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ABSTRACT 
 
The Bird’s Head of West Papua is underlain by 
Australian continental crust and has a relatively 
complete Silurian to Recent stratigraphy. It is 
surrounded by active or recently active tectonic 
zones. The Tipuma Formation of the Bird’s Head is 
a potentially important hydrocarbon reservoir and it 
also records part of the region’s Mesozoic tectonic 
history. However, little is known about variations in 
lithologies and their composition, and nothing is 
known about its provenance. New field and 
laboratory studies are providing new information, 
which suggests a more complex history than the 
continental block setting widely accepted 
previously.  
 
The age of the Tipuma Formation is uncertain due 
to the absence of fossils, and its suggested Triassic 
age has been based solely on stratigraphic position. 
The formation rests unconformably on the Silurian-
Devonian Kemum Formation and conformably on 
the Permian Aifam Formation and is overlain by the 
Cretaceous Jass Formation. It is dominated by red 
to cream well-bedded mudstones, sandstones and 
conglomerates deposited in a fluviatile setting. 
Sandstones are generally compositionally and 
texturally immature. They are quartz-rich and most 
samples contain volcanic quartz. 
 
In order to better constrain the age of sedimentation 
and to identify major sediment sources, LA-ICP-
MS and SHRIMP U–Pb ages of detrital zircons 
were obtained from a total of 11 Tipuma Formation 
sandstone samples. Results show abundant Permo–
Triassic (200–280 Ma), Mesoproterozoic (1.4–1.6 
Ga) and Paleoproterozoic (1.8–2.3 Ga) zircon 
populations. Morphological studies suggest that 
Permo-Triassic zircons are igneous/volcanic and  
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older zircons were recycled from igneous and 
metamorphic rocks. 
 
The geochronological results show that the 
maximum age of deposition of the Tipuma 
Formation is Late Triassic. Fresh volcanic quartz 
and zircon suggest igneous activity in the Bird’s 
Head during the deposition of the Tipuma 
Formation. Intrusive bodies and volcanic rocks 
outcropping to the north of the Tipuma Formation 
are a possible source of some material, and a North 
Australian cratonic origin is proposed for 
Precambrian zircons. It is suggested that there was a 
Gondwana Andean-type margin from Eastern 
Australia through New Guinea to the Bird’s Head in 
the Late Palaeozoic and Triassic. 
 
INTRODUCTION 
 
The Bird’s Head of West Papua (Figure 1) is 
located in the western part of New Guinea and is 
surrounded by active or recently active tectonic 
zones, where three of the Earth's major tectonic 
plates, the Eurasian, Indian–Australian and Pacific 
Plates (with Philippine Sea and Caroline sub-plates) 
converge. Relative to the Eurasian plate the Indo–
Australian plate is currently moving NNE, and the 
Pacific plate is moving WNW. For some authors 
(Dow and Sukamto, 1986; Dow et al., 1988; 
Audley–Charles, 1991; Charlton, 2000; Metcalfe, 
2009; Hall, 2011) the Bird's Head region is an 
essentially coherent and little deformed structural 
domain of Australian continental affinity.  
 
The Tipuma Formation was first defined by Visser 
and Hermes (1962). It was described as a distinctive 
suite of unfossiliferous red sediments, which consist 
of thickly bedded siliciclastic rocks deposited in an 
arid continental environment (Visser and Hermes, 
1962; Pieters et al., 1983). The Tipuma Formation 
has been interpreted to represent the top of a pre-
continental breakup (from Gondwana) succession 
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and its deposition was terminated by the initial 
separation events (Fraser et al., 1993). The Tipuma 
Formation is widespread from the eastern end of the 
Central Range of New Guinea to the northwestern 
Bird’s Head area, and interpreted to be underlain by 
similar basement as Papua and Australia (Dow et 
al., 1988). It is difficult to assess the age of the 
Tipuma Formation, because it was deposited in a 
terrestrial fluvial setting and lacks fossils. The 
previously suggested Early Jurassic–Triassic age for 
the Tipuma Formation (Pieters et al., 1983) is based 
solely on its stratigraphic position (Fig. 2). In the 
eastern part of Bird’s Head, a long period of 
terrestrial deposition from Triassic to Early Jurassic 
was succeeded by a transgressive unit abruptly 
changing to deep marine sedimentation of the 
Lower Kembelangan Group (Pieters et al., 1990; 
Lunt and Djaafar, 1991). The Jass Formation was 
deposited unconformably on top of the Tipuma 
Formation in the central and western part of Bird’s 
Head region during the Late Cretaceous (Pigram 
and Sukanta, 1989).  
 
