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Abstract - The Paleozoic to Early Mesozoic Pacific-facing active margin of East Gondwana has been shown to extend 
into the Kemum Block of northern Bird Head Peninsula (western New Guinea), and was associated with Mid Paleozoic 
orogenic deformation and Devonian to Triassic silicic magmatism and foreland basin deposition. In the Mawi Bay area 
of the eastern Bird Head Peninsula, the (?) Permian Mawi Complex is a multiply-deformed unit with a pre-Late Triassic 
D1 deformation formed in an Andean back-arc setting associated with active margin tectonism. The D1 deformation 
is characterized by recumbent, isoclinal to tight, north-northeast facing folds with an axial planar S1 cleavage formed 
at a low metamorphic grade, and predated the unconformably overlying Upper Triassic - Middle Jurassic Tipuma 
Formation. South of the Mawi Complex, the Mesozoic-Paleogene succession of the northern Lengguru Fold Belt 
is affected by north-northwest trending folds, cleavage, and most of the succession dips moderately to gently to the 
west-southwest. This deformation is reflected in the underlying Mawi Complex by northwest-trending D2 structures 
that have folded the D1 folds, and have steeply inclined open to gentle folds, some polyclinal folds, and fault-related 
folds. The structures in the northern Lengguru Fold Belt may have influenced The Pliocene to Quaternary Central 
Bird Head Monocline associated with the Kemum Block uplifting in the northern Bird Head Peninsula.

Keywords: Central Bird Head Monocline, East Gondwana, Lengguru Fold Belt, Mawi Complex, multiply-deformed, 
structure
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Introduction

Background
Gondwana in the Paleozoic to Early Mesozoic 

had an active margin facing the Paleo-Pacific 
Ocean as shown by the orogenic belts developed 
along South America, Antarctica, and Australia 
including islands in the Southwest Pacific (e.g. 
New Zealand and New Guinea, Figure 1; Cawood, 
2005; Torsvik and Cocks, 2013). In the northern 

Bird Head Peninsula of northwestern New Guinea 
(eastern Indonesia), the Gondwana orogenic belt 
is exposed in the Kemum Block (Figure 2), a 
Late Cenozoic uplift bounded on its southern side 
by the Central Bird Head Monocline (Figure 3; 
Pieters et al., 1985; Decker et al., 2009; Saputra, 
2021). The Cenozoic uplift also extends to the 
Cendrawasih Bay (Kusnida et al., 2023). The 
Kemum Block has a core of Silurian to Devonian, 
deformed, low- to high-grade metamorphosed, 
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quartz-rich turbidites, and is intruded by Devonian 
to Triassic granitic rocks (Pieters et al., 1985; 
Jost et al., 2018, 2021). In the Mawi Bay area, a 
distinct part of the southeastern Kemum Block, 
there are exposures of the (?) Permian multiply de-
formed Mawi Complex consisting of mudstones 
and interbedded quartz-lithic sandstones and the 
overlying less-deformed Triassic to Cenozoic 
clastic and carbonate succession (Figure 3; Piet-
ers et al., 1985; Atmawinata et al., 1989). Aims 
of the study are to: (1) describe and interpret the 

structure of the Mawi Complex and the overlying 
Mesozoic-Cenozoic succession along recently 
upgraded road cuttings of the Manokwari-Bintuni 
Road in the Mawi Bay area south of Ransiki (Fig-
ures 1 and 2); (2) compare the setting of the Mawi 
Complex to the Paleozoic to lower Mesozoic 
Tasman Orogenic Belt (Tasmanides) of eastern 
Australia (Henderson et al., 2013; Jessop et al., 
2019); and (3) outline overprinting by deforma-
tion associated with the northern extremity of the 
Lengguru Fold Belt (Figure 3; Dow and Sukamto, 
1984; Decker et al., 2009).

