
Abstract. The geodynamic processes that control large-scale accu-
mulations of ore are poorly understood. It has commonly been sug-
gested that massive ore deposits are generated through a combi-
nation of factors in the Earth’s system. In the Lachlan Fold Belt of
southeastern Australia, world-class orogenic gold and porphyry
gold-copper deposits formed simultaneously at ~440 Ma in distinct
tectonic settings. The driving mechanism that controlled the ex-
traordinary temporal coincidence of these deposits remains largely
unexplained. We propose that the interplay of a mega-subduction
system and mantle processes could explain the generation of the
giant ~440 Ma gold deposits and related metallogenic, tectonic,
magmatic and sedimentary events elsewhere in Australia.
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1 Introduction

The Lachlan Fold Belt in southeastern Australia is host to a
variety of mineral deposit types, and is internationally rec-
ognized as being an area of extraordinary gold endowment
(e.g. Bierlein et al. 2002). A disproportionally large number
of mineralisation ages for gold deposits in the Lachlan Fold
Belt concentrate around 440 Ma (e.g. Perkins et al. 1995; Fos-
ter et al. 1998). These include the world-class lode-gold de-
posits at Bendigo, Stawell and Ballarat, and the porphyry
copper-gold deposits at Cadia and Northparkes. Although
these deposits reflect distinct mineralisation styles that formed
in different tectonic settings (e.g. Gray et al. 2002), their
similar formation ages record an extraordinary coincidence
for which the driving mechanism remains enigmatic. Simi-
larly, the first-order controls on large ore accumulations
formed throughout Earth history remain a matter of de-
bate. To gain insight in what processes control the coinci-
dent deposition of world-class ore deposits in distinct tec-
tonic settings, we focus on the ~440 Ma event in Australia.

Throughout most of the Palaeozoic, Australia was situ-
ated on the margin of Gondwana inboard of a giant sub-

duction system that essentially surrounded the supercon-
tinent (Fig. 1). We propose that changes of subduction
zone dynamics, for instance slab break-off, along conti-
nental margins are controlling factors for the generation
of large ore deposits. In a supercontinent - mega-subduc-
tion zone setting, break-off of a portion of the subduct-
ing slab could account for the formation of extraordinary
large ore deposits.
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2 The ~440 Ma event in Australia

The occurrence of a significant large-scale event is sug-
gested based on the abundance of ~440 Ma aged events
in Central and Eastern Australia. Their distribution is il-
lustrated in Figure 2 and includes the following events:

1. Simultaneous orogenic lode gold and porphyry gold-
copper mineralisation in the Lachlan Fold Belt (e.g.
Bierlein et al. 2002; Table 1).

2. Large-scale geodynamic changes in the Lachlan Fold
Belt (e.g. Vandenberg et al. 2000; Vos et al. 2003).

3. A magmatic-hydrothermal event in the Mt. Painter
Inlier, southern Australia (Elburg et al. 2003).

4. Extensive lead-zinc mineralization in the Flinders
Ranges, southern Australia (Groves et al. 2003).

5. Large-scale geodynamic changes in the Arunta Inlier,
central Australia (e.g. Mawby et al. 1999; Scrimgeour
and Raith, 2001; Hand et al. 2002).

3 Slab break-off – a possible driving force?

We suggest that the simultaneous occurrence of events
in Australia that include the genesis of world-class gold
deposits is caused by a single broadly synchronous phe-
nomenon around 440 Ma. We hypothesise that an epi-
sode of mantle upwelling has been triggered by slab break-
off along a portion of the mega-subduction zone outboard
of south-eastern Australia at ~440 Ma. The introduction

of heat and fluids in response to mantle upwelling caused
the generation of the massive gold provinces in south-
eastern Australia. The magnitude of this event was such
that it is considered to have caused a ripple effect that
intiated changes in lithospheric conditions elsewhere in
Austrilia.

Throughout Earth history, a connection between heat
anomalies and gold mineralisation has been recognised
(e.g. Barley et al. 1998; De Boorder et al. 1998; Goldfarb et
al. 2001). In addition, most Mesozoic to recent orogenic
gold mineralisation in the Pacific Rim has been associ-
ated with accretion of arcs or oceanic plateaus and rapid
migration of subduction zones (Goldfarb et al. 1998).
During these processes, peripheral orogens undergo ma-
jor crustal contraction and crustal thickening (Collins
2003).

Previous studies in southeastern Australia suggest that
subduction lock-up in response to subduction of a buoy-
ant seamount or arc collision occurred along the south-
east Australian margin at ca. 455 Ma and controlled crustal
contraction inboard of the subduction system (e.g. Glen
et al. 1998; Squire and Miller 2003). While such a process
might explain regional geodynamic changes in the Lachlan
Fold Belt, it fails to account for the wider occurrence of
events at 440 Ma elsewhere in Eastern and Central Aus-
tralia. As part of the mega-subduction zone system sur-
rounding Gondwana, we envisage that the arrival of a
buoyant seamount or arc in the subduction system would
have created a regional heterogeneity. At ~440 Ma, a por-
tion of detached following subduction resistance outboard
of southeastern Australia.
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The removal of the cooling effect from subduction al-
lowed mantle upwelling and depressurisation and caused
significant changes in the geodynamic framework in the
southeast Australian portion of Gondwana. The instan-
taneous introduction of mantle heat has played an im-
portant role in ore deposition as well as other magmatic
and tectonic events and depositional changes that oc-
curred around 440 Ma elsewhere in Australia. The inter-
play of these processes is illustrated in Figure 3.

