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Abstract New geochemical, metamorphic, and isotopic data are presented from high-pressuremetamorphic
rocks in the southern New England Orogen (eastern Australia). Conventional and optimal thermobarometry
are augmented by U-Pb zircon and 40Ar/39Ar phengite dating to define pressure-temperature-time (P-T-t)
histories for the rocks. The P-T-t histories are comparedwith competing geodynamicmodels for the Tasmanides,
which can be summarized as (i) a retreating orogen model, the Tasmanides formed above a continuous, west
dipping, and eastward retreating subduction zone, and (ii) a punctuated orogenmodel, the Tasmanides formed
by several arc accretion, subduction flip, and/or transference events. Whereas both scenarios are potentially
supported by the new data, an overlap between the timing of metamorphic recrystallization and key stages of
Tasmanides evolution favors a relationship between a single, long-lived subduction zone and the formation,
exhumation, and exposure of the high-pressure rocks. By comparison with the retreating orogen model, the
following links with the P-T-t histories emerge: (i) exhumation and underplating of oceanic eclogite during the
Delamerian Orogeny, (ii) recrystallization of underplated and exhuming high-pressure rocks at amphibolite
facies conditions coeval with a period of rollback, and (iii) selective recrystallization of high-pressure rocks at
blueschist facies conditions, reflecting metamorphism in a cooled subduction zone. The retreating orogen
model can also account for the anomalous location of the Cambrian-Ordovician high-pressure rocks in the
Devonian-Carboniferous New England Orogen, where sequential rollback cycles detached and translated parts
of the leading edge of the overriding plate to the next, younger orogenic cycle.

1. Introduction

The southern Tasmanides of eastern Australia record a 320 million year history (520–200Ma) of active margin
tectonism and prolific continental growth [Glen, 2005; Kemp et al., 2009]. The evolution of the southern
Tasmanides is divided into three main orogenic stages, which represent key periods of development [Glen,
2005]. From west to east, these stages are the (i) Delamerian Orogeny, (ii) Lachlan Orogeny, and (iii) New
England Orogeny (Figure 1a). Whereas the influence of subduction is widely acknowledged as the driver of
orogenesis during each stage, the number and polarity of subduction zones, along with the mechanism(s)
responsible for the transition from one stage to the next, remain widely contested [Crawford and Berry,
1992; Collins, 2002; Fergusson, 2003; Gray and Foster, 2004; Glen, 2005; Foden et al., 2006; Offler and Murray,
2011; Cayley, 2011; Aitchison and Buckman, 2012]. Central to the debate is whether the Tasmanides formed
as a retreating orogen above a continuous subduction zone [Collins, 2002] or by punctuated collision and
accretion events that resulted in polarity reversals or transference to a new or existing subduction zone
[Aitchison and Buckman, 2012]. In the retreating orogen model, the Tasmanides formed in a suprasubduction
setting with tectonism driven by a dominant, west dipping, eastward retreating subduction zone [Collins,
2002]. This model relies on periods of rollback to explain the outward retreat of the subduction zone, which
in turn results in the initiation of the next, younger orogenic stage. Based on this model, continental growth
largely manifests in the back-arc region of the orogen through basin development, extensive sediment
deposition, and juvenile magmatism [Foster and Gray, 2000; Collins, 2002; Kemp et al., 2009]. In contrast, the
punctuated collision and accretion model involves collisions, terrane accretions, and subduction transference
to explain the outward growth of the orogen [Aitchison and Buckman, 2012]. In this case, continental growth
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is facilitated by the frontal accretion of
magmatic arcs or outboard terranes in
the fore-arc region of the orogen. The
subsequent blocking of the subduction
zone can result in a flip of subduction
polarity or outboard transference to an
existing subduction zone [Stern, 2004].