Regional Setting
The Mawi Bay area occurs near the junction 

of the southeastern Kemum Block, Central Bird 
Head Monocline and northern termination of the 
Lengguru Fold Belt, as well as ~10 km west of 
the seaward extension of Ransiki Fault that is 
the boundary to the mountainous Arfak Block 
(Figure 3). The Kemum Block is distinctive in 
New Guinea as it contains a large region under-
lain by Silurian-Devonian turbidites (Kemum 
Formation) that are characterized by isoclinal 
folding and foliation development indicative of 
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Guinea (modified from Davies, 2012).
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convergent margin orogenic processes (Pieters 
et al., 1985; Jost et al., 2021). No equivalents 
of the Kemum Formation have been recognized 
elsewhere in New Guinea, but are widespread in 
the Paleozoic orogenic belts (The Tasmanides) 
of eastern Australia (e.g. Rosenbaum, 2018). 
Granitic rocks in the Kemum Block have U-Pb 
zircon ages of Devonian to Triassic and have 
been interpreted as having formed in the roots 
of a magmatic arc that also produced a moder-
ate to high-grade metamorphism in the eastern 
Kemum Formation (Jost et al., 2018, 2021). 
The magmatic arc is documented in Papua New 
Guinea for the Triassic (Crowhurst et al., 2004), 
and is widely developed in the Tasmanides for 
the Silurian to the Triassic (Henderson et al., 
2013; Jell, 2013; Rosenbaum, 2018; Jessop et 
al., 2019). Along the southern margin of Ke-
mum Block, there is the south dipping Tipuma 
Formation, Kembelangan Group, and overlying 
units that form the Central Bird Head Monocline 
(Figure 3; Atmawinata et al., 1989). The Tipuma 

Formation formed in a foreland setting related 
to a Triassic to Middle Jurassic south-dipping 
subduction zone and magmatic arc along the 
northern margin of Gondwana and a continuation 
of the Permian-Triassic magmatic arc in eastern 
Australia and Papua New Guinea (Crowhurst et 
al., 2004; Gunawan et al., 2012, 2014; Jessop et 
al., 2019). The Late Jurassic to Cenozoic succes-
sion postdating the Tipuma Formation formed 
in a rifted margin setting (Decker et al., 2009). 
The Central Bird Head Monocline involves the 
Triassic to Pliocene sedimentary succession and 
must be no older than Pliocene (Atmawinata et 
al., 1989). Caves and underground drainages in 
the lower to Mid Miocene Kais limestone on 
the dipping central limb of the monocline are of 
Pleistocene age suggesting a similar age of uplift 
(Thery et al., 1999). Formation of the monocline 
was associated with the Late Cenozoic uplift of 
Kemum Block (Decker et al., 2009). At the east 
of the Kemum Block, there is Arfak Block con-
taining a Mid Cenozoic island-arc succession, 

200

R
ansiki F

ault

R
ansiki Fault

SDk

Ql

Ql

Ql

Ql

Qpme

SDk

SDk

Qa

Qa

Qa

Dcn
Dcw

Trg

Trg

Anggi
Gigi

Anggi
Gida

PKm

Qc
KCi

KCi

JKk

JKk

JKk JKk

JKk

NQss

Nmka

Poms

Poms

Poms

Nmka

Kj

Kj

Kj
R

Fx

RFx

RJt

RJt

RJt
Qpm

NQb

Nema

NQw

NQb

PKm

Oransbari

Ransiki

C
endraw

asih B
ay

Rumberpon
Island

Bintuni Basin

Kemum Block (High)

A
rfak B

lock

Central Bird’s Head Monocline

Figure 8

Figure 12

Figure 9

upper hinge of
monocline

lower hinge of
monocline

Lengguru
Fold Belt

134°00’E133°30’E

1°30’S

1°30’S

133°30’E 134°00’E

RFx Melange
Ransiki Fault

Paleozoic Kemum Formation

Low-grade metamorphism 

Triassic intrusions 

Alluvium and littoral deposits

Qc Raised coral reef
Ql   Lake deposits

Quaternary deposits

Paleogene-Neogene sediments

Major fault Thrust 
fault

Town

Inferred
 fault

Lake

0         5       10       15      20       25 km

200
Bathymetric 
Contour (metres)

Qpme

NQb

NQss

Menyambo Formation

Befoor Formation

Steenkool Formation
Nmma Maruni Limestone
Nmka Kais Limestone
Poms Sirga Formation

Pema Arfak Volcanics

Mesozoic-Cenozoic sedimentary rocks

Jkt Tamrau Formation
Jass FormationKj

JKk Kembelangan Group
RJt Tipuma Formation
PKm Mawi Complex

Warjori Granite (Dcw), 
Ngamona Granite (DCn)

Anggi GraniteTrg

Cenozoic volcanic rocks

NQw Wai Formation

SDk

SDk

Medium/high-grade 
metamorphism

Qpm Manokwari Formation

Qa

KCi Imskin Limestone

Mawi Bay

N
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most likely accreted in the latest Oligocene and 
subsequently offset by strike-slip faulting along 
the Ransiki Fault (Webb et al., 2020). 

