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Executive Summary 
This Record provides information to accompany the usage of two web-based map sheets showing the 
time-space distribution of Proterozoic Large Igneous Provinces (LIPs) in Australia. The maps should be 
studied in context with other maps in this national series: the Map of Australian Proterozoic Mafic-
Ultramafic Magmatic Events (which presents all magmatic events, large and small), and the Map of 
Australian Archean Mafic-Ultramafic Magmatic Events, together with their accompanying Geoscience 
Australia Records. Together, these are a comprehensive source of primary information on the place of 
mafic-ultramafic magmatism in the evolution of the Australian continent, and will be of interest to 
explorers in the search of magmatic ore deposits of nickel, platinum-group elements, chromium, 
titanium, and vanadium. 
 
Five major LIPs have been recognised, or proposed, so far in Australia, beginning with the ~1780 Ma 
Hart LIP, followed by the ~1210 Ma Marnda Moorn LIP, the ~1070 Ma Warakurna LIP, the ~825 Ma 
Gairdner LIP, and the ~510 Ma Kalkarindji LIP. The Proterozoic Eon is defined as the period from 
2500–542 Ma; the early Cambrian Kalkarindji LIP is included in this Proterozoic compilation because 
of its size and importance. Only the youngest two of these LIPs (Gairdner and Kalkarindji) are 
established as comagmatic provinces based on both time correlation and geochemical equivalence. The 
older proposed LIPs (Hart, Marnda Moorn and Warakurna) are based, so far, on time equivalence alone 
and they are yet to attract the detailed geochemical study that will support comagmatic status. The new 
national map is a primary basis for focussing and conducting such studies in the future. 
 
Map Sheet 1 presents a 1:5 000 000 scale map of all five proposed Australian Proterozoic LIPs on a 
base of the Australian Crustal Elements. Annotated inset maps at 1:7 500 000 scale highlight particular 
aspects of the three youngest LIPs. 
 
Map Sheet 2 presents a Time Series of eight 1:15 000 000 scale maps which draw attention to time-
space relationships in the spatial extents and crustal element controls on the LIPs. The Time Series 
should be studied together with the Time–Space–Event Chart in the Map of Australian Proterozoic 
Mafic-Ultramafic Magmatic Events, which is reproduced at reduced scale as Figure 8 of this Record. 
 
The compilation draws attention to some other relatively large mafic-ultramafic igneous provinces 
which could qualify as LIPs, pending further investigation. Prominent examples are the ~2420 Ma ME 2 
Widgiemooltha Event which is preserved as a very extensive dolerite dyke swarm in Western Australia, 
and the ~1590 Ma Curramulka Event of which a record is preserved across numerous crustal provinces 
in the Northern Territory, Queensland and South Australia. 
 
The two large format map sheets present the Australian Proterozoic LIPs in three distinct contexts: in 
spatial context with each other, in the overlay on Sheet 1; in spatial context with the Australian Crustal 
Elements in both map sheets; and in time-space context with the complete secular evolution of all 
Proterozoic mafic-ultramafic magmatic events in Australia, in Sheet 2. These associations provide new 
information about time and space relationships between the large volume mafic-ultramafic magmatic 
systems. The compilation provides pointers to the potential locations of large-volume, crustal-scale 
magmatic feeder zones, which are a primary exploration target for magmatic ore deposits.



 

Scope of the Map 
This Record accompanies the ‘Map of Australian Proterozoic Large Igneous Provinces, Sheets 1 and 2’, 
produced by Geoscience Australia (GA) in 2009 (GeoCat No. 69213). Production of this map was 
conducted within the Minerals Exploration Promotion Project of the Onshore Energy and Minerals 
Division of GA. The purpose is to extend and apply usage of the newly recognised Proterozoic Mafic-
Ultramafic Magmatic Events series (Hoatson et al., 2008a,b) by drawing attention to the continent-wide 
extent and volume of certain magmatic systems which may be prospective for mineralisation. The new 
map is a national-scale resource for understanding the role of mafic-ultramafic magmatism in the 
Proterozoic evolution of the continent, and will be of interest to explorers searching for magmatic-
hosted deposits of nickel, platinum-group elements (PGEs), chromium, titanium and vanadium. 
 
Large Igneous Provinces (LIPs) are relatively rare magmatic events distinguished by exceptionally large 
volumes of mafic-dominated magma emplaced over short geological periods of a few million years or 
less. The thirty Proterozoic mafic-ultramafic magmatic events (ME 1-30) recognised in Australia range 
from small local events, some restricted to a single known occurrence, to enormous continent-wide 
correlations of magic magmatism. Five of these magmatic events have been proposed as LIPs and they 
are listed below with references to the proposers.   
 
It is important to recognise that only the youngest two of the proposed LIPs may be regarded as 
formalised in the sense of meeting all the criteria of exceptionally large coeval and comagmatic igneous 
systems.  The other three LIPs have been proposed, so far, only on the basis of age correlations of 
widespread igneous units which have not yet been demonstrated to be geochemically comagmatic. 
 
Kalkarindji LIP: ME 30, ~510 Ma. This Early Cambrian magmatic event is included within the 
Proterozoic compilation owing to the size and importance of the magmatic event. It comprises extensive 
preservation of basaltic rocks across northern and central Australia. The widespread correlation of 
basaltic units was originally recognised by Bultitude (1976) and named by Glass and Phillips (2006).  
Glass (2002) and Evins et al. (2009) have substantiated both age and geochemical correlations across 
the province. 
 
Gairdner LIP: ME 26, ~825 Ma. Both extrusive and hypabyssal magmatic rocks are preserved in a 
northwest-trending belt across South and Central Australia. Recognition as a LIP was proposed by Zhao 
et al. (1994) with evidence for both age and geochemical correlations. 
 
Warakurna LIP: ME 24, ~1070 Ma. This LIP is defined by an east-west correlation of coeval mafic-
ultramafic magmatism across Western and Central Australia. Recognition as a LIP was proposed by 
Wingate et al. (2004). 
 
Marnda Moorn LIP: ME 21, ~1210 Ma. This magmatic event is preserved as coeval hypabyssal dyke 
swarms around the east, south and west margins of the Yilgarn province in Western Australia. 
Recognition as a LIP was proposed by Wingate and Pidgeon (2005). 
 
Hart LIP: ME 10, ~1780 Ma. This LIP was originally proposed on the basis of Kimberley Province 
magmatism by Tyler et al. (2006). There is extensive coeval mafic magmatism elsewhere across the 
West, North and South Australian Major Crustal Elements. 
 
Maps showing the distributions of the LIPs are presented in two A0-size sheets in both pdf and jpeg 
formats on the GA website (see http://www.ga.gov.au/map/index.jsp). It maps the LIPs in relation to 
each other, and in relation to their continental context.  
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Sheet 1 presents a 1: 5 000 000 scale map of the five Australian Proterozoic LIPs, showing how the 
geographic extents and locations of the five LIPs relate to each other, and to potentially controlling 
crustal structures expressed by the Australian Crustal Elements (Shaw et al., 1995). The map 
emphasises that there are significant common features in the locations and extents of the five LIPs. The 
regions defined by these very large magmatic events are continent-wide and intersect in a zone of 
overlap in central Australia. The crustal feeder zones of these magmatic systems focussed the passage of 
huge volumes of magma, and near-surface intrusions may be prospective for magmatic-hosted mineral 
deposits. Inset maps at 1: 7 500 000-scale highlight features of the three youngest LIPs which preserve 
elements of their crustal and palaeogeographic context.  
 
Sheet 2 presents a Time Series of 1: 15 000 000-scale maps, showing how the LIPs relate, through 
time, to the secular evolution of all Proterozoic mafic-ultramafic magmatic events, large and small. The 
time series construction identifies specific periods when the LIPs shared, and in part define, the crustal 
location controls of numerous smaller magmatic events. In this way the map series identifies the 
probable locations of repeatedly-used magmatic feeder zones through the Australian lithosphere, which 
is a primary criterion in exploration for ore deposits within the crustal-scale magmatic plumbing.  
 
The Time Series is designed to be studied in conjunction with the large-format Time–Space–Event 
Chart in Sheet 2 of the previously published ‘Map of Australian Proterozoic Mafic-Ultramafic 
Magmatic Events’ (Hoatson et al., 2008a). The chart is reproduced below, at reduced size, as Figure 8. 
 
The mapped extents and features of the Australian Proterozoic LIPs draw from the information 
compiled in the ‘Guide to using the Map of Australian Proterozoic Mafic-Ultramafic Events’ (Hoatson 
et al., 2008b). The reader is directed to that resource for all data underpinning the information that is 
portrayed in these map sheets, and for a complete listing of sources. Revisions to the coverage of LIPs 
are documented in this Record. 
 

Methods 

DEFINITION OF MAGMATIC EVENTS 
 
The series of thirty named Proterozoic Magmatic Events is that of Hoatson et al. (2008b). The 
Proterozoic Eon (2500–542 Ma) is the focus of the map. An exception is made for the Early Cambrian 
Kalkarindji LIP (~510 Ma) because of the magnitude of this magmatic episode, the overlap of its spatial 
distribution and crustal controls with earlier Proterozoic magmatic events, and the potential exploration 
importance. 
 
The Proterozoic compilation evaluated all available geochronological data that can constrain the timing 
and duration of Proterozoic magmatic ‘events’. ‘Events’ in this sense are defined as “probable geological 
incidents of significance that are suggested by geological, isotopic, or other evidence” (modified after 
Neuendorf et al., 2005). The recognition of magmatic events and their correlation has been made possible 
by the vastly increased coverage of geochronology in Precambrian Australia over the last twenty years. 
Published ages were assessed for their geochronological methods, the interpretation confidence, and 
consistency with other temporal-related evidence, e.g., field relationships of associated rock units.  
 
More than 90 per cent of the ages compiled are from U-Pb zircon and U-Pb baddeleyite systems. Sm-Nd 
isotopic studies make up most of the balance. In a few cases (mainly for mafic volcanic units in Western 
Australia), some U-Pb (monazite), Pb-Pb, Rb-Sr, K-Ar, and Ar-Ar (total cooling, fusion, plateau, 
feldspar) ages were included. The criterion of choice in each case was the best available constraint on the 
magmatic age. In some examples, ages of associated intermediate to felsic rocks were used, where the 
field relationships between the dated felsic rocks and the spatially associated mafic-ultramafic rocks were 
unequivocal, e.g., the felsic rocks were magmatically interlayered with the mafic-ultramafic rocks. 
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In context with the available resolution of Precambrian geochronology, the magmatic event series is 
defined at a maximum resolvable duration of 20 Ma (i.e., ±10 Ma). 
 
Informal magmatic event names are derived from the published names of reliably dated mafic±ultramafic 
rock units (e.g., Gairdner, Oenpelli and Hart). In cases of unnamed units, a prominent associated name, 
e.g., for a deposit hosted by the mafic±ultramafic rock unit (Bow River nickel deposit), or the formation 
or group that is intruded (Lane Creek) were used. The name of the most voluminous or prominent 
magmatic system was used for the naming of each magmatic event. For example, the ~1655 Ma Lane 
Creek Magmatic Event 14 was named after the dolerites which intrude the Lane Creek Formation in the 
Georgetown province of the North Australian Crustal Element, rather than the relatively smaller coeval 
Tarcoola mafic magmatism in the Central Gawler province of the South Australian Crustal Element.  
 
Two codes in parenthesis (m) or (mu) attached to each magmatic event name indicate the composition of 
the igneous rocks constituting that event. The (m) code signifies that only mafic rocks are present, 
whereas (mu) indicates that both mafic and ultramafic rocks are present even if the ultramafic component 
may constitute only a few percent of the total mafic-ultramafic rock assemblage. An example of this is the 
ME 8 (mu) Edmirringee Event which is dominantly mafic units throughout its extent, but includes local 
occurrences of very minor ultramafic (<5%) rock components in the ~1830 Ma McIntosh group of 
intrusions in the Halls Creek province. The named examples of the thirty Proterozoic mafic-ultramafic 
Magmatic Events are listed in Appendix 1. 
 