To explore the applicability of the two
geodynamic models, we examine blocks
of high-pressure metamorphic rocks
that are situated in serpentinite matrix
mélange shear zones in the southern
New England Orogen (Figures 1a and
1b). Ambiguity surrounds the rele-
vance of these rocks, as sparse U-Pb
[Aitchison et al., 1992; Aitchison and
Ireland, 1995; Fanning et al., 2002]
and potentially imprecise K-Ar [Fukui
et al., 1995] age data yield Cambrian
and Ordovician ages, which are at
least 100 million years older than the
timing of continent margin subduction
(360–300Ma) [Leitch, 1974]. If these
data accurately constrain the timing of
subduction zone metamorphism, the
pressure-temperature-time (P-T-t) his-
tories recorded by these rocks have
the potential to provide insight into an
early and poorly understood stage of
the New England Orogen. To test the
competing models, we compare these

Figure 1. Locality maps of regional geology
and the study locale. (a) Simplified map of
eastern Australia showing the main orogenic
stages that define the development of
the Tasmanides. Dashed lines represent
the main sectors of the Delamerian
Orogen. Abbreviations: A = Adelaidean
Belt; K = Koonenberry Belt. (b) Enlarged
map of the southern New England Orogen
showing the distribution of the main tec-
tonostratigraphic units. The high-pressure
metamorphic rocks were collected from
the Peel-Manning Fault System at Attunga,
Glenrock, and Pigna Barney. The locations
of enlarged maps shown in Figures 2a
(Attunga) and 2b (Glenrock and Pigna Barney)
are provided. Note the location of the
seismic line from which the cross section
shown in Figure 1c was constructed.
(c) Cross section through the Manilla
region showing the fore-arc accretionary
wedge architecture. The cross section was
constructed from depth-converted seismic
data, mapped geology, and the interpre-
tation of Korsch et al. [1997].
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P-T-t histories with coeval stages of Tasmanides development. For continuous subduction, high-pressure
rocks should record metamorphic ages that span the longevity of the Tasmanides and P-T histories that
reflect important evolutionary stages of the Delamerian and Lachlan orogens. In the case of punctuated
subduction, subduction complexes should get progressively younger across the Tasmanides (fromwest to east)
and be located inboard of accreted intraoceanic arcs. Following arc-continent collision, flip or outboard trans-
ference of subduction results in the isolation of an obducted subduction complex from the new active margin.
This model therefore predicts the high-pressure rocks in the New England Orogen to have formed in a subduc-
tion zone that was unrelated to the development of the Delamerian and Lachlan orogens.

In this paper, we present new metamorphic, geochemical, and geochronological data from high-pressure
metamorphic rocks in the Peel-Manning Fault System. To date, these rocks have received limited attention,
with few attempts made to quantify the conditions of metamorphism or to determine P-T-t histories [Shaw
and Flood, 1974; Offler, 1999]. Linking of the metamorphic and temporal records is also yet to be attempted,
resulting in uncertainty in the available U-Pb age data (i.e., protolith crystallization or metamorphism). The
timing of exhumation, as recorded by rocks metamorphosed at blueschist facies conditions, is also unclear
due to the widespread application of whole-rock K-Ar dating and the potential problems associated with
excess argon [Fukui et al., 1995; Arnaud and Kelley, 1995]. This ambiguity makes it difficult to reconcile the evo-
lution of high-pressuremetamorphic rocks with geodynamicmodels of the New England Orogen and greater
Tasmanides. To overcome these problems, we present new data from four high-pressure metamorphic rocks,
which specifically includes (i) whole-rock trace element composition to determine the protolith of the high-
pressure metamorphic rocks, which has bearing on exhumation mechanics, (ii) detailed petrology to identify
mineral reaction textures and to determine the relative timing of metamorphic mineral growth, (iii) mineral
compositional data to identify compositional zoning in the minerals and to obtain pressure and temperature
conditions of metamorphism by conventional and optimal thermobarometry, (iv) U-Pb isotopic and trace
element geochemistry of zircons from eclogite to ascertain the timing of metamorphism, and (v) 40Ar/39Ar
dating of phengite from blueschists to determine the timing of exhumation. Using these data, we attempt
to reconcile the formation of the high-pressure metamorphic rocks and the encompassing serpentinite
matrix mélange with geodynamic models of the Tasmanides.