The Lengguru Fold Belt located in the south 
of Mawi Bay, is an arcuate belt of folds and as-
sociated thrust faults extending southwards to 
the Tarera-Aiduna Fault (Figure 2; Dow and Su-
kamto, 1984; Bailly et al., 2009). The Lengguru 
Fold Belt has a Permian to Cenozoic clastic and 
carbonate succession affected by north-trending 
folds in the north that gradually curve southwards 
to a southeast and a near east-west trend adjacent 
to the Tarera-Aiduna Fault. The folds are associ-
ated with east to northeast-dipping thrusts, which 
at depth link into a near flat-lying décollement 
(Dow and Sukamto, 1984; Bailly et al., 2009). 
Southwest convergence from not earlier than Late 
Miocene and into Pliocene (5-3 Ma) has formed 
the Lengguru Fold Belt (White et al., 2019). This 
Fold Belt is situated at the western end of the 
Neogene foreland fold and thrust belts that form 
the mountainous spine of New Guinea, between 
the Precambrian Craton in the south and the 
mobile belt, including accreted island arcs in the 
north (Figure 2; Visser and Hermes, 1962; Dow 
and Sukamto, 1984; Cloos et al., 2005; Bailly et 
al., 2009; Davies, 2012; Baldwin et al., 2012).

On the northeastern side of the Lengguru Fold 
Belt there is the rugged Wandamen Peninsula 
containing medium to high grade metamorphic 
rocks formed in multiple episodes of Neogene 
shortening and extension (François et al., 2016; 
White et al., 2019). Most authors favour devel-
opment of the Wandamen Peninsula as a meta-
morphic core complex at least in part (Charlton, 
2010), and White et al. (2019) recorded an early 
phase of extension at ~6 to 5 Ma based on U–Pb 
zircon ages followed by several deformational 
episodes involving alternating compression and 
extension.

The Mawi Bay opens eastwards into the much 
larger Cendrawasih Bay which is a large triangular 
feature 175 km long in a north-south direction and 
240 km across in the north, south of Yapen Island 
(Figure 2). Compressional structures and associ-
ated thick sedimentary successions have been 

documented by seismic profiles in Cendrawasih 
Bay; unfortunately, these lack deep well control 
so that uncertainties remain about the timing of 
events (Decker et al., 2009; Sapiie et al., 2010; 
Babault et al., 2018). Charlton (2010) interpreted 
Cendrawasih Bay as having formed a spenochasm 
due to Pliocene-Recent anticlockwise rotation 
of the Bird Head Peninsula driven by Pacific 
Plate motion and tightening the Banda Arcs in 
the process. Charlton (2010) considered that the 
thick sedimentary succession, especially in the 
eastern part of the bay and the adjacent Waipoga 
Trough, was caused by this rotation and associated 
with deposition of a thick Pliocene extensional 
succession. Alternatively, Babault et al. (2018) 
considered Cendrawasih Bay to have formed by 
extension in The Mid to Late Miocene (12-10 Ma) 
in contrast to the much younger timing advocated 
by Charlton (2000, 2010). As pointed out by Sapiie 
et al. (2010) the origin and basement of Cendra-
wasih Bay are a major problem in understanding 
the tectonics of New Guinea.

Stratigraphy
The Mawi Complex was mapped between the 

overlying Mesozoic Kembelangan Group and the 
Kemum Formation (Figure 3) by Pieters et al. 
(1985) and Atmawinata et al. (1989), but our new 
mapping within the enlarged road cuttings along 
the Manokwari-Bintuni Road has enabled further 
subdivision into the Mawi Complex proper and 
the Tipuma Formation. The numbers such as 
“18SE-100” in the figure captions are outcrop 
numbers from the field mapping, followed by the 
latitude and longitude of the outcrops.

