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 Location of study area Epigenetic Cu and W mineralisation
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As part of NTGS framework study

>130 Cu and W mineralisation were 
visited:
- Precise location
- Mineral assemblages 
- Temporal and spatial relationship
- Geochemical character
- Sources of ore forming elements
- Mineralising processes

Two styles of mineralisation:
 Pre- to syn-tectonic, stratabound, 

syngenetic, polymetallic base metal 
mineralisation only in the Jervois 
mineral field 

 Wide-spread post-tectonic, epigenetic 
Cu–W mineralisation spatially 
associated with meta-mafic and post-
tectonic felsic rocks (this study)

See last slide for list of references

 Location, aims, and methods Epigenetic Cu and W mineralisation

*see Beyer and Whelan, AGES2021
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- North of the Delny Shear Zone in the Deep Bore 
Domain

- Two N–S-trending bodies (Yacht Club and 
Southern) exposed in 10 m deep pit

- Mineralisation at contact between ca 1.79 Ga 
metacarbonate rocks, paragneiss, and ca 1.73–
1.72 Ga Marshall Granite (endoskarn, exoskarn)

 Molyhil W–Mo deposit: local geology Epigenetic Cu and W mineralisation

Molyhil
W–Mo 
deposit

Deep Bore Domain
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adapted from: McGloin MV and Bradey RS, 2017. Molyhil tungsten–
molybdenum deposit: in Phillips NP (editor). ‘Australian Ore Deposits’. 
AusIMM Monograph 32, 565–566.

- massive and disseminated 
scheelite, powellite, and 
molybdenite together with 
magnetite; minor pyrite, 
pyrrhotite, chalcopyrite

- Gradational iron-alteration 
associated with Marshall 
Granite (iron-skarn, andraditic
hornfels)

- Muscovitisation, chloritisation, 
K-feldspar–quartz alteration

→ oxidised, weakly acidic (pH ~5–6), high-T (≥400°C) ore-forming fluids

 Molyhil W–Mo deposit: mineralisation Epigenetic Cu and W mineralisation
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Undeformed aplite dyke of Marshall Granite: 1720±18 Ma (SHRIMP U–Pb zircon)
Kositcin N, McGloin MV, Beyer EE, Reno BL and Weisheit A, 2018a. Summary of results. Joint NTGS–GA geochronology project: Base metal and
tungsten mineralisation, and skarn alteration in the Aileron Province, July 2017–June 2018. Northern Territory Geological Survey, Record 2018-009. 

Re–Os dating molybdenite model age: 1721 ± 8 Ma 
Cross A, 2009. SHRIMP U–Pb xenotime geochronology and its application to dating mineralisation, sediment deposition and 
metamorphism. PhD thesis, Australian National University, Canberra.

40Ar–39Ar hornblende cooling below 480°C: 1702 ± 5 Ma for a sample from 
molybdenite-mineralised skarn (see Reno et al, AGES2021)
Reno BL and Fraser GL, 2021. Summary of results. Joint NTGS–GA geochronology project: Constraining cooling and deformation in the 
eastern Aileron Province through 40Ar/39Ar step-heating of hornblende, muscovite, and biotite. Northern Territory Geological Survey, 
Record 2021-001.

→ mineralisation formed between ca 1.72–1.70 Ga

 Molyhil W–Mo deposit: age Epigenetic Cu and W mineralisation

Deformed phase of Marshall Granite: 1732±4 Ma (ICP–MS U–Pb apatite)
Reno BL, McGloin MV, Thompson JM and Meffre S, in prep. Summary of results. Laser ablation ICP–MS in situ apatite 
geochronology of the Molyhil tungsten–molybdenum deposit and Prospect D. Northern Territory Geological Survey, Record. 
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- East of the Charlotte Fault Zone in the Bonya Domain
- Over 60 deposits/prospects of vein-hosted Cu 

mineralisation and skarn-hosted W mineralisation
- Hosted in ca 1.79 Ga Bonya Metamorphics and felsic 

igneous rocks
- Commonly in the hinge of F3 folds and proximal to 

outcrops of ca 1.79 Ga Kings Legend Metadolerite and 
ca 1.73–1.70 Ga tourmaline-bearing dykes and quartz-
veins of Samarkand Pegmatite

 Bonya Hills: local geology Epigenetic Cu and W mineralisation

Bonya Domain

Bonya Cu deposit

Green Hoard
Cu deposit

Jericho W prospect
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- Mineralisation: in and at quartz-veins, 
stockworks, pegmatites (malachite, 
scheelite, powellite, chrysocolla, 
azurite, hematite; chalcopyrite, pyrite)