This paper presents a revised stratigraphy and 
discusses new constraints on the depositional age, 
character and provenance of the Tipuma Formation, 
based on the results from an extensive field-based, 
petrographic and geochronological study conducted 
in the Bird’s Head. These new data are significant 
for hydrocarbon exploration in the area and provide 
important information on the geological evolution 
of the surrounding region. 
 
TIPUMA STRATIGRAPHY 
 
The Tipuma Formation is dominated by red to 
cream well–bedded mudstone, sandstone and 
conglomerate. It rests unconformably on the 
Kemum Formation, is overlain by the Cretaceous 
Jass Formation, and has a total thickness of 90–150 
m (Figure 2). The sedimentary rocks of the Tipuma 
Formation were deposited as channel, overbank, 
and bar deposits in a fluvial terrestrial setting. The 
red stains, distinct red colour of iron oxide particles 
and absence of organic matter within the unit 
suggest that the Tipuma Formation was deposited in 
an arid climate. 
 
The Tipuma Formation can be divided into three 
members based on facies associations (Figure 3). 
The Lower Member is characterised by massive to 
crudely bedded conglomerate (TL1), well bedded 
coarse sandstone (TL2) interpreted as fluvial 
channel deposits, and laminated loose medium 
sandstone with iron oxide staining/cement (TL3) 
and well bedded fine sandstone (TL4) interpreted as 

point bar deposits. The Middle Member comprises 
facies association of interbedded fine well sorted 
sandstone and mudstone (TM1), well bedded and 
well sorted medium to coarse sandstone (TM2), 
finely laminated sandstone, siltstone, and mudstone 
(TM3), and thickly-bedded moderately sorted 
coarse sandstone (TM4). TM2 and TM4 are 
interpreted as fluvial channel deposits, and TM1 
and TM3 as overbank deposits. The Upper Member 
of the Tipuma Formation has a conglomeratic base 
and shows a fining-up sequence and is characterized 
by massive to crudely bedded matrix-supported 
conglomerate (TU1), massive poorly sorted 
conglomeratic sandstone (TU2) both interpreted as 
channel deposits, and a finely laminated siltstone 
and mudstone (TU3) facies, interpreted as bar 
deposits. 
 
METHODOLOGY 
 
Detrital modes of 15 sandstones and zircon varieties 
of 11 sandstone samples from three members of the 
Tipuma Formation were determined using a Nikon 
Eclipse LV100 polarizing microscope. Line point-
counting (Galehouse, 1971) was performed based 
on the Gazzi-Dickinson (e.g. Dickinson et al., 1983) 
method and at least 500 grains were identified from 
each sample.  
 
