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Dugald River Zn-Pb-Ag deposit

OVERVIEW
Dugald River is a mid-Proterozoic black shale 
hosted Zn-Pb-Ag deposit that is currently being 
developed into an underground mine by MMG 
Ltd. 

LOCATION
Dugald River is located in the Eastern Fold 
Belt of the Mount Isa Inlier, 65 km northwest of 
Cloncurry and 90 km northeast of Mount Isa in 
Northwest Queensland. 

Geological Domain
Mary Kathleen Domain (Fig. 16.1). 

Co-ordinates
Long 94: 140.155783;  Lat 94: -20.254453
MGA 54: East94: 411831, North 94: 7760128

NATURE OF MINE
Mined Commodities
Zinc, lead, silver from sphalerite and galena 
concentrate plus minor copper and gold.  

Mining Method
Extraction at Dugald River is planned to be long 
hole open stope underground mining with paste 
backfill and sublevel open stoping (SLOS). 
Ore is processed on site by primary and sec-
ondary crushing and grinding (P80 of 60 µm) 
with a carbon preflotation stage followed by re-
grind (P80 of 12 µm) and sequential sphalerite 
and galena flotation to produce a filtered Pb-
Zn concentrate. Estimated throughput is 1.5 Mt 
per annum with recoveries of 83% and 87% for 
Pb and Zn, respectively (Broome and Corely, 

2017) and corresponding concentrate grades 
of 63.0 % Pb and 50.8 % Zn (MMG, 2019). 

Depth of Mining
The mine development is currently accessed 
by two declines. The mineralisation extends to 
1,000 m depth.

ORIENTATION AND DIMENSIONS OF 
MINERALISED BODIES
The Dugald River ore body forms a semi-con-
tinous lode (main Dugald River Lode, or Do-
main 1) that strikes N-S and dips moderately to 
steeply (45-85°) to the west (MMG Ltd, 2019). 
The strike length of the ore body exceeds 2,400 
m and extends down dip for 1,200 m from the 
surface (Broome and Corley, 2017; MMG, 
2019). 
 The true thickness of the mineralised 
lode varies from 1 to 35 m (Broome and Corley, 
2017; MMG, 2019). Mineralisation is open to 
depth with the deepest drill intersection of min-
eralised material at 1,140 m below the surface 
(MMG, 2019). The lode in the northern part of 
the mine is oriented broadly sub-vertically and 
is narrower (5 m true width) than the central and 
southern part of the mine (MMG Ltd. 2019).   

PRODUCTION
Historic Production
Since first documentation in 1881, no histori-
cal production has been recorded from Dugald 
River.  
Recent Production
Initial plant trials processed 0.5 million tonnes 
of ore through the Century processing plant to 
inform design of the final concentrator at Du-
gald River.  

 Commercial production at Dugald River 
commenced in November 2017 with first con-
centrate comprising 10,500 wet metric tonnes 
produced in December 2017. 
 In 2018, Dugald River produced 147,320 
tonnes of zinc concentrate with a total mill 
throughput of 1.76 Mt, exceeding nameplate 
capacity. 
 Production from Dugald River in 2019 
was 170,057 tonnes of Zn (contained metal in 
concentrate) and 23,154 tonnes Pb (contained 
metal in concentrate; MMG, 2019). 
 Annual production is expected to reach 
170,000 tonnes of zinc concentrate with a mine 
life of 25 years.  

RESOURCES
Table 16.1 documents the measured, indicated 
and inferred resources for the Dugald River de-
posit (MMG, 2019). 
The current total resources (measured + indi-
cated + inferred) based on an AUD$138/t NSR 
(net smelter return) cut off are: 
• 59.3 Mt at 12.2 % Zn, 1.6 % Pb and 26 g/t Ag 

An additional copper-gold resource has been 
defined based on a 1% Cu cut off:
• 8.7 Mt at 1.6 % Cu and 0.2 g/t Au
  

RESERVES
MMG (2019) report total (proved plus probable 
reserves; Table 16.2) of:
• 25.9 Mt at 11.0 % Zn, 
• 1.7 % Pb and 
• 36 g/t Ag.
• No reserve estimation for Cu

Aerial view of the Dugald River mine infrastructure (Image from Industry Queensland)
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Figure 16.1. Regional location of Dugald 
River Pb-Zn-Ag deposit in the Mary Kathleen 
structural domain from the 2010 NWQMEP 
GIS series.

Resource Category Grade and Tonnage Contained Metal
Primary Zn-Pb-Ag Mt Zn (%) Pb (%) Ag (g/t) Cu (%) Au (g/t) Zn (kt)  Pb (kt) Ag (Moz) Cu (kt) Au (Moz)
Measured 12.9 13.1 2.3 69 1,685 301 29
Indicated 21.0 12.3 1.6 23 2,566 334 15
Inferred 26.0 11.7 1.2 7 2,979 316 6

Stockpiles
Measured 0.1 10.8 1.8 53 9 1.5 0.1
Total Zn-Pb-Ag 59.3 12.2 1.6 26 7,238 951 49

Primary Cu-Au
Inferred 8.7 1.6 0.2 136 0.06
Total Cu-Au 8.7 1.6 0.2 136 0.06

Measured, indicated and inferred resources for the Dugald River underground resource from 2019 Mineral Resources and Ore Reserves Statement (MMG, 2019).  
Primary zinc resource uses a $138/t NSR cut-off, in situ (less depletion and oxide material). Copper resource uses a 1 % Cu cut-off, in situ (less depletion and oxide). 
Contained metal does not imply recoverable metal. 

Table 16.1. Resources for the Dugald River Zn-Pb-Ag mine (MMG, 2019).
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Figure 16.2. Regional location of the Dugald 
River Pb-Zn-Ag deposit overlain on an image 
of total magnetic intensity from the GADDS 
data for the region.

Table 16.2 Current reserves for the Dugald River Zn-Pb-Ag deposit (MMG, 2019). 

Grade and Tonnage Contained Metal
Tonnes (Mt) Zn (%) Pb (%) Ag (g/t) Zn  

(‘000 t)
Pb  

(‘000 t)
Ag  

(Moz)
Primary Zinc
Proved 11.8 10.9 2.0 57 1,281 231 21

Probable 14.1 11.1 1.5 18 1,565 211 8

Total Primary Zn 25.9 11.0 1.7 36 2,846 442 29

Stockpiles

Proved 0.1 10.8 1.8 53 9 1 0.1

Total Reserve 26.0 11.0 1.7 36 2,855 443 30

Cut off grade is based on Net Smelter Return (NSR) after Royalties, expressed as a dollar value of A$138/t 
(MMG, 2019). Contained metal does not imply recoverable metal.  

TOTAL IN SITU METAL
Total metal contents at Dugald River based on 
the 2019 resource estimate (Table 16.1; MMG, 
2019) are:
• 7.24 million tonnes Zn
• 951,000 tonnes of Pb
• 49 million ounces Ag
• 136,000 tonnes Cu
• 60,000 ounces Au

Total metal based on reserve estimates (Table 
16.2; MMG, 2019) are:
• 2.85 million tonnes Zn
• 443,000 tonnes Pb
• 30 million ounces Ag
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REGIONAL SETTING
Situated in the Mary Kathleen Domain (Fig. 
16.1) Dugald River is located within the over-
turned eastern limb of an antiform that rep-
resents the Mt Roseby Corridor, a 3 to 4 km 
wide, north trending high strain zone which ex-
tends for more than 40 km (Robertson, 2003). 
The Mt Roseby Corridor is dominated by meta-
morphosed calc-silicate, siliciclastic and in-
termediate volcanics of the Mesoproterozoic 
Cover Sequence 2 of the Eastern Succession 
(Connor et al. 1990) which also hosts numer-
ous iron-oxide copper gold (IOCG) deposits in-
cluding Little Eva, Blackard and Scanlan (Fig. 
16.8).   

Dugald River

Figure 16.3. Regional structural elements of the Mount Isa Inlier and the location of Dugald River in the Mary Kathleen Domain. From Creus et al. (2019) and modified after 
Xu (1996), Foster and Austin (2008), Blaikie et al. (2017). Abbreviations: CF -  xxx Fault; CT - xxx Fault; FRF - xxx Fault; GCF - xxx Fault; MIF - xxx Fault; QF - xxx Fault; 
QmF - xxx Fault 

Figure 16.4. Dugald River resources shown in long sec-
tion (N-S section line) based on 2009 feasibility study.  
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HOST ROCKS
Regional Stratigraphy
The Boomarra Metamorphics (maximum age of 
1767±4 to 1776±6 Ma; Fig. 16.8) represent the 
oldest rocks outcropping in the region, lying to 
the east of the north striking Mt Roseby Fault 
(Fig. 16.8). These units are metamorphosed 
to amphibolite facies and comprise medium 
grained quartzose to feldspathic metasand-
stone and schist with minor calc-silicate gra-
nofels (Fig. 16.8). Connor et al. (1990) attributed 
the main intrusive units east of the Mt Rosebee 
Fault to two phases of the Naraku Granite (Wil-
liams Suite). These have since been segregat-
ed into the Dipvale Granodiorite (Wonga Suite; 
1746±7 Ma) and the Mavis Granodiorite (Wil-
liams Suite; 1501±9 Ma; Fig. 16.8).  
 Main (1990) and Porter (1991) original-
ly assigned the then undifferentiated phyllites, 
black slates and arenite units east of the Mount 
Rosebee Fault (Fig. 16.8) to the Soldiers Cap 
Group, which stratigraphically underlies the 
Mary Kathleen Group. The updated stratigra-
phy (Withnall and Hutton, 2013) now assigns 
these mapped units to the Corella Formation, 
part of the Mary Kathleen Group including mi-
nor occurrences of the Lime Creek Metabasalt 
Member, Ballara Quartzite and Overhang Jas-
pilite (Figs. 16.5 and 16.8). 