The Mawi Complex consists of very low 
grade metamorphic, gray to black claystone and 
interbedded thin to thick micaceous quartz-lithic 
sandstones (Figure 4a; Pieters et al., 1985; At-
mawinata et al., 1989). Graded beds have been 
recognized in some exposures allowing deter-
mination of younging, but most outcrops lack of 
sedimentary structures apart from bedding and 
plane lamination. The Mawi Complex is strongly 
deformed, lack of discernible fossils and has been 
correlated with the Permian Aiduna Formation 
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south of the Weyland Thrust in the Bird Neck 
and the Aifam Group of the western Bird Head 
Peninsula (Visser and Hermes, 1962; Pigram and 
Sukanta, 1982; Sukanta and Pigram, 1989; Irawan 
et al., 2014; Irawan, 2015). The relationship of the 
Mawi Complex to the Kemum Formation is not 
established, although it is shown on the Ransiki 
1:250,000 geological map as a possible faulted 
contact (Atmawinata et al., 1989).

The Tipuma Formation is exposed along the 
Central Bird Head Monocline and in the Mawi 
Bay area around Gunung Botak (Figures 4b 
and c). It mainly consists of reddish mudstone, 
siltstone, sandstone, and conglomerate (Figures 
4b-d; Pieters et al., 1985). Abundant detrital 
zircons with U-Pb ages of 280-205 Ma have 
been obtained from samples in the Tipuma For-

mation located on the upper part of the Central 
Bird Head Monocline 45 km northwest of the 
Mawi Bay area, and indicate deposition during 
Upper Triassic to Middle Jurassic (Gunawan et 
al., 2012, 2014). It overlies the Mawi Complex, 
although the contact in the Mawi Bay area shows 
widespread brittle deformation.

The Kembelangan Group is exposed along a 
cuesta scarp of the Central Bird Head Monocline 
and in a coastal area around Mawi Bay (Figure 
4c). The unit mainly consists of calcareous shale, 
noncalcareous shale, siltstone, sandstone, minor 
biocalcarenite, and conglomerate (Pieters et al., 
1985, 1990). Based on benthic foraminifera, be-
lemnites, and ammonites, the unit has a Middle 
Jurassic to Upper Cretaceous age (Pieters et al., 
1985) that is broadly consistent with U-Pb detrital 
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Figure 4. Rock types of the Mawi Bay area. (a) Mawi Complex, interbedded black mudstone and thin fine sandstone beds, 
southern limb of an antiform, sample 18SE-18. (b) Contact (white dashed line) between the Mawi Complex and the overly-
ing Tipuma Formation, on the north side of the big road cutting (Gunung Botak) as seen at Figure c. (c) The lowest part 
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mudstone and quartz sandstone overlying conglomerate of the Tipuma Formation. (e) Gently dipping Imskin limestone to 
the south-southwest with  steeply east-dipping calcite veins (parallel to white dashed line), sample 18SE-20.
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zircon ages reported by Decker et al. (2017). It 
conformably overlies the Tipuma Formation at 
Gunung Botak (Figure 4c).

The Imskin Formation is part of the New 
Guinea Limestone Group (Pieters et al., 1983a 
and b) and widely exposed in the Lengguru Fold 
Belt (Atmawinata et al., 1989). The unit has fos-
siliferous calcilutite, marlstone, and minor fine 
calcarenite (Figure 4e). Based on planktonic 
foraminifera, Gold et al. (2017) dated the Imskin 
limestone as Upper Cretaceous (Campanian to 
Maastrichtian) to Eocene. The unit conformably 
overlies the Kembelangan Group south of the 
Mawi Bay area.

Result And Analysis
Field work was conducted in four short pe-

riods within the timeframe of January 2016 to 
May 2018.

Structure of the Mawi Complex
The structure of The Mawi Complex and 

the overlying Mesozoic to Cenozoic succession 
is exposed in road cuttings, many of which are 
intensely weathered, along The Manokwari - Bin-
tuni Road. Structural complexity was recognized 
in the earlier mapping, but structural detail was 
not discernible due to overprinting fracturing 
and weathering resulting in common red iron-
stained outcrops (Pieters et al., 1985). Two main 
deformations (D1 and D2) have been recognized 
in the Mawi Complex. D1 is associated with a 
slaty to spaced cleavage (S1) in mudstones and 
sandstones, respectively, and axial planar to 
recumbent to moderately inclined folds (F1) in 
bedding (Figures 5a, b, d). D2 refers to a range 
of structures that have folded S1 and associated 
recumbent folds, which are mainly upright, open 
to gentle folds but also include some polyclinal 
folds and folds associated with thrust faults (Fig-
ures 6 and 7).