The compilation of Proterozoic mafic-ultramafic events includes a substantial population of Proterozoic 
magmatic rock units for which there is no published age, or having doubtful age attribution, or age data 
inconsistent with field relationships. These are assigned as Undefined Event and they are disregarded in 
the Map of Proterozoic Large Igneous Provinces whose purpose is to present the Proterozoic LIPs in the 
context of Proterozoic magmatism of known ages.  
 
A relevant factor in the recognition of ‘events’, including both LIPs and smaller mafic-ultramafic 
magmatic events, is the range of time scales of mafic-ultramafic magmatic activity. Durations range 
between two end-members. One is the magmatic processes which operate at plate margins such as 
spreading ridges and subduction zones. It is inherent in the ‘conveyor-belt’ nature of plate boundary 
environments that magmatism, while punctuated as episodes, is an essentially continuous production over 
the lifetime of the plate boundary movements. This is especially true at the scale of age resolution in the 
Precambrian where available geochronology has difficulty in resolving ages less than ~5–10 Ma apart. It 
may be difficult to resolve Precambrian plate boundary magmatism into discrete ‘magmatic events’.  
 
Intra-plate magmatism, far-field from plate boundary processes and often attributed to an exogenous 
event such as the arrival under the lithosphere of a deep mantle plume, represents the opposite end-
member in duration. The preserved records of intraplate magmatic activity usually are of short duration of 
a few million years or less, typically are isolated in both space and time, and are readily identified and 
defined as discrete ‘events’.  
 
There are caveats to the distinction of the two end-member cases. For example, the two may overlap 
where an exogenous input such as a mantle plume impinges at a plate boundary, and there are important 
intermediate situations between the two cases described. Nevertheless, the distinction is useful in 
considering the record of Proterozoic mafic-ultramafic magmatism. Both discrete and geologically-
continuous periods of mafic-ultramafic magmatism can be identified in the Australian Proterozoic Time–
Space–Event Chart (Figure 8). Sheet 2 of the Map of Australian Proterozoic Large Igneous Provinces 
presents the relationships of both discrete and continuous periods of Proterozoic magmatic activity in 
space and time. 
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DEFINITION OF IGNEOUS PROVINCE EXTENTS 
 
An igneous province may be defined as the extent in space and time of igneous rock units that relate to a 
single overall magmatic (or thermal) process. This is broader than the narrow definition above of a 
‘magmatic event’ for an igneous province may encompass multiple ‘events’ and a much longer period 
of time than the ±10 Ma resolution of the Proterozoic magmatic events series. The inferred spatial 
extent of each mafic-ultramafic magmatic event (in the case of discrete events) or group of events (in 
the case of longer periods of time) is denoted on each map by a pale hue of the colour representing that 
magmatic event. These represent provinces in which the igneous rock units share a common time-space 
context. The boundaries of these Proterozoic igneous provinces today reflect variable erosion, 
preservation and burial of evidence under cover. Where possible and appropriate, the Crustal Element 
boundaries (Shaw et al., 1995) have been used as igneous province boundaries. Where an igneous 
province extends over several such provinces and a wide geographic area, interpolation is required to 
create an inferred spatial extent boundary.  
 
Each province extent has been drawn on the basis believed to be appropriate, based on current 
knowledge. An example of the inferred extent of a discrete magmatic event is the Kalkarindji LIP on 
Sheet 1 and on Map 8 of Sheet 2. The preserved evidence is restricted to the dark purple polygons. 
However, these lie within an inferred overall extent that covers much of northern and central Australia. 
The boundaries of the Musgrave, Amadeus and Aileron provinces form part of the boundary to the 
igneous province because it is believed not to extend into these Crustal Elements. Elsewhere, the 
perimeter of the igneous province is interpolated between known solid geology occurrences. 
 
An example of an inferred province encompassing magmatism over a protracted period is Map 2 on 
Sheet 2. Six magmatic events, over a 120 Ma period from 1870-1750 Ma, share a common spatial 
distribution whose extent is inferred as the pale blue zones, defined in part from crustal element 
boundaries and in part by interpolation. 
 
DEFINITION OF LARGE IGNEOUS PROVINCES (LIPs) 
 
The published literature debating the meaning of ‘Large Igneous Province’ is enormous (cf. Ernst et al., 
2005 and references therein). Recent definitions require not merely wide areal extent in an igneous 
province, but also demonstrably huge volumes of magma, and a narrow time dimension to distinguish 
transient magmatic ‘events’ from the long-lived magmatic systems associated with plate boundary 
environments. 
 
One recent definition (Bryan and Ernst, 2008) is: “Large Igneous Provinces are magmatic provinces 
with areal extents >0.1 Mkm2 , igneous volumes >0.1 Mkm3, and maximum life spans of ~50 Ma”, with 
a suffix statement of “intraplate geochemical affinities, and characteristic igneous pulse(s) of short 
duration (1–5 Ma) during which a large proportion (>75%) of the total igneous volume has been 
emplaced”. However there is not universal agreement and some authors accept broader definitions and 
subordinate classifications (Seth, 2007).  
 
LIPs are usually considered as being dominated by mafic (±ultramafic) igneous rock units, but there are 
important examples of association with silicic magmatism, and some authors refer to silicic-dominated 
LIPs as a related class. The question of definition is related to divergent views of the mantle plume 
hypothesis of LIP formation, on which the literature is also enormous (c.f. Campbell, 2007 and 
references therein). 
 
This contribution does not take a position on definitions, accepting instead the five Australian LIP 
definitions, or proposals, already made by other authors in the context of the continuing debate.  
 
Two aspects of the Australian context are important. First, it is clearly a precondition that the broader 
definition of an igneous province must first be met, before the size and time dimension of the province 
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can be tested for adherence to definition as a LIP. Only the youngest two of the named Proterozoic LIPs 
(~510 Ma Kalkarindji LIP; ~825 Ma Gairdner LIP) have clearly been demonstrated to be both time 
equivalent and geochemically comagmatic systems throughout their extent (Glass and Philips, 2006; 
Zhao et al., 1994). The older proposed Proterozoic LIPs refer to igneous provinces recognised only by 
time equivalence of correlated igneous rock units: their geochemical coherence as igneous provinces 
 is yet to be established. 
 
Secondly, this comprehensive compilation of all Australian Proterozoic mafic-ultramafic Magmatic 
Events highlights other large and transient magmatic events which have not yet attracted a proposal as 
candidate LIPs. Prominent examples are the ~2420 Ma ME 2 Widgiemooltha Event, and the ~1590 Ma 
ME 16 Curramulka Event, outlined in the time sequence below. 
 
CRUSTAL ELEMENTS 
 
Geological province boundaries in the Map of Australian Proterozoic Large Igneous Provinces are 
derived from the Australian Crustal Elements 1:5 000 000 scale map of Shaw et al. (1995), with local 
modifications. The Australian Crustal Elements are based primarily on composite geophysical (magnetic 
and gravity) domains. The advantages of this approach to crustal elements are a consistent coverage for 
the entire continent, and the attempt to show the spatial distribution of provinces in the third (vertical) 
dimension: i.e., under younger cover. This geophysical domain map emphasises links to tectonic 
provinces, but is not a tectonic map as such. Shaw et al. (1996) discuss in detail the principles and 
applications of the Australian Crustal Elements map. 
 
The approximate easternmost limit of the Precambrian crustal elements (and of the five LIPs mapped on 
Sheet 1) is defined by the Tasman Line (Shaw et al., 1996; Direen and Crawford, 2003; Glen, 2005). 
The Tasman Line, a controversial concept in the geology and tectonics of Australia, is a zigzag line that 
crosses the eastern side of the Australian continent from north to south. It is interpreted by some 
researchers to be a regional orogenic suture that demarcates the western extent of the break-up of 
Rodinia, followed by the growth of orogenic belts along the eastern margin of Gondwana. Other 
investigators have interpreted the Tasman Line to be the westernmost limit of deformation associated 
with the eastern Australian Paleozoic fold belts (e.g., Tasman Foldbelt System). The region east of the 
Tasman Line, extending across to the eastern coast of the continent, has been referred to as the 
Tasmanides of eastern Australia. Detailed reviews of the Tasman Line and Tasmanides can be found in 
Direen and Crawford (2003) and Glen (2005), respectively. 
 

SPATIAL REPRESENTATION OF MAGMATIC EVENTS 
 
Users of the Map of Proterozoic Large Igneous Provinces are cautioned that there exists no single solid-
geology map for all Australia. Base maps used are the most current solid-geology coverages available 
from the State and Northern Territory geological surveys. These maps vary in their mapping 
approaches, coverage, scale and detail. For example, Western Australia, South Australia, New South 
Wales, Victoria and Tasmania have solid-geology coverages but variations in the mapping approaches 
are evident, especially where maps join at State borders. In Queensland and the Northern Territory, a 
variety of local and regional maps at a range of scales was used. The representation of mafic and 
ultramafic magmatic units across the national compilation varies significantly because of the limitations 
and different scales of these disparate sources.  
 
The advantage of solid-geology coverage, over outcrop-based maps, is insight into the total areal extent 
of rock units under younger cover. This is a primary criterion when assessing the overall volume of 
magmatic systems and the identification of Large Igneous Provinces. Areal extent cannot fully constrain 
the volume of a magmatic system, however, owing to subsequent erosion and the difficulty in assessing 
original thicknesses of rock units. 
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Other thematic mapping sources were integrated to achieve a more complete representation of Proterozoic 
mafic-ultramafic rocks. These include the province-wide coverage of unassigned mafic dykes and sills in 
Western Australia (Myers and Hocking, 1998), the inferred distribution of gabbroic intrusions under 
cover in the Officer Basin of Western Australia (D’Ercole and Lockwood, 2004), and coverage of mafic 
dyke swarms on 1:250 000 geological sheets from the Northern Territory and Queensland. Where State or 
regional scale maps did not include important individual mafic-ultramafic units they were incorporated 
from other sources (e.g., Milliwindi Dolerite Dyke, Kimberley, Western Australia: Hanley and Wingate, 
2000; Loongana Intrusion, Eucla Basin, Western Australia: Bunting, 2007). 
 
The thirty magmatic events which have been defined are assigned a colour code in the colour spectrum 
from purple through blue, green, yellow and red to mauve as a simple visual cue of relative age from 
old to young. 
 
Available solid-geology maps do not always directly represent the presence of mafic-ultramafic rocks. 
Large igneous rock units usually are denoted with a discrete polygon. However, small units of mafic-
ultramafic rocks often are subsumed as a minor component of a regional rock package. It is necessary to 
include both types of unit in this compilation to properly represent the geographic extent, correlation 
and likely volume of each magmatic event. Accordingly a two-fold system of colour legend has been 
deployed: 
 

1. Bold colours are used on the map where the mafic-ultramafic rocks constitute the dominant 
component of a map unit. 

 
2. Pale colours of the same hue denote the presence of a minor component of coeval mafic-

ultramafic rocks within a regional package of rocks: this is applied to map units of associated 
sedimentary, metamorphic, and felsic igneous rocks wherever they include minor mafic-
ultramafic units.  

 
Examples of this dual legend occur throughout the Sheet 1 maps at 1:5 000 000 and 1:7 500 000 scale. 
At the more condensed 1:15 000 000-scale of the maps in Sheet 2 the distinction is removed and only 
bold colours are shown. The large area of Magmatic Event 8 in central Australia, for example (Sheet 2, 
Map 2, blue colour), does not denote a large mafic magmatic unit: it represents a volumetrically small 
but regionally widespread component of metabasalt and metadolerite in dominantly sedimentary units 
of the Aileron and Tanami provinces. Small colour-coded labels (e.g., ME 8) are placed within, or 
adjacent to, rock units on the maps to facilitate the identification of magmatic events across the 
continent. 
 
