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ABSTRACT

The Nardoo and Mount Woowoolahra Inliers are 100 km north and 90 km north-northwest, respectively, of Broken Hill, in far
western New South Wales. Both inliers contain rocks which belong to the Palaeoproterozoic Willyama Supergroup. Geological
mapping of the inliers shows that they both contain graphitic to non-graphitic psammitic, psammopelitic and pelitic
metasediments. The Nardoo Inlier contains a significant amount of pegmatite and intermixed pegmatite and granitoid while
Mundi Mundi type granite is common in the Mount Woowoolahra Inlier. Structural fabrics and metamorphic mineral assemblages
within the inliers are consistent with those observed in the nearby Broken Hill and Euriowie Blocks. The metasediments are
considered to form part of the Paragon Group. However, it is not clear if they can be correlated with other occurrences of the
Paragon Group in the Broken Hill and Euriowie Blocks, or whether they are a separate (stratigraphically higher) part of the Paragon
Group. The recent finding that the Paragon Group in the Broken Hill Block is a time equivalent of stratigraphic units which host
significant Pb—Zn deposits in the Mount Isa Inlier in Queensland, increases the prospectivity of the Paragon Group. Understanding
its distribution and characteristics has, hence, become important.

Keywords: Nardoo Inlier, Mount Woowoolahra Inlier, Paragon Group, Willyama Supergroup, Broken Hill, lead-zinc-silver
mineralisation, prospectivity

INTRODUCTION

The Nardoo and Mount Woowoolahra Inliers are 100 km north
and 90 km north-northwest, respectively, of Broken Hill, in far
western New South Wales (Figure 1). Both inliers contain rocks
belonging to the Palaeoproterozoic (Statherian) (Plumb 1992)
Geological Survey of New South Wales, Willyama Supergroup and are surrounded by Adelaidean cover
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GEOLOGICAL HISTORY OF THE
WILLYAMA SUPERGROUP AND
ADELAIDEAN ROCKS IN WESTERN NEW
SOUTH WALES

An account of the regional geological history is summarised
here to place the geology of the Nardoo and Mount
Woowoolahra Inliers into a regional context.

The Willyama Supergroup in the Broken Hill and Euriowie
Blocks in western New South Wales is interpreted as having
been deposited within a deepening intracratonic rift (Willis,
Brown et al. 1983; Stevens et al. 1988) between approximately
1710 Ma and 1640 Ma (Page, Stevens et al. 2000). Figure 2
illustrates the stratigraphic column of the Willyama Supergroup
as constructed by the Geological Survey of New South Wales.
The Thackaringa Group and equivalents and lower units are
interpreted to have been deposited in a subaerial/fluvial to
evaporitic environment (Stevens et al. 1988). The Alma and Rasp
Ridge Gneisses are interpreted as having been emplaced as
granitic sills at 170443 Ma and 168243 Ma respectively (Page,
Stevens et al. 2000; Stevens & Barron 2002). The Broken Hill
Group, which hosts the Broken Hill Main Lode, is interpreted
to have formed within a shallow marine environment
(Stevens et al. 1988) and is characterised by the presence of
quartzofeldspathic gneiss, some calc silicate rocks and such
lode rocks as quartz-gahnite and garnet-quartzite. Basic
gneisses within the Broken Hill Group and lower stratigraphic
units have been interpreted as representing doleritic sills

and dykes (Stevens & Barron 2002). The Sundown Group
represents deepwater turbiditic sedimentation (Stevens et al.
1988) and the Paragon Group was interpreted as a deepwater
turbidite sequence by Willis, Brown et al. (1983) — though
the Cartwrights Creek Metasediments and the Bijerkerno
Metasediments may be shallow marine deposits (Stevens et
al. 1988). The Paragon Group in the Broken Hill and Euriowie
Blocks is characterised by graphitic pelitic schists and fine-
grained psammites which tend to be rich in albite (Stevens et
al. 1988). The King Gunnia Calc-silicate Member, a distinctive
graphitic calcsilicate unit, is present in the upper part of the
Cartwrights Creek Metasediments.

