds overstepped onto the original Dundas
surface in places is indicated by the occurrence of Lymch Silitstone-
like beds at the contact in dril; hole fo. 9%, described on p. 101.
If the quartz porphyry at Comstock is an unsltered lava, as the writer
believes, then a similar relationship is indicated there.

Thus mach of the Schist material along the contact zone
might be expected to‘ﬁauukes Conglomerate, Unfortunately, shearing
has obliterated theoriginel nature of most qf the Schists but here
and there typical Jukes lithologies are seen; for instance, & piece
of core from diamond drill hole No. 103, West Lyell, 500 ft. from the
contaét, isAa typical poorly sorted greywacke conglomerate, medium to
fine grained, with a varied assortment of angular and subangular
fragments now largely chloritised. Again at Comstock, rather massive
and weathered "schists" within 30 ft, of the‘oontact show clearly a.

coarse grained, poorly sorted, conglomeratic texture with pebbles and
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boulders,of porphyry and Precambrian Quertzite.‘v _ The association

of Eregambrianaend Dundas pebbles'is‘olear evidence of the presence
‘of the Hukeslconglomeréte, as proved by the regional geological study.
Reoognition of the nature of the Jukes formation troves the origin of
schists conteining boulders of grey quartzite up to 1 ft diameter

in a chlorite base.‘ | bchlsts of this type have been found along
Philosophers Ridge andlwest of the TharSis Bldge.

Detailed manning in the.mine area has proved an unconformity
in the Upper Owen beds which reflects movement along the Lyell Shear,
West s1de_np. Such movement mlght be- expected to re-elevate or
rejuvenate the Dundas Ridge and cause.a flood of greywacke conglomerate
into. the zone of deposition of siliceous beds.' Thus~Jukes Conglomerate
might be found interbedded W1th Owen Conglomerdte.

Thet such alternatlons of Dundas-llke material and Owen beds
do occur has already been proved in an earlier chapter of this thes1s
and thls glves the clue to several otherwise. puzzllng features of the
. schlst-conglomerate rehitlonshlp.

Up to 600 £t. from the contact at the Blow and near the
Razorback, there occnr:bands and lenses of red sandstone from a few“
-inches to several feet thiok withinland often rapidly alternating
with typical Lyell Sohists: Again,‘several drill holes near West
Iyell (e.g. West ILyell arill hole No. 102) also pass through
- alternations of sandstone and schist neer to the contact. Invone

case (hole No. 102) the schist.contains fragments of the sendstone
and altered felspar‘crystels. :bn,e bigger scale, this interbedding
of schist end Owen donglomerate.ls seen.at-ﬁorth Lyell and is
portrayed in the-cross-seotion of Fig._2l. ‘

All these featnres'are'readily explained if the‘schlst
involved is essunedito be Jukes—éonglomerate that has undergone
schisting and some chemlcal alteratlon. The corumpling of the thinner
sandstone beds and also of the sandstone dykes within the schlst
mentloned on o 56, is most probably related %o movement on the schist-
sandstone ‘boundaries due to tectonic stresses, or p0351b1y to volume
changes taklng pLace in. the incompetent beds as a result of hydrothermal
alteratlon.

“Thns'some of the principal features of the contact can be

explained by lithological variations due to unusual palaeogeography in
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llate Cambrlan and/or early Ordov1clan.
However, there are several crltlcal areas and exposures
‘which faoles ohanges cannot-be_held responsable for, and at which
.some‘other'meChanism mst be brought:inﬁ“ R |
| A partlcularly 1nterest1ng area 1s the Thars1s Rldge,
where a mass of Owen Conglomerate is: apparently 1solated from the

'.maln body by schlst (see Flg. 19) Actually the Thars1s

. conglomerate 1s connected w1th and in. structural contlnulty w1th

© the main body as shown i the sectlon of Flg._21. 1; The boundarles

'1for th1s sectlon have been accurately establlshed by surface'
“‘mapplnb,lunderground worklngs of the North Lyell mlne, diamond

'wfdrllllng, and ‘the North Lyell Tunnel “

B The flrst p01nt 1s that at the southern end of the

‘;"Ridge, a narrow B -)W‘strip of " schlst 1ntersects the N - S strlklng

’.conglomerate. The schlst marks the pos1tlon of a cross—cuttlng

E W fault (the Consols Fault) and cleavage is strongly developed.

E The wrlter suggests that such fa01es changes as would be requlred to
.aocount for the schlst in thls pos1t10n are too rapld and most Lo
.unllkely.l : There is the pOSS1b111ty that the schlst has been forced

'..1nto the lault sone in 51m11ar fashlon to "1ntru31ons" of shale 1nto

u,'qpartz1te seen‘ln xolded 1nterbedded quartsltes and” shales.‘: However,«

.. to suggest such a'process on the scale seen at the Thar31s Rldge, raises
‘*'the "space" problem met with 1n’d1scuss1ng 1gneous 1ntru51ons. ; It is
’ﬂ:the‘wrlter's contentlon that the conglomerate has been sheared by !