 West of the Mount Roseby Fault, the 
Mary Kathleen Group, including the Corella 
Formation and Lime Creek Metabasalt Mem-
ber, occur as a northwest trending sequence 
which are disconformably overlain by the Knap-
dale Quartzite and Mount Roseby Schist of 
the Mount Albert Group (Figs. 16.6, 16.7 and 
16.8). The Knapdale Quartzite (approx. 2,000 
m thick) occurs to the west of Dugald River, and 
comprises pink to white feldspathic to quartz-
ose and micaceous metasandstone and meta-
conglomerate. 
 The Dugald River Shale Member, host 
to Zn-Pb mineralisation at Dugald River, is now 
classified as part of the Mount Roseby Schist 
(cf. previous classification as Corella Fm. e.g., 
Connor, 1990). The Dugald River Shale Mem-
ber comprises a grey muscovite, biotite, quartz 
psammopelitic schist with minor quartzite and 
carbonaceous metasiltstone. The Coocerina 
Formation, comprises black shale, scapolitic 
siltstone and minor limestone. The Lady Clayre 
Formation, which is a grey, fine-grained dolo-
mitic sandstone and siltstone.  
 Units of the Mount Albert Group in the 
Mary Kathleen Domain are interpreted to rep-

Figure 16.5. Regional stratigraphic correlation of the Dugald River host rocks in the Mary Kathleen Domain with corresponding age-equivalents in the Mt Isa Inlier (from Creus 
et al. 2019; Modified after Xu (1996), Blaikie et al. (2017). Dugald River is located in a high strain zone between the Mount Roseby Fault (MRBF) and the West Knapdale 
Shear (WKS). .

resent lateral time-space equivalents to the 
Paradise Creek and Esperanza Formations in 
the Century Domain, and the Breakaway Shale 
and Native Bee Siltstones which underlie the 
Urquhart Shale in the Leichhardt River domain 
(Withnall and Hutton, 2013; Fig. 16.6).     

Mine Stratigraphy
The mine stratigraphy is west dipping, youngs 
progressively to the east and comprises mem-
bers of the Mount Albert Group (Fig. 16.7; part 
of Cover Sequence 3): 
From oldest to youngest these are (Figs. 16.8 
to 16.15):
• Knapdale Quartzite 
• Mount Roseby Schist (inc. Dugald River 

Shale Member)
• Lady Clayre Formation (dolomite) 

Dugald River

Fig. 16.3
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Figure 16.6. Regional stratigraphic correlation of the Dugald River host rocks in the Mary Kathleen Domain with corresponding age-equivalents in the Mt Isa Inlier (from With-
nall and Hutton, 2013).

Mine Sequence
Footwall units

Connor et al. (1990) originally assigned the 
Footwall Limestone to the Corella Formation. 
New stratigraphic interpretations assign the 
footwall limestone to the Lady Clayre Dolomite 
(Xu, 1996) indicating that the eastward young-
ing, west dipping mine sequence is overturned. 
The  footwall units are dolomitic and locally 
carbonaceous (Fig. 16.9). This unit has an es-
timated total thickness of between 90 and 270 
m (Fig. 16.10 and 16.12; Connor, 1990) and in-
cludes a ‘Footwall black slate’ and a ‘Footwall 
calc-silicate’ unit at depth in the mine sequence. 

Hangingwall units

Early stratigraphic correlations considered bio-
tite-garnet-scapolite schists in the hanging wall 
(termed ‘Hangingwall calc-silicates’ by  Con-
nor et al., 1990; Porter, 1991; Whittle, 1998; 
Figs. 16.9 to 16.14) to be part of the Corella 
Formation (Upper Corella Fm or Domain 5 of 
Porter, 1991). New stratigraphic correlations 
assign this unit either to the Mount Roseby 
Schist (Fig. 16.8) or the Coocerina Formation 
(Creus et al., 2019; Fig. 16.15). The hanging 

wall calc-silicates comprise alternating felds-
pathic quartzite and banded scapolitic schist 
with breccias composed of angular to sub-an-
gular fragments of silicified calc-silicates and 
slate with calcite and plagioclase cement 
(Connor et al. 1990; Xu, 1996). Brecciation 
increases towards the contact with the Knap-
dale Quartzite leading to the interpretation of 
the contact with the hanging wall calc-silicate 
being a low angle fault (Newbury et al. 1993).   
 The west dipping Knapdale Quartzite is 
the oldest stratigraphic unit in the Dugald Riv-
er mine sequence (Fig. 16.13 to 16.15) and 
comprises pink, locally micaceous fine grained 
quartzite (Connor et al. 1990).   

MAJOR AND MINOR HOST ROCK
Major Host Rock 
Major host rock to the Dugald River lode is the 
Dugald River Shale Member, also referred to 
as  the Dugald Slate Fm. (Whittle, 1998) and 
the Dugald River Sequence (Porter, 1991). The 
Dugald River Shale Member occurs between 
the footwall and the hangingwall units described 
above (Fig. 16.7). Newbery et al. (1993) first 
proposed that the Dugald River Shale Member 

formed part of the Lady Clayre Dolomite and 
suggested that the contact was tectonically 
sheared, as opposed to a conformable, sedi-
mentary contact. 
 The Dugald River Shale Member is char-
acterised by graded to banded bedding in more 
psammitic units. The shale unit is moderately 
thin but with a strike length of over 8 km forming 
irregular outcrops, including at the Lady Clayre 
prospect to the south (Connor et al., 1990). 
Overall, the unit comprises black, fine grained 
laminated carbonaceous, micaceous and chlo-
ritic slates with five distinct sub-units informally 
described by Connor et al. (1990) and sum-
marised from base to top as:
1) lowermost spotted, graphitic, limey slate (6-
90 m thick);
2) Dugald River lode (Zn-Pb-Ag mineralisation), 
fine grained, sulphide-rich slate which is locally 
highly brecciated in mineralised domains;
3) Carbonaceous and spotted slate with K-feld-
spar rich assemblage close to contact with the 
lode. Up to 200 m thick, forming the hanging 
wall to mineralisation; 
4) Irregular domains of impure dolomitic lime-
stone (diagenetic in origin?) noted to also com-
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Porphyritic rhyolitic to dacitic tuff, andesite, quartz feldspar 
porphyry, quartzite, schist, gneiss; quartzose to feldspathic 
sandstone and minor siltstone, arkose, conglomerate and 
metabasalt

Argylla Formation [1778 ± 3 Ma]

Mitakoodi Quartzite [MDA 1755 ± 7 Ma]
Quartzite, feldspathic quartzite, siltstone, basalt, schist, minor 
limestone

Boomarra Metamorphics [1776 ± 6 Ma] 
White to pink fine to medium-grained quartzose to 
feldspathic metasandstone, psammitic schist, minor 
calc-silicate granofels; common massive to banded 
amphibolite

Overhang Jaspilite [MDA 1755 ± 7 Ma]
Predominantly grey siltstone with local jaspilitic layers and 
common limestone (locally stromatolitic and silicified with jaspilitic 
layers); local ironstone, banded in places; shale, marl.

Ballara Quartzite [MDA 1755 ± 3 Ma]
Quartzite: micaceous quartzite, minor limestone and granofels, 
cordierite and andalusite schist

Corella Formation [MDA 1750 ± 7 Ma]
Calcareous siltstone, limestone, calcareous scapolitic 
granofels, quartzite, quartzose sandstone, amphibolite, shale. 
Metaquartzite; pelitic and calc-silicate metasediments; local 
breccia. Includes the Lime Creek Metabasalt Member

Dugald River Shale [MDA 1686 ± 7 Ma]
Dark grey, carbonaceous shale and siltstone and grey mica 
schist. A sub-unit of dark grey silty dolomitic limestone and 
siltstone is mapped separately.

Mount Roseby Schist [MDA 1686 ± 7 Ma]
Grey muscovite-biotite-quartz schist (psammopelite) and minor 
quartzite, calc-silicate granofels and limestone; abundant 
poikiloblastic scapolite porphyroblasts; carbonaceous meta-silt-
stone

Coocerina Formation 
Black shale, scapolitic siltstone, schist, and minor limestone

Lady Clayre Formation [MDA 1691 ± 9 Ma]
Dolomitic, locally pyrrhotitic siltstone, silty to sandy dolostone 
and fine-grained variably dolomitic sandstone. Possible felsic 
tuff horizon.