The Willyama Supergroup was metamorphosed during the
Olarian Orogeny at approximately 1600 Ma (eg, Page & Laing
1993; Page, Stevens et al. 2000). During this event the lower
parts of the sequence reached granulite facies (sillimanite+K-
feldspar assemblages in metasediments and two-pyroxene
assemblages in mafic rocks), while Paragon Group rocks
reached amphibolite facies and commonly contain andalusite/
chiastolite (Phillips 1980; Stevens et al. 1988).

Marjoribanks et al. (1980) described the structural fabric of the
central part of the Broken Hill Block. The following account

is based on that work, which probably applies to the entire
Willyama Supergroup in western New South Wales.
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Figure 1 Location of the Nardoo and Mount Woowoolahra Inliers and simplified regional geology (modified from Cooper et al. 1975).
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Prograde deformation associated with the Olarian Orogeny is
defined as two events — D; and D.. D, deformation produced
nappe-style folds (Fy), which caused overturning of parts of
the stratigraphic succession. These folds have an associated
axial planar foliation, S, defined by prograde metamorphic
minerals, which is mostly parallel to bedding. F; fold axial plane
traces trend northeasterly to northerly and are, mainly, only
discernible from changes in sedimentary younging directions.
D, deformation produced F; folds, which are generally upright,
open to isoclinal with an axial planar foliation, S;, defined by
prograde minerals. F; fold axial plane traces generally trend
northeasterly to northerly.

D; deformation was mainly a retrograde event. It produced F;
folds, which are open, upright folds, with northerly trending
axial plane traces. It is accompanied by an axial planar
schistosity, Ss, defined mainly by a crenulation cleavage or
retrograde minerals, though locally it is defined by prograde
metamorphic minerals. Using the U-Pb zircon method Page,
Stevens et al. (2000) established that the Cusin Creek Pluton,
considered to be syn- or pre-Ds, was emplaced at 1596+3 Ma,
while a dyke of Mundi Mundi type granite, which post-dates
D, was emplaced at 159145 Ma, thereby restraining the age of
D; deformation to soon after the peak prograde deformation.
Retrogression was pervasive but particularly concentrated
along curvilinear retrograde schist zones consisting of strongly
foliated quartz-sericite rock.

White et al. (1995) interpreted all of the prograde deformation
within the Broken Hill Block as having occurred during one
protracted fold and thrust event. They put forward a model
whereby the D, folds formed in association with high-
temperature shear zones and that deformation styles varied
from one thrust sheet to another. They considered that the
S, foliation sometimes pre-dated or sometimes post-dated
D; structures (ie, it has no temporal order) and they rejected
the concept of an initial nappe-forming deformation. As the
temperature waned, deformation within the shear zones
became retrograde.

Similarly, Gibson (2000) rejected the idea of an early nappe-
forming event. He considered that the S, fabric could have
formed during an extensional phase, probably the rifting event
in which sedimentation of the Willyama Supergroup occurred.
He considered that the zircon U-Pb dating of Page, Stevens et
al. (2000) did not rule out the possibility that D; deformation
could be 1690 to 1670 Ma old. Nutman and Ehlers (1998)

also speculated that, at least in some parts of the Broken Hill
Block, there may have been a deformation event syn- or post-
1690 Ma. Furthermore, Gibson (2000) proposed that the D,
deformation was associated with high-temperature shearing
(thrusting) and was responsible for overturning of parts of the
Willyama Supergroup.

The Willyama Supergroup was exposed and partly eroded
during the Adelaidean (Figure 2). Further retrogression occurred
during Rodinian break-up at approximately 560 Ma (Walter &

Veevers 2000) and during the Delamerian Orogeny, at about
520 Ma (Harrison & McDougall 1981). Further retrogression may
have occurred during the Kanimblan/Alice Springs Orogeny at
about 350 to 325 Ma (Scheibner & Basden 1998).