2. Background Geology
2.1. The Tasmanides

The southern Tasmanides formed during three main orogenic stages, which from west to east (present-day
coordinates) are (i) the Delamerian Orogen, (ii) the Lachlan Orogen, and (iii) the New England Orogen [Glen,
2005] (Figure 1a). The Delamerian Orogeny affected the Neoproterozoic passive margin of eastern Australia
from early Cambrian to early Ordovician times (520–490Ma) [Foden et al., 2006; Greenfield et al., 2011]. A
Gondwana-wide synthesis of the Delamerian Orogen is provided by Cawood [2005], with critical information
concerning the evolution of the Australian mainland presented herein. The effects of the Delamerian
Orogeny are well preserved in the Koonenberry and Adelaidean belts (Figure 1a), where Cambrian-aged
igneous rocks of calc-alkaline, tholeiitic, and boninitic affinity are interpreted to represent parts of an active
margin [Crawford et al., 1984; Foden et al., 2006; Greenfield et al., 2011; Glen, 2013]. In the Koonenberry Belt,
Greenfield et al. [2011] suggest that the easternmargin of Australia was in an Andean-type setting duringmid-
dle to late Cambrian times, a view that is challenged by the work of Crawford et al. [1997], who suggest that
calc-alkaline rocks in the Koonenberry Belt formed in an immature continental rift setting. Glen [2013]
expands on the Andean-type model of Greenfield et al. [2011] to provide a mechanism that also explains
the presence of Cambrian-aged rocks in the Peel-Manning Fault System. Given that these rocks are slightly
older (>530Ma) and located ~1000 km to the east of the Koonenberry Belt, Glen [2013] suggests that two
subduction zones were active during the Early to Middle Cambrian: the first active between 530 and
520Ma in an intraoceanic setting located outboard of the continental margin and a second, west dipping
subduction zone active between 520 and 500Ma below the continental margin. The main implication of this
model is that it requires the rocks located in the Peel-Manning Fault System to have formed in a subduction
zone that was unrelated to the main west dipping subduction zone responsible for the Delamerian orogenic
stage of the Tasmanides. The timing of convergent deformation related to the Delamerian Orogeny is
defined by isotopic dating of magmatic units that show prekinematic to postkinematic relationships
with the regional finite strain pattern [Foden et al., 2006; Greenfield et al., 2011]. In the Koonenberry Belt,
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U-Pb zircon dating of prekinematic and postkinematic dykes restricts the timing of convergence to between
504.5 ± 2.6Ma and 496± 3.1Ma [Greenfield et al., 2011]. In the Adelaidean Fold Belt (Figure 1a), U-Pb isotopic
dating of pretectonic and posttectonic magmatic rocks signifies a longer period of convergence between
514± 3Ma and 490± 3Ma [Foden et al., 2006]. The cessation of active margin convergence is marked by a
regional disconformity in the Koonenberry Belt and the emplacement of postorogenic magmatic rocks in
the Adelaidean Belt [Crawford et al., 1984; Foden et al., 2006; Greenfield et al., 2011].