Quamby Conglomerate [MDA 1580 or 1490 Ma]
Polymic pebble to cobble conglomerate and pebbly, medium to 
very coarse feldspathic sandstone

Knapdale Quartzite [MDA 1728 ± 5 Ma]
Pink, feldspathic, fine-grained, and locally micaceous, sand-
stone; quartzite

Stratigraphic units of the Mary Kathleen Domain
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Mavis Granodiorite [1501 ± 6 Ma]
Medium-grained, hornblende-biotite granodiorite; locally 
strongly deformed

W
O
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TH Wonga Granite [1738 ± 3 Ma or 1778 ± 3 Ma]
Strongly foliated to gniessis porphyritic biotite granite 

Dipvale Granodiorite [1746 ± 7 Ma]
Medium grained foliated hornblende-biotite granodiorite to 
monzogranite  

Plutonic units of the Mary Kathleen Domain
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Mount Godkin Granite [ca. 1740 to 1735 Ma]
Pink, fine to medium-grained leucogranite and pegmatite; 
granophyric microgranite and aplite; altered endoskarn-bearing 
metagranite; quartz diorite and quartz monzonite; hornblende 
syenogranite to monzogranite, commonly with granophyric 
textures; local biotite syenogranite  

Mount Philp Breccia 
Pink intrusive breccia containing abundant mafic clasts or 
xenoliths (and some calc-silicate rocks) in a dioritic matrix of 
albite laths and phenocrysts of amphibole, clinopyroxene and 
magnetite; Crystal tuff, agglomerate and lithic tuff, minor 
calcareous granofels and metabasic remnants  

Figure 16.7. Regional stratigraphy and intrusive rocks in of the Mary Kathleen Domain (Quamby sheet) and the Dugald River area 
based on stratigraphic information from Withnall and Hutton (2013) and Geoscience Australia’s Australian Stratigraphic Units Data-
base (https://www.ga.gov.au/data-pubs/datastandards/stratigraphic-units).
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and grey mica schist

Lady Clayre Formation/d

Lady Clayre Formation/s

Lpy/d Dolomitic, locally pyrrhotitic siltstone and silty to sandy 
dolostone

Lpy/s Grey, fine-grained, variably dolomitic 
sandstone and siltstone

Ferruginous sandstone, conglomerate, siltstone and claystone
Mesozoic Sedimentary rocks

M

Jurassic - Cretaceous

Strongly foliated to gneissic porphyritic biotite granite and biotite-amphibole metagranite
Wong itea Gran

Lgw

Wonga Granite/2
Foliated biotite granite, leucogranite, pegmatite, aplite

Lgw/2

Metadolerite and metagabbro of various ages passing into amphibolite and local biotite or 
chlorite schist; rare pyroxene-bearing dolerite

Metadolerite (do-MI)
do

Lg/l-MI
Leucogranite, pegmatite, aplite and quartz veins

Lg/l? Leucogranite, pegmatite and aplite

Qa-QLD

Qha-QLD

Qpa-QLD

TQa-QLD

TQf-QLD

TQr-QLD

Td-QLD

Wondoola beds

TQr\c-QLD

Qpa

TQ

Td

TQr/c

w

Quaternary Alluvium 

Late Tertiary to Quaternary Alluvium 

Overhang Jaspilite?
Lj Predominantly grey siltstone with local jaspilitic layers and common limestone 

(locally stromatolitic and silicified with jaspilitic layers); local ironstone, banded in 
places

Quartzite, locally micaceous; minor conglomerate
Ballara Quartzite

Lkb

Qha

Qa

Sand, gravel, silt and clay; active stream channels and low terraces

Clay, silt, sand and gravel; flood-plain alluvium

Clay, silt, sand and gravel; flood-plain alluvium on high terraces

Red and grey clay, silt and sand

Duricrusted palaeosols at the top of deep weathering profiles, including ferricrete and 
silcrete; duricrusted old land surfaces

Clay and black soil; pediment slope wash, colluvial and residual deposits

Clay, silt, sand, gravel and soil; colluvial and residual deposits (generally on older 
land surfaces)

Consolidated to non-consolidated, locally mottled clayey to sandy gravel, sand and clay; 
alluvial fan and slope-wash deposits forming dissected, steep to gently sloping surfaces

Locally red-brown mottled, poorly consolidated sand, silt, clay, minor gravel; high-level 
alluvial deposits (generally related to present stream valleys but commonly dissected)

TQr

TQf

TQa

Quartz-filled fault zones and quartz veins
q-MI

Mount R toseby Schis
Lpo Grey muscovite-biotite-quartz schist (psammopelite) and minor quartzite, 

calc-silicate granofels and limestone; commonly thin-bedded with abundant 
poikiloblastic scapolite porphyroblasts, particularly in the north

Mount Roseby Schist/q
Grey to pink, fine-grained, thick to very thick-bedded, massive feldspathic 
to quartzose sandstone

Lpo/q

Knapdale Quartzite

Knapdale Quartzite/c

Knapdale Quartzite/q

Knapdale Quartzite/t

Lpk Pink, fine-grained, feldspathic to quartzose, 
locally micaceous sandstone

Lpk/c Calcareous feldspathic medium-grained 
sandstone, pink quartzite and siltstone

Lpk/q

Lpk/t

White, fine-grained, quartzose sandstone

Pink, feldspathic and micaceous siltstone and minor 
pebble conglomerate

Coocerina Formation
Black shale, scapolitic siltstone and minor limestoneLpc

M
ou

nt
 A

lb
er

t G
ro

up

Laminated calc-silicate granofels, some mica schist; moderate to high magnetic 
response, moderate potassium response and low in other radiometric channels
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granofels, commonly scapolitic, and marble; local quartzose sandstone passing 
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Lpy/d Dolomitic, locally pyrrhotitic siltstone and silty to sandy 
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Ballara Quartzite

Lkb

Qha

Qa

Sand, gravel, silt and clay; active stream channels and low terraces

Clay, silt, sand and gravel; flood-plain alluvium

Clay, silt, sand and gravel; flood-plain alluvium on high terraces

Red and grey clay, silt and sand

Duricrusted palaeosols at the top of deep weathering profiles, including ferricrete and 
silcrete; duricrusted old land surfaces

Clay and black soil; pediment slope wash, colluvial and residual deposits

Clay, silt, sand, gravel and soil; colluvial and residual deposits (generally on older 
land surfaces)

Consolidated to non-consolidated, locally mottled clayey to sandy gravel, sand and clay; 
alluvial fan and slope-wash deposits forming dissected, steep to gently sloping surfaces

Locally red-brown mottled, poorly consolidated sand, silt, clay, minor gravel; high-level 
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Mount R toseby Schis
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calc-silicate granofels and limestone; commonly thin-bedded with abundant 
poikiloblastic scapolite porphyroblasts, particularly in the north

Mount Roseby Schist/q
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Black shale, scapolitic siltstone and minor limestoneLpc
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Laminated calc-silicate granofels, some mica schist; moderate to high magnetic 
response, moderate potassium response and low in other radiometric channels

Corella Formation

Corella Formation-c
Lkc-c

Calcareous siltstone, sandstone and minor limestone, passing into calc-silicate 
granofels, commonly scapolitic, and marble; local quartzose sandstone passing 
into quartzite; local breccia

Lk c

Corella Formation /1
Lkc/1 Laminated calcareous metasiltstone and fine-grained feldspathic sandstone, 

limestone and siltstone; pass into calcareous scapolitic granofels, calc-silicate 
(hornblende-diopside) granofels and quartzo-feldspathic gneiss
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Calcareous siltstone, limestone, quartzose to lithofeldspathic sandstone and chert
Ka ionjabbi Format

Ek

Cambrian

White to pink fine to medium-grained quartzose to feldspathic metasandstone and minor 
psammitic schist and calc-silicate granofels; common massive to banded amphibolite

Boomarra Met orphics/q

Boomarra Metamorphics/s
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Grey, biotite-quartz-feldspar (psammitic) schist and minor calc-silicate granofels; 
common massive to banded amphibolite

Palaeoproterozoic

Lime Creek Metab emberasalt M
Lkl Metabasalt (locally pillowed) and amphibolite

Dipvale Granodiorite
Medium-grained, hornblende-biotite granodiorite to monzogranite; pervasively foliatedLgdv

Wonga Suite Intrusions (1778 - 1738 Ma)

Mount Godkin Granite/g
Lgg/g Altered endoskarn-bearing metagranite

Pink, fine to medium-grained hornblende syenogranite to monzogranite, commonly with 
granophyric textures; local biotite syenogranite

Mount Godkin iteGran
Lgg

Burstall Suite Intrusions (1740 - 1730 Ma)

Mount Philp-type breccia
Lmpx Intrusive breccia containing abundant clasts or xenoliths of mafic rocks (and some calc-silicate 

rocks) in a grey to pink matrix consisting of albite laths and phenocrysts of amphibole, 
clinopyroxene and magnetite (highly altered hornblende diorite?)

Metadolerite

q-MI

Mavis Granodiorite
Lgmv Medium-grained, hornblende-biotite granodiorite; locally strongly deformed

Williams Supersuite (1500 - 1540 Ma)

Sheared felsic and mafic metavolcanics with abundant aplite and pegmatite veins
Formation/mArgylla 
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Mitakoodi Quartzite?
Lnm? Quartzose to feldspathic sandstone, siltstone, basalt and mica schist; minor limestone

glomerateQuamby Con
Lq Polymictic pebble to cobble conglomerate and pebbly, medium to very coarse-grained 
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Figure 16.8. Geology (1:100 k scale) of the Dugald River and Roseby areas  Modified from (xxxx).
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Figure 16.9. Geological plan of the Dugald River lode 
from Connor et al. (1990). 

13,900mN

14,200mN

Figure 16.10. Section 13,900 mN from Connor et al. (1990). 
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Figure 16.11. Geological section at 14,200 mE through the Dugald River 
lode from Newbery et al. (1993). 