A problem encountered in construction of this Map has been the variable treatment of mafic dyke 
swarms in regional solid-geology maps. Individual dykes are small bodies and map compilers 
frequently omit them from regional scale maps. This is unfortunate, because the collective importance 
of a swarm of dykes can be significant. Particular effort has therefore been made to source map 
representation of mafic dykes wherever they are known, sometimes by recourse to detailed 1:100 000 
and 1:250 000 solid geology and outcrop maps. 
 

GIS TECHNIQUES 

The National Map was produced using ArcGIS version 9.3. The feature files showing the distribution of 
mafic and ultramafic rocks and the attributes of magmatic events are stored in a ArcGIS geodatabase. 
The feature files are grouped by event to obtain event-maps showing the distribution of mafic and 
ultramafic rocks of that event. Since the geological datasets from the State and Northern Territory 
geological surveys do not follow standardised attributes for rocks, it was not possible to create a 
seamless nation-wide dataset of mafic and ultramafic rocks. The same lack of standardisation across 
regional and State / Northern Territory map sources and datasets prevents publication as a unified GIS 
or geodatabase, so the resulting multi-source map is made available as pdf and jpeg images. 
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Sequence of Associated Maps and Reports 
All the maps in this series can be downloaded free on-line in pdf and jpeg formats from Geoscience 
Australia’s general map website http://www.ga.gov.au/map/index.jsp under the heading Geology and 
the sub-heading ‘Mafic-Ultramafic Magmatic Events’. Both the pdf and jpg files can be printed using 
large-format colour printers. To avoid truncation, or the compression of scales, it is important to select 
paper sizes and printing protocols appropriate to your plotter when printing large-format images. 
 
The Map of Proterozoic Large Igneous Provinces, with this accompanying Geoscience Australia 
Record, completes a series of thematic maps and reports on Australian Precambrian mafic-ultramafic 
magmatism. Outcomes from the study are available as: 
 

1. ‘Map of Australian Proterozoic Mafic-Ultramafic Magmatic Events: Sheet 1 of 2’.  
1:5 000 000 map of thirty newly-defined Proterozoic magmatic events. Published 2008.  

2. ‘Map of Australian Proterozoic Mafic-Ultramafic Magmatic Events: Sheet 2 of 2’. Large-
format Time–Space–Event Chart; 1: 10 000 000 inset map of LIPs; 1: 10 000 000 inset map of 
associated mineral deposits. Published 2008.  

3. ‘Geoscience Australia Record 2008/15’ documents the information base of the national 
Proterozoic Magmatic Events Maps and the accompanying Time–Space–Event Chart. 
Published 2008. 

4. ‘Map of Australian Archean Mafic-Ultramafic Magmatic Events, Sheet 1 of 2’.  
1: 5 000 000 map of Archean magmatic events. Published 2009. 

5. ‘Map of Australian Archean Mafic-Ultramafic Magmatic Events, Sheet 2 of 2: Yilgarn 
Craton’. 1: 3 000 000 maps of the distribution of Archean magmatic events and 
characterisation of komatiite units in the Yilgarn Craton. Published 2009. 

6. ‘Geoscience Australia Record 2009/41’ provides a commentary and information base for the 
Map of Australian Archean Magmatic Events. Published 2009. 

7. ‘Map of Australian Proterozoic Large Igneous Provinces, Sheet 1 of 2’. 1: 5 000 000 map 
of the five Proterozoic Large Igneous Provinces; 1:7 500 000 inset maps annotated with 
features of the three youngest LIPs. Published 2009. 

8. ‘Map of Australian Proterozoic Large Igneous Provinces, Sheet 2 of 2:. Time Series of 
Proterozoic Mafic-Ultramafic Magmatic Events’. Secular evolution of LIPs and other mafic-
ultramafic Magmatic Events related to the Australian Crustal Elements. Published 2009. 

9. ‘Geoscience Australia Record 2009/44’ (this document) provides a commentary and 
information base for the Map of Australian Proterozoic Large Igneous Provinces. Published 
2009. 

 
The study of the time and spatial distribution of Precambrian mafic-ultramafic rocks has been a staged 
process over four years. Earlier interim maps presented regional subsets of Proterozoic information 
confined to Western Australia, South Australia and the Northern Territory. These were published as: 
‘A Synthesis of Australian Proterozoic Mafic-Ultramafic Magmatic Events. Part 1: Western 
Australia’ 1: 3 500 000 map. Published 2006. 
‘A Synthesis of Australian Proterozoic Mafic-Ultramafic Magmatic Events. Part 2: South 
Australia and Northern Territory’ 1: 4 000 000 map. Published 2007. 
The completed national Proterozoic map updated and superseded the interim regional Proterozoic maps. 
The new map of Large Igneous Provinces similarly updates the coverage of LIPs. 
 
Ideas and information evolved during the course of the study. The Proterozoic Magmatic Events series 
established for the national map remains unchanged, however. The national Map of Large Igneous 
Provinces, and the earlier national Map of Proterozoic Mafic-Ultramafic Magmatic Events, both deploy 
the same event definitions, names, and colour legend, to facilitate cross-reference. In particular, the 
large format Time–Space–Event Chart in Sheet 2 of the Magmatic Events Map is integral to reading the 
Map of Large Igneous Provinces and employs the same legend and symbology. 
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Map of Australian Proterozoic LIPs, Sheet 1 
Sheet 1 presents a feature map at 1:5 000 000 scale of the five named Proterozoic LIPs. Inset maps and 
explanatory text on the right side of the sheet present, at more detailed scale, features of the three 
youngest LIPs which preserve aspects of their crustal context. Figure 1 summarises the approximate 
distributions of these major provinces. 
 

         
 
Figure 1: Approximate distributions of the five Australian Proterozoic Large Igneous Provinces. 
 
 
Proterozoic mafic-ultramafic magmatic units have been assigned to thirty Magmatic Events (ME) 
ranging in age from the Early Paleoproterozoic ~2455 Ma (ME 1) to the Early Cambrian ~510 Ma (ME 
30). This latter event was included, although its age lies slightly outside the Proterozoic, because it 
represents one of the largest known LIPs and impacted on much of northern and central Australia. 
Within this series, the five named LIPs comprise Proterozoic Magmatic Events ME 10 (Hart LIP ~1780 
Ma), ME 21 (Marnda Moorn LIP ~1210 Ma), ME 24 (Gairdner LIP ~825 Ma), and ME 30 (Kalkarindji 
LIP ~510 Ma). The colour legend applied to this map is the same as that of the Map of Proterozoic 
Mafic-Ultramafic Magmatic Events, to facilitate cross-referral. 
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It is emphasised that time-equivalent magmatism in different provinces shown on the map, and in the 
Time–Space–Event Chart, does not necessarily imply cogenetic magmatism. Only two of the mapped 
LIPs are defined from both correlated ages of units and cogenetic geochemical association. These are 
the two youngest: the ~510 ME 30 Kalkarindji LIP (Glass, 2002; Evins et al., 2009) and the ~825 Ma 
Gairdner LIP (Zhao et al., 1994). The three older LIPs are proposed, so far, only on the basis of 
correlated ages without support from detailed geochemical studies. In particular, the oldest magmatic 
event proposed as a LIP, the ~1780 Ma Hart Event, has age-correlated units in widely separated 
provinces and their cogenetic association is yet to be established. 
 
The LIPs are shown superimposed on the framework of the Major Crustal Elements of the Australian 
continent, and their constituent provinces (modified after Shaw et al., 1995). The framework of named 
Crustal Elements is shown in Figure 2 and delineates upper-crustal elements based primarily on 
composite geophysical domains, each of which shows a distinctive pattern of magnetic and gravity 
anomalies. The elements are related to basement features, rather than the covering sedimentary basins 
which tend to mask or distort the geophysical characteristics. Boundaries between these regional 
elements are interpreted to define crustal-scale changes in composition or structural pattern, or both 
(Shaw et al., 1996). 
 
Some of the Shaw et al. (1995) provinces boundaries have been modified locally for the purpose of the 
current map, to take account of new geophysical and other datasets obtained since 1995. Modifications 
are: 

 the locus of the Tasman Line in North Queensland is modified to reflect the recommendations of 
Nishiya et al. (2003); 

 the Warumpi province boundary in central Australia is drawn to accommodate the description of 
Scrimgeour et al. (2005); 

 the boundary of the South Australian Element is drawn to exclude the Albany-Fraser province 
and include the Peake and Denison Inliers; and 

 subdivision of the South Australian Element into Southwest Gawler, Central Gawler, North 
Gawler, East Gawler and Coompana provinces follows recommendations of Skirrow (pers. 
comm., and 2009) based on a recent study of the Gawler Craton by Geoscience Australia and the 
Department of Primary Industries and Resources, South Australia. 

 
The three part colour legend distinguishes between: 

(1) Bold colours denoting polygons where the mafic-ultramafic rocks comprise the dominant 
component 

(2) Pale colours of the same hue denoting the presence of a minor component of coeval mafic-
ultramafic rocks within a regional package of rocks.  

(3) Very pale colours of the same hue denoting the inferred spatial extent of the magmatic 
province. 

 
Map users are cautioned that polygons of Subordinate colour for a given magmatic event may represent 
very small components of mafic rocks: for example, a very subordinate quantity of metabasalt and 
metadolerite in the dominantly sedimentary rock packages of a region. 
 
The eastern limit of the LIPs is shown abutting the Tasman Line (Shaw et al., 1995, 1996; Direen and 
Crawford, 2003; Glen, 2005). The locus, meaning, and even the existence of this zigzag line that crosses 
the Australian continent from north to south is controversial (c.f., Direen and Crawford, 2003). The 
Tasman Line is interpreted by some investigators to be a regional orogenic suture that demarcates the 
western extent of the break-up of Rodinia, followed by the growth of orogenic belts along the eastern 
margin of Gondwana. Other investigators using geophysical data have interpreted the Tasman Line to 
be the westernmost limit of deformation associated with the eastern Australian Paleozoic fold belts. 
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Figure 2: Major Australian Crustal Elements and province names used in this compilation, after 
Hoatson et al. (2008b) 
 



The map highlights the geographic distinction of the Marnda Moorn LIP, which comprises a dolerite 
dyke swarm restricted to the margins of the Yilgarn Crustal Element. The other four LIPs share 
important spatial characteristics and their extents overlap in a broad area of central Australia.  
 

- The earliest, ~1780 Ma, Hart LIP is preserved as disconnected fragments in five separate 
crustal zones across the West, North, Central and South Australian Crustal Elements.  

- The ~1070 Ma Warakurna LIP is an east-west correlation of mafic-ultramafic rock units in the 
West and Central Australian Crustal Elements. 

- The ~825 Ma Gairdner LIP is the correlation of a major NW-trending dolerite dyke swarm 
across the South, and Central and North Australian Crustal Elements, together with lavas and 
sills in the basal stratigraphy of structural remnants of the Centralian Basin. A single dated 
mafic rock unit in drillcore of the Paterson province, now buried by later sedimentary basins, is 
evidence that extends the inferred distribution into that province. 

- The ~510 Ma Kalkarindji LIP comprises lavas and sill complexes preserved on either side of 
the same NW-trending ‘Gairdner’ corridor across the Australian continent, together with NW-
trending dykes and highly deformed and metamorphosed mafic rock units preserved within the 
NW-trending zone. 