Detrital zircon ages were collected from 11 
representative samples that contain significant 
amounts of volcanic quartz, in order to identify 
major sediment sources and to estimate the 
depositional age of the Tipuma Formation. Detrital 
zircons of nine samples of the Tipuma Formation 
were dated at University College London, using the 
New Wave 213 aperture–imaged, frequency-
quintupled laser ablation system (213 nm), coupled 
to an Agilent 7500 quadropole–based ICP–MS. 
Real time data were processed using GLITTER™. 
Repeated measurements of external zircon standard 
Plešovice (reference age determined by thermal 
ionization mass spectrometry (TIMS) of 
337.13±0.37 Ma (Sláma et al., 2008)) and 
TEMORA 1 (reference age determined by isotope 
dilution thermal ionisation mass-spectrometry 
(IDTIMS) of 416.75±0.24 Ma; Black et al., 2003) 
and NIST 612 silicate glass (Pearce et al., 1997) 
were used to correct for instrumental mass bias and 
depth-dependent element fractionation. Another two 
samples were dated using SHRIMP–RG (sensitive 
high-resolution ion microprobe–reverse geometry) 
at the Research School of Earth Sciences, 
Australian National University. The 2 to 4 nA 
primary beam of 16O2

- ions produced a 20 to 30 m 
diameter at a rate 2 m per hour, flat–bottomed 



 

 

analysed pit. Concentration data were standardized 
against zircon standard TEMORA 1 (Black et al., 
2003). Data were filtered using standard 
discordance tests with a 10% cut-off. The 206Pb/238U 
ratio was used to determine ages less than 1000 Ma 
and the 207Pb/206Pb ratio for grains older than 1000 
Ma (e.g. Cawood et al., 1999). Data were processed 
using Isoplot™ (Ludwig, 2008).  
 
 
SANDSTONE COMPOSITION 
 
The Tipuma Formation sandstones are generally 
compositionally and texturally immature, 
dominated by lithic and quartz fragments of angular 
to sub–rounded shape. Detrital mono- and 
polycrystalline quartz may be eroded from acid 
plutonic or volcanic, metamorphic, and sedimentary 
rocks and different quartz types can be used as 
provenance indicators (Pettijohn et al., 1987). The 
light mineral fraction is composed predominantly of 
angular to sub-rounded lithic fragments (33-64%), 
angular to sub-rounded quartz (18-52%), and 
feldspar (7-46%). Lithic fragments consist mostly 
of sedimentary (22–45%) and metamorphic (12-
21%) rocks. Quartz is predominantly angular 
monocrystalline quartz with straight or slightly 
undulose extinction (13-44%), quartz with 
overgrowth (2-14%), less abundant volcanic quartz 
(4-14 %), rare schistose quartz (~5%). Abundance 
of monocrystalline, overgrowth, and schistose 
quartz types suggests a continental block (cratonic) 
provenance according to standard ternary plots 
(Dickinson et al., 1983).  
 
Significant volcanic quartz (4–14%) was also 
identified within the Tipuma Formation and has not 
been reported from the Bird’s Head region before. 
The volcanic quartz in the Tipuma sandstones is 
typically shard-shaped, shows cracked-tile fractures, 
and contains melt inclusions and embayment 
features (Figure 4). Feldspar (7–46%) is 
predominantly potassium feldspar, indicating an 
acid plutonic source rock. Other detrital constituents 
are opaque grains, chlorite, muscovite, and biotite. 
Occasionally heavy minerals such as zircon and 
tourmaline are observed (<2%). Overall, the modal 
composition of the Tipuma Formation shows a 
transitional recycled orogenic and transitional arc 
character (Figure 5). Only one sample plots within 
the continental block (cratonic) provenance fields 
on QFL (quartz, feldspar, lithics; Figure 5) and 
QmFLt (monocrystalline quartz, feldspar, total 
lithics) diagrams (Dickinson et al., 1983).  
 
 