Bedding (S0) is divided into two domains, one 
in the northeast along cross-section line GH (the 
northeast domain), and the other along cross-
section lines IJ and KL including the road cuttings 

around Gunung Botak (the southwest domain, 
Figures 8 and 9). In the northeast domain, S0 is 
folded about a regional fold axis trending 5°/132°, 
whereas in the southwest domain, the regional 
fold axis is 6°/338° (Figure 10a, b). Overall, the 
structural trends swing from north-northwest to 
northwest from north to south in the Mawi Com-
plex. These regional trends reflect the orientation 
of structures associated with D2 as the F1 folds are 
recumbent and thus lack of a dominant structural 
grain, although the trends in these domains are 
similar to F1 and S0–S1 intersection lineation (L1) 
trends (Figures 10d, e).

The D1 deformation is characterized by the 
low-angle orientation of the slaty cleavage (S1) 
developed in mudstones. The cleavage is defined 
by very fine-grained aligned muscovite (Pieters et 
al., 1985, p. 150) consistent with very low-grade 
regional metamorphism. Tight to isoclinal F1 folds 
(using the interlimb fold classification of Pluijm 
and Marshak, 2004) with axial planar S1 have 
been identified at a few localities (Figure 5a), but 
are generally not evident in the more weathered 
road cuttings. Orientation of the D1 structures is 
given in Figures 8, 9, and 10. S1 has a mean ori-
entation of 23°/009° (Figure 10c), and the calcu-
lated intersections between S0 and S1 for coupled 
measurements taken adjacent to each other are 
northwest-southeast trending and gently plung-
ing (mean L1 12°/306°; Figure 10d), whereas the 
mean F1 is 1°/326° (Figure 10e). This variation 
is more likely a reflection of the small number 
of measurements (13 for F1, 15 for L1) rather 
than indicating S1 is nonaxial planar to F1. Axial 
planes of F1 are near horizontal as expected for 
recumbent folds (Figure 10f). Few parasitic fold 
couples are exposed that can be used to indicate 
the sense of vergence from the overall asymmetry 
with “s” folds on the upright limb and “z” folds on 
the overturned limb. The common development 
of S0 and S1 either subparallel or at a low-angle to 
each other is consistent with the isoclinal nature 
of F1, and indicates most of the exposed bedding 
planes that are on the limbs of folds. 

In cross-section GH (Figures 8 and 11) drawn 
perpendicular to the regional fold axis determined 
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for the northeast domain, most S0-S1 vergence is 
towards the north, i.e. the upper limb of an iso-
clinal hinge to the northeast. This is consistent 
with identification of some “z” shaped parasitic 
fold couples. One determination of stratigraphic 
younging from graded beds indicates that this 
fold is a northeast-facing anticline. S0-S1 ver-
gence determined from one outcrop further to the 
northeast indicates that vergence is in the opposite 
direction, i.e. the anticline hinge has been crossed, 
and it is here part of the lower limb (Figure 5f).

In the southwest domain two cross-sections 
IJ and KL have been drawn perpendicular to the 
regional fold axis (Figure 11). In the northwest 

cross-section IJ, vergence has only been deter-
mined from two “z” shaped parasitic fold couples 
that indicate the rocks are still part of the upper 
limb of a north-facing anticline as was determined 
for much of cross-section line GH. Graded bed-
ding has been recognized at several localities 
along this cross-section line and are all upright 
consistent with these rocks being part of the up-
per, upright limb of a map-scale recumbent fold. 
In the southwest cross-section KL (Figure 11), 
four changes of vergence occur indicating that 
the overturned limb of a north-facing anticline is 
developed between two upper limbs. This is based 
on both the asymmetry of parasitic fold couples 

Figure 5. F1 folds in the Mawi Complex. (a) Moderately inclined isoclinal F1 fold, Fen knife for scale (~10 cm long). White 
dashed lines outline bedding (S0). (b) Recumbent F1 fold , photograph looking east, sample 18SE-142. (c) Enlarged from 
(b). (d) Recumbent F1 fold Stone wall ~1.2 m high, photograph looking south, sample 18SE-47. (e) Recumbent F1 fold. 
Photograph looking east. Geological hammer (33 cm long) for scale. (f) Bedding-cleavage relationships with S1 dipping 
moderately to the southwest and more steeply dipping bedding. This indicates the exposure is on the lower limb of a F1 
antiform located to the southwest. Photograph looking northwest. Pen (15 cm long) for scale, sample 18SE-124.
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and the changes in the S0-S1 vergence senses from 
one limb to the other. The overturned limb in the 
eastern part of this cross-section contains the most 
well exposed S0-S1 relationships along the whole 
traverse across the Mawi Complex.