Figure 16.12. Reinterpreted geological section at 
14,200 mE through the Dugald River lode from Harris et 
al. (2015) 
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Figure 16.13. Plan geology map and location of section lines in MSc study by Whittle (1998) based on the geology 
plan map of Conner et al. (1990) shown in Fig. 16.9.
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Figure 16.14. Geological cross-sections from Whittle (1998) position of section lines shown in Fig. 16.13.
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500 m

Figure 16.15. Updated geological map of the Dugald River area based on unpublished mapping by MMG. From Creus et al. (2019).  

prise phlogopitic biotite by Whittle (1998)
5) Muscovite schists (up to 300 m thick). Whittle 
(1998) documents the presence of sillimanite, 
spessartine and almandine porphyroblasts and 
a distinct absence of scapolite in schists of the 
Dugald River Shale Member. 
 Contact relationships with the hanging-
wall and footwall units are interpreted to be 
invariably sheared and brecciated with exten-
sive faulting of calc-silicate units into the Du-
gald River Shale Member (Newbery et al. 1993; 
Whittle, 1998). 
 Xu (1996) highlighted that the various 
lithotypes in the Dugald River Shale Member 
identified by Connor et al. (1990) tend to be 
highly discontinuous along strike and down dip 
due to facies variations and fault truncation. Xu 
(1996) indicates that the upper contact with the 
hanging wall calc-silicate unit (Coocerina Fm.  

Mount Roseby Schist) and the lower contact 
with the Lady Clayre dolomite (Footwall lime-
stone) are discordant to locally transgressive. 
The contact between the Dugald River Shale 
Member and the hangingwall calc-silicates is 
coincident with a calc-silicate alteration front 
(Xu, 1996). The lower contact with the footwall 
limestone is broadly characterised by a 3 m 
zone of silicification (Xu, 1996). Sporadic chal-
copyrite-rich mineralisation occurs throughout 
the Dugald River Shale Member associated 
with faulted zones and is coincident with silicifi-
cation and carbonate-rich alteration (Xu, 1996). 
 Connor et al. (1990) indicated that the 
Dugald River Shale Member broadly thickens 
gradually to the south in the vicinity of minerali-
sation, terminating abruptly at a faulted contact 
in the far south. 
 Both Zn-Pb-Ag and Cu-Au mineralisa-
tion are entirely hosted by facies of the Dugald 

River Shale Member. The E-W cross-section in 
Fig. 16.16 shows the inner and outer domain 
of the elongate Dugald River Lode (Zn-Pb-Ag). 
The Copper Zone occurs in the hanging wall 
to the Zn-Pb-Ag lode, still contained within the 
Dugald River Shale Member. 

Minor Host Rock
Mineralisation at Dugald River does not extend 
significantly beyond the Dugald River Shale 
Member. Newbery et al. (1993) suggested the 
contact between the Dugald River Shale Mem-
ber and the hangingwall dolomite (Lady Clayre 
Dolomite) was tectonised and that in part, the 
Dugald River Lode partly cross-cuts these units 
in the upper part of the ore body (Fig. 16.16). 
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Figure 16.16. Example E-W section from MMG (2019) looking north showing the true width of mineralisation within 
the Dugald River Shale Member 

INTRUSIVE ROCKS IN REGION 
Granitoids 
The oldest intrusions east of the Mount Roseby 
Fault belong to the Wonga Suite (1778 – 1738 
Ma) and include hornblende-biotite granodio-
rite to monzogranite of the Dipvale Granodio-
rite which intrudes the Boomarra Metamorphics 
and the Corella Formation (Fig. 16.8). Mount 
Philp-type breccia occurs in the SE of the area 
in Fig. 16.8, part of the Burstall Suite Intrusives 
(1740-1730 Ma). The area was intruded by the 
Mavis Granodiorite (1500-1540 Ma), part of the 
Williams Supersuite, comprising locally highly 
deformed, medium-grained hornblende-biotite 
granodiorite. 

West of the Mount Rosbee Fault, the Wonga 
Granite (1778-1738 Ma) intrudes the Argylla 
Formation and Corella Formation (Fig. 16.8). 

 

Mafic Intrusives 
A series of metadolerite and metagabbro 
dykes, metamorphosed to amphibolites, occur 
throughout the region (16.8).  
 In the mine sequence (Fig. 16.16) a maf-
ic porphyry dyke is illustrated at the contact be-
tween the hanging wall calc-silicates and the 
Dugald River Shale Member. Whittle (1998) 
documented this porphyry dyke sequence to 
cross-cut the hanging wall calc-silicates close 
to the Dugald River Shale. Dyke emplacement 

is considered to pre-date K-feldspar-hema-
tite-albite alteration and may be spatially cor-
related to localised Cu-mineralisation (Whittle, 
1998). 

METAMORPHIC GRADE
East of the Mount Roseby Fault, the regional 
metamorphic grade is amphibolite facies, af-
fecting the Boomarra Metamorphics and the 
Corella Formation (Fig. 16.8). 
 West of the Mount Roseby Fault, the 
metamorphic grade decreases to greenschist 
facies. Xu (1996; 1998) attributed the main met-
amorphic episode at Dugald River to regional 
D2 deformation related to NNW-SSE oriented 
shortening. This developed the principal slaty 
cleavage and mineral elongation lineations in 
the Dugald River Shale Member and schistose 
fabric in the hanging wall schists (Xu, 1996). 
Peak metamorphic conditions were estimated 
to be 450°C based on syn-tectonic crack seal 
veins in the Lady Clayre dolomite (Xu, 1997). 
 Whittle (1998) estimated peak meta-
morphic conditions based on the quartz-bio-
tite-muscovite-sillimanite-almandine assem-
blage in hanging wall metapsammites to have 
been achieved during D2 (approx. 540-680°C; 
upper greenschist to lower amphibolite), con-
sistent with Conner et al. (1990). Whittle (1998) 
suggests at least three main metamorphic 
events occurred at Dugald River with peak mid-
dle-amphibolite facies occurring during D2 and 
upper greenschist to lower amphibolite during 
D3. 

STRUCTURAL CHARACTERISTICS 
Structural Setting 
Located in the northwestern flank of the East-
ern Fold Belt, Dugald River occurs within the 
N-S oriented Mount Roseby Corridor, a 3-4 km 
wide high-strain zone extending for approxi-
mately 40 km (Robertson, 2003). Major struc-
tural features in the region include the north 
striking Mount Roseby Fault (also referred to 
as Mount Rosebee Fault and Mount Rose Bee 
Fault) and the Coolullah Fault (Fig. 16.8).    
 Mineralisation has been considered to 
have been localised within a shear zone, orig-
inally oriented at low angle to the now steeply 
dipping Dugald River Shale Member (Newbery 
et al. 1993; Xu, 1998; Whittle, 1998). Structural 
complexity at Dugald River has influenced both 
genetic models/interpretation of ore formation 
mechanisms (e.g., Newbery et al., 1993; Xu, 
1996; Whittle, 1998) and geotechnical consid-
erations during mine development (Harris et al. 
2015).  
   

Structural Elements 
Xu (1996; 1997; 1998) recognised six structur-
al deformation phases at Dugald River, which 
are broadly consistent with major structural 
elements in the Mount Isa Inlier. These struc-
tural elements are summarised from Xu (1996; 
1997; 1998) with reference to Figure 16.22 (Xu 
, 1997) and Table 16.3 (from Xu, 1996). : 
D1  - Earliest deformation related to N-S short-
ening generating E-W trending folds and axi-
al planar cleavage that are only exposed ap-
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Figure 16.17. Dugald River long section (looking west) showing 5 low grade zinc domains (LGZN Domains 1-5) and high grade zinc domains (HGZN) located within the low 
grade domains (from MMG, 2019).  

Zn

Figure 16.18. Dugald River long section (looking west) showing low grade lead domains (blue) and high grade lead domains (red). From MMG (2019).  

Pb
Looking west

Looking west
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Figure 16.19. Dugald River long section (looking west) showing silver domains - Blue (low grade), yellow (medium grade), red (high grade). From MMG (2019).  

Figure 16.19. Dugald River long section (looking west) showing manganese domains - Blue (low grade), yellow (medium grade), red (high grade). From MMG (2019).  

Ag

Mn

Looking west

Looking west
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200 m
200 m

Figure 16.20. Dugald River cross sections, looking north, showing copper domains (coloured blocks) and their interaction with Zn domain (green wireframes). From MMG 
(2019).  

13,600 mN 14,880 mN

Figure 16.21. Dugald River long section, looking west, showing hanging wall copper domains. Orange: 1500-Vein; Dark blue: 1510 - 0.1% Cu shell and 1511 - 0.3% Cu shell; 
Purple: 1520 Vein; Green: Low grade Zn domain (LGZN). From MMG (2019).  

Looking north Looking north

Looking west

CuCu
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proximately 10 km south of Dugald River (Xu, 
1996). In the mine sequence, D1 fabrics occur 
as an E-W oriented axial planar cleavage (S1) 
developed at a high angle to bedding indicating 
formation of this foliation in the hinge region of 
F1 folds (Xu, 1996). Xu (1996) attributed N-S 
oriented thrusts, shear zones and quartz veins 
which now occur largely parallel to bedding or 
stratigraphic contacts and dip subvertically to 
steeply west (Fig. 16.22). 