DETRITAL ZIRCON GEOCHRONOLOGY 
 
Detrital zircons of eleven samples were dated from 
a section shown in Figure 3. 917 concordant detrital 
zircon LA-ICP-MS U–Pb ages were obtained from 
nine samples and 101 concordant detrital zircon 
SHRIMP U–Pb ages were obtained from another 
two samples. Both methods yield similar results.  
Zircon U–Pb ages that are typical of the Tipuma 
Formation include Permo–Triassic (234–280 Ma) 
and Early Mesoproterozoic (1.4–1.6 Ga) 
populations, with a few zircon grains of Archaean 
age (2.8–3.2 Ga) (Fig. 6). Of these, Permo-Triassic 
and Early Mesoproterozoic populations are 
common in all members of the Tipuma Formation. 
Carboniferous and Archaean zircons are present 
only in the Middle Member. In the Middle Member, 
Phanerozoic ages range from Early Triassic to 
Carboniferous with a few Ordovician ages. The 
important zircon age populations are Permian (259–
283 Ma) and Carboniferous (311–349 Ma). A 
significant proportion (23%) of old zircons are 
present with the main age populations being 
Mesoproterozoic (1.4–1.6 Ga), Paleoproterozoic 
(1.8–2.2 Ga), with a few grains of Archaean age 
(2.8–3.2 Ga). Archaean age zircons have never been 
reported from the Bird’s Head, West Papua. The 
maximum age of deposition for the Tipuma 
Formation sandstones given by the youngest zircon 
age is 202±4 Ma. 
 
DETRITAL ZIRCON MORPHOLOGY 
 
Some authors (Schäfer and Dörr, 1997; Corfu et al., 
2003) suggest that zircon morphology is controlled 
by physical and chemical conditions of their 
parental magma.  Rapidly ascending magmas, high–
level granites, and volcanic eruptive deposits often 
have elongate or needle–like zircon crystals (Corfu 
et al., 2003), while crystals with a low width to 
length ratios are diagnostic of slow-cooling plutonic 
intrusions. Zircon types common in the Bird’s Head 
are described below and representative examples 
are shown in Figure 7. 
 
Permo-Triassic zircons of the Tipuma Formation 
are euhedral and subhedral, >100 m, strongly 
luminescent (CL), and show no zoning or 
oscillatory overgrowth zoning. Proterozoic zircons 
are mostly rounded, <100 m, weakly luminescent 
(CL) and zoned with cores (Figure 7). Many of the 
Proterozoic, rounded zircons have etched and pitted 
surfaces, interpreted as features of multiple 
recycling. 
 



 

 

DISCUSSION 
 
Provenance of the Tipuma Formation 
 
Detrital modes suggest acid plutonic, metamorphic, 
and recycled sedimentary source rocks for the 
Tipuma Formation sandstones. K-feldspar also 
strongly suggests that the sandstones are eroded 
from acid plutonic source rocks. Angular volcanic 
quartz and elongate euhedral zircons in the Tipuma 
Formation suggest a contribution from previously 
unrecognised contemporaneous acid volcanics.  
 
There is no provenance work and little 
geochronological information available from the 
Bird’s Head area. However, Permo-Triassic ages of 
first-cycle plutonic and volcanic euhedral/subhedral 
zircons from the Tipuma Formation can be matched 
with those of nearby intrusive bodies and a possible 
volcanic rocks outcropping to the north of the 
present day Tipuma Formation distribution areas. 
These include Carboniferous and Upper Permian to 
Triassic intrusions to the north and northeast of the 
area, namely Netoni Intrusive Complex, Wariki 
Granodiorite, and Anggi Granite (Pieters et al., 
1989; Amri et al., 1990; Pieters et al., 1990; 
Robinson et al., 1990).  
 
The rounded and stubby Proterozoic and Archean 
zircons from the Tipuma Formation often have 
etched and pitted surfaces and are therefore 
interpreted to have undergone multiple recycling 
and have experienced long transport. They are 
therefore interpreted as derived from the Australian 
continent. This indicates that the Bird’s Head region 
was a part of the Gondwana margin at least since 
the Triassic and suggests that the Bird’s Head is a 
continuation of the Australian continent. The few 
Archaean zircon grains may indicate an Archaean 
basement beneath the North Australian Craton, 
although these could also be recycled from other 
parts of Gondwana.  
 