 
The overlay of all five LIPs on the 1:5 000 000 map highlights shared spatial characteristics. Marked by 
black ovals on the face of the map are two regions of central Australia which uniquely preserve 
remnants of four major LIPs (excluding the geographically distinct Marnda Moorn LIP). These zones of 
the Australian continent have repeatedly channelled the passage of huge volumes of mafic-ultramafic 
magma through the lithosphere and may be a pointer to primary lithospheric-scale controls. 
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Figure 3: Inferred distribution of the Hart LIP 
 
The Hart LIP (~1780 Ma) comprises zones crossing all the Major Crustal Elements west of the 
Tasman Line. The original LIP proposal was confined to Kimberley province where the Carson 
Volcanics and Hart Dolerite represent an estimated volume of 250,000 km3 of mafic magma. Tyler et al. 
(2006) point out that the geology of these units is not known in detail. Large time-equivalent belts of 
mafic magmatism exist in four additional zones across the continent. Two are north-south belts in the 
east of the North and South Australian Elements. Two are east-west belts in the West Australian 
Element, and the south margin of the North Australian Element. Detailed geochemical and other work is 
needed to establish the extent to which they may represent comagmatic systems. The pairs of magmatic 
belts would be linked by closure of the northeast-trending crustal zone that now separates them. 
Gregory et al. (2008) have shown that ME 10 lavas in Mt Isa province were PGE-enriched, and that 
there was subvolcanic extraction of small-volume PGE-rich, Ni-poor sulphides. This creates the 
potential for discovering PGE-rich mineralisation in subvolcanic feeder zones. ME 10 mafic intrusions 
in the Aileron province (Attutra Metagabbro) and Kimberley province (Hart Dolerite) do contain 
reported occurrences of PGE-Au-V mineralisation. Detailed geochemical work across the separate 
provinces is required to investigate if there are other geochemical links that would support consideration 
of the Hart LIP as more widely prospective for PGE mineralisation in subvolcanic intrusions. 
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Figure 4: Inferred distribution of the Marnda Moorn LIP 
 
The Marnda Moorn LIP (~1210 Ma) is constructed from what were once thought to be disconnected 
dyke swarms of widely different orientations around the west, south and east margins of the Yilgarn 
province. Wingate and Pidgeon (2005) assembled dating information which shows them all sharing a 
common emplacement age ~1210 Ma. So far, the only distinguishing feature of these dykes is their age. 
The highly varied emplacement orientations are similar, in places, to otherwise separate Yilgarn 
province dyke swarms emplaced during different magmatic events, including the earlier east-west 
trending ~2420 ME 2 Widgiemooltha Event, and a later suite of east-west dykes identified at the 
northwest margin of the Yilgarn province as part of the ~1070 Ma ME 24 Warakurna Event. Most of the 
dykes are poorly exposed, weathered, or buried under later cover. Thus, the extent of the swarm is 
established mainly from aeromagnetic data which delineate the dykes under cover. Geochemical data, 
which would associate the swarm as one comagmatic system, is lacking. Only small hypabyssal 
intrusions are known: evidence for larger intrusions and erupted lavas is absent. This LIP is notable as 
the first Proterozoic mafic-ultramafic Magmatic Event to include a presence within the Pinjarra 
province at the West Australian coastline. Map 4 on Sheet 2 shows that it is one of a series of magmatic 
events during the period ~1470–1130 Ma that share a time-space characteristic extending a northeast-
trend from the southeast margin of the Yilgarn province. 
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Figure 5: Inferred distribution of the Warakurna LIP 
 
The Warakurna LIP (~1070 Ma) exhibits the problem of preservation inherent in older magmatic 
suites. The LIP extent is drawn following Wingate et al. (2004), with the province boundaries of the 
Tasman Line and the Pinjarra province indicated as the LIP boundaries in the east and west. This LIP is 
over 1 Ga old and subsequent changes in the continent mean that its paleogeographic context is difficult 
to reconstruct. The same tectonism has also exposed deeper crustal levels of the magmatic plumbing, 
including very large mafic-ultramafic intrusions emplaced in the deep crust of the Musgrave province. 
This makes the province more prospective for magmatic Ni-Cu-PGE deposits which may be hosted in 
such intrusions in the exploitable shallow exposure levels of the crust. Differential tectonism means that 
correlation of units that potentially define the LIP is not always clear. For example, the overall extent of 
the LIP is evident as a broad east-west trending zone: but coeval dykes in the south margin of the North 
Australian Element are orthogonal to this direction. The correlation of the Musgrave province Giles 
Complex is based on time equivalence only, and this age evidence is being questioned (Smithies et al., 
2009). The main age constraint for the Giles Complex is for a 1078 ± 3 Ma felsic unit associated with 
the Bell Rock intrusion (Sun et al., 1996). It is possible that the unit is a later sill and that the age is, 
therefore, a minimum for the age of the mafic-ultramafic intrusions. Detailed geochronology is required 
to substantiate the age relationships of this important province of mineralised intrusions. 
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Figure 6: Inferred distribution of the Gairdner LIP 
 
The Gairdner LIP (~825 Ma) was proposed by Zhao et al. (1994) from the age and geochemical 
correlation of NW-trending dykes in the South and Central Australian Major Crustal Elements with 
comagmatic lavas and sills in the basal stratigraphy of the Amadeus and Adelaide provinces. The LIP 
distribution is extended here, beyond the original definition, to include coeval mafic sills in the basal 
stratigraphy of the West Officer Basin (Williams, 1992; Scotnicki et al, 2008), which is another remnant 
of the Centralian Superbasin. Evidence that the LIP also extends into the Paterson province, under the 
younger cover of the Canning Basin, includes recent ages for a mafic-intermediate intrusion (Reed, 
1996) and a mafic sill in drillcore (Maidment et al., 2008); both have a similar stratigraphic position to 
the sills in the West Officer Basin.  There is also a swarm of undated NW-trending dolerite dykes at the 
southwest margin of the Kimberley province (Griffin et al., 1993) with a location and orientation 
consistent with the Gairdner LIP, but further work is required to test the inference that they form part of 
the same magmatic event. Components of this LIP have undergone more tectonic disruption than the 
younger ~510 Ma Kalkarindji LIP and deeper, hypabyssal, components of the crustal feeder plumbing 
are exposed. The distribution drawn here clearly defines a NW-trending linear zone (later reactivated for 
the Kalkarindji LIP and the Larapinta Seaway) as the dominant control. 
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Figure 7: Inferred distribution of the Kalkarindji LIP 
 
The Kalkarindji LIP (~510 Ma) encompasses the original definition within Northern Australia by 
Glass and Philips (2006) and extension to the West Officer Basin (Evins et al., 2009), but excludes the 
Musgrave and Amadeus provinces which contain no evidence of this LIP. The Irindina province at the 
southern margin of the North Australian Element is included from the evidence of ~510 Ma mafic 
igneous rocks (Maidment, 2005). The inset map on Map Sheet 1 overlays the Early Palaeozoic 
Larapinta Seaway which developed over this period (Cook, 1988; Cook and Totterdell, 1991). The 
development of this linear marine feature suggests that the Kalkarindji LIP coincided with the 
development of a shallow-marine rift environment across the continent, with the volcanic sequences 
now preserved to either side. The youngest Australian LIP has undergone the least tectonic disruption. 
The lava sequence is still preserved in many areas and subvolcanic feeder intrusions are still buried. 
However, the Milliwindi and associated dolerite dykes in northwest Australia are components of the 
Kalkarindji LIP (Hanley and Wingate, 2000). These dykes lie at the margin of the Larapinta Seaway, 
supporting identification of this zone as the primary location control. At the southeast end of the same 
corridor, highly deformed and metamorphosed ~510 Ma mafic rock units in the Irindina province are 
coincident with the Kalkarindji LIP; these little-studied igneous units are in juxtaposition with 
Centralian Basin sedimentary rocks. 
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Map of Australian Proterozoic LIPS, Sheet 2 
RELATIONSHIP WITH TIME–SPACE–EVENT CHART 

Figure 8 is the Proterozoic Time–Space–Event Chart of Australian mafic-ultramafic magmatic events, 
updated from Sheet 2 of the Map of Australian Proterozoic Mafic-Ultramafic Magmatic Events 
(Hoatson et al., 2008). This chart is an integral part of studying the Proterozoic LIPs for the information 
it presents on the presence or absence of certain magmatic events in each geological province. The 
patterns of event evolutions expressed by the Time–Space–Event Chart should be compared with the 
spatial presentation in Sheet 2 of the Map of Australian Proterozoic LIPs. 
 
The Proterozoic Time–Space–Event Chart in this Record has received the following revisions 
subsequent to that published by Hoatson et al. (2008a): 

- the ~825 Ma ME 26 Gairdner Event (Gairdner LIP) is now extended to include Paterson 
province (see P 16) 

- the ~755 Ma ME 28 Mundine Well Event is extended to include Yilgarn and Capricorn 
provinces (c.f. Wingate and Giddings, 2000) 

 
Two prominent aspects of the Time–Space–Event Chart are important in comprehending the place of 
LIPs in the Proterozoic evolution of the Australian continent. One is the relationship of the West 
Australian Major Crustal Element to the rest of the continent. Mafic-ultramafic magmatic events within 
the West Australian Element are relatively sparse and widely separated in time. This contrasts with the 
pattern in the North and South Australian Elements, both of which contain a higher density of events, 
especially between ~1870–1590 Ma. Before ~1850 Ma, there is little evidence of correlation of mafic-
ultramafic events between the West Australian and the other Australian Crustal Elements. Starting with 
the ~1850 Ma Sally Malay Event, some (but not all) of the mafic-ultramafic magmatic events seen in 
the North and South Australian Elements are also seen to correlate into the West Australian Element.  
 
The other relevant aspect of the Time–Space–Event Chart is the distinctive high density of mafic-
ultramafic magmatic events in the North and South Australian Crustal Elements in the ~300 Ma period 
~1870–1590 Ma, and the contrast of this geologically continuous period of magmatism with the 
dispersed pattern of discrete events throughout the rest of the Proterozoic evolution. The West 
Australian Crustal Element shares only two episodes of this period of continuous magmatic activity: the 
~1850 Ma Sally Malay Event and the ~1780 Ma Hart Event. The ~1780 Ma Hart Event is the Hart LIP.  
 
Within the West Australian Crustal Element there is a distinctive ~300 Ma hiatus following the spatially 
extensive ~1780 Ma Hart LIP. A similar ~300 Ma hiatus is seen in the North and South Australian 
Elements following the widespread ~1590 Ma Curramulka Event. Following this period, all Major 
Crustal Elements entered a period of relative magmatic quiescence punctuated by discrete mafic-
ultramafic magmatic events widely spaced in time. Some of these magmatic events are small and 
confined to just one geological province. Four are widely correlated LIPs: the ~1210 Ma Marnda Moorn 
LIP confined within the West Australian Crustal Element, followed by the ~1070 Ma Warakurna LIP, 
the ~825 Ma Gairdner LIP and the ~510 Ma Kalkarindji LIP, all of which correlate widely across all the 
Major Crustal Elements 
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TIME SERIES OF PROTEROZOIC MAFIC-ULTRAMAFIC MAGMATIC EVENTS 

 
Sheet 2 of the Map of Australian Large Igneous Provinces is a time series construction at 1:15 000 000 
scale showing the secular evolution of the five named LIPs in time-space context with all thirty mafic-
ultramafic magmatic events, and in spatial relation to the Australian Crustal Provinces. The Proterozoic 
evolution of mafic-ultramafic magmatic events falls naturally into eight time periods, each presented as 
a map in sequence and described in turn in the following pages. This time series should be compared 
with the Proterozoic Time–Space–Event Chart. 
 
Map users are cautioned that the reduced scale of these maps does not permit distinction between solid 
geology polygons that are dominantly mafic-ultramafic rocks, and polygons representing regions that 
may contain very small components of mafic rocks. For example, the geographically widespread 
presence of Edmirringee Event ME 8 in central Australia represents a very subordinate quantity of 
metabasalt and metadolerite in the dominantly sedimentary rock packages of that region. Detail of the 
distinction between the two types of polygon representation is found in the 1: 5 000 000 Map of 
Australian Proterozoic Mafic-Ultramafic Magmatic Events (Hoatson et al., 2008a,b). 
 