D2 - The dominant deformation event at Dugald 
River is associated with broadly E-W oriented 
shortening which led to the development of 
tight to isoclinal F2 folds with N-S to NNW-SSE 
striking axial planes which plunge steeply to the 
north (Xu, 1996). Slaty cleavage in the black 
shales of the Dugald River Shale Member and 
schistosity in the schists is caused by well devel-
oped axial planar cleavage, S2, formed during 
D2 shortening (Xu, 1996). Boudins are common 
in the hanging wall units related to horizontal 
extension during late-D2 folding. Newbery et al. 
(1993) originally assigned the D2 deformation 
features of Xu (1996; 1997; 1998) as D3. As 
mentioned earlier, Xu (1998) considers peak 
metamorphism to have been synchronous with 
D2 deformation events. Creus (2020) highlights 
that the D2 is associated with high strain zones 
(Fig. 16.22) and alignment of boudins parallel 
to F2 fold axes and porphyroblasts alligned par-
allel to the S2 foliation (Creus et al. 2019; Fig. 
16.30).
D3 - This deformation event, first defined by Xu 
(1996) is characterised by heterogeneously de-
veloped small-scale F3 folds with shallow dip-
ping to sub-horizonal axial planes and forma-
tion of weak crenulation cleavage overprinting 
S2 schistocity and slaty cleavage. Xu (1996) im-
plicated D3 deformation as being a significant 
factor influencing mineralisation by forming dis-
crete structural heterogeneities which formed 
the locus for brecciation during D4 deformation. 
The originally subvertical D2 axial planes were 
rotated to a shallow west-dipping orientation by 
D3 which was largely accommodated by dextral 
shear displacement (Xu, 1996). 

D4 - This was associated with sinistral shearing 
and led to poorly developed S4 folds in schist 
and slate with a general NW-SE trend and shal-
low north oriented plunge (Xu, 1996). The most 
widely developed fabric associated with this 
deformation event is a penetrative S4 cleavage  
which developed locally in high strain zones, 
overprinting S2 and S3 foliations. 
 Faulting associated with D4 is broadly 
N-S trending with subvertical orientation and 
may extend over 10 km in strike length (Xu, 
1996). This deformation stage is considered to 
have had a close association with mineralisa-
tion in the Dugald River Lode (Xu, 1996, 1997).. 

D5 - Kink folds with subhorizontal axial planes 
observed in muscovite schists deform all earlier 
fabrics and foliations (Xu, 1996). 

D6 - Last major deformation event producing 
open E-W trending folds, F6) and small local 
flexure features but no discernible cleavage 

Table 16.3. Structural summary of Dugald River based on observations and interpretation by Xu (1996).  

Figure 16.22. Structural geology map of the Dugald River deposit from Xu (1996; 1997).  
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Figure 16.26. Hematite-K-spar-albite alteration in a mafic dyke within the hangingwall calc-silicates. DR217 469.0 to 473.7 m (Section 14,200mN) 
From Whittle, 1998. 

50 mm

Figure 16.23. Footwall dolomite showing oxidation of ferroan carbonates. DR227 494.5 m (Sec-
tion 14,200mN) From Whittle, 1998. 

50 mm

50 mm

Figure 16.25. Psammitic schist. DR241 314 m (Section 14,200mN) From Whittle, 1998. 

Figure 16.24 Spotted slate in a low strain zone in the footwall. DR227 465.7 m (Section 
14,200mN) From Whittle, 1998. Arrows indicate: A - carbonate alteration around D3 porphyro-
blasts; C - distinct carbonate clots in groundmass; V - alteration associated with footwall vein 
generation; S - spessartine porphyroblasts. From Whittle, 1998. 
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features (Xu, 1996). Faults associated with 
D6 are brittle, steeply dipping to subvertical 
and trend NE and NW. This deformation has 
caused segmentation of the Dugald River ore-
body along dextral strike-slip and minor dip-slip 
structures (Xu, 1996). 

Controlling structure
Early interpretations of the mineralised Zn-Pb-
Ag lode at Dugald River focused on the strati-
form nature of the mineralisation and inferred a 
syngenetic origin for mineralisation, like other 
sediment hosted massive sulphide deposits in 
Mt Isa (Conner et al., 1990; Davidson and Dix-
on, 1993). Work by Newbery et al. (1993) and 
Xu (1996) highlighted the significant structural 
controls on localising the high-grade ore shoot 
at Dugald River which is interpreted to have 
formed during folding, causing remobilisation 
of massive sulphides (Xu, 1996). 
 Newbery et al. (1993) and Xu (1996) 
demonstrated that the mineralised lode is trans-
gressive across the Dugald Shale stratigraphy 
and in the northern part of the ore lens cross-
es into the footwall Limestone (Fig. 16.16) and 
cross-cutting relationships have been observed  
between the ore phases and stratigraphy (Xu, 
1996). Xu (1996) identified that the envelope of 
the mineralised zones is parallel to S2 and S4     
rather than S0 (IE. bedding). Xu (1996) also 
suggests that laminated ores are developed 
parallel to S2 fabric as opposed to primary bed-
ding suggesting that this ore type represents 
laminated S2-controlled replacement veins.
 Xu (1996) implicated the heterogeneous 
development of D3 features and their overprint 
by D4 to have influenced the distribution of lam-
inated, cross-cutting vein and breccia ore types 
across the lode. Whittle (1998) emphases the 
sheared nature of the contacts between the 
Dugald River Shale and the hangingwall and 
footwall units, providing further supporting ev-
idence for structural modification of the mine 
stratigraphy.  
 Geotechnical studies by Harris (2015) 
emphasise the presence of a 0.5 to 5 m wide 
hanging wall shear zone (HWSZ) close to 
the mineralised lode, comprising fragmented, 
sheared and crushed graphitic black shales 
(Fig. 16.28); Harris et al. (2015) summarise the 
HWSZ comprises four distinct fault sets that 
cause offset, thickening and displacement of 
the Dugald River lode. Figure 16.27 from Harris 
(2015) shows a new structural interpretation of 
the 14,140 mN section compared to the same 
section dating from the pre-feasibility study in 
2009. This highlights the presence of internal 
offsets, internal faulting parallel to the lode and 
numerous fault offsets of the ore body.     
 Creus et al. (2019) attribute synthetic 
and antithetic faulting in the Dugald River lode 
to a Riedel shear fracture network with the main 
shear being co-planar to the N-S trending ore 
lens (Fig. 16.29). 

WALL ROCK ALTERATION
Whittle (1998), documented the non-sulphide 
alteration mineralogy at Dugald River, empha-
sising that this has received comparatively less 
attention relative to studies focusing on ore 

Figure 16.27. Structural geology of the Dugald River lode, looking north along section 14,140 mN showing 2009 
interpretation (A) and an updated structural model from October 2014 in (B) showing structural thickening. From 
Harris et al. (2015).  

Figure 16.28. High strain zone developed in the Dugald River Shale from Creus (2020). 



Chapter 16 Dugald River

556 Northwest Mineral Province Deposit Atlas

Figure 16.29. Riedel shear model for the N-S oriented, west dipping main Dugald River lode (green) and discreet 
ore bodies which are oriented parallel to the limestone contact (LMST). From Creus et al. (2019). 

Figure 16.30. Primary bedding (S0) and S2 cleavage with parallel orientation of porphyroblasts. From Creus et al. 
(2019). 

mineralogy and textures.      
General Characteristics
Whittle (1998) documented several pre-miner-
alisation features in the near lode lithologies to 
include:

1) Pre-deformational, possibly diagenetic, fine 
grained pyrite in the footwall limestone and 
graphitic Dugald Shale Member
2) Peak metamorphism during D2 deformation 
(metamorphic assemblage of muscovite-silli-
manite)
3) Retrograde sericitisation in the Dugald River 
Shale Member during D3 and localised in the 
graphitic pelitic schists

Alteration effects are host lithology dependant 
and there are distinct variations in the miner-
alogy of the footwall and hangingwall units. 

These are described in the following section 
from Whittle (1998).
Proximal lithologies and assemblages
 Whittle (1998) described the alteration 
features of the units immediately surrounding 
the lode horizon which includes stringer zones, 
carbonaceous slates and ferroan dolomite 
zones in both the footwall and hanging wall po-
sitions (Fig. 16.31). These are summarised be-
low from footwall to hanging wall: 
Footwall Limestone
Whittle (1998) documents that dolomite in the 
footwall unit, originally likely to have been a 
dolomitic marble or calcareous dolomite, has 
been subject to partial devolatisation to phlo-
gopite and calcite, such that calcite is the domi-
nant carbonate in the footwall unit. The footwall 
unit lacks significant mineralisation but does in-
clude a range of trace sulphide phases includ-
ing two pyrite generations. 

 General features of the Footwall Lime-
stone alteration include:     
1) Increase in carbonate abundance due to 
devolatisation of host dolomite producing phlo-
gopite.
2) Calcite and dolomite recrystallised into S2 
and S3 foliations
3) Dolomite is compositionally Fe- and Mg-poor 
compared to dolomite in the Dugald Slate
4) Preservation of euhedral cubic to subhedral 
fine grained pyrite (pre-D2) 
5) Large euhedral to anhedral pyrite (Py-2) pre-
dating S3 foliation 
6) Pyrrhotite, marcasite, chalcopyrite, sphaler-
ite and galena commonly associated and oc-
curring in low abundance in bedding planes 
(S0) and along S2/S3 fabrics 
7) Pyrrhotite abundance increases towards the 
Dugald Slate Formation and is intergrown with 
(or replaces) Py2 and marcasite

Footwall ferroan dolomite alteration
Whittle (1998) defined zones of ferroan carbon-
ate of variable thickness (<5 m) close to the 
contact between the Dugald River Shale Mem-
ber and the footwall dolomite forming brown to 
buff coloured bands (Fig. 16.23). In the footwall, 
they occur below the spotted slates and similar 
zones are recognised above the hangingwall 
spotted slates (Fig. 16.30). Dolomite and biotite 
in this zone is more Fe-rich than in the under-
lying footwall dolomite. Diagenetic pyrite (Py1) 
is absent and two additional pyrite generations 
(Py3 and Py4) were identified by Whittle (1998) 
with euhedral and acicular (honeycomb) tex-
ture, respectively. 