Following the Delamerian Orogeny, evidence of subduction-related magmatism is preserved in the Macquarie
Volcanic Province [Crawford et al., 2007], which comprises a linear belt of Ordovician-Silurian volcanic rocks that
are located approximately 700 km to the east of the Koonenberry Belt (Figure 1a). Where it is yet to be unequi-
vocally shown, there is growing support that the transfer from the Delamerian to Lachlan orogenic stage was
caused by rollback of the subduction zone [Foden et al., 2006; Cayley et al., 2012]. A wealth of information is
available for the Lachlan Orogen, and a detailed synthesis of the geology of the orogen is provided by Gray
and Foster [2004] orGlen [2005, 2013]. Herein, we provide a brief discussion of the salient features of the orogen
which have led to the publication of numerous conflicting geodynamic models. The orogen contains sparse
exposures of Cambrian-aged mafic rocks comprising boninite and low-Ti andesite-tholeiite [Crawford et al.,
1984], along with voluminous Lower-Middle Ordovician quartz-rich turbidites and lesser Late Ordovician black
shales that are intruded/extruded by Silurian-Devonian-aged granites (Figure 1a) [Fergusson and Coney, 1992;
Vandenberg, 1999; Meffre et al., 2007; Kemp et al., 2009]. Confined to narrow north-south striking belts, the
basaltic-andesitic rocks of the Macquarie Volcanic Province are interpreted to represent the remnants of a mag-
matic arc [Glen et al., 1998; Crawford et al., 2007] or partially melted parts of enriched upper mantle that were
later exposed during back-arc extension [Quinn et al., 2014]. Given the predominant distribution of turbidites
in the west and the subduction-related volcanic rocks of the Macquarie Volcanic Province in the east, most
workers support a model where the Lachlan Orogen formed in a broad back-arc setting behind an east facing
magmatic arc (i.e., Japan Sea-type setting) [Powell, 1983; Fergusson and Coney, 1992; Glen et al., 1998; Collins,
2002]. However, whether the Macquarie Volcanic Province represents the remnants of that arc remains a topic
of considerable debate [Quinn et al., 2014; Fergusson, 2014]. The identification of major fault zones locally
containing blueschists in the turbidite package also led Gray and Foster [1997] to expand on the back-arc
basin model and suggest a multiple-subduction scenario similar to that of the Philippine Sea. In contrast to
the back-arc models, Aitchison and Buckman [2012] suggest that the Macquarie Volcanic Province formed
as a magmatic arc above an east dipping subduction zone, which was accreted to the eastern margin of
Australia in the late Ordovician-early Silurian. This collision resulted in the termination of east dipping sub-
duction and transference to an existing west dipping intraoceanic subduction zone that was located to the
east of the collision zone. Irrespective of the contrasting geodynamic settings, emergence of the Lachlan
Orogen by the Late Devonian to Carboniferous times is shown by the presence of a thick molasses-like
overlap sequence [Foster and Gray, 2000]. By this time, subduction-related orogenesis had migrated further
to the east, manifesting as the New England Orogeny.