In each of the eight maps there is drawn an inferred extent for all the mafic-ultramafic magmatic events 
within the relevant time period. This is distinct from the extents inferred for LIPs because the inferred 
igneous provinces here may refer to magmatic activity over long periods of time. The restricted time 
intervals of the named LIPs are included within the broader periods grouped in Maps 2 (Hart LIP), 4 
(Marnda Moorn LIP), 5 (Warakurna LIP), 6 (Gairdner LIP), and 8 (Kalkarindji LIP). 
 
The time sequence maps suggest that other Proterozoic magmatic events may potentially meet the 
definition of LIPs, but their attribution will require further work. An example is the ~2420 Ma ME 2 
Widgiemooltha Event in Map 1, of which the preserved area of east-west dolerite dykes may be only a 
remnant of the original extent of the igneous province.  Another remnant of the same event may be the 
Sebanga Poort dyke swarm in the Zimbabwe craton of southern Africa (Söderlund et al., in press).  The 
~1590 Ma ME 16 Curramulka Event is also prominent for its wide spatial correlation across both the 
North and South Australian Major Crustal Elements, extending also into early protoliths of the 
Musgrave province in Central Australia.  
 
The Tasman Line in this study is modified after Shaw et al. (1995). It is used as a simplified notional 
reference for the easternmost limit of the Precambrian components of the continent. However, the 
youngest Proterozoic mafic Magmatic Event (ME 29, ~575 Ma) occurs east of the line; and the Early 
Cambrian Kalkarindji LIP (ME 30, ~510 Ma) occurs wholly on and within the earlier Proterozoic 
basement west of the line. 
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Figure 9: Australian Proterozoic Mafic-Ultramafic Magmatic Events ~2500–1900 Ma. 
 
 
Prior to ~1870 Ma, the Australian mafic-ultramafic magmatic record is confined to the western half of 
the continent. The dominant expression of this period is a series of east-west trending mafic-ultramafic 
magmatic belts. The pattern of east-west magmatic trends in this part of the continent remains a feature 
to the end of the Proterozoic. 
 
Proterozoic Magmatic Events 1, 3, 4 and 5 comprise a series of events preserved as east-west belts at 
the southern margin of the Pilbara crustal province and the northern margin of the Yilgarn province. 
The ~2015 Ma ME 4 Stag Creek Event, and the ~1910 Ma ME 5 Ding Dong Downs Event, are the first 
to have expression within the North Australian Element, in the Pine Creek and Halls Creek provinces. 
 
The ~2420 Ma ME 2 Widgiemooltha Event is of wide geographic extent, comprising an east-west mafic 
and ultramafic dyke swarm that traverses the Yilgarn province. The full extent of this igneous province 
may be wider than that shown to both the south and north. An arbitary southern extent is shown where 
the Widgiemooltha dykes are crossed by the later ~1210 Ma ME 21 Marnda Moorn Event dolerite 
dykes at the southern margin of the Yilgarn province. The two sets of dyke orientations are similar in 
this area, making it difficult to distinguish the two. It is possible that the Widgiemooltha province 
extends south to the margin of the Yilgarn province, but confirmation will require detailed field, dating 
and geochemical study. Similarly, the northern boundary is drawn arbitrarily where the Widgiemooltha 
dykes are crossed by the later ~1070 ME 24 Warakurna dykes, which also have a similar east-west 
orientation. The Widgiemooltha Event has not yet been proposed for attribution as a LIP, but it could 
qualify on its spatial extent. The preservation evidently represents an eroded and tectonically 
dismembered remnant of the original province, parts of which may reside within other continental 
fragments.  The very similar Sebanga dyke swarm in the Zimbabwe craton of southern Africa has been 
proposed as another remnant of the same magmatic event (Söderlund et al., in press). 
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Figure 10: Australian Proterozoic Mafic-Ultramafic Magmatic Events ~1870–1750 Ma. 
 
 
Starting with the ~1870 Ma ME 6 Bow River Event, an intense and geologically continuous period of 
mafic-ultramafic magmatic activity commenced in both the North and South Australian Elements. 
Activity is confined to a distinctive north-south belt in the South Australian Element, and this has 
parallels with the evolution of a north-south belt on the Queensland side of the North Australian 
Element. The continuity of magmatism in this period invites consideration of plate boundary tectonic 
processes. 
 
Only two of the six magmatic events of this period are correlated in the West Australian Element. These 
are the ~1850 Ma ME 7 Sally Malay Event and the ~1780 Ma ME 10 Hart Event. Together these 
magmatic events continue the earlier pattern, in this part of the continent, of events dispersed in time 
and confined within east-west trending magmatic belts. 
 
The ~1780 Ma ME 10 Hart Event is preserved in five disconnected magmatic regions across all the 
Major Crustal Elements. The component within the Kimberley and Halls Creek province, on its own, 
has been proposed by Tyler et al. (2006) as the Hart LIP. Here it comprises extensive preservation of 
basaltic lavas (Carson Volcanics and equivalents) and the Hart Dolerite which is an equally extensive 
dolerite sill complex. The compilation here shows the proposed LIP to be time-equivalent with a 
separate east-west ME 10 magmatic belt in the West Australian Element (south Pilbara and Paterson 
provinces), another east-west ME 10 belt at the south margin of the North Australian Element (part of 
Aileron Province), and within the two north-south belts noted earlier in the South Australian Element 
and the Queensland area of the North Australian Element. Time equivalence alone does not support 
comagmatic relations and detailed geochemistry and other work will be required to test the equivalence 
of the disconnected ME 10 magmatic belts. It is notable that the two north-south belts, and the two east-
west belts, would be joined by closure of the later NW-trending Central Australian Element that 
separates them. 
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Figure 11: Australian Proterozoic Mafic-Ultramafic Magmatic Events ~1720–1530 Ma. 
 
 
Following the ~1780 Ma Hart LIP, the West Australian Element entered a ~300 Ma hiatus in mafic-
ultramafic magmatic activity, with no events recorded.  
 
Mafic-ultramafic magmatic activity in the North and South Australian Crustal Elements in this period is 
geologically continuous and part of the intense ~300 Ma period of magmatic events between ~1870–
1590 Ma. There is no discernable hiatus between the last defined magmatic event defined on the 
previous map (ME 11, ~1750 Ma) and the first magmatic event on this map (ME 12, ~1720 Ma). Within 
the North Australian Element the record is confined to the south and northeast margins and there is a 
clear indication of diachroneity over the ~1870–1590 Ma sequence of magmatism. Regions that 
preserve the earlier ME 7–11 (~1850–1750 Ma) events became quiescent, and the focus of magmatism 
shifted to the margins of the Crustal Element. The continuity, and diachroneity, of mafic-ultramafic 
magmatism during the 1870–1590 Ma period invites consideration of plate boundary tectonic processes. 
 
The same time-equivalent series of events is correlated extensively across the South Australian Element, 
now separated into the Curnamona and Gawler provinces by later development of the Adelaide 
province. The ~1590 Ma ME 16 Curramulka Event is notable for correlating across a very wide extent 
of both the North and South Australian Elements; it is also the first mafic-ultramafic magmatic event 
recorded in protoliths of the Musgrave province in the Central Australian Element. Following the ~1590 
Ma ME 16 Curramulka Event, both the North and South Australian Elements together entered a 300 Ma 
hiatus in magmatic activity. This pattern of quiescence after a widely correlated magmatic event is 
similar to the 300 Ma hiatus within the West Australian Element that followed the ~1780 Ma ME 10 
Hart LIP. 
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Figure 12: Australian Proterozoic Mafic-Ultramafic Magmatic Events ~1470–1130 Ma. 
 
 
Following the ~1590 Ma ME 16 Curramulka Event, the North and South Australian Elements entered a 
300 Ma hiatus in magmatic activity, with no mafic-ultramafic magmatic events recorded. The separate 
evolution of the West Australian Element is expressed in this period by the ~1465 Ma ME 18 
Bangemall Event, continuing the series of east-west belts that lack correlation elsewhere in Australia. 
 
Commencing at ~1415 Ma with the ME 19 Loongana Event, a series of poorly known mafic-ultramafic 
Magmatic Events is recorded in an apparent northeast belt extending from the Albany–Fraser province 
in Western Australia. Much of the Albany–Fraser province is buried beneath later cover and its 
Proterozoic evolution is yet to be established in detail; it is probable that further mafic-ultramafic rock 
units, and events, remain to be discovered.  
 
A sill complex in the McArthur province of far north Australia is time-equivalent with, and along strike 
from, the ~1310 ME 20 Fraser Event at the margin of the Yilgarn and Albany–Fraser provinces. The 
~1210 Ma ME 21 Marnda Moorn Event is also focussed on this northeast-trending margin of the 
Yilgarn and Albany–Fraser provinces, and extends as a series of dolerite dykes around the southern and 
western margins of the Yilgarn province to become the Marnda Moorn LIP. Little is known about the 
dyke swarm forming this LIP, apart from the age and estimated extent, because most of the constituent 
dykes are not exposed and are interpreted only from aeromagnetic mapping. 
 
Two further mafic-ultramafic magmatic events lie within extension of the apparent NE-trending 
corridor. The ~1180 Ma ME 22 Pitjantjatjara Event is recorded only within the Musgrave province. The 
~1135 Ma ME 23 Mordor Event is named for the alkaline-ultramafic Mordor Intrusion at the south 
margin of the North Australian Element, and is situated along strike from coeval ENE-trending dolerite 
dykes in the Mount Isa province. 
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Figure 13: Australian Proterozoic Mafic-Ultramafic Magmatic Events ~1070 Ma. 
 
 
The ~1070 Ma ME 24 Warakurna Event is the Warakurna LIP, whose extent is comprised of a 
correlation of three distinct mafic-ultramafic igneous provinces across the West, Central and North 
Australian Crustal Elements. As with the earlier ~1780 Ma ME 10 Hart LIP and ~1210 Ma ME 21 
Marnda Moorn LIP, the proposal that this correlation is a single Large Igneous Province is so far based 
only on time equivalence of rock units: the detailed geochemistry, and other attributes that would 
substantiate comagmatic relationships, is yet to be established. 
 
Within the West Australian Crustal Element, the ~1070 Ma mafic-ultramafic rock units define a broad 
east-west belt across the south of the Pilbara province, the northern margin of the Yilgarn province, and 
the Capricorn province between them. This is the ninth such east-west trending mafic-ultramafic 
magmatic belt developed within the West Australian Crustal Element since the onset of Proterozoic 
magmatism. There is no evidence that it extends into the Pinjarra province so the western LIP extent is 
drawn at that province boundary. 
 
In Central Australia the Warakurna correlation includes the poorly-dated Giles Complex mafic and 
ultramafic intrusions in the Musgrave province. The age of this important series of large and 
mineralised intrusions, emplaced at a range of shallow and deep crustal levels, rests on the ~1080 Ma 
age of a felsic unit (Sun et al., 1996) whose association with the mafic-ultramafic rocks is being 
questioned (Smithies et al., 2009). If the dated unit is a later felsic intrusion then the possibility is 
opened that the Giles Complex could belong to an earlier event such as the ~1180 Ma ME 22 
Pitjantjatjara Event, or that there is more than one mafic-ultramafic magmatic event represented in the 
province. 
 
A coeval dolerite dyke swarm at the southern margin of the North Australian Element has a north-south 
orientation, orthogonal to the overall east-west trend of the Warakurna correlation.
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Figure 14: Australian Proterozoic Mafic-Ultramafic Magmatic Events ~975–825 Ma. 
 
 
The ~975 Ma ME 26 Elizabeth Hills Event is known only from a single occurrence in the far west of the 
Warumpi province, at the southern margin of the North Australian Element. 
 
In contrast, the subsequent ~825 Ma ME 26 Gairdner Event is the Gairdner LIP, originally proposed 
from the correlation of prominent northwest-trending dyke swarms in the South Australian Crustal 
Element and the Musgrave province of Central Australia with coeval lavas and sills in the basal 
stratigraphy of the Amadeus and Adelaide provinces, remnants of the Centralian Superbasin which 
initiated at this time. In the construction mapped here, the distribution is widened to include similar 
coeval sills in the basal stratigraphy of the West Officer Basin, which is another remnant of the 
Centralian Superbasin. Evidence that the LIP extends under cover in Paterson province is outlined on 
P16. 
 
