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The Primang Hypothesis

The factor that unifies all major types of hypogene gold
deposits is a contribution from gold-enriched upper
lithospheric mantle

In the case of magmatic Au deposits, the Au is cont  ributed
to the upper crust by gold-enriched alkalic magmas,

derived from selective melting of mantle veined and altered
by previous supra-subduction processes

In most (but not all) cases, this alkalic component has
mixed with magmas derived from other sources; this

mixing may be a critical part of the ore-forming pr ocess but
may also make the alkalic signature cryptic

Orogenic Au provinces without syn-mineralization

magmatism are also linked to the same zones of ferti  le
upper mantle but the processes by which gold is ext racted
to the upper crust remain cryptic
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CONVERGENT MARGIN GEODYNAMICS - TWO END MEMBER SCENARIOS :
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4 Extensional Geodynamics mp
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Melting
zone

Convecting
mantle

| FLAT SUBDUCTION |

B Compressional Geodynamics <

Crust Fertilisation of upper mantle

No arc magmatism
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UPPER MANTLE FERTILISATION PROCESS
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I devolatilisation ! Zone of progressive
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Convecting mantle
KEY:
@ Fertile convecting mantle
@ Preferential extraction of incompatibles
©) Depleted convecting mantle
0 Incompatible components, eg HZO, Au
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» and Au.Fertllrty

 Main lines of evidence:

— Fundamental petrogenetic capability of alkalic
magmas to concentrate Au

— Loucks & Ballard (2003) study on source of Au-
rich parental magmas

— Continental-scale heterogeneity in Au endowment
— Evidence for a post-subduction source region

— Au-enrichment in Back-arc magmas
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Gold concentrations in lavas
40 from Kilauea’s sub-marine south flank
(Sisson, 2003)
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* Loucks & Ballard (2003) conclude from a geochemical
study of igneous suites parental to Neogene magmati c Au
deposits that these magmas have a distinctive mantl e
source

— Melts from mantle regions that had been pre-enriche d
In incompatible elements by the “freezing-in” of smal I
batches of low-degree partial melts of deeper mantl e

* In subduction zone settings, low-degree alkalic melt S,
enriched in Au, may be generated at times through
processes such as flat-slab subduction and then “fro zen
in” and trapped as veins in the upper mantle

* Results in enrichment of the upper mantle, particul arly at
the margins of ancient blocks of thick lithosphere

* Enriched veins can be remobilized by later melting
processes
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Relatively primitive;
more alkalic composition

(Ba/Zr) / (SrlY)
o

0.01 &= -

Unaltered (or least-altered) representatives of ore  -productive intrusives in Phanerozoic arcs; sorted by lithophile trace elements
into gold-, copper+gold-, and copper dominant depos it types. All of the Au and Cu+Au deposits have >10 tonnes contained Au.
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Western US
Zone of Anomalous
Gold Endowment
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Sillitoe (2008)




Sillitoe (2008)
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Fra. 3 Major pold balts and sclated major deposits in the Great Basin and sumounding regions of the western United
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Western US Zone of Anomalous Gold Endowment:
Multiple Events — Multiple Deposit Types




Now Inactive Arc

Bismarck Sea
Spreading Ridge

T 5
.

Location of the modern PacManus VHMS ore-field and the main Solwara-1
deposit where the Bismarck Sea Back-arc spreading ¢ entre propagates
into a pre-existing arc (now inactive in this locat ion) : Note Proximity to
Lihir alkalic-intrusion associated Au deposit, only very recently formed

Modified from Begg (2008)
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Intrinsic Gold Enrich‘rhentin Back-Arcs:
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« Margins of old continental lithospheric blocks,
particularly if subject to previous flat
subduction

* The margins of continental fragments that have
experienced stalled and/or multiple subduction
In beneath them

* Peri-continental rift basins , developed via Back-
Arc extension-related rifting of the margins of

old continental marginal blocks

— Host IRG and Orogenic Au deposits

— Au-hosting “greenstone belts” are examples of such basins
(in the Archean they will be dominated by mafic vol canics, in
the Phanerozoic by flysch and in the Proterozoic by a mixture
of the two components)
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Pericontinental Selwyn Basin

Old North American
Craton Margin




EGP Inverted Back-Arc Basin
(an Accretionary Orogen)

