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Abstract

Papua New Guinea resides in a complex tectonic junction between the Australian continent, the Southwest Pacific, and Southeast Asia.
Resolving the plate tectonic evolution of this region has proven difficult to date due to the plethora of contradicting geologic models that stem
from a lack of constraining regional datasets. A growing body of geochronologic, geochemical and isotopic data acquired over the past decade,
combined with new field observations, has led to a progressive shift from a largely autochthonous terrane model, to one of allochthonous
terranes and accretion at the northern Australian continental margin. Findings from a compilation of zircon and biostratigraphic age data
throughout the Papuan Peninsula and the New Guinea Fold and Thrust, and Mobile Belts, extending west to the Bird’s Head of West Papua,
provide a robust evidence-based provenance model for the origin of these terranes. The evaluation of inherited and detrital zircon age
populations indicates that many of the terranes are allochthonous in nature and that existing tectonic reconstructions require major revision. For
example, a reconstruction that infers a North Queensland provenance for clastic rocks of the Papuan Peninsula based on closure of the Coral
Sea is no longer supported by the available data. Instead, some of the allochthonous terranes are now interpreted to be derived from eastern
Australia, with provenance of the Papuan Peninsula more akin to that of New Caledonia than North Queensland.

This paradigm shift in our understanding of the regional terrane evolution has important implications for the formation and subsequent
evolution of regional basins. For instance, basement rocks of the New Guinea Mobile Belt preserve a record of semi-continuous magmatism
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throughout the Mesozoic, however, this contradicts the absence of prolonged volcanic input into the Papuan Basin. Recognition of the New
Guinea Mobile Belt as an allochthonous terrane resolves this inconsistency. The eastern margin of Australia, however, is now characterized by
a convergent margin throughout the Mesozoic. Rifting of the allochthonous terranes and the associated arc from eastern Australia likely did not
occur until the Late Cretaceous and is constrained by the maximum depositional age of volcaniclastic basement of the Papuan Peninsula at ca.
100 Ma, together with magmatic rocks identified in eastern Papua New Guinea. Rifting of the allochthonous terranes at this time would have
resulted in widespread extension and basin formation, including basement crust of the Papuan and Eastern Plateaus, and sea floor spreading
that culminated in formation of the Coral Sea Basin. This is supported by biostratigraphic data from Late Cretaceous synrift sediments
deposited in the northern New Guinea marginal basins. Construction of a comprehensive and robust evidence-based tectonic model for the
history of New Guinea basins is essential for our geological understanding of the region and to drive successful exploration models.

Introduction

Papua New Guinea resides in a complex tectonic junction between the Australian continent, the Southwest Pacific, and Southeast Asia.
Resolving the plate tectonic evolution and basin history of this region has proven difficult to date due to the plethora of contradicting geologic
models that stem from a lack of constraining regional datasets. A growing body of geochronologic, geochemical and isotopic data acquired
over the past decade has led to a progressive shift from a largely autochthonous terrane model, to one of continental breakup, allochthonous
terranes and late Cenozoic terrane accretion. Findings from a compilation of regional zircon and biostratigraphic age data provide a robust
evidence-based provenance model that confirms many of the terranes are allochthonous in nature and indicates that existing tectonic
reconstructions require major revision.

Material and Methodology

Zircon U-Pb geochronologic data for this study includes new results from the Papuan Peninsula, combined with regional datasets from PNG,
eastern Australia, New Caledonia and West Papua (Figure 1; Blewitt et al., 1998; Van Wyck and Williams, 2002; Kopi et al., 2004; Murgulov
et al., 2007; Bodorkos et al., 2013; Tucker et al., 2013, 2016; Decker et al., 2017; Shaanan et al., 2017; Campbell et al., 2018; Holm and Poke,
2018; Webb et al., 2019). The compiled geochronologic data includes zircon grains derived from sedimentary, metamorphic and igneous rocks
with a known context. For example, the new Papuan Peninsula provenance samples comprise Miocene-Pliocene volcanic and volcaniclastic
samples where inherited zircon grains are derived from the underlying Owen Stanley Metamorphics.