‘*.faultlng and converted by hydrothermal agencles to quartz serlclte

-schlstsi ': The contact of schlst and conglomerate is well exposed at
-”1several p01nts on the Comstock and North Lyell roads and shows conﬂlomerate
merglng to sheared eas11y broken materlal w1th sl1vers of greenlsh schlst,

i
[

to green or,whlte schist with oocas1ona1 qnartz pebbles, to normal serlcltlc
- schist}l“’At one” point, slightly sheared conglomerate‘appears’isolated

.ﬂ-in'schlst

Agaln, the conglomerates of the Thars1s Rldge, part Middle

¢
’ -

"andipart Lower Owen, show a well deflned B - W fault the dlsplacement

el is clearly shown by mapplng the boundary of the. Mlddle and Lower members

“and is horlzontally about 180 ft Yet the contact on elther side of

the Rldge is not d1Splaced and the schist appears to "heal“ the fault
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movement. Facies chenges cannot explain this feature and the only
reasonable conclusion is that Owen Conglomerate has been replaced.
Reblacement of Owen sediments by schist and subhide ore at
North Lyell is clearly indicated by observations in drives andbktopes.
Connllyt's level meps often indicate a confused contact zone with schist
merging to conglomerate and conglomerate relics in schist, Several
specimens in the Geologicel Museum show all stages from bornite with
siliceous pebble~like patches to Owen Conglomerate partially replaced
by bormite. Mr. G. Hudspeth, Mine Superintendent, has described
to the writer solid bornite«chalcopyrite faces that, freshly broken,
resemb]Je conglomerate in texture..
A% Comstock, in the Mullock Querry, there is a less definite
but importan’i: pointer to replacement., Thecontact is normally sharp
against porphyry apparently along strike, but at one point the Chocolate
Jandstone fades imperceptibly to weathered schist showing the sandstone's
texture,
Transiticns from sheared conglomerate and sandstone to schist
near the contact are repeatedly observed in the field and give a
marked |impression of gradusl metasomatism of Owen beds. In hand
specimens and under the microscope, slivers of greenish schist may be
seen developing near the contact, cutting across hedding and again
leaving an impression that these are the initial stages of alteration.
That alteration of Owen beds does take place is also suggested
by theloccurrence of kaolinised sandstone and quartz sericite schists
below the copper clays at the King Lyell and the Blocks mines. The
clays represent shales of the Gordon formetion that have been altered
by ascending hydrothermal solutions, and the associated schists and
kaolinised materials are believed to be associated with the production
of the |clays.
The extent of thereplacement of Owen beds is not easy to
determine but is obviously limited. The majority of the contact
phenomens may be explained by facies chenges and in oniy a few cases is
any metamorphism of the Cwen proved. The writer envisages a narrow,
variable and locally absent zone at the contact in which shearing stress
is particularly highe The high stress is probably due to frictional

drag concentrated at the junction of competent and incompetent meterial
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and related to the overall ¥ - 3 shearing‘couple. That movement
has tgken place along the contact is indicated at several places,
e.g. 8t the Blow mine, the sharp, steep contact has the appearance

of a fault and at Comstock, there is clear evidence of faulting
along |the line of the contact, probably but not dgfinitely of
transcurrent type. Movement in schist adjacent to the contact

is taqen up along cleavage planes and .is indicated by steep to
vertical rodding and strise; the movement is generally horizontal and
parallels the contact or any local important fault lines.

At a recent symposium on the Lyell Schists held in Queenstown,
many dbjections were raised to alteration of the siliceous Owen
formation, mainly on chemical grounds. Objections from a chemical
point |of view are strong but they have to be weighed against the
field levidence. Schwartz (1947) states that quartz may be replaced
somewhat by sericite and suggestions of sericitisation of quartz have
been observed under the microscope in several slides. Again,
Pettijohn (1949, p.248) suggests that replacement of quartz by
sericite and chlorite takes place on low grade métamorphism of
‘greywafkes. Admittedly this is no proof that siliceous sandstones
can undergo sericitisation but it does indicate that quartz, usually
regarded as very stable, cah:undergo alteration. ' Replacement of
guartz| by felspar. is illustrated by several examples in Reynold's
paper on the chemical changes leading to granitisation (1946), and
Leedal| (1952) refers to'albitisation 'of quartz in the Cluasnie igneous
intrusion. The writer considers it possible that alteration of quartz
to serjcite in preference to felspar might well take place under
conditions of localised stress such as,are likely to occur at the
contact of schist and conglomerate.

W{ Perrin and Rohbault (1942) describe a rather similar change
from cpnglomerate to schist in the valley of L'Arly, though & careful
study of the evidence they present in support of metasomatism of the
conglomerate failed to reveal complete proof that the writers were not
describing facies changes.

Considerable chemical mobility pf elements at Lyell is

indicated by the host-rock alteration associated with many of the

orebodies, with the production of batchelorite, etc., and also by the

|
distribution of hematite and silica, to be described shortly.

|

|
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SATION.AT LYBLL

Much of the schlst contact ‘zone is characterlsed by the

presence of . hematlte, elther dlssemlnated in the cong 1omerates and

‘sandst

relict

‘the BY
“Thars1
has sh
offthe

but wh

ﬂof'the

positi

ones near the‘contact, or as mas31te lenses at the contact showing
sedimentary structures L General dlsserlnatlon 1s .seen near
onqand mass1ve hematlte bodles o¢cur ‘at the~northernrend.of the

s Ridge and near the North Lyell Open Cut , Detalled mapplng
own that Where the Schlsts occupy the stratlgraphlcal p051t10n ‘
upper Mlddle Owen Conglomerate, the contact is hematlte—rlch

ere they replace other horizons there 1s-no's1gn of.hematlsatlon°
stance, there is no hematlte at the contact along the west. flank~'
Thars1s Rldge 'where schlsts are 1n ‘the Lower Owen Conglomerate
5n.> i,v ‘ . L

. ‘As has already been explained when describing. the Gwen

sediments the upperIMiddle Owen‘beds‘at Lyeli represent'a‘facies

variati

ion 1n that they are poorly sorted and contaln angular

fragments. Again 1n the chapter on the sohlst-conglomerate contact,

the poss1b111ty of reauvenatlon of the Dundas Rldge at thls stage was

‘ uvgested to explaln the schlsts at thls horlzon. That the greywacke

.“'conglomerates which gave r1se to these schlsts were rich in hematlte

is verv probable, for the unaltered 31llceous beds  of this horizon are

. rich in detrltal hematlte pebbles, presumably derlved from" the Dundas

. rocks.