Adelaidean rocks unconformably overlie the Willyama
Supergroup rocks, ranging in age from 840 Ma to about

560 Ma, based on correlation with South Australian units by
Cooper et al. (1978) and the time scale given by Walter and
Veevers (2000) and references therein. They are dominated
by sandstone and siltstone, with lesser shale, quartzite,
conglomerate and dolomite and minor limestone and basalt
(Cooper et al. 1978). The depositional environment was
principally shallow marine, with two major periods of glaciation
at 700 Ma and 600 Ma (Walter & Veevers 2000). Figure 3
illustrates the stratigraphic relationships for the Adelaidean
rocks in western New South Wales.

THE NARDOO INLIER

Figure 4 is a 1:25 000 geological map of the Nardoo Inlier. The
inlier is about three kilometres long in a north—south direction
and approximately two kilometres wide east-west. It is
surrounded by Adelaidean rocks which unconformably overlie
the Willyama Supergroup rocks, except on the eastern side of
the inlier, where they are in faulted contact.

Mapped rock units
Interbedded psammite and psammopelite (SM,)

This psammite—psammopelite unit consists of interbedded
psammite and psammopelite with minor pelite. The psammite
is fine-grained, generally massive, white to pale grey, graphitic
to non-graphitic. The rock is comprised mostly of quartz

with lesser very fine-grained muscovite which is probably
responsible for the pale colouration. Psammopelite consists of
fine-grained, quartz-muscovite-rich schist/phyllite, which is
mostly grey and graphitic but in places is non-graphitic. Pelite
is similar but with more muscovite. In places psammite and
psammopelite contain retrogressed andalusite spots.

Interbedded psammite and psammopelite with
relict chiastolite (SM,)

This unit is essentially the same as SM; but contains needle-
like to blocky, flattened grains up to about 30 mm long—
considered to be retrogressed chiastolite— which in places
have a preferred orientation. The grains are now sericite but
some of them preserve, in cross-section, a cruciform pattern
characteristic of chiastolite. This unit extends discontinuously
with an approximate north-south trend. Its outcrop distribution
may be explained: by faulting of what was a continuous bed
(though no faults were observed on the surface); by disruption
(shearing or boudinage) of a continuous bed during prograde
or retrograde metamorphism; or by having originally been
deposited as discontinuous lenses.
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Pegmatite (p)

Unit p is a coarse-grained quartz—K-feldspartmuscovite
pegmatite. It has intruded the metasedimentary rocks, forming
a large mass in the southwestern part of the inlier and smaller
pods to the north. It has a north-trending retrograde foliation in
places but no prograde foliation was recognised.

Intermixed pegmatite and granitoid (Lq)

This unit is comprised of mixtures of pegmatite (as in p) and
medium- to coarse-grained quartz—feldspar-biotite-muscovite
granite. It forms intrusive masses within the metasedimentary
rocks and grades into unit p. Locally it contains a north-trending
retrograde foliation but no prograde foliation was recognised in
this study.

Quartz veins (q)

Massive, milky quartz veins occur within both the Willyama
Supergroup rocks of the Nardoo Inlier and the adjacent
Adelaidean rocks. They generally crop out as irregular ‘blows’
and no particular vein orientations were noted.

Fault breccia (fb)

Only one small outcrop of fault breccia has been mapped in
the Nardoo Inlier, associated with a north-northwest-trending
fault which defines the eastern edge of the inlier. No sense-of-
movement indicators were identified.

Stratigraphy

The metasedimentary rocks of the Nardoo Inlier are similar to
those of the Paragon Group in the Broken Hill and Euriowie
Blocks (Willis, Stevens et al. 1983). However, it is not clear
whether they correlate with previously defined formations

or constitute different units. The psammitic units have the
same appearance as those of the Bijerkerno Metasediments
(though they do not contain albite) while the chiastolite-
bearing psammopelites are suggestive of the Cartwrights Creek
Metasediments. There is no recognised occurrence of the King
Gunnia Calcsilicate Member in the Nardoo Inlier, but this does
not preclude the rocks from belonging to Cartwrights Creek
Metasediments, as the calcsilicate unit is not always present (eg,
Burton 2001a).

Itis considered that U-Pb zircon dating of appropriate rock types
within the Nardoo Inlier would help to correlate its constituent
units with those in the Broken Hill and Euriowie Blocks.