Biostratigraphic data from wells in PNG were compared to wells in Australia, Papua and West Papua (Figure 1). Well information was
accessed through Geoscience Australia’s National Offshore Petroleum Information Management System (NOPIMS) and compared to public
domain stratigraphic information from regional basins, namely the Salawati, Bintuni, Papuan, Laura, Carpentaria, Eromanga and Surat Basins
(Visser and Hermes, 1962; Day, 1969; Haig, 1979; Chevallier and Bordenave, 1986; Carman, 1993; Tucker et al., 2013). In total, 43
exploration wells were reviewed for this study, including six wells from the Bintuni Basin, three wells from the Salawati Basin, 23 wells from
PNG and seven from Australia.



Biostratigraphic data was used to provide an additional constraint and independent validation on the geochronologic data and timing of
formation of volcaniclastic basement of the Papuan Peninsula and magmatic rocks in eastern Papua New Guinea through identification of the
maximum depositional age of overlying sediments and hiatuses associated with rifting episodes. Biostratigraphic data comprised predominantly
palynological events over the Cretaceous interval of interest. Regional palynological zonation schemes for the Papuan and Australian Basins of
Dettman and Playford (1969), Helby et al. (1987), Davey (1987; 1999), Morgan et al. (2002), Partridge (2006) were translated to the BP
Zonation scheme for the Papuan Peninsula (Welsh, 1991) for consistency and to aid in regional correlations.

Results and Discussion

The results of the geochronologic age data and biostratigraphic review indicate there is a need to develop new tectonic reconstructions to
explain the history of terrane evolution during and after the Cretaceous. The use of these new provenance and biostratigraphic data is best
explained if some of the allochthonous terranes were actually blocks that were once closer to eastern Australia (Figure 2), which have
subsequently been translated north, and westward along the Australian-Pacific plate boundary. This interpretation differs to previous tectonic
models of this region (e.g. Hill and Hall, 2003; Hall, 2002; Davies, 2012; Zahirovic et al., 2016), but is further supported by new isotopic,
biostratigraphic and geochemical data from Papua and West Papua (Webb et al, 2019; White et al., 2019), which are interpreted to also be of
North Queensland derivation (Figure 2 and Figure 3).

Eastern Australia and the Papuan Peninsula

Previous reconstructions suggest a Far North Queensland provenance for clastic rocks of the Papuan Peninsula based on closure of the Coral
Sea (Hill and Hall, 2003; Hall, 2002; Davies, 2012). This interpretation is no longer supported by this study. Age populations of zircon derived
from the basement of the Papuan Peninsula, the Owen Stanley Metamorphics, cannot be explained by current reconstructions (Hill and Hall,
2003; Hall, 2002; Davies, 2012). Instead, age populations of inherited zircon are a better match with mixed source regions around the Central
Queensland coast (Anakie Inlier, Charters Towers Block, Mossman Orogen; Figure 2) and share a comparable age spectrum to New Caledonia
(Campbell et al., 2018). In this model, the Papuan Peninsula rifts from the Australian margin at approximately 100 Ma, which is reasonably
constrained as the end of deposition/rift volcanism that contributes zircon and is also the approximate depositional age for the protolith of the
Owen Stanley Metamorphics (Kopi et al., 2004). The 100 Ma maximum depositional age for the Papuan Peninsula volcaniclastic basement
protolith correlates with rifting of the terrane from eastern Australia and opening of the Tasman Sea, with breakup complete around 70 to 60
Ma. Review of biostratigraphic data from Australia and Papua New Guinea reveals a reasonably contiguous stratigraphy between eastern
Australia and the Papuan Peninsula. In the Eromanga and Surat basins of eastern Australia and the Papuan Basin, the onset of rifting is
constrained by palynological data to occur at the Cenomanian-Albian boundary (approximately 100 Ma) and supports the age of the detrital
zircon contributed by the rifting of the Papuan Peninsula from the Australian margin at this time. There is a stratigraphic hiatus in the
Australian and Papuan Basins until the Campanian to Maastrichtian.