It 1s concluded that the hematlte in these beds was expelled
durlng hydrothermal alteratlon'and dep051ted at or near the conglomerate
contact.

It should be mentloned here that Bradley (1954) regards thls

hematite as of "hypothetlcal" orlgln and linked w1th metasomatlsm- he

i regards pebbles of hematite as due to selective replacement of original

quartz.

on the

schist pebbles Hls theorJ for the orlgln of hematite is based '
followmg "facts" (p. 230) | ’
' "i. The pebbles are clean cut.
‘2; ihe pebbles are mixed with quartz pebbles over some 50 iy
| from contacts; but are most numerous and almost exclusive
‘near the contacts. o :
. 3. Pebbles ‘occur to aldepth of. six inches alongs1de sericite

veins which;cut the bedding of normal quartz conglomerate.
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4.  The contact and hematite pebble zones run vertically
through the 1200 ft. of the conglomerates.
5. ﬁespite 4, no hema%ite pebbles occur elsewhere as bands

in the conglomerates.“

o

Exaﬁining these "facts* in the light of the more recent

Away from the contact hematite pebbles are clear cut but

the contact, pebbles and matrix are less easy to separate due to

the general hematieatioﬁ.

2.

Tharsi

Hematlte pebbles are not exclusive to contacts, on the

is Ridge they are prominent throughout the Middle Owen beds,

which|are up to 200 ft. from the contact.

4

This kas not been verified by detailed mapping.

There is no hematisation where beds other than Middle Cwen

are replaced.

5.

yet 1

"The .implication here is that there is no detrital hematite,

t is clear from the regienal work that ﬁarts of the Cambrian

sequence were hematised in the Jukesian movement, particulerly along

the Lyell Sheer. - This is proved by hematite pebbles in the Jukes

Congl

omerate on Mt., Lyell and elsewhere.

With these criticisms and the results of the regiomal

mapping in mind, it seems clear that the contact hematite has been

- derived by leaching of detrital hematite in the Iiiddle Owen beds

- during the ﬁhaee of hydrothermal alterétion aceempanying ore

depos

ition.

TFICATION AT LYELL

SILIC

Silicification is widesprea& in the Iyell mine area and is

paiticulariy associated with major orebodies. Masses of . buff-

coloured chert are developed along the North Lyell fault- zone, at

North Lyell, and at Comstock, and are &’ phase of mineralisation.

Similarly the formation of the previously mentioned grey quartzite

accompanies mlnerallsatlon. % Such wholesale 1ntroduct10n of silica

into

the ore zone is typical of many hydrothermal sulphide deposits

and doubtless much of the silica is of deep-seated origin.

Possibly also some of the quartz messes result from circulation of
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Ksame ﬂay as the hematlte enrlchment
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x1st1ng 5111ca as a result of hydrothermal act1v1ty, 1n the

s i
v ¥

o

The s1llclflcat10n of the Owen Conglomerate has been already

attrlbuted (p 59) to Devonlan tectonlsm and 1s in no way related to ‘the"

m1nerallsat10n. Proof of thls ‘is prov1ded by'the fact that the Owen -

Congl

cmerate in other areas well away from any mlnerallsatlon shows the

same grade of 811101f10at10n. Once agaln, these v1ews are contradlctory

hl

to‘thcse put forward 1n Bradley's papers. 0

o
L

As the dlstrlbutlon and nature of the nyell Schlsts are

'L

ﬂ close]y controlled by the 1ntens1ty and type of sulphlde mlnerallsatlon;f

A examlnatlon of schlst types 1n unexplored or unprosPected areas can

P

- be a useful exploratlon gulde.;‘

. exten
This.

by ‘Sa

© 3iffe

. conta

", -into

Of flrst importanoe is the recognltlon of a m1neral1sed .zZone

1n1ng the true Lyell SChlStS and the presence of a flanklng

E lightly mlnerallsed marglnal zone in Whlch the orlglnal materlal has

‘ undergone propylltlc alteratlon (Plg. 20)

Wlthln the mlnerallsed zone 1t s poss1ble to sub d1v1de

serlcltlc, chlorltlc and argllllc zones but these are partlcularly

‘irregular and often dlfflcult to trace. o Anomalles are frequent within

th1s grouplng; thus serlc1tlc-sch1sts are‘fonnd'within.the,chlorite“

zone

nd mlnor zones of mlnerallsation with quartz-chlorlte and quartz-;v

A serlc te schlsts occur 1n the marglnal schlsts. Such irregularlty and‘

vague ess of boundarles appears to be typlcal of hydrothermal slteratlon 3

in lo

-

'—grade _copper dep051ts (Schwartz, 1947)

The marglnal zone is 1nterpreted as-a’ "front" of prOpylltlc

alteratlon WhlGh precedes the maln mlnerallsatlon and’ whloh is therefore

earl1

er-in t1me that the: formatlon of the trae Lyell Schlsts.‘ As

the m1nera11sat10n spreads and deve10ps, so the marglnal zone is

ded and the orlglnal marglnal schlsts converted to Lyell Sohists;"1
dynamlo concept of alteratlon is 'in. agreement w1th v1ews expressed
les and MEyer (1948) | ‘

. Alteratlon 1n the marélnal zone -is controlled by orlglnal

rences -in rock comp051t10n ‘and “texture and‘ls at a low “gnade".
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The Lvell Schlsts are d1rect 1ndlcators‘of the presence of ?
sulphldes, formatlon of whlch has been accompanled by hydrothermal |
alteration. — — .

The, -schist‘ typ’es\ of this zone are related to-a combination

‘of two factors: (&) the orlvlnal compos1t10n, and (b) the- type and
1ntens1ty of the sulphldes._‘ The 1mportance of each factor varies
w1th1n the ore zone, but generally (b) is dominant.