NWB Pericontinental Basin

Cassidy & Champion (2004)



Modified from
Hand et al (2007)

Focus of Hiltaba (c. 1.59 Ga)
Mafic underplating event —>

Kimban (c.1.8 Ga)
Suture Zone

Zone of enriched SCLM
based on heat-flow data

Gawler Craton: I0OCG close to Paleosubduction zone; Orogenic Au inboard



Au-Fertile
Upper Mantle Zone

Lithosphere-scale
Structure

Au Deposit Genesis

Transient
Remobilization Event

The Fundamental Unified Model



Lower Crust:
(variable composition depending on
local environment)
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O “Fixed” Mantle

N

Metasomatised and Veined Upper Mantle:

(alkaline melts; Au enriched) Convecting Mantle

Mantle Wedge
(calc-alkaline melts; needs dehydrating slab)

Adapted from R.R.Loucks (unpubl.)




Proximal
(Arc)

Distal
(Pericont. Rift)

Distance from (paleo- ) Subduction Zone

Mobilization Process

Incipient Extension

Compressional Pulse _ _ _ >
Increasing degree of extension/crustal melting
Mantle Wedge Source
(calc -alkaline)
+
Upper Mantle Source
(alkaline)
Upper Mantle Progressive dilution
EEEES S S IS S . SOUI’CG W|th aesthenosphel’ic + _

Upper Mantle Source
(alkaline)
+
Crustal Source
(Flysch/mafic volcanics)

(alkaline) crustal melts




Distance from (paleo- ) Subduction Zone

Proximal
(Arc)

Distal
(Pericont. Rift)

Mobilization Process

Incipient Extension

Compressional Pulse _ _ _ >
Increasing degree of extension/crustal melting
Porphyry Suite
Cu-Au deposits
Lihir-style Taupo-style
: 3 : Henty-style
- Ir'?'\[lrlfjaiilgn asRsrl)yccigttgj Shallow-
water VHMS
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IRG and Orogenic Au
Deposits

Au dominant




Two Major Gold Ore-forming environments in Orogens



Au-enriched Mantle Lithosphere

Juvenile Oceanic
Lithospheric Mantle

A. Early Mantle Fertilization



Peri-continental
rift basin Back-arc basin

| g

€  eXtension ——

slab sinking and retreat

B. Accretionary Orogen — Extensional Phase



Intrusion hosted Au/Orogenic Au Belt Porphyry Au Belt

!Ai l Wc:-continent Crust

—> - <

Au-enriched Alkaline Melts and/or
CO2-rich fluids; generated by selective
re-melting of fertile lithosphere

C. Accretionary Orogen — Compressional Phase



Reduced \j
<

carbon

Sn-W-Mo

Important role for Magma Hybridization!

Mair (2003): Model for Tintina Au Belt



Dublin Guich
(hybrid monzonite dike)




« The nature and amount of crustal contribution
has an important influence on the type of Au-
rich system, in particular on associated
metallogeny

« This influence relates to three main
components:
— Control on magma oxidation state
— Control on magma chlorine content

— Direct contribution of elements enriched in the cru stal
section (this is relevant even in the classic non-
magmatic orogenic gold situation)



Reduced Crustal Melts

(dominantly melting of flysch sediments)

Sn-W

Cu-Au

\

Calc-alkaline Melts Alkaline Melts

(slab derived fluids + mantle wedge) (selective melting of previously

. enriched upper mantle)
Mantle-Derived Melts




Oxidized Crustal Melts

('melting of platformal sediments/felsic basement)

Mo

Cu-Au

\

Calc-alkaline Melts Alkaline Melts

(slab derived fluids + mantle wedge) (selective melting of previously

. enriched upper mantle)
Mantle-Derived Melts




Ore Fluid Unmixing
Ore Fluid Mixing (with meteoric fluids, mostly)
Thermal Zonation

Host Rock Chemistry
— eg carbonates — skarns, jasperoids



Deposit Scale Variation:
Third Order Process

Sillitoe (2010)



e Second and third order processes influence nature o f
mineralization and detailed spatial distribution bu t
not relevant to regional targeting

* Regional targeting needs to focus on the three
fundamental elements of the unified model:

— Fertile Upper Mantle Zone
— Favourable Lithospheric Architecture

— Favourable Extraction Event