4 A crucial role for slab break-off in the
generation of giant ore deposits?

Could generation of giant ore deposits have been con-
trolled by heat anomalies associated with slab break-off
and related effects? De Boorder et al. (1998) recognised
a spatial correlation between hot regions in the lithos-
phere as indicated by results from seismic tomography
that are interpreted to represent detachment of a cold
slab or lithospheric root and mineralised areas in the
European Alpine Belt. Metallogenic provinces like the
Witwatersrand basin and Palaeoproterozoic basins of
West-Africa are also suggested to reflect the interactions
of mantle plumes with long-lived convergent margin sys-
tems (Barley et al. 1998). Kerrich and Wyman (1990) pro-
posed a model for Archaean lode-gold mineralisation
that includes metamorphic dehydration of submarine
volcanic and sedimentary rocks following terrane accre-
tion and cessation of active subduction. Clearly, heat
anomalies along long-lived convergent margins form a
crucial element in models for world-class mineralisation.
The long-lived nature of convergent margins allows long-

term enrichment of the margin lithosphere in response
to repeated episodes of arc and marginal-basin mag-
matism, and subduction (Barley et al. 1998). However,
the mechanism that triggers generation of world-class
metallogenic provinces during these episodes is poorly
understood.

The coincidence of the genesis of giant ore deposits
with anomalous thermal conditions along subduction
margins as illustrated in this paper and elsewhere (e.g.
Qiu and Groves 1999) suggests that instantaneous changes
in subduction dynamics, like slab break-off, play a cru-
cial role in the generation of giant ore deposits.

Acknowledgements

The study reported herein was conducted as part of the
first author’s PhD project funded by the predictive min-
eral discovery Cooperative Research Centre (pmd*CRC).

References

Barley ME, Krapez B, Groves DI, Kerrich R (1998) The late Archaean
bonanza; metallogenic and environmental consequences of the
interaction between mantle plumes, lithospheric tectonics and
global cyclicity. In: Percival JA, Ludden JN (eds). Earth’s evolu-
tion through the Precambrian, Montreal, Canada: 65-90

Basden H (1998) Geology of New South Wales; Synthesis 2, Geologi-
cal evolution, 666

Bierlein FP, Arne DC, Foster DA, Reynolds P (2001) A geochrono-
logical framework for orogenic gold mineralisation in central
Victoria, Australia. Mineralium Deposita 36: 741-767

Bierlein FP, Gray DR, Foster DA (2002) Metallogenic relationships to
tectonic evolution; the Lachlan Orogen, Australia. Earth Planet
Sci Lett 202: 1-13

Chapter 1-16  ·  Geodynamic controls on giant metallogenic provinces: Insights from gold provinces in southeast Australia



64

Collins WJ (2003) Slab pull, mantle convection, and Pangaean as-
sembly and dispersal. Earth Planet Sci Lett 205: 225-237

De Boorder H, Spakman W, White SH, Wortel MJR (1998) Late
Cenozoic mineralization, orogenic collapse and slab detach-
ment in the European Alpine Belt. Earth Planet Sci Lett 164:
569-575

Elburg MA, Bons PD, Foden J, Brugger J (2003) A newly defined Late
Ordovician magmatic-thermal event in the Mt. Painter Province,
northern Flinders Ranges, South Australia: Aust Jour Earth Sci 50:
611-631

Ewers G, Evans N, Hazell M, Kilgour B (2002) OZMIN mineral de-
posits database, Geoscience Australia (web)

Fergusson CL, Phillips D (2001) 40Ar/39Ar and K-Ar age constraints

on the timing of regional deformation, south coast of New South
Wales, Lachlan Fold Belt: problems and implications. Aust Jour
Earth Science 48: 395-408

Foster DA, Gray DR (2000) Evolution and structure of the Lachlan
Fold Belt (Orogen) of Eastern Australia. Ann Rev Earth Planet Sci
28: 47-80

Foster DA, Gray DR, Kwak TAP, Bucher M (1998) Chronology and tec-
tonic framework of turbidite-hosted gold deposits in the Western
Lachlan fold Belt, Victoria: 40Ar-39Ar results. Ore Geol Rev 13:
229-250

Glen RA, Walshe JL, Barron LM, Watkins JJ (1998) Ordovician con-
vergent-margin volcanism and tectonism in the Lachlan sector
of east Gondwana. Geology 26: 751-754

I.M.A. Vos  ·  F.P. Bierlein  ·  P.S. Heithersay  ·  G.S. Lister