- Alteration at veins: quartz, tourmaline, 
garnet, epidote, chlorite

- Skarn alteration: quartz, epidote, 
clinopyroxene, garnet, vesuvianite, 
actinolite, calcite, minor wollastonite 

Bonya Cu deposit
Jericho W prospect

Samarkand Pegmatite

Green Hoard Cu deposit

 Bonya Hills: mineralisation Epigenetic Cu and W mineralisation

→ Brittle conditions; magmatic-
hydrothermal fluids ≥300°C, oxidised, 
weakly acidic and saline
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Molybdenite in mineralised quartz 
vein at the Bonya Cu deposit

Re–Os molybdenite isotopic age: 
1726±8 Ma (this study)

- Post-dates ca 1.75 Ga main foliation S2 and asymmetric folds F3
- Associated with veins and dykes of ca 1.7 Ga Samarkand Pegmatite 

McGloin MV, Whelan JA, Reno BL, Beyer EE, Weisheit A, Thompson JM, Meffre S and Zhukova I, 2018. Summary of 
results. NTGS LA–ICP–MS geochronology project: Jervois mineral field, Bonya Hills and Jinka Plain in HUCKITTA, 
Aileron Province, May 2014–December 2015. Northern Territory Geological Survey, Record 2018–012.

Reno BL, Weisheit A, Beyer EE, Whelan JA and Kraus S, 2019. Jervois Range Special, Northern Territory (First Edition). 1:100 000 
geological map series, 6152. Northern Territory Geological Survey, Darwin.

→ mineralisation formed at/after ca 1.73 Ga

 Bonya Hills: age Epigenetic Cu and W mineralisation

D2

D3
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 Jervois mineral field Epigenetic Cu and W mineralisation

- Sparse epigenetic Cu- and W-mineralisation similar in style to 
that in the Bonya Hills

- hosted in ca 1.79 Ga Bonya Metamorphics and associated with 
ca 1.79 Ga Attutra Metagabbro and ca 1.73–1.70 Ga Samarkand 
Pegmatite

- Post-deformational, concentrated in F3 hinge zones
→ mineralisation possibly at 1.73–1.70 Ga

Jervois Domain

Anaconda Cu prospect

Green Parrot
scheelite prospect

Reward Cu–Ag–Pb–Zn

Bellbird
Cu–Ag–Pb–Zn

- Spatial overlap with pre- and syn-deformational polymetallic 
base-metal mineralisation (see Morgan, AGES2021)
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Epigenetic Cu and W mineralisation Hybrid deposits – Rockface in the Jervois mineral field
- Cu–Ag mineralisation crosscuts S2 foliation and is 

concentrated in hinge of F3 J-Fold
- Unusual massive magnetite–chlorite alteration possibly 

indicating Cu-rich epigenetic fluids interacted with garnet–
biotite-rich meta-exhalites

garnet–biotite magnetite–chlorite–biotite

magnetite–chalcopyrite–
pyrite–quartz

chalcopyrite–pyrite

Rockface
Cu–Ag
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Ca 1.73–1.70 Ga Marshall Granite & Samarkand Pegmatite:
- weakly peraluminous
- oxidised
- fractionated

→ support active sourcing of W, Mo (Au, U, and S)

 Felsic igneous source rocks

→ support exolution of highly-saline, magmatic-hydrothermal 
fluids that can leach and transport Cu, S, Se, Bi, Fe e.g. from 
mafic country rocks (ie ca 1.79 Ga Attutra Metagabbro and 
Kings Legend Metadolerite)

→ fluid focussing and mineralisation:
- chemical traps (e.g. metacarbonate rocks)
- structural traps (e.g. S2 foliation, F3 fold hinges)
- cooling and decompression

Epigenetic Cu and W mineralisation

(all ages) → mineralisation potential for similar settings throughout the Aileron Province (e.g. 
in ALCOOTA) and in nearby provinces (e.g. Davenport and Warramunga provinces): 
see eg McGloin, AGES2017; Farias et al, AGES2021; Beyer and Whelan, AGES2021



14

Model of formation of epigentic Cu–W mineral systems in the northeastern Aileron Province
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Thank you

Epigenetic copper and tungsten mineralisation in the 
northeastern Aileron Province, central Australia
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Selected references of local and regional mineralisation studies

Epigenetic Cu and W mineralisation
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