Serlcltlc-schlsts are generally assoclated with high

.pyrlte values, the hlgher the p;yrlte the greater the percentage of-
serlclte as a general rule. When the pyrlte content is . less
:than about 1q% the schlsts are generally of chlorltlc or 1ntermed1ate
"type. This: general observatlon is shown in Fig. 23, Wthh is a
plan of the West Lyell area. lt may also belseeu in detail at a
number of points,'e.é. ou the 1850 ft. hench in the’Cometock:quarry;
where a*2;3 ft. lode of pyrite'followiug schistosity is flankedﬂhy'a
zZone up to 4 or 5 ft. w1de of pyrltlc quartz sericite schist, which in
- turn is flanked by 11ghtly pyrltlc dark green chlorltlc schlst
Copper'sulphldes are closely ass001ated w1th‘pyr1te as can
be seen from Fig. 23, but the cores of copper and irou mineralisation
"by'uozmeaus coiucide. The copper values of the Prince Lyell orebody,
for 1nstance, extend well 1nto the chloritic and 1ntermed1ate Sschists
-where there is little pyrite. =~ Edwards (1959) has shown that pyrlte
was the first sulphide to be dep051ted, and this phase wa.s apparently
iaccompan1ed by sericitisation. ChalcoPyrlte form1ng at a 1ater
stage, and probably at a lower temperature had 11ttle 1nfluence over
the dlstrlbutlon of schist types established in the pyrite phase. |

Chlorltlc and 1ntermed1ate schists are. generally'ass001ated

E with low pyrlte and varlable copper values and thelr relatlonshlps to
the sericitic zones have already been described. The concentration
:“Of the bigger orebodies hearvthe‘contect results in aujpredominance
of sericitic schists ueer the:contact, with an adjoining zone of mainly
chloritic—schlsts, which ie in turn flanked by the marginal schists kFig 22).
» The zones - of most ‘intense Tock alteratlon are closely-assoclated
with the richer orebodies such as the Blow, North Lyell and Comstock.
'Here,hydrated aluminium silicates are common, generally flanking the

orebodies in relatively thin lenses and bands; in the Comstock open cut
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for instance; the main ore lens on the 1850lbench has an associated
band of batchelorite (?) no greater than 20 ft. wide.

Similar minerals also develop along zones of shearing
within the mineralised zone at Lyell and they are therefore not‘always
indicators of ore,

These silicates appear to represent the highest degree of rock z '«
alteration at Lyell, Another phase of intense rock alter&gtion is the
formation of grey quartzites and buff chert associated with ore
oceurrence,

| In summary, it is possible to recognise in the Lyell area
a. zone of mineralised schists with an outer zone of marginal schists,
The mineralised schists, known as the Lyell Schists, may be subdivided
into sericitic and chloritic zones, with locally an additional “argillic®
gone, Until the minerals developed in the latter zone are properly
identified, it is perhaps unwise to refer to the “argillic®" =zone,
but the available information suggests the characteristic minerals
of this phase have, at least in part, strong affinities with clay
minerals. In any case, the minerals form a characteris‘ﬁic phase
of intense rock alteration.

The importance of clay minerals as & result of hydrothermal
alteration bas been repeatedly emphasised by Schwartz (1947, 1953, 1955)
and many others, particularly as a result of work by Lovering (1941)
on the fungsten ores of Boulder County, Colorado, and by Peterson,
Gilbert, and Quick (1951) at Castle Dome, Arizona.

The zones outlined at Lyell are, in many respects, similar
to alterhation zones described by other writers working on low grade
copper deposits. For example, Schwartz (1953) describes four zones
of hydrothermal host-~rock alteration at San Manuel, Arizona., They are:-
(a) A zone of intense alteration, with the rock composed mainly of

hydrothermal clay minerals, especially kaolinite and alunite.
(v) Similar, but hydromuscovite is more common then kaolinite,

The mineralisation is low copper and high pyrite,

(c) & sericitic zone associated with “important® amounts of
chalcopyrite and pyrite, This zone is found in most

disseminated copper deposits.
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(a) A marginal zone involving slight alteratiion of the monzonite
with production of secondary biotite, epidote, zoisite, and
chlorite.

Again, Peterson, Gilbert, and Quick (1951) describe three

phagses of alteration in the Castle Dome copper deposit, viz., a

clay alteration zone close to ore, flanked by a propylitic (marginal)

phase, both zones being cut by later quartz - sericite alteration.
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MINERALOGICAL AND CHEMICAL CHANGES ASSOCIATED WITH HYDROTHERMAL ALTERATION

,A»coﬁsiderable ameunt of information is evailable on the
chemlcalvcomp031t10n of the Lyell Schlsts, but discussion of chemical
changes is hampered by dlfflcultles in ascertaining the original nature

-of partlcular rock types. . It has been shown that the lithologies of
' the Dundas Group vary rapidly both horizontally and veri-;ically and.
doubtless the variations of schist types in the mine afea are to some
extent related to this. The proximity of acid and basic volcanics in
the Dundas Group, and of ba%alts and sahdstones; results inxwide end
 rapid varistions of chemical . compos1t10n.
. A feature that has to be baken into account at Lyell is the
: concentratlon of potash—rlch,;s1llceousfyolcanlcs and“granlte‘along the
LyeﬁLShear;_as already descriped. If such rocks~occurred in the Lyell
apea priortto_minerallsation, then schiste of similarVCOmpoeition
migh% be expected. _ ‘ |

Again, the Jukes ‘Gonglomerate is likely to be derived from
an extremely’variable set of sedimentary’end igneous rocks and therefore
can be eipected $o show simllar variapions in composition‘in even more

detail, varying from pebble to pebble.

