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ABSTRACT ARTICLE HISTORY
Copper-gold porphyry deposits are the world’s main source of copper and a significant source of Received 13 November 2022
gold. They consist of vein networks and their surrounding alteration zones. Commonly the deposits Accepted 12 July 2023

are centred on narrow intrusions (stocks), but calling these deposits ‘porphyries’ is unjustified
because the name carries little descriptive or genetic value. Extensional veins were formed by
hydraulic fracturing of the stocks, at depths where open spaces could not be maintained and where f . ’
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fluid pressure_apprpaches lithostatic pressure. The post-crystallisation timing of the veins is impor- porphyry; gold; magmatic;
tant because it indicates that the host stocks could not have been the direct sources of either met- hypersaline fluids;
als or ore-forming fluids. In the traditional magmatic model, precursor batholiths, lying at depth, are metamorphism
inferred to be the sources of the Cu and Au in the overlying host stocks. In this model, the batholiths
are assumed to have crystallised and produced the mineralising aqueous fluids, Cu and Au.
However, in many porphyry deposits, the concept of metal and fluid supply from deeper batholiths
is problematic. Neither Cu nor Au is strongly enriched during the crystallisation of silicate magmas,
and although hypersaline fluids are a characteristic of Cu-Au porphyry deposits globally, the source
of the Cl remains unconstrained. There is little evidence that silicate magmas can release such Cl-
rich fluids, and it remains unexplained how elevated levels of CI may be achieved in a silicate
magma. Therefore, the starting assumption that these deposits formed predominantly from mag-
matic sources and processes is questioned. This study has selectively focused on the roles of rheology,
rock mechanics, vein control, metal-enrichment processes and the sources of Cl. Non-magmatic proc-
esses may be enough to facilitate strong partitioning of Cu and Au into high-temperature, oxidising,
high-salinity, hydrothermal fluids to form Cu-Au porphyry deposits.
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KEY POINTS

1. Mineralised quartz veins were introduced in fluids during hydraulic fracturing of their host
intrusions when these stocks were brittle and had cooled significantly below their solidus
temperatures.

2. The porphyry intrusions hosting Cu-Au (copper-gold) mineralisation were not the direct sour-
ces of either the fluids or the metals.

3. The sources of Cu and Au included large volumes of surrounding and underlying rocks up to
kilometres from the sites of deposition.

4. Cu and Au do not become strongly concentrated during crystal fractionation in evolving sili-
cate magmas.

5.  Unaltered igneous rocks have relatively low Cl contents, and experiments suggest low Cl solu-
bilities in granitic to granodioritic magmas.

6. It is highly unlikely that all the Cl required for metal complexing and transport was available
from within silicate magmas.
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Porphyry deposits (as they are widely referred to in the lit- addition (Cooke et al., 2005; Sillitoe, 2010). These deposits
erature) comprise stockwork, disseminated and breccia- are very large systems that involve up to 3km? of ore and
hosted mineralisation, and are the world’s major sources of can extend to 2 km in depth. For example, El Teniente in

CONTACT G. N. Phillips @ neil@phillipsgold.com.au e The University of Melbourne, VIC 3010, Australia

Editorial handling: Bert De Waele

© 2023 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group.

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted
use, distribution, and reproduction in any medium, provided the original work is properly cited. The terms on which this article has been published allow the posting of the
Accepted Manuscript in a repository by the author(s) or with their consent.


http://crossmark.crossref.org/dialog/?doi=10.1080/08120099.2023.2237105&domain=pdf&date_stamp=2023-08-01
http://orcid.org/0000-0001-8279-8869
http://orcid.org/0000-0002-8748-1569
http://orcid.org/0000-0003-3246-3053
http://orcid.org/0000-0002-4006-9278
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1080/08120099.2023.2237105
http://www.tandfonline.com

	Abstract
	Introduction
	Structural terminology
	Magma terminology
	Ore-related terminology

	Overview of Cu–Au porphyry deposits
	Scale of the ore-forming processes—ultimately large
	Requirement for strong and efficient metal partitioning

	Quartz veins and their timing implications for Cu and Au
	Vein fill
	Vein fracture geometries
	Timing

	Magmatic processes and constraints
	Origins and chemical compositions of host stocks and dykes
	Partitioning of metals into silicate magmas
	Large precursor batholiths?
	Role of magma in providing heat energy to drive mineralising processes

	Role and importance of Cl in the ore-forming environment
	Hydrothermal processes and the partitioning of metals into aqueous fluids
	Saline- and hypersaline fluids in Cu–Au porphyry deposits
	Behaviour of Cl in sedimentary and metamorphic systems
	Evaporites as a source of Cl
	Cl in common silicate magmas
	Evolution of an aqueous fluid from crystallising magma

	Discussion and conclusions
	Evaluation of traditional magmatic model(s) for porphyry deposits
	Option A: ore metals and fluid derived from a host stock
	Option B: magmatic processes involving large precursor batholiths
	Option C: hydrothermal process involving highly saline fluid
	Overview of common options for the formation of porphyry Cu–Au deposits

	Potential to advance genetic understanding and exploration success
	Metamorphic environment of porphyry deposit formation
	Classification of Cu–Au porphyry deposits
	Final word


	Acknowledgements
	Disclosure statement
	Orcid
	References