The Southern New England Orogen is made up of five main tectonostratigraphic units: (i) Cambrian-Silurian,
tectonized and serpentinized ultramafic to mafic rocks in the Peel-Manning Fault System, (ii) Late Devonian-
Carboniferous rocks of the Tamworth Belt, which also contain narrow (<1 km) horizons of Cambrian-
Ordovician volcaniclastic sedimentary rocks near the Peel-Manning Fault System [Leitch and Cawood, 1987],
(iii) Silurian-Carboniferous accretionary complex rocks of the Tablelands Complex, (iv) Permian-Triassic plutonic
and volcanic rocks of the New England Batholith, and (v) Early Permian sedimentary rocks of the Barnard Basin
(Figure 1b) [Leitch, 1974]. Cambrian-Devonian-aged rocks located in the eastern part of the Tamworth Belt (col-
lectively called the Gamilaroi Terrane) [Aitchison and Flood, 1994] provide insight into the early history of the
orogen. The Cambrian-Ordovician volcaniclastic sequences are interpreted to represent sediments derived
from an intraoceanic volcanic arc located to thewest, thus placing theNew EnglandOrogen in a fore-arc setting
at this time [Cawood, 1983; Leitch and Cawood, 1987]. Devonian-aged volcanic rocks show geochemical signa-
tures that are consistent with derivation in an island arc to proximal back-arc setting [Aitchison and Flood, 1994;
Offler and Gamble, 2002; Offler and Murray, 2011], which are interpreted to reflect a variety of different geody-
namic scenarios, ranging from (i) a single west dipping subduction zone [Offler and Gamble, 2002], (ii) a single
east dipping subduction zone followed by arc accretion and subduction flip [Aitchison and Flood, 1994], and
(iii) simultaneous east and west dipping subduction zones [Offler and Murray, 2011]. Whereas the number
and polarity of subduction zone(s) during the Late Silurian-Devonian evolution of the southern New England
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Orogen are unresolved, the facing of fore-arc and accretionary components supports an east facing Andean-
type setting for the orogen throughout the Carboniferous [Leitch, 1974]. In situ evidence of continental arcmag-
matism associatedwith west dipping subduction is rare [Wilkinson, 1971], but extensive horizons of calc-alkaline
ignimbrites recording Carboniferous U-Pb zircon ages are interlayered with volcaniclastic- and lithic-rich sand-
stones of the Tamworth Belt [McPhie, 1984, 1987; Roberts et al., 2003, 2004, 2006]. To the east of the Tamworth
Belt, progressive accretion of lower plate sequences has resulted in a general west to east younging of rocks in
the Tablelands Complex [Aitchison et al., 1988; Ishiga et al., 1988]. Rocks of the Permian-Triassic New England
Batholith dominantly intrude the Tablelands Complex and comprise a chemically and isotopically diverse suite
of felsic plutonic and volcanic rocks (Figure 1b) [Shaw and Flood, 1981; Hensel et al., 1985; Kemp et al., 2009;
Phillips et al., 2011]. The emplacement of these magmatic rocks from the Early Permian is interpreted to repre-
sent a switch in thermal gradient, which coincided with a change from accretionary to back-arc [Dirks et al.,
1992; Jenkins et al., 2002; Phillips et al., 2008] or transformmargin setting [Aitchison and Flood, 1992]. The deposi-
tion of deep-shallow marine sediments comprising the Barnard Basin [Leitch, 1988] occurred coevally with
the incipient stages of Batholith emplacement, which was probably related to crustal extension associated
with the change in geodynamic setting [Jenkins et al., 2002]. The late-stage emplacement of plutonic rocks with
geochemical and isotopic signatures consistent with postorogenic magmas signifies the cratonization of the
New England Orogen by the late Triassic [Phillips et al., 2011].

2.2. The Peel-Manning Fault System

The Peel-Manning Fault System in the Southern New England Orogen is a tectonic boundary between the
Tamworth Belt and Tablelands Complex (Figure 1b). The fault system is curvilinear, striking in a north-south
orientation in the north and a northwest-southeast orientation in the south (Figure 1b). Seismic imaging
across the fault system at Manilla (Figure 1b) reveals a general west dipping structure that is truncated by
an east dipping décollement surface that separates rocks of the fore-arc basin from the continental basement
(Hunter-Mooki Fault; Figure 1c). The Peel-Manning Fault System is characterized by fault-bounded sequences
of serpentinite matrix mélange, norite, gabbro, pyroxenite, dolerite, basalt, plagiogranite, and chert [Cross,
1983; Blake and Murchey, 1988; Aitchison et al., 1994]. Relict blocks of harzburgite, along with exotic blocks
of eclogite, blueschist, amphibolite, plagiogranite, basalt, and chert are located in the serpentinite matrix
mélange; which is interpreted to represent a heavily tectonized harzburgite layer of the original ophiolite
sequence [Cross, 1983; Blake and Murchey, 1988; Aitchison et al., 1994; O’Hanley and Offler, 1992; Offler,
1999]. Even though fault bounded, the sequence of rocks in the Peel-Manning Fault System is interpreted
to represent a dismembered and attenuated ophiolite (termed the Peel-Manning Ophiolite herein) [Cross,
1983; O’Hanley and Offler, 1992; Yang and Seccombe, 1997; Aitchison et al., 1994]. Where a coherent strati-
graphic section is yet to be identified, facing of the fault-bounded sequences indicates that the ophiolite
probably faces to the west [Cross, 1983; Aitchison et al., 1994; Yang and Seccombe, 1997].