IBrginal Schists

The schists exposed in the first few hundred feet of the
West Lyell Tunnel are clearly derived from volcanics and greywackes
that ‘have undergone alteratlon involving the formation of chlorite,
-calcite, sericlpe,apd probaply“paraéonite, ete, Felspars of the
Aoriginal soda-rich volcanics may be eeen’in all stages of alteration
- to these minerals. . - ‘ ‘

Chemlcally, hydratlon is ubiquitous, avallable analyses show1ng
an increase in percentage of comblned water of 2- 3m. Iron also
appears to have been 1ntro&uced, both comblned in chlorlte and also as
fine hematite. dhethe; there has-beén trensference of other material
;ffom outside sources, is impossible to~tell from available information,
but it is very likely that localised re-distribution has taken place.
"Schwartz (1952) suggests that much oi the materiallintroduced into the

marginal zone is derived from the mineralised areas.
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Lyell Schists

Guartz-chlorite schists are more intensely chloritised than

the marginal sqhists, arg‘éenefallyimbre'aoid(with a quartz.content, -
are coarser in grain, and show few relict structureg.. The occasional
felépar outlines and'embayed quaftz crystals suggest derivation from
volcanics.

Ch.ex.in:i.ca1ly,9 tﬂey have a similar combined water content, tend
taz%ore acid,and have & muchnlower alkaii content with potash and soda
in more or less equal amouﬁﬁs. They could well be derived from &
yoléanic sequence.

Quartz sericite schists are characterised by a high quartz

and sericite content. Now if these rocks are derived from original

rhyolites or even granites such aé~typify the Lyell Shear zone further

.south, then little chemical alteration is required (see Tables 3, 4 and

6) but if they are derived from the soda-rich, acid and basic volcanics,
then considerable introduction of ﬁotaéh and probably silica is

required. . The lack of granitic and other potash-rich rock pebbles in

the Jukes Conglomerate near Lyell suggest that no such material was

formed in the mine area and was confined to the southern part of the
Shear zone.
The relationship'between high pyrite content and sericite
is éo well established that even if the original iocks were in part
pofash—rich, then considerable movement and re-arrangement of material
must have takén place.
| Original.felspays have been almost entireiy dblitgrate& or at
least reduced to sericitic material and the original qpartz‘has undergone
re-crystallisation along;With silica freed by breakdown of felspars.
Conside;ablé_glferation must have taken place-té produce the_
hydﬁated aluminium silic££es of the rich orebodies. ‘Alteration must

have involved loss of silica and addition of aluming and water in all

_varieties, and in some, removal or re-arrangement of alkalies.

Expulsion of hematite from the Middle Owen.horizon and
silicification have already been described and testify to the considerable
re—arréngement and introduction of material that accompanied Lyell Shear

mineralisation,

Alteration of the Owen Conglomerate formation calls for removal
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of siiica (up to 3Q% of the original tetal) and intrbduetion of

_alumina, alkelies,and water,

HYDROTHERMAL AIEERATICW’AIEWG THE LYELL SHLAR AWAY FROM MT LYhLL

A% several points along the Lyell Shear zone there ocour
' Lyell-like sch;ste\assgc1ated with sulphide mlnerallsation and it
is possible to relate. the séhist'types to the nature of{the mineralisation.

L Therconclusions made at‘Lyell‘are borne out by the
observations made -outside the mine area, - .

| The chief areas of -interest, from‘nerth to south, are as
followss | | | » |

Greaf Lyell - aioné %hé ?outh Owen fault zone, a major NW

. fault showigg:tfanscurreht m@%ement, thefe.is a'de§eiopment\of
chloritic and se?icitic“schisté that‘ere«clearl§ derived from
alteration of Dundas Groupvroéﬁs. Gonolly orieinally described
the schists as sheared porphyry that had been 1ntruded alon0 the
fault zone, but reglonal mapplng glves conclusive proof as to their
true orlgln. | ‘

The schists here are largely marginal type and show rellcts
lof original texture and mineral content. A typlcal example is a
. sheared reddish-brown felspar porphyry, the phenoorysts averagnng 1 or
2 m,m, @iameter. . Under the microscope, the felspars, some of which
are euhedral,Aappear t6 be albite uﬁdergoing alteration to sericite,
chlorite, éﬁ& celciﬁe;' The carbonation is inﬁeresting‘in that the
caleite develops as rhoibs in the altered felspars and the rhombs ail
show parallel orienta%ioﬁ.“ . The final stage of alteration is to
reniform masses of calclte with rims of 1ron oxldel Many of the
'felSPars are rounded off to conform with the domlnant shearing dlrectlon

1

The Great Tyell adits expose chlorltlc schists that resemble
pyroclastlcs or coarse greywackes \ ‘

It is interesting to note that an electromagnetlc anomaly near
s tﬁe‘Great'Lyell shaft more .or less coincides with a development of
quartz sericite schists. . This indicates pyritic but not necessarily
copper mlneralﬂsatlon. |

Quartz ser1c1te schists with nyrlte may be seen on the northern

" slopes of Mt. uxley, they are typical of the pyritic alteration but

contain llttle copper.
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The ‘ore host at Jukes 13rolo:rletary, on the northerh siopes
) of Mt Jukes varies from dark green chlor1t1c schlst to dense
"felsite"._ , There is ohly 11m1ted development of serlcltrc schists
‘and the pyrite mineralisation ds we%k; The‘granophyric felsite of
the Iake .Jui:e‘s mihe is ve'ined hy 'borhite and' hene,tite but the sii‘gh’_c -
degree of 311101ficet10n is not . 51gn1flcant | |

The only 1arge development of Lyell Schlsts away from Lyell
'_1s at Dast Darwin, where ohlorltlo and ser1c1t1c schists flank the -
TIOwen beds on Conglomerate Spur. Minerallsatlon oon31sts of rather
‘1ll-defined fairly‘narrow pyrite‘zones oontalnlng patchy chalcopyrlte.
The host. rocks and mlnerallsatron are a‘small ecale, low grade ver51on
of the West Lyell type of orebodles.‘ }

Flndoa's Show and., Hal Jukes are s1m11ar to Jukes ProPrletary
'J,1n that weak pyrlte and chalcon&rlte mlnerallsation occurs in dark
chlorite schlste and -more.or 1ess unaltered dense "fels1te“ (rhyollte
Zflows and breccias) There is only minor develoPment of sericitic
material which 1s‘1h keeplng w1th the type of mlnerallsatlon. The
development of chlorltdc schlsts‘from these.host‘rocks must involve

introduction of water;;iron, end,magnesie, and probablj logs of silica.