The presence of recumbent folds developed 
over a distance of 5 km in a northeast direction 
implies considerable shortening has affected the 
Mawi Complex in this deformation. The north-

ward-facing recumbent folds and short overturned 
limbs suggest northeast tectonic transport. 

The D2 deformation has formed mainly up-
right to steeply inclined, northwest-southeast 
trending folds with open-gentle interlimb angles 
that fold the limbs of the F1 recumbent folds. 
This deformation is responsible for locally steep 
dips and more common moderate dips developed 
in parts of the Mawi Complex (Figures 8 and 
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Figure 6. F2 folds in the Mawi Complex. (a) Photograph of F2 fold with axial plane steeply dipping to east 60°/082°. Dashed 
white lines show bedding (S0). Geological hammer for scale (33 cm long) in circle, sample 18SE-128. (b) Photograph of 
open polyclinal folds. Dashed black lines outline bedding, sample 17 SE-79. (c) Gentle upright F2 folds (dashed white lines 
show bedding) with steeply west-dipping limb on the left; highly weathered cutting with common staining by Fe2O cutting 
is ~7m long. Sample 18SE-15. (d) Upright southeast plunging F2 synform. Photograph looking northwest. Pen for scale (15 
cm long), 18SE-123. (e) Upright rounded F2 antiform, photograph looking northwest. Hinge is ~1.5 m across, 18SE-126.IJ

OG



Pacific-Gondwana Permo-Triassic Orogenic Belt with Lesser Overprinted Cenozoic Deformation, 
Eastern Bird Head Peninsula, West Papua, Indonesia (S.E.A. Saputra and C.L. Fergusson)

127

9). F2 have a mean orientation of 4°/134° and 
axial planes dip steeply to the northeast (mean 
76°/051°; Figure 10g, h). F2 are “stumpy” folds, 
i.e. they have low amplitude to wavelength ratios 
(Figure 6), and thus have a relatively low level 
of shortening. Additionally, some disharmonic, 
polyclinal folds occur and have low-dipping 
axial planes in addition to folds with steeper axial 
planes (Figures 6b, d, e). 

In one exposure adjacent to the faulted contact 
with the overlying Tipuma Formation, small F2 
z-fold couples are developed with short steeper 
forelimbs and associated with south-dipping 
thrusts (Figure 7). They are interpreted as small 
fault-propagation folds related to north-directed 
thrusting. On the map-scale, F2 have generally 
very high interlimb angles resulting in the low 
amplitude, steeply inclined folds evident in cross-
sections (Figure 11).

Structure of the Tipuma Formation, Kembe-
langan Group, and Imskin Limestone

The Manokwari-Bintuni Road follows the 
coastline south of Mawi Bay and obliquely crosses 
the Tipuma Formation, Kembelangan Group, and 
Imskin limestone (Figures 9 and 12). A number of 
structural features are evident at outcrop scale in 
these rocks and include spaced cleavage (S), an 
intersection lineation between bedding and cleav-
age (L), upright folds, calcite veins, and joints 
(Figure 13). Outcrops in the cuttings at Gunung 
Botak exhibit strike-slip faults (Figure 14).

Bedding defines a regional fold axis plunging 
3°/329° (Figure 15a), but the strike of bedding 
ranges from nearly east-west to almost north-
south. In the basal Kembelangan Group and Tipu-

Figure 7. Late, steeply to moderately inclined folds in bed-
ding (outlined by white dashed lines) associated with moder-
ately south-dipping thrust faults (shown by white continous 
lines) indicating tectonic transport to the north (18SE-48, 
1°40’38.34”S, 134°4’14.81”E). Photograph looking west.