The time series indicates that this northwest-trending belt is the initiation of a new pathway for mantle-
derived magma through the Australian lithosphere, coinciding with the initiation of the Centralian Basin 
system. This contrasts with other magmatic events mapped in the time series which clearly reflect re-use 
of pre-existing magmatic belts oriented either east-west (in the West Australian Element) or north-south 
(at the east margins of the North and South Australian Elements). The northwest Gairdner trend is 
refracted north-south at its southernmost extent, where it abuts the pre-existing north-south Hart Event 
belt in the South Australian Element. 
 
As a relatively young (Neoproterozoic) magmatic event, only shallow erosion levels of this LIP are 
exposed – hypabyssal dykes and sills, with some lavas also preserved. Therefore, despite the wide 
extent, the event is represented only by relatively minor rock units. Large mafic-ultramafic intrusions 
which could be prospective for mineralisation are not exposed. 
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Figure 15: Australian Proterozoic Mafic-Ultramafic Magmatic Events ~775–575 Ma. 
 
 
Commencing at ~775 Ma, a series of mafic-ultramafic Magmatic Events is recorded at the west and east 
margins of the Proterozoic continent. This period coincides with the continued development of the 
Centralian Basin, which was initiated by the ~825 Ma ME 26 Gairdner LIP and continued into the 
Phanerozoic. 
 
The first recorded event is the ~775 Ma ME 27 Boucaut Event at the eastern margin of the South 
Australian Element. This is known only from a single recorded occurrence. It was followed 20 Ma later 
by the ~755 Ma Mundine Well Event, which comprises a regionally extensive dolerite dyke swarm at 
the opposite margin of the continent, crossing the northwestern part of the West Australian Element, in 
a direction orthogonal to the northwest belt that was developed by the Gairdner LIP ~70 Ma earlier. 
 
The ~575 Ma Skipworth Event is named for mafic-ultramafic rock units on King Island, which are 
coeval with mafic rocks in adjacent Tasmania, and isolated occurrences of both mafic and ultramafic 
(peridotite) rock units in New South Wales and Queensland, forming an apparent belt approximately 
parallel with the present Australian coastline. Time-equivalent mafic rock units are also recorded at the 
eastern margin of the South Australian Element, a location similar to that of the earlier ~775 Ma ME 27 
Boucaut Event.  
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Figure 16: Australian Proterozoic Mafic-Ultramafic Magmatic Events ~510 Ma. 
 
 
The early Cambrian ~510 Ma ME 30 Kalkarindji Magmatic Event is the Kalkarindji LIP. It is included 
in this Proterozoic compilation owing to the size and importance of this magmatic event. 
 
This LIP was originally defined to encompass the correlation of early Cambrian basalt lava units which 
are widespread across northern Australia, from the Antrim Plateau Basalts in the west to the Colless 
Volcanics in Queensland. Cambrian sills in the West Officer basin are coeval and geochemically 
comagmatic with the north Australian occurrences, and this broadens the extent to include parts of the 
West Australian Crustal Element. The preserved thickness of the basalt lavas reaches its thickest 
development adjacent to Kimberley province. 
 
Between the exposures of lavas and sills preserved on the West and North Australian Crustal Elements, 
a contemporaneous northwest-trending rift zone is indicated by the incursion of the Cambrian–
Ordovician Larapinta Seaway (see Map Sheet 1). The location and orientation of this northwest-
trending seaway is subparallel with the earlier magmatic belt initiated by the Gairdner LIP.  
 
Much of this rift zone is now buried beneath marine sedimentary developments, but uplift at the 
southern margin of the North Australian Element has exposed two deeper crustal correlatives of the 
Kalkarindji basalt lavas. One is the Milliwindi dolerite dyke and equivalents in Kimberley province, 
which define an intrusion direction parallel with the Larapinta Seaway; these have been shown to be 
both coeval and geochemically comagmatic with the Kalkarindji lavas. The other is the Irindina 
province at the southern margin of the North Australian Element, where dated ~510 Ma mafic rocks, 
subsequently deformed and metamorphosed at deep-crustal levels during the Ordovician, are exposed 
(Maidment, 2005). The inference that this northwest-trending zone may have been the major focus of 
magma passage for the Kalkarindi LIP requires further detailed research. 
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Applications and Conclusions 
The two map sheets of ‘Australian Proterozoic Large Igneous Provinces’ focus on the large magmatic 
systems, and present them in time-space context with every known mafic-ultramafic igneous rock unit 
in the geological period from ~2455 Ma to ~510 Ma. The many smaller and local igneous occurrences 
share temporal and spatial characteristics with the larger magmatic systems. 
 
Proterozoic mafic-ultramafic magmatism in Australia has been resolved into thirty magmatic events 
from the Paleoproterozoic to the Early Cambrian. Each magmatic event is defined as a short period of 
less than 20 million years, in keeping with the resolution of current geochronology. The reader is 
directed to Appendix 1 for a listing of the Proterozoic Magmatic Event series, and to the Map of 
Australian Proterozoic Mafic-Ultramafic Magmatic Events (Hoatson et al., 2008a,b) for further 
information of the correlations of events across provinces, and their geographic extent. 
 
The Proterozoic record includes protracted periods of mafic-dominated tholeiitic magmatism in the 
form of flood basalts, mafic dyke swarms and sills, and mafic±ultramafic intrusions. It also includes 
long periods of relative quiescence punctuated by widely separated magmatic events. Approximately 
one-third of all the magmatic events took place during one Paleoproterozoic period of time from ~1870 
Ma (ME 6) to ~1590 Ma (ME 16). Many magmatic events, once thought to be local to certain 
provinces, can now be correlated across the continent, thereby creating the potential for locating 
undiscovered feeder intrusions to large-volume magmatic systems. 
 
Five major LIPs, formed by the rapid and voluminous emplacement of mafic-dominated magmas, have 
left a record of intrusions and lavas across extensive regions of the continent. The extent drawn for each 
of these LIPs accommodates all current information and shows some of them to be more extensive than 
previously thought. The spatial distributions thus defined are valuable for pointing to large scale 
controls on the location of crustal-scale feeder zones, which are a principal exploration target for large 
magmatic Ni-Cu-PGE ore deposits.   
 
The Hart LIP, originally defined within the Kimberley province, is shown here to be time-equivalent 
with large volumes of mafic-dominated magma emplaced across all the Major Crustal Elements. It is 
not yet known whether these disconnected coeval magmatic provinces are genetically or geochemically 
linked. 
 
The Marnda Moorn and Warakurna LIPs are drawn as originally proposed, respectively draped around 
the south margins of the Yilgarn province, and forming an east-west correlation across the western half 
of the continent. 
 
The Gairdner LIP is extended from the original definition in the South and Central Australian Elements 
to include correlatives in the West Officer Basin and the Paterson province. The resulting distribution, 
which includes inference of a substantial extrapolation under cover in northwest Australia, indicates a 
linear belt that transects the continent. 
 
The Kalkarindji LIP is extended from its original definition encompassing North Australian lava 
sequences to include correlatives in the West Officer Basin and the Irindina Province, but excluding the 
intervening Musgrave and Amadeus provinces. 
 
Only eroded or tectonically fragmented remnants are preserved of the earliest Proterozoic LIPs. The 
younger LIPs preserve some coherent aspects of the evolving crustal context which is explored in both 
map sheets.  
 
The five LIPs are shown in context with each other and this overlay makes it apparent that they share 
important aspects of spatial location. The ~1780 Ma Hart LIP is expanded from its original definition to 
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potentially include two pairs of disconnected magmatic belts: two east-west belts and two north-south 
belts. The elements of each pair are separated by the later development of the northwest-trending 
Gairdner LIP, opening the possibility that they were linked at the time of their development; this 
possibility needs to be tested with field, dating and geochemical work. The ~825 Ma Gairdner LIP and 
the later ~510 Ma Kalkarindji LIP share a location focus about a common northwest-trending corridor 
transecting the continent; a paleogeographic expression of the same corridor is the Paleozoic Larapinta 
Seaway.  
 
The key observation made by the overlay of spatial extents is that the controlling lithospheric-scale 
directions of all five LIP belts meet in the centre of the continent. This is where the northwest focus of 
the Kalkarindji and Gairdner LIPs, the east-west focus of the Warakurna LIP, the element of the Marnda 
Moorn LIP that is development of a northeast-trending belt, and the disconnected segments of the Hart 
LIP, all coincide. The observation is a potential pointer to the locations of repeatedly re-used crustal-
scale feeder zones for mafic-ultramafic magmatism. 
 
The five LIPs are also shown in context with the Australian Crustal Elements. These provinces and their 
groupings into Major Elements are primarily geophysical entities (gravity and magnetic), and the reader 
is cautioned that their delineation and tectonic meaning are not always clear. It is probable that some 
provinces were not in their current configuration, relative to each other, at the time of emplacement of 
many of the mapped magmatic events. Some of the provinces, and their assembly into Major Elements, 
may not yet have formed when some of the earlier magmatic events occurred. The time-space evolution 
of the LIPs and the smaller mafic-ultramafic magmatic events is, itself, a new constraint on the 
development of the Australian continent into its current form.  
 
The other important context for the five LIPs is their relationship with the many smaller Proterozoic 
mafic-ultramafic magmatic events in Sheet 2. This provides rich information on the secular evolution of 
the continent and the place of mafic-ultramafic magmatism in its development. Spatial controls 
expressed by the five named LIPs are shared with many of the smaller magmatic events, and shift with 
time in well defined stages marked by the eight time-series maps. This evidence constrains the probable 
locations of magmatic feeder zones which are a principal target for magmatic Ni-Cu-PGE ore deposit 
exploration. A by-product of the time series construction is the highlighting of other major mafic-
ultramafic magmatic events which have not yet attracted proposals for recognition as LIPs. These are 
large volume magmatic systems which may have the characteristics required for magmatic Ni-Cu-PGE 
ore deposits in the magmatic plumbing. 
 
The Map of Australian Proterozoic Large Igneous Provinces is a national framework for the exploration 
for magmatic-associated mineral deposits, and for assessing their generation in geodynamic processes 
that range in scale from the local to the continent-wide. The geometries and spatial locations of the 
igneous provinces are important because mafic-ultramafic magmatic rocks are the result of physical 
anomalies within the mantle that give rise to partial melting, and of physical passage through the 
overlying crust to surface and near-surface emplacement. The spatial expression of LIPS shown here 
provides a framework for geochemical studies. Without this, geochemical studies may not otherwise be 
diagnostic of different origins, or of mineral potential, unless the magmas happen to have sampled a 
segment of mantle or crust that is distinctive. Users are encouraged to overlay and integrate their own 
datasets, and to evaluate: 
 

 the spatial distribution of Proterozoic LIPs and the other large mafic-ultramafic magmatic 
systems that are identified, their geological settings, the secular evolution of emplacement and 
potential relationships with the spatial context of other magmatic events; 

 the presence or absence of ultramafic rocks in each system;  
 the areal extent and possible magma volume of each LIP, which has implications for structural 

frameworks, tectonic settings, and metallogenesis;  
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 relationships between the large volume magmatic systems and favourable reactive (e.g., 
carbonaceous, sulphur-bearing) country rocks that may potentially induce contamination and 
sulphur saturation of mafic-ultramafic magmatic systems during emplacement; and 

 the spatial distribution of extrusive versus intrusive magmatic components within each 
magmatic event, as an indication of erosional levels and potential vectors to favourable 
mineralised environments, such as feeder conduits and basal contacts of intrusive bodies. 