. ‘,'A"Thlv_rPERATURr, oF FORMATION R -' L

The study. of the temperature of formatlon of the Lyell
Schlsts requlres detalled 1aboratory Work and p051t1ve m1nera1
1dent1floot10n, partlcularly of the flne gralned types. Unfortunately
ithe‘commonest'minerals; chloriteuand sericite,zform:over a wide'
:_temperature range Wlth changes in aoldlty; and cannot be used as

A

ftemperature 1ndlcators (see Strlngham, 1952) " The more useful

mlnerals have notﬁzf deflnltely 1dent1f1ed and temperature determlnatlon
. by th1s method must awalt further work

' The hlghest temperature of dep051t10n 1nd10ated by the
sulphides is 475° .’ EdWards (1939) has noted intergrthh ‘textures
‘between chalc0pyr1te and bornlte that’ resemble those formed .
experimentally'by Schwarts (1931) on heatlng the two mlnerals to 4750 C.
However, some doubt is cast on this figure by Filimonova. (1952) who |
states that her‘egperlments show that 51m11ar 1ntergrowths can be
. produced bj heating bornite and pyrite to‘240° c. Other'lines of

evidernce, suoh.as\horuite—chaloocite intergrowths, show a gradually
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‘S;ffalllng temperature, and no hlgher than 175 C

" | Wall rock temperatures would be cons1dereblv lower than[{:

\that of the ore solutlons, and the temperatureljkby'from the orebodles ‘
”probably falrly steep. Hi'Thus the temperature through ‘most of the ;-' o
Lyell Schlsts probably never rose hlgher than,a few hundred degrees |
I;Gentlgrade.,ﬂ Pyrlte was, the earllest sulphlde and was probably

) dep051ted at the hlghest temperature, succeedlng phases of - depos1t10n

‘\.

‘“j’;taklng place with falllng temperature. The associated serlclte may .

{;therefore be taken as the hlghest temperature m1neral, schlsts developed

. at g later stage, or. further from the orebodles, belng formed at a.-

a

temperature several degrees 1ower.(f'7’

- The few temperature 1nd10ators‘suggest a mesothermal type of )
.oré: dep031t10n, u51ng Llndgren's cla slflcatlon (1939) ThlS is’
tconflrmed by the Schwartz s observatlon (1939) that mesothermal alteratlon
almost 1nvar1ably'results in’ relatlvely large galns of water and
‘potash whlle the epi— and hypo—thermal types show small galn or’ losses'“

5

- of water and potash ' Increase 1n the potash.and partlcularly the water

<

;contents are partlcular features of the Lyell Schlsts. :

| .SCHISTOSTTY = - Liyoiiv .. C

The develonment of schlst031ty in the 1ncompetent rocks was -

"_ia feature of the’ Tabberabberan Orogeny. . The predomlnant str1ke in the
p Lyell bchlsts lles between 300 and 530 E of N'and schlst031ty generally

dlps steeply south west , Near the contact the strlke and d1p are

controlled by the form of the contact and the schlsts tend to "mould"

“‘Zthemselves upon the competent materlal. Ev1dence of horlzontal

o~
movement along schlqt051ty planes 1s glven by 11neat10n runnrhg’stgeply

fdQEE,EhQ,dlp. ‘ rnhe sch1stos1ty was, developed prlor to ore dep051t10n ’
':for 1t exerts &’ strong control over the strlke and d1p of many of . the
"orebodles, partlcularly‘near West Lyell " Edwards (1959) states that

‘ the hydratlon of. the orlvlnal rocks ‘and the consequent increase in

volume, is the aause of the sch1stos1ty at Lyell. Bateman (19)4),

- however, 1ns1sts that hydrothermal replaoement is a volume-for-volume

change. ' From the reglonal tectonlc study it is apparent uhat the
sch1stos1ty at Lyell w1th 1ts domlnant NW trend, is" merely a feature of
the overall stress Uattern and isa reflectlon of hlgh stress along

,thegLyell Shear ratherrthan locallsed volumeplncreases.‘: .
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"That conditions'of stréss-were*meintained éfter
'development of sch1st051ty and ore dep051t10n 1s 1ndlcated by
Ishears and thrusts dlstortlng and offsettlng the schlst081ty

.On smaller scale, post ore’ shearlng may be seen in hand speclmen in

7-'str1ated and pollshed pyrlte and chalcopyrlte, and occa51ona11y

under the mlcroscope by the development of mlcaceous "talls" in the L

é"shadows" of pyrlte cubes 1n chlorltlc and SBIlClth schlsts

IA”E STAGE PHENOMENA ,.f

Quartz, quartz-chlorlte, and quartz-chlorlte-31der1te— ‘]"
:chalcopyrlte—alblte velns and lenses ‘are common throughout the

. yell and marglnal schlsts ' They dlstort schlst081ty and are of

-

"post-ore dep051t10n, and much of the contalned minerals and Sulphldes

are probably Ypicked up" from surroundlng rocks durlng thelr "1ntrus1on"
Chlorlte velns often cause a general chlorlte enrlchment in the local

host rocks and further: compllcate Lyell Schlst dlstrlbution..

i
PP

'ORIGIN.AND ECONOMIC SIGNIFICANCh OF THE LYELL scnxsms-‘ A'SUMMKRY‘

As a result of., reconnalssance and detalled mapblng, it
) has been poss1b1e to prove that the Lyell Schlsts ‘are derlved from-