Structure

Within the Nardoo Inlier bedding is recognised in places,
particularly in the northeastern area, where it dips moderately
to steeply to the northeast. In that area beds of psammite,
several centimetres thick, alternate with pelitic layers several
millimetres thick. Younging orientations were not recognised.

Most of the Willyama Supergroup rocks in the Nardoo Inlier are
retrogressed and contain a north-trending, vertical, retrograde

January 2006

schistosity, defined by aligned sericite. In places a prograde
foliation, oblique to bedding, is present and defined by aligned
muscovite. It is considered to be equivalent to S; in the Euriowie
Block, where similar rocks and structures have been recorded

in Paragon Group rocks (Burton 2000a). The few thin sections
studied did not reveal any obvious bedding-parallel foliation
which could be equated with S, in the Euriowie Block. There is no
evidence for macro- or mega-scale folds within the Nardoo Inlier.

A north-northwest-trending fault marks the eastern boundary
of the Nardoo Inlier. There is one outcrop of fault breccia along
this structure, but for the most part it is the linear nature of this
contact which indicates that it is probably a faulted boundary.

Alteration

In a few places the metasedimentary rocks in the Nardoo Inlier
grade into a fine- to medium-grained quartz-green muscovite
rock, like a greisen similar to that which commonly occurs
adjacent to stanniferous pegmatite bodies in the Euriowie
tinfield area (Burton 2000a). Original chiastolite or andalusite
grains appear to have been replaced by muscovite and

sericite (though this is considered to be a result of retrograde
metamorphism). This alteration occurs in the northeastern part
of the inlier, adjacent to Lg, and in the central part of the inlier
where there is no obvious exposure of pegmatite or granite
(Figure 4). It seems likely that the alteration is the result of
greisenisation associated with emplacement of pegmatites/
granites. The occurrence of this type of alteration suggests
that the area may be prospective for tin-bearing pegmatites.
No mapped pegmatite in the Nardoo Inlier appears to contain
cassiterite at the surface but non-mineralised pegmatites

are associated with mineralised pegmatites in the Euriowie
tinfield (Burton 2000a). By analogy, pegmatite and granite

in the Nardoo Inlier are considered to be of the same age as
those in the Euriowie Block, which Burton (2000a) interpreted,
on structural grounds, to have been intruded either before or
during D.

Adelaidean rocks

Adelaidean rocks of the McDougalls Well Conglomerate and
Corona Dolomite (Figures 3 and 4) both unconformably overlie
and are in faulted contact with the Willyama Supergroup
rocks of the Nardoo Inlier, though the contact relationships
are obscured by Cainozoic gravel and sand. The McDougalls
Well Conglomerate contains clasts of quartzite boulders,
graphitic metasedimentary rock, pegmatite and granite. These
indicate that the Willyama Supergroup was a principal source
for the clasts. The quartzite boulders were probably derived
from the Adelaidean Lady Don Quartzite and/or the Christine
Judith Conglomerate, which occur stratigraphically below

the McDougalls Well Conglomerate (Figure 3). In places the
McDougalls Well Conglomerate consists of mudstone with no
clasts.



THE MOUNT WOOWOOLAHRA INLIER

The Mount Woowoolahra Inlier contains numerous outcrops of
Mundi Mundi type granite (see below) and only a small amount
of Willyama Supergroup rock, cropping out over a north-south
distance of about 10 km (Cooper et al. 1975) (Figure 1). The area
containing Willyama Supergroup rocks, at the northern end of
the inlier, was examined in order to better understand where
those rocks fit within the Willyama Supergroup sequence. A
1:25 000 geological map of that area was constructed. Figure 5
shows the mapped geology of the Mount Woowoolahra Inlier.
Areas where only granite occurs (according to Cooper et al.
1975) were examined briefly but were not mapped in detalil.