Figure 8. Local geological map of the northeastern part of 
Mawi Bay area showing structural data in the Mawi Com-
plex collected during this study. Fold axes are labelled F1 
and F2. See Figure 3 for location. Approximate locations of 
photographs (Figures 4a, d, 5a-c, e, 6a-e) shown.
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ma Formation, the units dip more consistently at 
~30°SW (Figures 9 and 12). The succession is 
dipping homoclinally to the west-southwest with 
common local variations (Figures 12 and 15). 
Some limited dips to the east occur due to a local 
upright, open, anticline, and syncline pair in the 
upper part of the Kembelangan Group (Figures 
12 and 16, cross-section CD).

The spaced cleavage (S) developing in mud-
stones and calcareous mudstones, spaces up to 
several centimetres and is typically a rough, 

irregular, but overall planar structure (Figure 
13). On average, it is dipping steeply to the east 
(72°/081°), but has a large variation in strike 
(300° to 020°; Figure 15b). The cleavage is axial 
planar to the local syncline-anticline pair. A well-
developed intersection lineation between bedding 
and the cleavage is present on bedding planes, and 
plunges gently both to the north-northwest and 
south ̶ southeast at an average of 5°/165° (Figure 
15c) consistent with the gentle plunge of the local 
anticline-syncline pair.

Strike-slip and normal faults are particularly 
prominent in the big cutting at Gunung Botak 
and in the next cutting to the south respectively 
(Figures 9, 14, and 17). In the big cutting, numer-
ous mainly steeply dipping faults are exposed 
with a common north-northeast strike (Figures 
14 and 15d-f). Slickenlines, both striations and 
quartz fibres, define slip directions which are 
mainly gently plunging to the north-northeast and 
south-southwest, indicating that the faults have 
mainly strike-slip offsets. The amount of offset 
cannot be determined, but given the uniformity 
of beds offset along the faults are unlikely to be 
more than several metres. Steps along the fault 
planes have been determined from eleven of the 
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faults, and show both dextral (4) and sinistral (7) 
senses (Figures 15d, e). These faults are poorly 
constrained in age, but probably postdate the 
main deformation in these rocks and are poten-
tially related to strike-slip faulting along The 
Ransiki Fault. Six normal faults are exposed in 
the southern cutting and have offsets <2 m as 
shown by a prominent marker bed (Figure 17). 
They are northeast trending, and indicate an 
overall northwest-southeast extension direction 
(Figure 15f). Their timing is poorly constrained, 
and it is possible that they formed closely fol-
lowing deposition.

Joints and thin calcite veins (<1 cm thick) are 
widely developed, especially in the Imskin lime-
stone at the southern end of the traverse (Figure 
4e). These are variable in orientation, but overall 
are steeply dipping and east-west striking (Fig-
ure 15g). They are at a high-angle to strike and 
presumably related to compressional stresses and 
fluctuating hydro-pressures that accompanied tilt-
ing, folding, and cleavage formation (see Pluijm 
and Marshak, 2004).

The contact between the Tipuma Formation 
and the underlying Mawi Complex is well ex-
posed in road cuttings around Gunung Botak. 

Figure 12. Local geological map of the southern part of the Mawi Bay area showing structural data collected during this 
study. See Figure 3 for location. Approximate locations of photographs (Figures 4f and 13b-ef) shown.
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Figure 13. Bedding and cleavage within the Kembelangan Group in road cuttings south of Mawi Bay. (a) Spaced cleavage 
(S, dashed line) dipping steeply to the east (60°/070°) in sandstone. Photograph looking north. Geological hammer (33 cm 
long) for scale, sample 18SE-122. (b) Bedding (S0, 45°/065°, dashed line) and cleavage (S, 65°/055°, dashed line). Photo-
graph looking southeast. Pen (15 cm long) for scale, sample 18SE-99. (c) Bedding (S0, 42°/074°) cleavage (S, 71°/074°). 
Photograph looking south and pen (15 cm long) for scale, sample 18SE-100. (d) Bedded limestone dipping moderately 
to the west-southwest. Photograph looking southwest. (e) Intersection lineation between bedding and cleavage, plunges 
27°/330°. Pen (15 cm long) for scale, sample 18SE-22. (f) Spaced cleavage (S, 75°/255°, dashed line). Same location as 
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Figure 14. Strike-slip faults in the lower Kembelangan Group (Woniwogi Formation) in the big cutting (Gunung Botak, 
18SE122, 1°40’56.43”S, 134°4’28.59”E). Pens 15 cm for scale. S.L., Slickenlines (dotted white lines).
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Unfortunately, road works has resulted in wide-
spread fracturing of the sandstones of the Tipuma 
Formation producing many lose blocks. The 
contact at map scale is a planar feature, but in 
detail is highly irregular with scaly shear fabrics 
overprinting both the Tipuma Formation and the 
Mawi Complex. The scaly shear fabric overprints 
cleavage in both units, but has no regular orien-
tation and indicates that the contact has been a 