Dundas Group rocks, the Jukes Conglomerate, and the Owen formatlon,

‘.i by hydrothermal alteratlon accompanylng sulphlde m1nera11sat1on.,

Proof is prov1ded by elucldatlon of’ the hlstory of sedlmentatlon

" and tectonlcs in the Lyell area and by study of the nature of the
L Schlsts.,'»"*;m:if |

) The Lyell Schrsts have been found' uselulip01nters in
exploratlon Work in that thelr occurrence'ls a result of mlnerallsatlon,
and dlfferent types of Schlst reflect dlfferlng forms of metalllsation.
Thus in new areas, study of structure ‘and schist type together prov1de
o an‘initlél indication of the likelihood of the'presence of<economic
depoeits. . Appllcatlon of the detalled work et Lyell to other centres

of mlnerallsatlon along the Lyell Shear has proved useful and findings

have been conflrmed by recent exploratory work



'TABLE 2.

I I« ~° I . I1II° W
$,0, 46.72 47.4 47.6 . 50,6  45.78
7.0, 0.48 | 0.5 2,63
A1,05 18.25  16.1- 17.7 '20.3 14.64
Fey05 2,38 11.9 13.7 10.7 3.16
‘FeO T.73 n;d#. " n.ds. n.dt. 8.73
0o - . 0.07  nedt. . n.dt. n.dt. ' 0,20
MgO - CT8L 9.5 - 2655 4.4 9.39
ca0 7.86  10.0°. 8.2 6.6 ~  10.74
Na,0 2.64 2.3 2.0 2.3 2.63
K0 1,32 - 0.2 .3 . 1.8 0.9

( 2.5 L5 ( 1.9 ( 0.76
H,0~ 4.43 ( ( (. - (
‘P205 " n.dt. _
co, _ - . 0.4 “ 0.6 0.4 - . -
S - : - - - -
99.8¢ 101.35 - 101.25 100.5 99.51
I . Porphyritic (augite) basic lava, Lynch Creek, South Queenstown.

Analyst - B. Scott.‘
IIn, b. ©Pyroxene lavas fromlLynch Crgek :
Analyst - Mb. Lyell Co. o
IiT Iava nea:.; Miners ﬁidge; east of Lynchford.
’ Analyst - Mt. Lyell Co.
Iv Normal alkali basalt, average of many analyses. )

(Nockolds, S.R., Bull. Geol. Soc. Amer. 54. 10. 1954).



I I1 IIT v v VI VIiI VIII X X XI XII
5102 56.80 5642 T2.88 T0.60 58.08 61.58 58,6 13.44 13.76 61,2 46.4 50.4
7109 0435 1.0 0.37 0,40 0.42 0.49 0633 0.12 i5,5 22.1 26,0
ATp03 17.11 17.4 13,76 13.31 16,32 16.96 15.7 14.18 11.98 .. T
~

F6203 2.12 3.7 0.89 1,54 2,00 1.75 8.9 1.46 1.14
Fed 50,26 364 3.44 2.36 56953 2.85 nedt. 0.55 2.40
¥nO 0,28 Qo2 0.02 0,05 0.12 n.dte. Tr.
¥NgO 3.61 265 0.94 1.75 598 3.67 3.6 0. 43 0.76
Cal 44,20 5e2 0.15 1.68 Te32 6,28 2.8 - 0,32
Nao0 4.47 560 2,86 4.44 2,16 3.94 508 0,16 0,53
KoQ 2,75 3.6 2,63 2.03 1.30 1.28 »1.8 8.05 T.38
HoO+ 2,58 ) 2,04 1,46 2.74 ) ) 1.38 )

; 1.3 g 1.%0 3 1.0 g 1.75
H20" 0.04 0006 0606 Nil 0008
9205 0.3% 0.5 0.09 0.08 Q.18 n.dt, 0,10
CO2 0.44 - 0.%1 0.73 0.38 0.25 0.7 038
S Nil - Tr, 0.07 Nil n.dt. Tr,
Other Consts. 0.34
Total: 100,37 100.0 10045 100,56 100.53 100,35 98,9 100,54 l00.48




TABLE 3 Cont'd.

I 'Ft_-alspa.r porphyry, Lake Margaret ‘tram line. . Analysts Tasmenian Mines Dept. 1956.
T ‘ Trachyandesite, mean of 19 anslyses, Osann - Rosenbusch, Gesleinslghre; 1923, p. 378 as quoted in Tyrell (1930, p.126).
III ‘ . Sodi - potassic rhyolite, Comstocl; tram line, . Analyst: Tasmanien Mineés Dept. 1956. '
IV Q;;artz felspar p-orphyry, -West Queen river. . Analysts vTaémanian,Mine's Dept. 1956.
v Hornblendel andesite, Crown Hill, S ' A;mlyst-. Tasmanian Mines Dept. 1956.
VI Hornblende a.ndesite, Mount Shasta Californla (Ho W, Stokes), as quoted in Batch, Wells, and VWells, 1952, p.271.
VII Pyroxene-felspar porphyry, near Lynchford. ) Aralysts Mt. Lyell Co. Assay offlce, 1954.
VIiIiI | "Felslte" of Intercolonlal Spur, near Mt, Jukes. . Analyst: Tasmanian Mines Dept. 1956.
IX k Potassic rhyolite, Cvn Caregog, Snowdon. (Ana.l. R.J.C. Fe.bry) QeJoG.Se, 1927, p.368 ’

X, XI, XIT Partlal analyses of albite basalts, Spero R:Lver to High Rocky Point, Analysts Mt. Lyell Assay Office, 1957,