Ages of Proterozoic detrital zircons in the Bird 
Head’s strongly resemble those from the 
sedimentary basins and orogens in northern 
Australia. A striking feature of the Proterozoic 
zircon populations in the Tipuma Formation is the 
presence of 1.4–1.6 Ma zircons. Goodge et al. 
(2008) suggested that zircon populations with a 
peak age of 1.4 Ga are diagnostic of Laurentia and 
Eastern Antarctica, but are unusual for Australia. 
However, this remote source is unlikely for 1.4–1.6 
Ga zircons in the Bird’s Head. Other authors (Black 
et al., 1992; Belousova et al., 2001; Myers et al., 
1996; Blewett and Black, 1998; Neumann & Fraser, 

2007; Cawood & Korsch, 2008) present the 
evidence for 1.4–1.5 Ga orogenic events in northern 
Australia, e.g. in the McArthur Basin and Coen 
inlier and based on this we suggest that a northern 
Australian source for Proterozoic detrital zircons of 
the Tipuma Formation is more likely. 
 
Permo–Triassic acid volcanism 
 
First cycle volcanic quartz and abundant elongate 
euhedral/subhedral zircons that are characteristic of 
the Tipuma Formation strongly suggest an input of 
detritus derived from contemporaneous acid 
volcanic rocks and therefore do not support the 
view that this formation was deposited in a 
continental block (cratonic) setting. New data from 
this study favour deposition of the Tipuma 
Formation in a fluvial setting close to a volcanic 
arc.  
 
Ages of euhedral/subhedral and elongate detrital 
zircons from the Tipuma Formation, which are 
interpreted to be of plutonic/volcanic origin, suggest 
a Triassic age for this volcanic arc. Triassic zircons 
are less abundant in the upper part of Middle 
Member of the Tipuma Formation, which is 
overwhelmed by Carboniferous-Devonian and 
Precambrian zircons (~40%). This may indicate 
waning or cessation of volcanic activity during the 
deposition of the upper part of Middle Member of 
the Tipuma Formation. 
 
Age of the deposition of the Tipuma Formation  
 
In previous studies, the Tipuma Formation was 
tentatively dated as Triassic to Lower Jurassic 
(Pieters et al., 1983). However, this age was based 
on stratigraphic position only and, since the Tipuma 
Formation lacks fossils, it remained uncertain. U–
Pb ages of first-cycle detrital zircons, interpreted to 
be derived from a contemporaneous volcanic 
source, provide a better basis for determining the 
age of the Tipuma Formation. The maximum age of 
deposition of the Late Triassic (202±4 Ma) is 
indicated by the youngest zircon age for the Tipuma 
Formation. This indicates that the Tipuma 
Formation is not older than latest Late Triassic. The 
Triassic to Lower Jurassic estimate of Pieters et al. 
(1983) is supported by this study. 
 
Triassic active margin in Gondwana 
 
In eastern Australia, the Tasman Line has been 
interpreted as the boundary between a broadly 
stable cratonic western Australian and Palaeozoic 
orogenic belts formed at the Pacific subduction 



 

 

margin (e.g. Direen and Crawford, 2003). The 
Tasman Line is commonly traced north into 
Queensland but no further. We suggest it is likely 
that this boundary turned west and can be continued 
from eastern New Guinea to the Bird’s Head (e.g. 
Metcalfe, 1998; Hill and Hall, 2003).We suggest 
that during the Permo-Triassic, there was 
subduction with an Andean-type volcanic margin 
that developed on the north side of the Bird’s Head 
(Figure 8). The palaeo–Pacific plate was subducted 
under the Australian continental plate, although 
probably with the tectonic complexities that would 
be anticipated from an examination of the present 
SW Pacific margins of Australia and New Guinea. 
 
Thus, the idea that the Bird’s Head is rifted from the 
northern Australia craton and later on re-attached in 
the Miocene time is not supported by this study 
(Pigram and Panggabean, 1984; Pigram and Davies, 
1987). Although this study does not rule out the 
concept that it was part of eastern Papua New 
Guinea (Struckmeyer et al., 1993), this study 
suggests that the Bird’s Head was always in its 
present position relative to Australia since at least 
the Triassic. 
 