Mapped rock units

Interbedded psammite and psammopelite (SM)

The psammitic-psammopelitic unit of the Mount Woowoolahra
Inlier consists of interbedded fine-grained, grey, graphitic
phyllite and massive to laminated, pale to cream psammite
(Photographs 1 and 2). Thin-section studies indicate that the
rock is quartz-rich. Laminae range in thickness from much

less than one millimetre to several millimetres, though in
places layers may be several centimetres thick. The laminae
are defined by quartz-rich and muscovite-rich zones. In places
the rock contains andalusite/chiastolite needles up to 10 mm
long which have random orientations and have probably
formed during contact metamorphism by the Mundi Mundi
type granite, similar to that seen in the Poolamacca Inlier
(Brown 1981). With increasing muscovite content the graphitic
psammopelite grades into graphitic pelite.

A sample of laminated, fine-grained, quartz-rich psammite

has been interpreted by L. Barron (pers comm, 2000) as a
metamorphosed distal ashy vitric tuff with graded beds.

R. Page (pers comm, 2000) supported this interpretation.
Similar, interpreted tuffaceous material from the Bijerkerno
Metasediments in the Broken Hill and Euriowie Blocks contain
primary igneous zircons which were dated by the SHRIMP U-Pb
technique at 1656+5 Ma by Page, Stevens et al. (2000). Page,
Stevens et al. (2000) dated a similar meta-tuffaceous siltstone
from the Dalnit Bore Metasediments in the Broken Hill Block at
164245 Ma. The tuffaceous material in the Mount Woowoolahra
Inlier may also be amenable to zircon U-Pb dating.

In one exposure the rock type contains grey, ellipsoidal pods or
nodules up to 0.3 m across (Figure 5 and Photograph 3). A thin
section of this material indicated that it is composed of very
fine-grained, granoblastic quartz with fine-grained, tabular to
columnar grains of actinolite, with secondary iron oxide staining.
The nodules may be similar in origin to ellipsoids of calc-silicate
rock observed within the Broken Hill and Sundown Groups
within the Broken Hill and Euriowie Blocks (eg, Stevens 1998).
However, those ellipsoids tend to be rich in epidote/clinozoisite
and have a pink to creamy colour. No ellipsoids of either type
have previously been recognised in the Paragon Group.

Interbedded pelite and psammopelite (EM)

This unit consists of dark grey to black, graphitic phyllite/slate.
Some rocks contain andalusite grains ranging in length from
one millimetre to 10 mm (Photograph 4). The andalusite is
randomly oriented and was probably produced by contact
metamorphism during emplacement of the Mundi Mundi type
granite. Most of the EM rocks are finely laminated and minor
cubic pits after disseminated pyrite are present in places.

Mundi Mundi type granite (g)

Mundi Mundi type granite outcrops in the Mount Woowoolahra
Inlier consist of medium- to coarse-grained, non-foliated granite.
Thin-section study indicates that it contains about 44% quartz,
44% K-feldspar (microcline), 10% plagioclase, 1% muscovite and
19 biotite. Sericite is present as an alteration mineral after feldspar
and muscovite. It is homogeneous, with scattered K-feldspar
megacrysts up to about 10 mm across. In places it contains

clots, several centimetres across, of quartz—tourmaline rock
(Photograph 5). Further south, in the vicinity of Woowoolahra
Trigonometric Station (Figure 1), tourmaline clots are not
conspicuous. The Woowoolahra Trigonometric Station area

may be near the centre of the granite and tourmaline may have
preferentially formed closer to the contact with the Willyama
Supergroup rocks. Adjacent to the contact with the Willyama
Supergroup rocks (Figure 5) the granite is finer grained, indicating
the presence of a chilled margin. The granite has contact
metamorphosed the Willyama Supergroup rocks, producing
andalusite needles up to 10 mm long with a random orientation.

Zircon U-Pb dating by Page, Stevens et al. (2000) gave a
159643 Ma age for the Cusin Creek Pluton, a Mundi Mundi
type granite body in the northern part of the Broken Hill Block.
This date places the intrusion age of the Mundi Mundi type
granite at around the same time as prograde metamorphism
of the Willyama Supergroup. Burton (20003, 2001b) considered
that leucocratic granites in the Euriowie Block, which are
mineralogically identical to Mundi Mundi type granite but
range from foliated to non-foliated, were emplaced before or
during prograde metamorphism and deformation. It is possible
that these two granite types are related to each other.