West Papua

The Bird’s Head of West Papua has not been previously directly linked to Papua New Guinea and northeast Australia. Preliminary provenance
studies from the Bintuni Basin indicate that Miocene—Recent sedimentation into the basin is derived dominantly from adjacent uplifted
granitoids and metamorphic basement (Gunawan et al., 2013). However, recent detrital zircon studies imply that sedimentation of the main
hydrocarbon-bearing Jurassic—Cretaceous clastic deposits (Kembelangan Group) were not derived from the same Palaeozoic basement rocks
(Decker et al., 2017; Webb et al., 2019). Instead, age populations of zircons recorded from the Jurassic Tamrau Formation of the northern
Bird’s Head and Lengguru Fold and Thrust Belt of the Bird’s Neck share similar peaks to those from northern Queensland and the Queensland
Plateau (Figure 2). Comparisons of the biostratigraphy of wells from the Laura Basin, Queensland, (e.g. Marina-1) and the Lengguru Fold and
Thrust Belt (e.g. Kamakawala-1X) indicate a shared stratigraphy including similar biostratigraphic (palynological) events during the Early
Cretaceous (Figure 3). This supports the new reconstruction of this study, where the Lengguru Fold and Thrust Belt would have been situated
close to North Queensland during the Cenomanian-Albian (Figure 2 and Figure 3).

In both the Lengguru Fold and Thrust Belt and northern Queensland, several correlative and contemporaneous palynological events are
recorded. In the Marina-1 and Kamakawala-1X wells, the appearance of a combination of dinoflagellate cysts and spores record a near identical
succession of biozones, sequences and unconformities throughout the Early Cretaceous (Figure 3). The stratigraphy of wells from the Bintuni
Basin (e.g. Aimau River Deep-1, which contains a typical stratigraphic succession for this basin) is different to that of the Lengguru Fold and
Thrust Belt (e.g. Kamakawala-1X) as Early Cretaceous strata are completely absent from wells in the Bintuni Basin. In the Kamakawala-1X
well, early Campanian age strata are separated from early Cenomanian and older strata by a local unconformity (Figure 3). This unconformity
is equivalent to those recorded in northeastern Australia, for example in the BMR Hann River-1 well where Paleogene-Late Cretaceous age
strata are separated from Albian age strata. This is a marked difference to the Bintuni Basin, where in the Aimau River Deep-1 well the entire
Early Cretaceous succession is missing, unlike the Papuan Basin and northern/eastern Australia.

Conclusions

Our assessment of the available provenance information derived from regional zircon, together with biostratigraphic data from exploration
wells, has led to new insights into the tectonic evolution of this region. These findings emphasise the need for basic science in New Guinea and
the collection of new information to drive knowledge-based exploration. Rifting of the allochthonous New Guinea terranes from their
interpreted position along eastern Australia likely did not occur until the Late Cretaceous, constrained by the maximum depositional age of
volcaniclastic basement of the Papuan Peninsula at ca. 100 Ma. Rifting at this time would have resulted in widespread extension and basin
formation, including basement crust of the Papuan and Eastern Plateaus, and finally formation of the Coral Sea Basin. Construction of a
comprehensive and robust evidence-based tectonic model for the history of New Guinea basins is essential for our geological understanding of
the region and to drive successful exploration models.
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Figure 1. Present day regional setting displaying selected regional basins (black dashed outlines), zircon sample locations, outcrop sections and wells
used in this study. Well locations that are further outlined in the text are labelled; only samples with a sufficient number of relevant U-Pb analyses
were used. GAB: Great Artesian Basin.
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Figure 2. Schematic provenance-based reconstruction at ca. 100 Ma. Representative comparisons are shown for zircon age populations from the
Tamrau Formation of the northern Bird’s Head, Lengguru Fold and Thrust Belt of the Bird’s Neck, and the Queensland Plateau (top left), and Papuan
Peninsula with interpreted mixed source regions including the Anakie Inlier and Mossman Orogen of Central Queensland (lower left).
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Figure 3. Comparison of palynological events from Cretaceous well successions in the Lengguru Fold and Thrust Belt (Kamakawala-1X) and Laura
Basin (Marina-1). Both wells share similar sequences and biostratigraphic events supporting a position of the Bird’s Neck closer to northern
Queensland during the Cenomanian-Albian.