Geochemical analysis of relict chromite in harzburgite and immobile trace elements in dolerite from the Upper
Bingara region (Figure 1b) indicates that the ultramafic to intermediate rocks of the ophiolite formed in a back-
arc setting [Yang and Seccombe, 1997]. In the south at Pigna Barney (Figure 1b), whole-rock analyses of basaltic
rocks have a low-Ti signature that is consistent with crystallization from amore refractorymelt generated from a
depleted source [Cross, 1983]. Given that these basalts are interlayered with boninites, Cross [1983] interpreted
the sequence to have formed in an island arc to fore-arc setting. Most of the exotic blocks in the serpentinite
matrix mélange layer preserve the effects of low-grade metamorphism (prehnite-pumpellyite facies), which
has partially recrystallized the original igneous textures and mineral assemblages [Offler, 1982; Cross, 1983;
Sano et al., 2004; Offler and Shaw, 2006]. Oxygen isotope thermometry on serpentine-magnetite mineral pairs
from samples atWoodsreef (Figure 1b) reveals temperature in the range of 350 to 220°C for the serpentinization
of the harzburgite [O’Hanley and Offler, 1992].

Temporal constraints on the formation of the ophiolite are provided by isotopic dating of exotic blocks
contained in the serpentinite matrix mélange. Blocks of plagiogranite located at Upper Bingara, Woodsreef,
and Manilla yield U-Pb zircon ages of ca. 530Ma [Aitchison et al., 1992; Aitchison and Ireland, 1995]. The blocks
are interpreted to represent late-stage differentiates of basic magmas and, therefore, provide a crystallization
age for the ophiolite [Aitchison et al., 1992; Aitchison and Ireland, 1995]. In the southern part of the fault system
at Glenrock (Figure 1b), Sm-Nd dating of a block ofmetadiorite yielded an age of 536±38Ma [Sano et al., 2004].
This age is interpreted to represent the timing of protolith crystallization. Isotopic dating of rocks recording the
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effects of subduction zonemetamorphism has also been attempted. U-Pb dating of zircon from a block of retro-
gressed eclogite at Attunga (Figure 1b) yielded an age of 536+18Ma [Fanning et al., 2002]. However, because
magmatic zircon can survive eclogite facies metamorphism [e.g., Rubatto et al., 1998] it remains unclear
whether this age represents the timing of protolith crystallization or metamorphism. The exhumation of rocks
containing blueschist facies mineral assemblages during the early Ordovician (480–465Ma) is based on K-Ar
dating of phengite from samples at Glenrock and Pigna Barney (Figure 1b) [Fukui et al., 1995, 2012]. Again,
the relevance of this age is uncertain due to the potential problems associated with excess argon in high-
pressure metamorphic rocks [Kelley, 2002].