 
Datasets that should be considered for integration include geochemical and isotopic data for specific 
magmatic events of interest: these can now be placed within a systematic context of correlation in time 
and space, and so used to discriminate coeval systems and their potential for mineralisation. In many of 
the earlier Proterozoic systems there is a primary need to investigate the extent to which coeval 
magmatic rocks in different provinces are also geochemically comagmatic, and hence are contributions 
to large volume magmatic systems. This will be essential to confirming the proposed LIP status of the 
Warakurna, Marnda Moorn and Hart Magmatic Events, which in each case is currently based only upon 
age equivalence of mafic-ultramafic rock units. It may also lead to the possible definition of other 
Australian Proterozoic LIPs, from among the larger Magmatic Events that are mapped in this 
compilation. 
 
The context of other metamorphic and igneous rocks, including alkaline igneous rocks (kimberlite, 
lamprophyre, etc.) can be used to evaluate mantle processes and the wider geodynamic systems of 
which the mafic-ultramafic magmatism is a part. Integration with the increasing coverage and 
sophistication of geophysical surveys, including continental seismic traverses, can improve knowledge 
of the fundamental crustal architecture within which the magmatic systems are emplaced, and enhance 
the capacity to detect and evaluate igneous rock units under cover. 
 
The Map of Australian Proterozoic Large Igneous Provinces should be studied in context with the 
extensive assembly of other relevant data in the ‘Map of Australian Proterozoic Mafic-Ultramafic 
Magmatic Events’ (Hoatson et al., 2008a,b) and the ‘Map of Australian Archean Mafic-Ultramafic 
Magmatic Events’ (Hoatson et al., 2009).

  30



Acknowledgements 
The ‘Australian Proterozoic Large Igneous Provinces’ study was conducted as part of the Mineral 
Exploration Promotion Project (leader: M. Huleatt) within the Onshore Energy and Minerals Division 
(OEMD) of Geoscience Australia. L. Jaques and M. Huleatt provided continuous support for the project 
and S. Jaireth consulted on early aspects of the project design. 
 
An important aspect of the study was close collaboration with diverse project groups within Geoscience 
Australia and the State and Northern Territory Geological Surveys, and advice or information received 
from individual scientists in industry and academic institutions too numerous to name individually. 
 
In large measure the study has relied on access to the copious holdings of original maps, geological 
reports and map commentaries in the N.H. (Doc) Fisher Geoscience Library. Dr M Gole of Ausquest Ltd 
is thanked for spatial data relating to the Kalkarindji LIP in Western Australia. The visual impacts of the 
maps are owed to the GIS and cartographic skills of V. Cooper and G. Young (Geoscience Australia). 
Figures in this Record were compiled by V. Galinec. 
 
Review comments on early drafts of the maps were received from L. Glass and J. Whelan (Northern 
Territory Geological Survey); and G. Gibson, P. Henson and D. Huston, (Geoscience Australia), and this 
manuscript was reviewed by D Huston and S Liu. 

  31



References 
Bryan, S.E. and Ernst, R.E., 2008. Revised definition of Large Igneous Provinces (LIPs). Earth Science 

Reviews 86, 175–202. 
 
Bultitude, R.J., 1976. Flood basalts of probably early Cambrian age in northern Australia. In (R.W. 

Johnson, editor) Volcanism in Australia. New York, Elsevier Science, 1–20. 
 
Bunting, J.A., 2007. Albany-Fraser and sub-Eucla: a new but not-so-remote frontier. PowerPoint 

presentation at Proterozoic Mineralisation in Western Australia Conference, 11 June 2007. 
Australian Institute of Geoscientists, Western Australian Branch, 1–8. 

 
Campbell, I.H., 2007. Testing the plume theory. Chemical Geology, 241, 153–176. 
 
Cook, P.J., 1988. Paleogeographic atlas of Australia. Volume 1 – Cambrian. Bureau of Mineral Resources, 

Canberra. 
 
Cook, P.J. and Totterdell, J 1991. Paleogeographic atlas of Australia. Volume 2 – Ordovician. Bureau of 

Mineral Resources, Canberra. 
 
D’Ercole, C. and Lockwood, A.M., 2004. The tectonic history of the Waigen area, western Officer 

Basin, interpreted from geophysical data. Western Australia Geological Survey, Annual Review 
2003–04, Technical Paper, 71–80. 

 
Direen, N.G. and Crawford, A.J., 2003. The Tasman Line: where is it, what is it, and is it Australia’s 

Rodinian breakup boundary? Australian Journal of Earth Sciences, 50, 491–502. 
 
Ernst, R.E., Buchan, K.L. and Campbell, I.H., 2005. Frontiers in Large Igneous Province research. 

Lithos,79, 271–297. 
 
Evins, L.Z., Jourdan, F. and Phillips, D., 2009. The Cambrian Kalkarindji Large Igneous Province: 

Extent and characteristics based on new 40Ar/39Ar and geochemical data. Lithos, 110, 294–304. 
 
Glass, L.M., 2002.  Petrogenesis and geochronology of the North Australian Kalkarinji Low-Ti 

continental flood basalt province.  Unpublished PhD thesis, Australian National University, 
Canberra, 326 pp. 

 
Glass, L.M. and Phillips, D., 2006. The Kalkarindji continental flood basalt province: A new Cambrian 

large igneous province in Australia with possible links to faunal extinctions. Geology, 34, 461–464. 
 
Glen, R.A., 2005. The Tasmanides of eastern Australia. In: Vaughan, A.P.M., Leat, P.T. and Pankhurst, 

R.J. (editors), Terrane Processes at the Margins of Gondwana. The Geological Society of London 
Special Publication, 246, 23–96. 

Griffin, T.J., Tyler, I.M. and Playford, P.E., 1993. Lennard River, Western Australia (Third Edition), 
1:250 000 geological map (Sheet SE 51–8). Geological Survey of Western Australia, Perth. 

 
Gregory, M.J., Keays, R.R. and Wilde, A.R., 2008.  Magmatic history of the Eastern Creek Volcanics, Mt 

Isa, Australia: insights from trace-element and platinum-group-element geochemistry.  Australian 
Journal of Earth Sciences, 55, 1153-1173. 

 
Hoatson, D.M., Claoué-Long, J.C. and Jaireth, S., 2008a.  Map of Australian Proterozoic mafic-

ultramafic magmatic events, Sheets 1 and 2, 1:5 000 000 map, Geoscience Australia. 

  32

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6V6J-4VM9KBX-1&_user=1051755&_coverDate=06%2F30%2F2009&_alid=1121670992&_rdoc=1&_fmt=high&_orig=search&_cdi=5816&_sort=r&_docanchor=&view=c&_ct=1&_acct=C000050979&_version=1&_urlVersion=0&_userid=1051755&md5=3e68c5df7307d2f0463f550972bdf653
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6V6J-4VM9KBX-1&_user=1051755&_coverDate=06%2F30%2F2009&_alid=1121670992&_rdoc=1&_fmt=high&_orig=search&_cdi=5816&_sort=r&_docanchor=&view=c&_ct=1&_acct=C000050979&_version=1&_urlVersion=0&_userid=1051755&md5=3e68c5df7307d2f0463f550972bdf653
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6V6J-4VM9KBX-1&_user=1051755&_coverDate=06%2F30%2F2009&_alid=1121670992&_rdoc=1&_fmt=high&_orig=search&_cdi=5816&_sort=r&_docanchor=&view=c&_ct=1&_acct=C000050979&_version=1&_urlVersion=0&_userid=1051755&md5=3e68c5df7307d2f0463f550972bdf653
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6V6J-4VM9KBX-1&_user=1051755&_coverDate=06%2F30%2F2009&_alid=1121670992&_rdoc=1&_fmt=high&_orig=search&_cdi=5816&_sort=r&_docanchor=&view=c&_ct=1&_acct=C000050979&_version=1&_urlVersion=0&_userid=1051755&md5=3e68c5df7307d2f0463f550972bdf653
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6V6J-4VM9KBX-1&_user=1051755&_coverDate=06%2F30%2F2009&_alid=1121670992&_rdoc=1&_fmt=high&_orig=search&_cdi=5816&_sort=r&_docanchor=&view=c&_ct=1&_acct=C000050979&_version=1&_urlVersion=0&_userid=1051755&md5=3e68c5df7307d2f0463f550972bdf653
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6V6J-4VM9KBX-1&_user=1051755&_coverDate=06%2F30%2F2009&_alid=1121670992&_rdoc=1&_fmt=high&_orig=search&_cdi=5816&_sort=r&_docanchor=&view=c&_ct=1&_acct=C000050979&_version=1&_urlVersion=0&_userid=1051755&md5=3e68c5df7307d2f0463f550972bdf653


 
Hoatson, D.M., Claoué-Long, J.C. and Jaireth, S., 2008b.  Guide to using the 1:5 000 000 map of 

australian Proterozoic mafic-ultramafic magmatic events.  Geoscience Australia Record 2008/15, 
140 pp. 

 
Hanley, L.M. and Wingate, M.T.D., 2000. SHRIMP zircon age for an Early Cambrian dolerite dyke: an 

intrusive phase of the Antrim Plateau Volcanics of northern Australia. Australian Journal of Earth 
Sciences, 47, 1029–1040. 

 
Maidment, D., 2005. Paleozoic high-grade metamorphism within the Centralian Superbasin, Harts 

Range region, central Australia. Unpublished PhD thesis, Australian National University, 
Canberra, 422 pp. 

Maidment, D., Huston, D., Maas, R., Czarnota, K., Neumann, N., McIntyre, A. and Bagas, L., 2008. 
The Nifty–Kintyre–Duke Cu-U-Pb-Zn mineralising events: links to the evolution of the Yeneena 
Basin, NW Paterson Orogen. In: GSWA 2008 Extended Abstracts: Promoting the prospectivity of 
Western Australia. Geological Survey of Western Australia, Record, 2008/2, 27–29. 

 
Myers, J.S. and Hocking, R.M., 1998. Geological map of Western Australia, 1:2 500 000 (13th Edition). 

Geological Survey of Western Australia, Perth. 
 
Neuendorf, K.K.E., Mehl, J.P.Jr. and Jackson, J.A. (editors), 2005. Glossary of Geology, Fifth Edition. 

American Geological Institute, Alexandria, Virginia, 779 pp. 
 
Nishiya, T., Watanabe, T., Yokiyama, K. and Kuramoto, Y., 2003. New isotopic constraints on the age of 

the Halls Reward Metamorphics, north Queensland, Australia: Delamerian metamorphic ages and 
Grenville detrital zircons. Gondwana Research, 6, 241–249. 

 
Reed, A.  Structural, stratigraphic and temporal setting of Neoproterozoic stratabound copper 

mineralisation at Maroochydore, Paterson Province, Western Australia.  Unpublished PhD thesis, 
University of Western Australia, Perth, 289pp. 

 
Scotnicki, S.J., Hill, A.C., Walter, M., and Jenkins, R., 2008. Stratigraphic relationships of Cryogenian 

strata disconformably overlying the Bitter Springs Formation, northeastern Amadeus Basin, Central 
Australia. Precambrian Research, 165, 243–259. 

 
Scrimgeour, I.R., Kinny, P.D., Close, D.F. and Edgoose, C.J., 2005. High-T granulites and 

polymetamorphism in the southern Arunta Region, central Australia: evidence for a 1.64 Ga 
accretional event. Precambrian Research, 142, 1–27. 

 
Seth, H.C., 2007. ‘Large Igneous Provinces (LIPs)’: definition, recommended terminology, and a 

hierarchical classification. Earth Science Reviews, 85, 117–124. 
 
Shaw, R.D., Wellman, P., Gunn, P., Whitaker, A.J., Tarlowski, C. and Morse, M., 1995. Australian 

Crustal Elements (1:5,000,000 scale map) based on the distribution of geophysical domains (version 
1.0, November 1995). Australian Geological Survey Organisation, Canberra. 