Footwall spotted slates  
Proximal to the main Dugald River lode carbo-
naceous slate with spessartine porphyroblasts 
(termed spotted slates) form the immediate 
footwall to the lode and has a gradational con-
tact with the footwall dolomite (Whittle, 1998). 
Spessartine, titanite and sodic plagioclase in-
creases into this unit, which has similar sul-
phide associations to the ferroan dolomite al-
teration (Whittle, 1998; Fig. 16.32).  

Hangingwall banded carbonaceous slates 
In the hangingwall of the Dugald River Lode, 
graphitic shales with well pronounced banding 
(2 cm thick) due to varying graphite abundance, 
occur (Whittle, 1998). All sulphide phases, in-
cluding Py1 occur in this unit. Sphalerite occurs  
as fine disseminations and as coarser grains 
associated with Py3. Phlogopite in this domain 
is coarse grained and is enriched in Mn and Na  
and is closely associated with Py3 and pyrrho-
tite (Whittle, 1998).

Hangingwall spotted carbonaceous slates  
Located between the lode/stringer zones and 
the psammitic schists of the hangingwall, Whit-
tle (1998) described these slates as enveloping 
the ferroan dolomite alteration zones. The spot-
ted nature is due to almandine, spessartine and 
albite porphyroblasts aligned parallel to folia-
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Figure 16.31. Main near-lode lithologies in four graphic logs covering 1.5 km strike length of the Dugald River Lode 
(From Whittle, 1998).

tions. Pyrrhotite is the most abundant sulphide 
phase and post-dates Py3 and Py4. 

Hangingwall Ferroan Dolomite
Between the carbonaceous spotted slates 
and the psammitic hangingwall units, the 
ferroan dolomite has broadly gradation-
al contacts, but sheared contacts are ob-
served (Whittle, 1998). This zone is similar 
to the footwall ferroan dolomite zone having 
a distinct brown banded nature with a simi-
lar sulphide assemblage. 

Hangingwall psammitic schist 
Occuring as discontinuous lenses within the 
hangingwall spotted slate and throughout the 
hangingwall sequence. These units are char-
acterised by white albite and pink-white alman-

dine porphyroblasts with a pre-S3 timing rela-
tionship. These units lack sulphides.
Hydrothermal Alteration Effects
Whittle (1998) documented hydrothermal al-
teration effects within the lode proximal strati-
graphic units. Key features of the hydrothermal 
alteration effects at Dugald River include:
 
1) Increase in abundance of phlogopite and 
muscovite with increasing proximity to the lode 
related to pre-peak hydrothermal activity/meta-
morphism  around D3 timing (Whittle, 1998).

2) Early Mn halo in the proximity of the lode 
(Mn-bearing sphalerite, spessartine, calcite). 
This is dominated by spessartine (late D3 of 
Whittle, 1998) which occurs as anhedral sel-
vages around ferroan dolomite veins near the 

hangingwall ferroan dolomite zone and calcite 
veins in the footwall dolomite zone.

3) Post D3  metasomatism comprising:
• Silicification: Occurs on both sides of the 

lode appearing as bleached zones which 
may either cross-cut (as shear zones), or 
align parallel to foliation. Locally related to 
silicification of massive sulphide breccias 
(see below)  

• K-metasomatism: More extensive in distri-
bution than muscovite-phlogopite alteration, 
and extends further into the hangingwall 
than the footwall and is absent from ferroan 
dolomite zones. Comprises orthoclase, 
sodic plagioclase, titanite, muscovite and 
phlogopite, apatite and chlorite (Fig. 16.33).

• Footwall Mn-calcite veining: Two carbon-
ate veining stages are recognised - 1) foot-
wall Mn-calcite anastomising veins oriented 
sub-parallel to S3. Calcite has a pale-orange 
to greenish grey reflecting variable Mn and 
Fe contents. 2) Microscopic calcite-chlo-
rite veins dominantly in the footwall spotted 
slates and footwall limestone, cutting S3 fo-
liation. 

 

Halo
Whittle (1998) describes a change in mineral-
ogy of the host units in the halo to the main 
lode. With increasing proximity to the lode, the 
host units change from biotite-dominated to 
phlogopite and muscovite dominated and is in-
terpreted to represent Fe-depletion in silicates 
accompanied by increase in fine grained py-
rite by sulphidation of silicates during prograde 
metamorphism. 
Newbery et al. (1993) and Whittle (1998) also 
describe a Mn garnet halo within this earlier 
Fe-depleted silicate envelope.   

MINERALISATION
The main sulphide minerals identified in the 
Zn-Pb-Ag orebody at Dugald River include (in 
decreasing order of relative abundance) pyr-
rhotite, sphalerite, pyrite and galena with minor 
arsenopyrite, tetrahedrite and pyrargyrite and 
chalcopyrite (Conner et al. 1990). 
A range of ore textures have been recognised 
at Dugald River (Porter, 1991; Whittle, 1998; 
Table 16.4) and include:

1) Banded ore
2) Stringer/slaty breccia
3) Massive breccia 
4) Carbonate breccia

Shear Hosted Ore Types
Accounting for the majority of ore at Dugald Riv-
er, ore textures associated with shear zone re-
lated deformation are abundant. Whittle (1998) 
indicated a continuum of textures from band-
ed ores to slaty and massive breccias (Figs. 
16.34).
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Figure 16.32. Mineral paragenetic sequences for the footwall and hanging-
wall lithologies proximal to the Dugald River main Zn-Pb lode from Whittle 
(1998)
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Banded Sulphide Ore

An intermediate texture-type between lami-
nated ore (see below) and slaty breccias, this 
ore type comprises foliation parallel layers of 
sphalerite and coarse pyrite crystals (Py3 of 
Whittle, 1998) with quartz. This ore type is in-
ferred to have formed by layer parallel replace-
ment due to the existence of discontinuities be-
tween the layers during deformation, initially by 
quartz development (leaders) followed by py-
rite and later sphalerite (Whittle, 1998). Porter 
(1991) documents abundant pyrrhotite in this 
ore type (Fig. 16.34) ranging between <5 and 
25 modal %. This ore type may be accompa-
nied by silicification (Fig 16.39A and C). 

Sulphide Stringer Ore

This vein-related ore type may typically be low-
er grade than other ore types, with mineralisa-
tion following foliation or occuring as discordant 
veins (Whittle, 1998). Whittle (1998) note that 
sphalerite and pyrrhotite form as exsolution 
blebs in pyrite and chalcopyrite may occur as 
‘chalcopyrite disease’ in sphalerite together 
with galena (Fig. 16.38; Fig. 16.39B) . 

Slaty Breccias

Whittle (1998) suggested that slaty breccias 
comprise around 40 % of the ore making it vol-
umetrically the most important ore type at Du-
gald River. This ore type is characterised by 
an  ore assemblage similar to banded sulphide 
ore  and is considered to be an intermediate 
texture between banded ore and massive brec-
cias (Fig. 16.35; Fig. 16.38; Fig. 16.39D). Two 
sub-types are recorded (Porter, 1991; Whittle, 
1998) based on the dominant sulphide, either 
pyrrhotite- or sphalerite-type. Pyrite is abun-
dant in the sulphidic domains and gangue sil-
icates in the breccia matrix include K-feldspar, 
quartz and plagioclase with muscovite. 

Massive Breccias  
Whittle (1998) subdivided the massive breccias 
according to degree of pre-sulphide brecciation 
and the proportion of sphalerite- and pyrrhotite. 
The massive breccias include silicified breccias 
which have more rounded, rotated slate clasts 
(Fig. 16.36; Fig. 16.39F, G, H).  Pyrrhotite and 
sphalerite form the matrix cement and with re-
placement textures (sphalerite after pyrrhotite) 
common often intergrown with galena. Chalco-
pyrite occurs as exsolution lamellae in sphaler-
ite. Whittle (1998) indicated that this ore type 
largely occurs on the footwall margin of the 
lode. 

Carbonate Breccias

Documented by Porter (1991) carbonate brec-
cias (Fig. 16.37) comprise annealed calcite 
with an assemblage of pyrrhotite-sphalerite-py-
rite-quartz. Pyrite is subhedral to euhedral and 
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Figure 16.33. Alteration in the Dugald River footwall lithologies: Layer sub-parallel silicification with sphalerite (s) and pyrite (p) with boudinage (b) of the silicified zone (upper 
photo); K-metasomatism (lower photo) in a sphaleritic slaty breccia. From Whittle (1998)

is intergrown with pyrrhotite which is replaced 
by sphalerite. 
Whittle (1998) made the following conclusions 
regarding the ore textures observed at Dugald 
River: 
1) Slaty breccia and massive sulphide textures 
are indicative of significant layer parallel defor-
mation conformable with the existing fabrics 
forming layer parallel sulphide mineralisation
2) The presence of pre-deformational pyrite 
(Py1) was not a prerequisite for localising min-
eralisation
3) Ore textures relate to the degree of deforma-

tion which increases from banded to massive 
breccia ore types. 
Dugald River Gossan
The surface features of the Dugald River lode 
were mapped by Knight (1965) which crops out 
as a well defined leached gossan 2,450 m long 
and 5 - 8 m wide (Conner et al., 1990; Porter, 
1991; Fig. 16.15). Knight (1965) identified four 
lithologies in the gossan (Fig. 16.40): 
1) Cellular gossan - quartz and shale fragments
2) Massive gossan - green graphitic shale frag-
ments.
3) Black graphitic shale with gossan stringers

Table 16.4 Main ore types and mineral assemblages from Whittle (1998). 