Cainozoic silcrete (Czs)

Silcrete forms extensive slabby outcrops over the area around
the Mount Woowoolahra Inlier. They have not been mapped in
detail in this study.

Stratigraphy

The psammitic metasediments of the Mount Woowoolahra
Inlier have the same appearance as albitic psammites of the
Bijerkerno Metasediments. However, they do not contain albite.
They may correlate with the Bijerkerno Metasediments or,
alternatively, they may constitute another stratigraphic unit, not
present in the Broken Hill and Euriowie Blocks.
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Photograph 1 Small faults within
graphitic psammite of the Mount

Woowoolahra Inlier (GR 520300mE,
6549700mN) (cf. Figure 5).

Photograph 2 Laminated graphitic
psammite within the Mount Woowoolahra
Inlier (GR 520300mE, 6549800mN)

(cf. Figure 5)

Photograph 3 Quartz-rich calcsilicate nodule within graphitic psammite of the Mount
Woowoolahra Inlier (GR 520300mE, 6549500mN) (cf. Figure 5).
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Photograph 4 Graphitic psammopelite
with needles of andalusite, considered to
have formed during contact metamorphism
by the emplacement of the Mundi Mundi
type granite, Mount Woowoolahra Inlier

(GR 521100mE, 6549200mN) (cf. Figure 5).

Photograph 5 Quartz—tourmaline clots (black patches) within the Mundi Mundi type granite,
Mount Woowoolahra Inlier (GR 520800mE, 6549100mN) (cf. Figure 5).

Photographs by G.R. Burton
(Lens cap is approximately 5 cm in diameter)
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Structure

In places within the Mount Woowoolahra Inlier bedding in the
metasedimentary units is discernible. In the northeast part of
the inlier it strikes easterly and dips steeply to the north. In the
southwest it strikes northeasterly and dips vertically to steeply to
the southeast. The changes in bedding orientation suggest the
presence of folds (of unknown generation) in the area, possibly
with northeasterly to easterly trending axes, but no macro-scale
folding was seen during the field investigation. No sedimentary
younging or vergence relationships were recognised.

A prograde foliation is present in the metasedimentary rocks,
which in places is parallel to bedding (particularly where
bedding is vertical), while elsewhere it is at a high angle to
bedding. Whether there is one foliation or several is not clear.
However, in one thin section there appear to be two foliations
— an earlier one (5y) parallel to bedding, which is crenulated
by a later one (S,) at a high angle to bedding. Small, rounded
to elongate domains, up to about one millimetre long, lie
parallel to the second foliation. They consist of granoblastic
quartz+sericite+biotite grains which are aligned parallel to
the second foliation. The domains may be after andalusite.
The structural relationship between S, and S, is the same as
that seen in metasedimentary rocks of the Paragon Group
within the Broken Hill and Euriowie Blocks and implies a similar
deformation history for the Mount Woowoolahra Inlier.

The dominant prograde foliation at meso-scale in the area
trends east-southeasterly to east-northeasterly and has a
vertical dip. If it is related to the suspected folding mentioned
above, it suggests that folds trend approximately easterly

and are upright. The folds could be F, but this is uncertain as
vergence relationships were not determined. If they are F,, and
the interpreted orientation is correct, it indicates an orientation
quite different to interpreted F, folds within the northern Broken
Hill Block (eg, Brown 1988) and the northern Euriowie Block
(Burton 2001a), where their axial plane traces strike northerly.
Small-scale faults with displacements of several centimetres
displace bedding in some areas (Photograph 1).

Subcrop of mylonitic metasediment occurs about 250 m north
of shallow exploration pits (Figure 5), suggesting a major fault
runs through the area. However, the orientation of the foliation
and its relationship to other fabrics could not be determined.
Thin section observation of the mylonite indicates that it
consists of strongly foliated quartz-sericite schist with lozenge-
shaped aggregates of quartzsericite, possibly after andalusite,
and recrystallised (granoblastic) quartz veinlets, both parallel
and discordant to the foliation. If the rock is part of a larger fault
structure, such a structure was not recognised in the field.