3. Samples

Four samples recording the effects of subduction zone metamorphism were collected from key localities
along the Peel-Manning Fault System (Table 1). These samples are as follows: (i) sample AT2 is from
Attunga and preserves a retrogressed eclogite facies mineral assemblage (Figure 2a); (ii) sample 7936 from
Glenrock and samples 47302 and PB3C from Pigna Barney record blueschist facies assemblages (Figure 2b).
All of the samples come from allochthonous blocks contained within serpentinite matrix mélange.
Extremely poor bedrock exposures at the Attunga locality prevent documentation of the stratigraphic
and structural relationships between the eclogite block, serpentinite matrix mélange, and hosting fault sys-
tem. At better exposed localities to the north in the Woodsreef and Upper Bingara regions (Figure 1b), a
dismembered west facing sequence of schistose serpentinite, layered wehrlite-clinopyroxenite, layered
gabbro, intrusive gabbro-dolerite, and chert has been identified [Blake and Murchey, 1988]. Given the
widely acknowledged inference that the exotic blocks are located in the serpentinized harzburgite layer
of the original ophiolite sequence [Blake and Murchey, 1988], we suggest that the eclogite block at
Attunga is located in the basal part of a west facing ophiolite sequence. Sample AT2 comprises thoroughly
retrogressed patches of a chlorite and actinolite assemblage that is dispersed among higher-grade, garnet-
bearing parts of the rock. The sample lacks internal foliation or microstructure in groundmass minerals and
shows no evidence of ductile deformation. Samples 7936, PB3C, and 47302 were collected from meter-
scale blocks of lawsonite-bearing blueschist at Glenrock and Pigna Barney (Figures 1b and 2b). Coherent
structural relationships between the metamorphic blocks and encompassing serpentinite are lacking at
both Glenrock and Pigna Barney, with structural fabrics in the serpentinite wrapping around the compe-
tent high-pressure metamorphic knockers. The degree of internal deformation of the lawsonite-blueschist
blocks is variable, ranging from the development of a disjunctive foliation in sample 7936 to a fine-grained
continuous foliation that is crenulated in sample 47302. Consequently, it is difficult to reconcile the timing
of deformation in the tectonic blocks with finite strain patterns recorded by the encompassing serpentinite
matrix mélange.

4. Methods

Bulk rock and mineral composition data were collected from the samples to (i) discriminate the tectonic set-
ting of protolith formation, (ii) characterize themainmetamorphic mineral phases, and (iii) determinemineral
compositions and end-member activities for thermobarometry. For samples AT2, 47302, and PB3C, major and
trace elements were determined by XRF at The University of Newcastle (SPECTRO X-LAB 2000) and induc-
tively coupled mass spectrometry (ICP-MS) at Genalysis Laboratory Services, Adelaide. For sample 7936,
major elements were determined by XRF at The University of Newcastle and rare earth element (REE), Th,
Ta, and U determined by neutron activation analysis at Becquerel Laboratories, Lucas Heights. The bulk rock

Table 1. Summary Table of Sample Locations and Calculated U-Pb or 40Ar/39Ar Isotopic Ages

Sample Locality

Coordinates

U-Pb Age

40Ar/39Ar Age

Latitude Longitude Step Heating Laser

AT2 Attunga 30°50′39.7″ 150°54′45.2″ 514 ± 6Ma na na
480 ± 5Ma na na

7936 Glenrock 31°43′05.7″ 151°28′29.6″ na 479 ± 1Ma 482 ± 1Ma
47302 Pigna Barney 31°47′26.1″ 151°34′52.1″ na na na
PB3C Pigna Barney 31°47′25.2″ 151°36′52.1″ na 478 ± 1Ma 482 ± 2Ma
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compositional data are provided in Table 2. Mineral compositions were determined on a PHILIPS XL30
scanning electron microscope with attached IS200 energy-dispersive spectrometer at The University of
Newcastle, Australia. Operating conditions involved a counting time of 60 s, an average beam diameter of
0.5 � m, and an accelerating voltage of 15 keV and 0.2 nA. Mineral composition data were collected as weight

Figure 2. Geological maps of the sample localities. (a) Geological map of the Attunga region showing the location of eclogite
sample AT2. (b) Geological map of the Glenrock and Pigna Barney regions showing the locations of samples 7936, PB3C, and
47302. Maps are extracted from the Geological Survey of NSWSeamless Statewide Geology Geodatabase [Colquhoun et al., 2015].

Tectonics 10.1002/2015TC003920

PHILLIPS ET AL. LONG-LIVED ACCRETIONARY OROGENESIS 1985




















































	1