4) Green-black graphitic shale with stringers   
Oxidation of the Dugald River lode is complete 
to a depth of approximately 12 to 20 m with 
ground water penetration to approximately 33.5 
m (Conner et al., 1990; Porter, 1991). 
 Conner et al. (1990) describe the gos-
san as consisting of secondary minerals in-
cluding barite, plumbojarosite, minor cerussite, 
smithsonite, jarosite, witherite, hemimorphite 
and beudanite.
 Taylor and Scott (1983) documented the 
geochemical dispersion patterns around the 
outcropping Dugald River lode (Fig. 16.41) in-
dicating that the gossan associated with Zn-Pb 
mineralisation contains anomalous concentra-
tions of Zn, Pb, Ag, As, Cd, Cu and Ba. Gossan 
associated with the more pyritic western lode 
is enriched in Zn, Pb, Cu, As and Tl whereas 
that associated with copper mineralisation in 
the hanging wall is elevated in Cu, As, Bi, Co, 
Mo, Ni and Sb. Dispersion reflects both hydro-
mophic processes (prior to erosion) and more 
recent dispersion due to weathering (Taylor and 
Scott, 1983).   
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Fig. 16.34 Banded ore comprising alternating 
bands of coarse grained sulphides (pyrrhotite, 
sphalerite and pyrite) with folded grey slate. 
From Porter (1991). 

Fig. 16.35 Slaty breccia with sulphides occur-
ring as disseminations, veinlets and annealed 
masses. Sphalerite forms fine grained dissem-
inations within the slate bands and as coarser 
grained veinlets crossing the foliation. From 
Porter (1991). 

Fig. 16.36 Massive breccia comprising brec-
ciated slate clasts cemented by fine to coarse-
grained sphalerite and pyrrhotite, pyrite and 
galena. From Porter (1991). 

Figure 16.38. Representative ore textures from Dugald River. From Creus et al. (2019). 
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Fig. 16.37 Carbonate breccia comprising a 
groundmass of white calcite cementing slate 
and pyrititic clasts. From Porter (1991). 

Figure 16.38. Representative ore textures from Dugald River. From Creus et al. (2019). 

Fig. 16.39 Ore textures from Whittle (1998). 

A) Banded sulphide ore (left) with weak lay-
er parallel silicification (S), minor pyrite and 
sphalerite. Cross fractures (F) contribute to 
dislocation of slate clasts. 

B) Sulphide stringer ore type (left) showing 
progressive sulphide enrichment and inten-
sification with layer specific silicification (S). 
Pyritic bands are preferentially located at the 
margins of carbonaceous bands.

 

50 mm

50 mm
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Fig. 16.39 (cont.) Ore textures from Whittle 
(1998). 

C) Banded ore type example (left) with abun-
dant pyrite and pyrrhotite and replacement of 
silicified zones (S) by sphalerite 

D) Slaty breccia - pyrite deficient (sphaler-
ite-rich) showing heterogeneous deformation 
with intrafolial folds. 

E) Slaty breccia/massive sulphide breccia (left) 
with layer parallel shearing during sulphide 
infiltration with replacement of small clasts (R). 
Sulphides form the matrix around slate clasts 
which have pyrite replacement of the slaty 
fabric.  

F) Massive sulphide breccia (left) with dislo-
cated clasts on transverse fractures (F) with 
sharp to gradational contacts (c) between 
clasts and matrix. 

G) Massive breccia with silicification (left). 
Large clasts are sub-angular with rimming by 
pyrite suggesting pyrite formed after breccia-
tion. 

H) Sphaleritic massive breccia with boudinage 
of shale clasts.  

50 mm

50 mm

50 mm

50 mm

50 mm

50 mm
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Figure 16.40. Dugald River Gossan outcrop (from Knight, 1965, in Porter, 1991).  

Figure 16.41. Dugald River gossan geochemical traverse across the main Zn-Pb lode (from Taylor and Scott, 1983).  
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WHOLE ROCK GEOCHEMISTRY
Recent wholerock geochemical datasets were 
not available for this compilation study. Limited 
investigations by Robertson (1985) and sum-
marised in Whittle (1998) document the chemi-
cal dispersion patterns around the Dugald Riv-
er lode. 

Main chemical dispersion 
Robertson (1985) identified the following chem-
ical dispersions around the main lode:
K, Rb, Mn, Pb, Li: Major dispersion up to 40 m 
into the footwall and 20 m in the hangingwall
Zn, Cd, Hg, Ba: Local dispersion 

 Whittle (1998) indicates that Mn and 
F represent the most significant pathfinders 
based on isocon methods of evaluating element 
mobility with Mn distribution being largely con-
trolled by the location and abundance of calcite 
veins. Table 16.5 from Whittle (1998) describes 
the major elemental depletion and enrichment 
observed at Dugald River. 
 Whittle (1998) suggested manganese 
dispersion at Dugald River may be attributed to 
metamorphic dispersion related to a prexisting 
mineralisation (e.g., syngenetic SEDEX style) 
event; metamorphic dispersion not related to 
mineralisation; or primary dispersion with Mn 
incorporated into sphalerite and spessartine. 
 Mn substitutes for Zn in sphalerite and 
for Ca in calcite. Consequently, Mn increases 
in the ferroan dolomite zones and in the foot-
wall spotted slates with Mn proximal to the lode 
also being incorporated into spessertine. Ele-
vated Mn in the footwall lithologies exposed at 
the surface is also shown in the geochemical 
profiles across the gossan (Fig. 16.41; Taylor 
and Scott, 1983). 

EXPLORATION GEOCHEMISTRY
Stream Sediment Geochemistry
Stream sediment geochemical data are shown 
in Figures 16.42 to 16.44 for Zn, Pb and Mn 
respectively, in the Dugald River and Roseby 
areas. These show the distribution of Zn, Pb 
and Mn (Cu and Au distribution is shown in the 
following chapter; Chapter 17: Roseby). 
 Regional stream sediment chemistry 
shows elevated Zn and Mn  east of the Dugald 
River lode outcrop (Fig. 16.42 and 16.44). Broad 
Mn anomalies coincide with the Lady Clayre 
Formation, west of the Knapdale Quartzite. 

Soil Sediment Geochemistry
Connor et al. (1990) indicate that the Dugald 
River lode is defined by sharp anomalous peaks 
for Pb, Hg and Ag with a broader Zn anomaly in 
the -80 mesh size. A distinct vegetation anoma-
ly over the gossan is caused by the abrupt de-
crease in coverage of Eucalyptus and Triodia 
grasses over the gossan (Nicholls et al. 1965).   

GEOPHYSICAL EXPRESSION
Broome and Corley (2017) indicate that ground 
and airborne magnetic, electromagnetic and 
ground-based geophysical surveys were car-

Table 16.5 Elemental depletion and enrichment around the Dugald River lode (Whittle, 1998). 

ried out at Dugald River between 1994 and 
2008. They indicate that Dugald River has 
identifiable magnetic and conductivity respons-
es. Figure 16.45 shows the regional areo-
magnetic survey of the Dugald River showing 
a moderately magnetic feature parallel to the 
N-S trend of the Dugald River Shale Member, 
broadly parallel to the trend of the mineralised 
lode. The Mount Roseby Fault marks a distinct 
boundary between highly magnetic units of the 
Corella Formation and intrusives to the east rel-
ative to weakly magnetic units to the west (Fig. 
16.45). 
 Dugald River does not have a pro-
nounced gravity signature (Fig. 16.46). The 
Knapdale Quartzite, west of Dugald River, has 
a distinct low gravity signature compared to the 
units east of the Mount Roseby Fault.
 The radiometric survey shows a strong 
respose from the Dugald River orebody or host 
sequence in the uranium (U; Fig. 16.49) where-
as K and Th are less pronounced and noisy in 
the region. 
 Raw gridded GeoTEM data from a Geo-
TEM survey flown by CRA in 1991 is shown in 
Fig. 16.50 from the Dugald River-Mount Rose-
by region showing a variety of time channels. 
This data was archived by the GSQ as Survey 
No. 495. The Dugald River stratigraphy (or ore-
body?) has a notable response in the late time 
channels (Z10 and Z15) and Cu-Au mineralisa-
tion at Blackard deposit is obvious as a positive 
response in the early time channels, likely re-
lated to the shallow oxidised (± native copper) 
body. 