The arcuate shape of the Lady Don Quartzite outcrop
immediately northeast of the Willyama Supergroup of the
Mount Woowoolahra Inlier (Figure 5) could be the result of
Delamerian folding. Alternatively, the unconformity between
the Lady Don Quartzite and the Willyama Supergroup could
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have had a pre-Delamerian arcuate shape, reflecting the
palaeotopography at the time of deposition of the Lady Don
Quartzite.

Alteration

There is one occurrence of greisen-type rock in the Mount
Woowoolahra Inlier (Figure 5). It is massive, fine- to coarse-
grained, quartz-muscovite-rich rock with clear quartz blebs
up to 10 mm long. It is similar to the greisens in the Nardoo
Inlier and in the Euriowie tinfield area, in which muscovite

is characteristically green to clear (Burton 2000a). These
probably formed by metasomatism from pegmatites which
were intruded before or during prograde metamorphism.
There are no pegmatites considered to be of that age
cropping out within the Mount Woowoolahra Inlier. It may
be, however, an effect of the Mundi Mundi type granite,
which contains tourmaline and may be related to similar pre-
to syn-metamorphic granites in the Euriowie Block. Burton
(2001b) considered that the granites in the Euriowie Block are
genetically related to nearby tin-bearing pegmatites.

Exploration pits

Two shallow exploration pits have been developed on thin
quartz veins (Figure 5). The veins strike 080", are weakly
ferruginous, but are not mineralised.

Adelaidean rocks

The Lady Don Quartzite occurs immediately northeast of

the Mount Woowoolahra Inlier. It is a fine-grained to rarely
medium-grained, grey quartzite. In places it is stained black,
brown and red by secondary iron oxides and contains fine,
black grains which are probably oxidised pyrite. It is well-
laminated, commonly cross-bedded and in places is massive.
Some conglomeratic horizons with quartzite clasts are present,
those horizons being several centimetres to tens of centimetres
thick. This unit is incorrectly shown as belonging to the
Willyama Supergroup ('Willyama Complex’) on the map of
Cooper et al. (1975).

PROSPECTIVITY OF THE PARAGON
GROUP

The recent recognition that the Paragon Group is a time-
equivalent unit to stratigraphic units hosting significant
stratiform Pb—Zn mineralisation in the Mount Isa Inlier

(Page, Stevens et al. 2000) increases its prospectivity. Page,
Stevens et al. (2000) dated tuffaceous units in the Bijerkerno
Metasediments in both the Broken Hill and Euriowie Blocks at
16565 Ma, while the Urquhart Shale, which hosts the Mount
Isa, George Fisher and Hilton deposits in the Mount Isa Inlier,
has been dated at 1655+4 Ma (Page, Jackson & Krassay 2000).
The 164245 Ma age obtained by Page, Stevens et al. (2000) for
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Figure 5 1:25 000 geological map of the Mount Woowoolahra Inlier (comprising Willyama Supergroup rocks) and immediate surrounds.
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the Dalnit Bore Metasediments is similar to 1639+3, 1638+7
and 1640+3 Ma ages obtained from tuffaceous units within
the Barney Creek Formation (Page & Sweet 1998), which
hosts the McArthur River deposit, in the Mount Isa Inlier.
Hence recognition of the full extent of the Paragon Group is
important.

No stratiform base metal mineralisation has been identified
in surface exposures of the Paragon Group. However, stream
sediment sampling (Barratt 2002), following work undertaken
by CRA Exploration Pty Ltd and Alphadale Pty Ltd, indicates
that the stratigraphic interval comprising the upper part of
the Cartwrights Creek Metasediments and the basal part of
the Bijerkerno Metasediments contains anomalous Pb and Zn
values in several areas of the Broken Hill and Euriowie Blocks.
Furthermore, minor, possibly syngenetic/diagenetic, sulphides
have been identified within that stratigraphic interval in
exploration drilling beneath the Mundi Mundi Plain, west of
Broken Hill (Barratt 2002 and references therein).