 
Shaw, R.D., Wellman, P., Gunn, P., Whitaker, A.J., Tarlowski, C. and Morse, M., 1996. Guide to using 

the Australian Crustal Elements Map. Australian Geological Survey Organisation, Record 1996/30, 
44 pp. 

 
Skirrow, R.G., 2009. ‘Hematite-group’ IOCG±U ore systems: tectonic settings, hydrothermal 

characteristics, and Cu-Au and U mineralizing processes. In: Corriveau, L. and Mumim, A.H. (eds.), 
Exploring for Iron Oxide Copper-Gold Deposits: Canada and Global Analogues, Short course Notes, 

  33



20, GAC–MAC–SEG–SGA 2008, Quebec City, 29–30 May 2008. Geological Association of Canada 
Volume, 39–57. 

 
Smithies, R.H., Howard, H.M., Evins, P.M., Kirkland, C.L., Bodorkos, S. and Wingate, M.T.D., 2009. 

The West Musgrave Complex – new geological insights from recent mapping, geochronology and 
geochemical studies. Geological Survey of Western Australia, Record 2008/19, 20 pp. 

 
Söderlund, U., Hofmann, A., Klausen, M.B., Olsson, J.R., Ernst, R.E. and Persson, P.-O., in press.  

Towards a complete magmatic barcode for the Zimbabwe craton: baddelyeyite U-Pb dating of 
regional dolerite dyke swarms and sill complexes.  Precambrian Research in press 
(doi:10.1016/j.precamres.2009.11.001) 

 
Sun, S.-s.,Sheraton, J.W., Glickson, A.Y. and Stewart, A.J., 1996.  A major magmatic event during 1050-

1080 Ma in central Australia, and an emplacement age for the Giles Complex.  AGSO Research 
Newsletter, 24, 13–15. 

 
Tyler, I.M., Sheppard, S., Pirajno, F. and Griffin, T.J., 2006. Hart-Carson LIP, Kimberley region, 

northern Western Australia. August 2006 LIP of the month. Large Igneous Province Commission, 
International Association of Volcanology and Chemistry of the Earth’s Interior www site, 1–8, 
(http://www.largeigneousprovinces.org/06aug.html). 

 
Williams, I.R., 1992. Geology of the Savory Basin, Western Australia. Geological Survey of Australian 

Bulletin, 141, Perth. 

Wingate, M.T.D. and Giddings , J.W., 2000. Age and palaeomagnetism of the Mundine Well dyke 
swarm, Western Australia: implications for an Australia–Laurentia connection at 755 Ma. 
Precambrian Research, 100, 335–357. 

 
Wingate, M.T.D. and Pidgeon, R.T., 2005. The Marnda Moorn LIP, a late Mesoproterozoic large igneous 

province in the Yilgarn craton, Western Australia. July 2005 LIP of the month. Large Igneous 
Province Commission, International Association of Volcanology and Chemistry of the Earth’s 
Interior www site, 1–5, (http://www.largeigneousprovinces.org/05july.html). 

 
Wingate, M.T.D., Campbell, I.H., Compston, W. and Gibson, G.M., 1998. Ion microprobe U-Pb ages for 

Neoproterozoic basaltic magmatism in south-central Australia and implications for the breakup of 
Rodinia. Precambrian Research, 87, 135–159. 

 
Wingate, M.T.D., Pirajno F. and Morris, P.A., 2004. Warakurna large igneous province: A new 

Mesoproterozoic large igneous province in west-central Australia. Geology, 32, 105–108. 
 
Zhao, J.-Y., McCulloch, M.T. and Korsch, R.J., 1994. Characterization of a plume-related ~800 Ma 

magmatic event and its implications for basin formation in central-southern Australia. Earth and 
Planetary Science Letters, 121, 349–367. 

 

  34

http://www.largeigneousprovinces.org/06aug.html
http://www.largeigneousprovinces.org/05july.html


 
Appendix 1: Proterozoic Mafic-Ultramafic Magmatic Events Series 

 
ME 30 (m) ~510 Ma Kalkarindji Event (Kalkarindji LIP: modified after Glass and Phillips, 2006). 
Extensive preservation of basaltic lavas and associated sills across the North Australian and Central 
Australia Crustal Elements; intrusions in the Kimberley and Irindina provinces. 
 
ME 29 (mu) ~575 Ma Skipworth Event 
Named after mafic-ultramafic volcanics (Skipworth Subgroup) on King Island; other isolated dated 
occurrences of basalt and dolerite east of the Tasman Line in Tasmania and New South Wales; also dolerite 
and gabbro pods within the Princhester Serpentinite in Queensland. Other fault-bounded occurrences of 
mafic-ultramafic rocks in the Tasmanides are undated and could belong to this, or later Phanerozoic, events. 
 
ME 28 (m) ~755 Ma Mundine Well Event 
Only dated occurrence is the Mundine Well Dolerite dyke in the Pilbara province; other dykes in the Pilbara 
and Capricorn provinces could belong to this event. 
 
ME 27 (m) ~775 Ma Boucaut Event 
Only known occurrence is the Boucaut Volcanics near the southeastern margin of the Adelaide province. 
 
ME 26 (m) ~825 Ma Gairdner Event (Gairdner LIP: modified after Zhao et al., 1994).  
Northwest-trending Gairdner Dyke Swarm traversing the South Australian Crustal Element and the 
Musgrave province; basalt lavas in the basal stratigraphy of the Adelaide and Amadeus provinces; and 
possible correlatives in the Paterson province.  
 
ME 25 (m) ~975 Ma Elizabeth Hills Event 
Only known occurrence is un-named dolerite dykes near Elizabeth Hills in the western Aileron province. 
 
ME 24 (mu) ~1070 Ma Warakurna Event (Warakurna LIP: modified after Wingate et al., 2004). 
Time-equivalent magmatism in an east-trending belt that includes the Musgrave province and crosses the 
West Australian Crustal Element; dolerite dykes in the southern margin of the North Australian Crustal 
Element. 
 
ME 23 (mu) ~1135 Ma Mordor Event 
Named after the sub-circular Mordor ultramafic-mafic intrusion in the Aileron province; only other known 
occurrence is the northeast-trending Lakeview dolerite dykes in the Mount Isa province. 
 
ME 22 (m) ~1180 Ma Pitjantjatjara Event 
Only known occurrence is a dated gabbro intrusion and associated mafic granulite associated with granitic 
rocks of the Pitjantjatjara Supersuite, Musgrave province. 
 
ME 21 (m) ~1210 Ma Marnda Moorn Event (Marnda Moorn LIP: modified after Wingate and 
Pidgeon, 2005).  
Extensive coeval dolerite dyke swarms and sills, with variable emplacement orientations in the Yilgarn 
and Pinjarra provinces.  
 
ME 20 (mu) ~1310 Ma Fraser Event 
Named for dated mafic intrusions in the Albany-Fraser province; correlative is the Derim Derim dolerite sills 
in the McArthur province. 
 
ME 19 (mu) ~1415 Ma Loongana Event 
Only known occurrence is the Loongana mafic-ultramafic intrusion in the basement to the Officer Basin. 
 

  35



ME 18 (m) ~1465 Ma Bangemall Event 
Only known occurrence is dated dolerite sills in the Bangemall Supergroup of the Capricorn province. 
 
ME 17 (m) ~1530 Ma Saxby Event 
Only known occurrence is small gabbro and dolerite bodies associated with the ~1530 Ma Saxby Granite, 
Mount Isa province. 
 
ME 16 (mu) ~1590 Ma Curramulka Event 
Named after the Curramulka gabbronorite in East Gawler province; correlated mafic magmatism throughout 
the South Australian Crustal Element; minor correlatives in North Queensland, Mount Isa and McArthur 
provinces. 
 
ME 15 (mu) ~1635 Ma Andrew Young Event 
Named for the Andrew Young Hills gabbro intrusion and numerous associated mafic and ultramafic 
intrusions in the Warumpi and southern Aileron provinces; correlatives in the South and Central Gawler 
provinces. 
 
ME 14 (m) ~1655 Ma Lane Creek Event 
Named for un-named sills and basalt associated with the Lane Creek Formation in the Georgetown province; 
minor basalt correlatives known in the Central Gawler province. 
 
ME 13 (m) ~1680 Ma Woman-in-White Event 
Named after Woman-in-White Amphibolite in Curnamona province; widespread correlatives in Curnamona 
and Central Gawler provinces, and the Warumpi, Aileron, Mount Isa, and Georgetown provinces in northern 
Australia. 
 
ME 12 (m) ~1720 Ma Oenpelli Event 
Named after the Oenpelli Dolerite in the Pine Creek province; correlated basalt and mafic sills in parts of the 
stratigraphy of McArthur and Mount Isa provinces. 
 
ME 11 (m) ~1750 Ma Lunch Creek Event 
Named for the Lunch Creek Gabbro in Mount Isa province and associated mafic intrusions; correlatives in 
the Eastern Gawler province. 
 
ME 10 (m) ~1780 Ma Hart Event (Hart LIP: modified after Tyler et al., 2006).  
Dolerite and basalt within the Kimberley province; possible extension of this LIP to the south and southeast 
encompasses time-equivalent magmatism in eight other provinces across the West, North, and South 
Australian Crustal Elements, and in Central Australia. 
 
ME 9 (m) ~1810 Ma Mount Hay Event 
Named for the Mount Hay Granulite and associated gabbro intrusions in the Aileron province; 
geographically extensive basalt elsewhere in the stratigraphy of the Aileron, Tennant, and Tanami provinces; 
minor correlatives in the Eastern Gawler province. 
 
ME 8 (mu) ~1830 Ma Edmirringee Event 
Named for the Edmirringee Basalt in the Tennant province; geographically extensive but volumetrically 
minor metabasalt and metadolerite in the regional sedimentary rock packages of the Aileron, Tennant, 
and Tanami provinces, minor correlatives in the Kimberley and Pine Cree provinces. 
 
ME 7 (mu) ~1850 Ma Sally Malay Event 
Named for the Sally Malay mafic-ultramafic intrusion and correlatives in Kimberley province; minor 
gabbros in Tennant province, correlatives in East and Central Gawler provinces; basalt and dolerite sills 
in Yerrida Basin overlying Yilgarn province. 
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ME 6 (m) ~1870 Ma Bow River Event 
Named for the Bow River nickel deposit hosted by un-named gabbro in the Tickalara Metamorphics in 
Kimberley province, and associated basalt and mafic intrusions; correlated Wangi Basics in Pine Creek 
province. 
 
ME 5 (m) ~1910 Ma Ding Dong Downs Event 
Named for the Ding Dong Downs Volcanics in Kimberley province; correlated basalt in Bryah Basin 
overlying Yilgarn province. 
 
ME 4 (m) ~2015 Ma Stag Creek Event 
Named for the basaltic component of the Stag Creek Volcanics in Pine Creek province; isolated 
correlative in the Pilbara province. 
 
ME 3 (m) ~2210 Ma Turee Creek Event 
Only known occurrence is un-named dolerite dykes and sills near Turee Creek in Pilbara province. 
 
ME 2 (mu) ~2420 Ma Widgiemooltha Event 
The Widgiemooltha mafic-ultramafic dyke swarm crossing the Yilgarn province; many un-named and 
undated mafic dykes assigned as Undefined Event may belong to this event. 
 
ME 1 (mu) ~2455 Ma Weeli Wolli Event 
Named for dolerite dykes and sills and basalt in the Weeli Wolli Formation, Pilbara province; 
correlative is Blackfellow Hill Pyroxenite in Central Gawler province. 
 
Undefined Event 
Units assigned as Undefined Event include all mafic-ultramafic rocks that are known to be Proterozoic 
in age, but are without reliable isotopic age control. Prominent examples are mafic dyke swarms of 
many orientations and probable ages throughout most provinces. Proterozoic rock units assigned as 
Undefined Event are not included in the Map of Australian Proterozoic Large Igneous Provinces, but 
are shown in the comprehensive Map of Australian Proterozoic Mafic-Ultramafic Magmatic Events. 
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