 
CONCLUSIONS 
 
From this study, the following conclusions have 
been made: 
 
The Tipuma Formation was probably not deposited 
in a simple continental block setting (Visser and 
Hermes, 1962; Pieters et al., 1983). It was sourced 
from acid plutonic, metamorphic, and recycled 
sedimentary rocks to the north of the formation and 
from the North Australian Craton.  
 
The Tipuma Formation was influenced by volcanic 
activity in the Bird’s Head during its deposition. It 
is possible that volcanic activity waned or ceased 
during late deposition of the Middle Member. The 
maximum depositional age for the Tipuma 
Formation is Late Triassic (202±4 Ma).  
 
The discovery of widespread of Permo–Triassic 
volcanic activity in the Bird’s Head is suggested to 
have been caused by the subduction of the palaeo–
Pacific oceanic plate under the Australian 
continental plate and the development of an 
Andean-type active margin that followed the 
Tasman Line. It is suggested that the Tasman Line 
continued from the eastern Australia through New 
Guinea, into the Bird’s Head region. There is 
compelling geological evidence that the Bird’s 

Head was part of the Australia at least since 
Triassic.  
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Figure 1 - Simplified present-day tectonic map of Bird’s Head and Southeast Asia (after Hall, 2009). Base 

map is SRTM-derived digital elevation model.  
 
 
 
 
 
 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2 - Simplified stratigraphy of the Bird’s Head region (onshore). Ages from GTS2004 (Gradstein et 

al., 2004).  Note that the age of Tipuma Formation is based solely on its stratigraphic position. 
 
 
 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3 - Sedimentary log through the Tipuma Formation, based on field observations. The formation can 

be divided into three members based on their facies association. 
 
 
 
 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4 -  Selected examples of volcanic quartz from the Tipuma Formation sandstones in cross-polar 

photomicrograph showing shard grain shapes, cracked-tile fractures and melt embayment 
features. 

 
 

 
 
Figure 5 - Ternary diagram QFL plot (Dickinson et al., 1983) of framework detrital modes showing average 

compositions of Tipuma sandstones: Q - total quartz, F - feldspar; L - unstable lithic grains of 
sedimentary, igneous, or metamorphic origin. 

 
 
 
 
 
 



 

 

 
Figure 6 - Normalised probability density plots of detrital zircon U–Pb ages from the Tipuma Formation, 

plotted using Excel macro of G. Gehrels (pers. comm., 2010). Diagrams on the left show all 
zircon ages, while diagrams on the right show 0-500 Ma zircon ages. Only <10% discordant ages 
are included in the plots. Grey-shaded areas show significant detrital zircon populations 
diagnostic of the Tipuma Formation. 

 
 
 
 
 
 
 
 
 
 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7 -  Examples of zircon morphologies from the Tipuma Formation. (Left) Proterozoic zircon 

characterized by more rounded shape recycled zircons (A-F), sector zoning metamorphic 
zircons (E), less than 100m grain size (B-E), simple zoning (C-F), and weak CL images (A-E). 
(Right) Mesozoic zircons characterized by euhedral (H-K) to subhedral (G and L) plutonic 
zircons, more than 100m grain size (G-L), elongated volcanic zircons (I & L), no zoning (L) to 
oscillatory overgrowth feature (G-K), and strong CL values (G-L). Scale bar is 100μ in all 
images. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8 -  Map showing suggested reconstruction of the Bird’s Head area during the Triassic based on data 

of this study combined with map modified from Veevers (2000). Black line shows interpreted 
subduction zone. BE = Banda Embayment; BH = Bird’s Head; COB = Present Continent-Ocean 
Boundary; EJ-WS = East Java – West Sulawesi; EP = Exmouth Plateau; NWS = NW Shelf 
Australia; ScP = Scott Plateau; SP = Sula Spur; SWB = Southwest Borneo. 

 
 