I II IIT
5102 74.96 71.9 76.92
7,0, 0.13 n.dt. 0:19
A1203 13,55 14.7 14,07
Fep03 0.79 3.6 0,43
Fed 0.71 n.dt, 0.64
MnoO 0.01 n.dt, Tr,
MgO 0. 48 0.6 0.25
Ca0 0.16 0.5 0,16
Na,0 2,%% 1.9 3.24
Kp0 5.57 4.7 2,61
HyO+ 0.86 ) 1.84

)06
Hp0- 0,16 ) nil
P>05 0.05 n, dt, Tr,
Coo 0,30 0.4 0,06
Totals 100,06 98,9 100.41
I Pink granite, South Darwin., Analyst: Tasmanian Mines
Dept., 1956.
II Pink granite, South Darwin, Analyst: Mt. Lyell Co,
Assay Office, 1955.
III White granite, South Darwin. Analyst: Tasmanian Mines

Dept., 1956,



TABLE 5

The Owen Conglomerate on Mt., Owen

Central part of Owen Spur

Upper Owen: 20 £+,

40 ft,

60 ft,

250 ft,

140 ft.

110 ft.

100 ft,

Totals 720 ft.

Middle Owen: 40 fte

200 ft.

Totals 240 ft.

Alternating shaley sandstone,
tubicolar sandstone, and granule

conglomerate,

Fine yellowish conglomerate, hema~
titic at base, with meny pebbles
brown iron exide, Matrix rich

in alluvial chromite.

Dark hematitic tubicolar sandstone

showing current disturbances.

Pink, grey or purple thin-bedded
sandstones with shale and hematitic

bands,

Grey fine brecoie conglomerate

with & few quartzite beds,..

Purplish thin-btedded sandstones,
red-pink pebbly sandstone and

shaley beds.

Alternating grey quartzite, fine
yellowish conglomerate and green-

grey shales,

Yellow, medium grained, thick bedded

siliceous conglomerate,

Red sandstone,



)

" TABLE 5 cont'd.

Below Summit of IMt, Owen

Viddle Owens:

Totals

Lower Owens

Total:

360 ft,

40 f%,

50 ft.

540 ft,

40 ft.

350 ft.

200 ft.

250 ft,

930 ft.

Q

Red sandstone, cross bedded and
with pebble bands, becoming increas-

ingly conglomeratic upwards.

Dark medium grained conglomerate,
meinly yellow siliceous pebbles in

hematite matrix,.

Red sandstone.

Coarse grey siliceous conglomsrate
with red sandstone beds usually
less than 2 ft. thick, Sandstones
more frequent upwards., Pebbles
are mainly banded quartzite, vein

quartz, quartzite, chert, etc.

Very coarse conglomerate and boulders

up to 2 ft. in diameter,

Yellow-grey coarse siliceous
conglomerate with lenticular sandy

beds.

Pink-grey very cozarse siliceous
cong}omerate with thin sandstone

beds; pink sandy matrix.



TABLE 6

I II 111 Iv v VI VII VIII IX X X1
S102 . 67452 60.44 42:2; 51.64 22,12 55460 49.4 45.04 46,28 46,60 50,0
T4 02 0.28 0.60 n.dt. 0. % 0. 45 0. 5 2 0,07 0.13
£1203 1199 27.01 31.3 17.32 21,35 17.41 45.1 36468 37475 39,70 17.6
Fep03 1.77 0.86 4.3 5018 4¢T4 3407 0.53 065 11.4
Fe0 6.81 0.26 n.dt. 11,09 32,69 12,28 0.23 0,13 n.dt.
MnO 0.16 Ty, n.dt. 0.12 1.24 0e34 Tr. 0405
Mg0 1,22 0. 42 0.9 2.56 6445 2,684 1.91 0.14 4.7
ca0 0.12 0.80 1.0 10,28 nil nil 0.48 0,12 4.4
Na20 0.59 1.51 4.8 1.02 0.14 0.04 4.40 1,36 5.52 6.3
K20 2,73 4,35 . 10.2 2.79 nil 1.95 4.18 6479 1.87 1.8
Ho Ok 1.95 3.98 3 5.4 3490 9. 74 5052 5.6 4432 5064 § 5,40 § 1.2
H20- 0,02 0.26 | 0.06 036 0.14 0,32 0,42
‘?205 0.06 0.05 hedt. 0.16 Tr. 0420 0.18 0430
CO2 - - . n.dt, . 3427 0.28 0.13 nil nil
S - 0,03 ~ 0,03 nil 0.04 0,05
BaO 1.13

Totale 99057 100, 57 100.1 99. 98 99336 100,08 10001 99. 51 99066 99. 09 100.4




I1

III

Vi
VII

VIII

X1

4
L

TABLE 6 Cont! d.

Pink, rather hematitic sericitic schist, West Lyell., Analyst: Tasmanian Mines Dept., 1956.

Very sericitic schist, West ILyell. Analyst: Tasmanian Mines Dept., 1956,

Sericite separated from schist during flotation process. Analyst: Mt, Lyell, Co., Assay Office, 1955.
Quartz-chlorite schist, West Lyell. Analyst: Tasmanian Mines Dept., 1956.

Chloritic "bed", south of West Lyell Open Cut., Analyst: Tasmanian Mines Dept., 1956,

Sericite-fleck schist, North Lyell. Analyst: Tasmenian Mines Dept., 1956,

So-called batchelorite, North Lyell Mine, Analyst: Mt., Lyell Co, Assay Office, 1905,
Green "“'schist®, North Lyell Mine, Analyst: Tasmanian Mines Dept., 1956.

Grey~bfown “gchist®, North Lyell Mine, Analyst: Tasmenian Vines Dept., 1956.

Pale green "schist', North ILyell iline, Aﬁalyst: Mt. Lyell Co. Assay Office, 1909.

Typical maréinal chlorite schist, 50 ft., from portal of West Lyell Tunnel. Analyst:

Mts Lyell Co.

Assay Office, 1957,
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