AIRBORNE HYPERSPECTRAL SURVEY
As part of Queensland’s Next Generation Min-
eral Mapping project, an airborne hyperspec-
tral survey was carried out in the Dugald River 
area using a HyMap sensor (HyVista Corpora-
tion)  in collaboration with CSIRO (Cudahy et 
al. 2008). Data is available to download from 
https://qdexdata.dnrme.qld.gov.au. 
 Figures 16.51 to 16.56 show hyperspec-

tral maps and false colour images from the Du-
gald River area (Block D). Figure 16.51 maps 
mica composition (muscovite/ paragonite ver-
sus phengite). The mica composition mapping 
is sensitive to the Al-content of the white mica 
that ranges from paragonite/ muscovite (Al-
rich) to phengite (Al-poor) and driven by cou-
pled “Tschermak”substitution (Cudahy et al., 
2008). Blue colours represent the Al-rich mica 
(muscovite, paragonite), whilst red is Al-poor 
mica (~phengite; Cudahy et al. 2008). Over-
all, the mica and kaolinite abundance in and 
around the surface expression of the Dugald 
River lode is low (Figs. 16.51 to Fig. 16.56).      

TIMING OF MINERALIZATION
Relative Timing
Stratigraphic correlations in the Dugald River 
region indicate that the host sequence to miner-
alisation forms part of the Mount Roseby Schist. 
Carson et al. (2008) provided a maximum de-
trital age for a low grade metapsammite in the 
Dugald River host sequence (Mount Roseby 
Schist) of 1686±7 Ma based on SHRIMP dating 
of 69 zircons. Page (1983) reported U-Pb zir-
con ages for the Argylla Formation of 1783±5 
Ma and a maximum depositional age for the 
Boomarra Metamorphics, east of the Mount 
Roseby Fault of 1776 ±8 Ma to 1767 ± 4 Ma 
(Carson et al. 2008; Neumann et al. 2009). 
 

Absolute age
The proposed epigenetic models for ore for-
mation indicate that mineralisation significantly 
post-dated deposition of the host stratigraphy.   
Carr et al. (2004) propose an age date of 1655 
Ma for the Dugald River deposit, similar to Pb 
model ages of 1654 Ma proposed for Mt Isa 
and George Fisher. 

GENETIC MODEL
Depositional Environment
Early models proposed that the depositional 
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Dugald River

Figure 16.42 Regional stream sediment geochemistry (Zn) from open file data (QDEX data) overlain on the 1:100,000 geology map (See Fig. 16.8 for legend).
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Dugald River

Figure 16.43. Regional stream sediment geochemistry (Pb) from open file data (QDEX data) overlain on the 1:100,000 scale geological map (See Fig. 16.8 for legend).
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Dugald River

Figure 16.44. Regional stream sediment geochemistry (Mn) from open file data (QDEX data), overlain on the 1:100,000 geology map (See Fig. 16.8 for legend).
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Figure 16.45 Reduced-to-pole aeromagnetic image with 1st vertical derivative sharpening (dataset sourced from QDEX Data)
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Figure 16.46 Regional Bouguer gravity survey (dataset sourced from QDEX Data)
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Figure 16.47. Airborne radiometric (potassium, K) survey of the Dugald River region from QDEX data. 
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Figure 16.48. Airborne radiometric (Thorium, Th) survey of the Dugald River and Roseby region from QDEX 
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Figure 16.49. Airborne radiometric (Uranium, U) survey of the Dugald River and Roseby region from QDEX data. 
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Figure 16.50: Plots of raw gridded GeoTEM data from a survey flown by CRA in 1991 showing early to late time channels. The Dugald River orebody is notable in the late 
time channels (Z10 and Z15) along with Cu- and Cu-Au prospects in the Roseby district.  
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Figure 16.51 Processed false colour HyMap image of the Dugald River area (Block D) data from QDEX and CSIRO.
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Figure 16.52 HyMap mica abundance in the Dugald River area (Block D) data from QDEX and CSIRO.
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Figure 16.53 HyMap mica composition in the Dugald River area (Block D) data from QDEX and CSIRO.Blue colours represent Al-rich mica (muscovite, paragonite) red co-
lours indicate Al-poor mice (phengite). 
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Figure 16.54 HyMap mica crystallinity in the Dugald River area (Block D) data from QDEX and CSIRO. 
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Figure 16.55 HyMap - Kaolinite content in the Dugald River area (Block D) data from QDEX and CSIRO. 
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Figure 16.56 HyMap - Kaolinite crystallinity in the Dugald River area (Block D) data from QDEX and CSIRO. 
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environment for the Dugald River host rocks 
was originally a hypersaline sabka or playa for 
the footwall meta-arenites and phyllites, to flu-
vial environments for calc-silicate units (Conner 
et al. 1982; 1990). Sedimentary features in-
cluding graded bedded and slumping features 
have been identified in the Dugald River Shale 
Member (Conner et al. 1982; Neudert, 1989). 
Such slumping features characterised by con-
torted laminations have been reinterpreted 
as having tectonic origins during deformation 
of the Dugald River Shale Member (Whittle, 
1998). While others (e.g., Newbery et al., 1993) 
interpret this unit to essentially entirely repre-
sent the product of deformation in an extensive 
shear zone. Newbery et al. (1993) suggest that 
this shear zone was a listric extensional detach-
ment which juxtaposed the Lady Clayre dolo-
mite against the Corella Formation soon after 
deposition and prior to the Isan Orogeny. Dixon 
and Davidson (1993) attribute variable sulphur 
isotope systematics between the footwall lime-
stone and those of the main ore lode reflect a 
difference in sedimentary facies. 
 Modern reconstructions of the palaeoge-
ography of the Calvert Superbasin (Fig. 16.57) 
by Gibson et al. (2017) places Dugald River 
and other significant Zn-Pb deposits (e.g., Mt 
Isa) on the margin between shallow water car-
bonate platforms and deeper marine turbidite 
environments.  

Mineralisation models
 The stratabound nature of the Zn-Pb-Ag 
mineralisation at Dugald River has prompted 
competing genetic models: 
1) Syn- to early-diagenetic introduction of base 
metal rich brines (e.g., Conner et  al., 1982; 1990);  
- Based largely on the stratiform nature of the 
deposit and laminated/banded sulphide tex-
tures, carbon and sulphur isotopes from the ore 
lens and surrounding units (Dixon and David-
son, 1993).  
2) Structural modification of earlier syn-sedi-
mentary mineralisation along the Dugald River 
Shear Zone (e.g., Sheppard and Main, 1990; 
Newbery et al. 1993).
- The stratiform nature of the deposit was 
questioned by Newbery et al. (1993) and sub-
sequent work (Whittle, 1998) showed that the 
ore body cross-cuts the fabric of the Dugald 
River Shale Member and locally occurs with-
in the footwall units. Neudert (1990) described 
the lode as a mineralised and brecciated shear 
zone as opposed to a mineralised sedimentary 
bed. Textural features (e.g., sulphide breccias) 
were ascribed to post-mineralisation deforma-
tion and metamorphism (Newbery et al. 1993) 
in this ‘remobilised syngenetic-model’. 
3) Epigenetic model - structural focussing of Zn-
Pb rich fluids in a lithologically controlled shear 
zone (Dugald River Shale Member) during D4 
deformation (Xu, 1996).
- Xu (1996; 1997;1998) advocates that fine-
grained pyrite represents the only syngenetic 
sulphide phase and deposition of Zn-Pb sulphi-
des was structurally controlled during D4. 
- Accounts for the discordant nature of the lode, 
remobilised/tectonised breccia textures and 
alteration paragenesis documented by Whittle 
(1998). 

Figure 16.57 Schematic of the palaeogeography of the 
Calvert Superbasin at ca. 1,655 Ma with Dugald River 
being located at the margin between shallow water plat-
form carbonates and deeper, off-shelf, marine turbidites 
(From Gibson et al. 2017).  

POST-FORMATION MODIFICATION
Assuming an epigenetic deposit model for the 
formation of the Dugald River deposit (Xu, 
1996; 1997; 1998) post-D4 deformation-min-
eralisation involved transitional to brittle de-
formation. This includes D5 kink-folding with 
sub-horizontal axial planes and D6 N-S orient-
ed compression forming E-W folds with NE and 
NW oriented strike slip faults which segment 
the lode (Xu, 1997).  

EXPLORATION HISTORY
Discovery Method
Mineralisation at Dugald River was first record-
ed in 1881 by Queensland Government ge-
ologist R L Jack who located the outcropping 
gossan. At this time, two pre-existing shallow 
shafts were located in the deposit indicating 
discovery pre-dated 1881. The first drilling 
program in 1936 comprised three drill holes. 
The maiden Mineral Resource was reported 
in 1953 by Zinc Corporation. Drilling continued 
from 1970 through 1983 totaling 28 drill holes. 
CRA then re-estimated the Mineral Resource 
in 1987. Between 1989 and 1992 a further 200 
drill holes were drilled, resulting from the dis-
covery of the high-grade, north plunging shoot. 
Infrastructure, metallurgical and environmen-
tal studies were undertaken during this period. 
Between 1993 and 1996 irregular drilling was 
focused on the delineation of copper minerali-
sation in the hanging wall. In 1997 the project 
was transferred to Pasminco, which had en-
tered a joint venture with CRA in 1990 and later 
to Zinifex Ltd. Recompilation of the database, 
further delineation drilling, metallurgical test 
work, and the check assaying of old pulps was 
completed. Continued drilling between 2000 
and 2009 with subsequent metallurgical stud-
ies culminated in a prefeasibility (2006) and 
feasibility study by Zinifex in 2009. Structural 
analysis and a focused review on the northern 
copper zone in 2010 were completed. In 2011, 
under ownership by MMG (following a merg-

er between Zinifex and Oxiana) a decline was 
commenced which resulted in trial stoping and 
a new prefeasibilty study in 2014. 
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