SPATIAL RELATIONSHIP BETWEEN

THE WILLYAMA SUPERGROUP AND
ADELAIDEAN ROCKS AND POSSIBLE
EXTENT OF PARAGON GROUP BENEATH
ADELAIDEAN COVER

Rocks of Adelaidean age unconformably overlie the Willyama
Supergroup. However, in some places they are in faulted
contact with each other. This is clearly the case along the
eastern boundary of the Nardoo Inlier and has also been noted
in other areas (eg, along parts of the edge of the Euriowie Block
(Burton 2000b)). Between the Euriowie Block and the Nardoo
and Mount Woowoolahra Inliers, the Willyama Supergroup is
assumed to occur beneath Adelaidean cover rocks, though

the depth of that cover and the shape of the basement are not
known. There are no exploration drillholes in the area and while
some water bores have been drilled the available geological
logs are poor.

The northern part of the exposed Broken Hill Block consists
solely of Paragon Group rocks (Brown 1988), while Paragon
Group rocks occur on the eastern and northern edges of the
northern part of the Euriowie Block (Burton 2000b). Paragon
Group rocks may dominate the Willyama Supergroup directly
beneath Adelaidean cover in the areas between the Euriowie
Block and the inliers.

Regional aeromagnetic and radiometric data have been
acquired for the area including the Nardoo and Mount
Woowoolahra Inliers, as part of the Broken Hill Exploration
Initiative — a joint project between the then New South

Wales Department of Mineral Resources, the Department

of Primary Industries and Resources South Australia and
Geoscience Australia (formerly the Australian Geological Survey
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Organisation). While the magnetic data are of high quality it is
difficult, if not impossible, to directly interpret the nature of the
Willyama Supergroup beneath the Adelaidean rocks, which
have their own, variable magnetic signatures.

While the depth of Adelaidean cover over the Willyama
Supergroup between the Euriowie Block and the inliers is
unknown, it is possible that the cover is not so thick as to
preclude exploration of the Willyama Supergroup. It may be
possible to test the nature of the basement rock by drilling,

or some geophysical methods may be useful to ‘see’ through
the cover. More detailed mapping of the Adelaidean rocks will
provide a better understanding of the structure, which may
provide further information on the nature of the basement.

CONCLUSIONS

Metasedimentary rocks in both the Nardoo and Mount
Woowoolahra Inliers are interpreted as belonging to the
Paragon Group of the Willyama Supergroup. The presence

of graphitic pelite and psammopelite is considered to be
diagnostic of Paragon Group rocks while the presence of
andalusite/chiastolite indicates the same metamorphic grade as
that generally attained by Paragon Group rocks in the Broken
Hill and Euriowie Blocks. At least two prograde foliations and
one pervasive retrograde foliation are variably present, which is
the same as elsewhere in the Willyama Supergroup.

The rocks of the Nardoo Inlier may be part of the Cartwrights
Creek Metasediments and the Bijerkerno Metasediments.
Alternatively they may be part of a different stratigraphic
package within the Paragon Group not present in the Broken
Hill and Euriowie Blocks. Rocks of the Mount Woowoolahra
Inlier may form part of the Bijerkerno Metasediments but,
alternatively, may also be part of a different stratigraphic unit.
The fact that the psammitic rocks of both inliers resemble the
albitic psammites seen elsewhere in the Paragon Group, but
have been shown by thin section examination to be not albitic,
suggests that they are part of a different unit in the Paragon
Group. This problem of correlation will only be solved by zircon
U-Pb dating of appropriate material, particularly psammitic
metasedimentary rock considered to be a metamorphosed
tuffaceous rock in the Mount Woowoolahra Inlier.

Understanding the distribution of the Paragon Group has
become important for mineral exploration, following the
recognition that it is a time-equivalent unit to prospective
stratigraphic units within the Mount Isa Inlier. Paragon Group
rocks may lie directly beneath Adelaidean cover rocks between
the Euriowie Block and the Nardoo and Mount Woowoolahra
Inliers. The depth of Adelaidean cover in those areas may not be
so thick as to preclude exploration for stratiform Pb-Zn ‘Mount
Isa’ style mineralisation. Further mapping of the Adelaidean
rocks, the interpretation of geophysical data and drilling will
help to understand the nature of the Willyama Supergroup
rocks beneath them.
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