locus of faulting and dispersed brittle deformation 
resulting in irregular blocks (Figure 4b). Overall, 
the contact is subparallel to the main bedding 
orientation in the Tipuma Formation developed 
50 m or more above the contact (Figure 9). 

Discussion

The presence of black mudstones, quartz-lithic 
sandstones containing low-grade metamorphic 
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Group (JKk), and Imskin limestone (KNi). See Figure 12 
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rock fragments and detrital muscovite, and the 
stratigraphic position of the Mawi Complex 
below the Tipuma Formation, are indicative of 
correlation with the Permian Aiduna Formation 
of the Bird Neck south of the Weyland Thrust 
(Figure 2) and the Aifam Group of the western 
Bird Head Peninsula (Visser and Hermes, 1962; 
Irawan et al., 2014; Irawan, 2015). However, 
the strong deformation of the Mawi Complex 
contrasts to the Aifam Group, which is weakly 
deformed in the western Bird Head Peninsula 
(Pigram and Sukanta, 1982; Pieters et al., 1985; 
Sukanta and Pigram, 1989). The Aiduna Forma-
tion in the Bird Neck region south of the Wey-
land Thrust has been involved in The Cenozoic 
fold-thrust belt formed by the island-arc collision 
and thrusting event, but is not affected by the 
strong pre-Tipuma Formation D1 deformation in 
the Mawi Complex (Figure 2; Panggabean and 
Pigram, 1989). 

The setting of the Mawi Complex needs to be 
placed in the much broader context of the Perm-
ian to Triassic Paleo-Pacific active margin of 
Gondwana (Figure 18a). The overlying Tipuma 
Formation shows evidence of Triassic magmatic 
activity, and has been interpreted as forming in a 
foreland setting adjacent to an Andean magmatic 
arc trending east-west through the Bird Head 
Peninsula, central Papua New Guinea, and north-

south trending in the Tasmanides of eastern Aus-
tralia (Figure 18; Hill and Hall, 2003; Gunawan et 
al., 2012, 2014; Webb and White, 2016).  These 
data and interpretations are consistent with the 
widespread Permian-Triassic ages determined for 
granites across the northern Bird Head Peninsula 
in the Kemum Block, and interpreted as part of 
the active Andean margin of Gondwana (Jost et 
al., 2018). Hill and Hall (2003) suggested that the 
Tasmanides, which includes a compressive conti-
nental arc in the Late Permian to Mid Triassic of 
the New England Orogen (Jessop et al., 2019), 
changed trend from north-south to east-west along 
the northern margin of New Guinea.

The recognition of Tasmanide equivalents 
in the Bird Head is also consistent with the 
Silurian-Devonian Kemum Formation, which 
resembles highly deformed Silurian-Devonian 
quartzose turbidites of the Paleozoic Mossman 
Orogen of North Queensland (Henderson et al., 
2013). Although the Mossman Orogen is ~2000 
km southeast of the Bird Head Peninsula, it has 
the nearest known equivalents of the Kemum 
Formation. In Papua New Guinea, ~1400 km east-
southeast of the Bird Head Peninsula, Wyck and 
Williams (2002) have documented metamorphic 
rocks of Permian to Triassic age and Triassic in-
trusions (see also Crowhurst et al., 2004), which 
are a northern continuation of the New England 

Figure 17. Normal faults developed in the Woniwogi Formation of the lower Kembelangan Group (18SE-158, 1°41’1.8”S, 
134°4’25”E). Red vehicle (white circle) on road for scale.
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Orogen. In the New England Orogen and Moss-
man Orogens, Permian to Mid Triassic contrac-
tional deformation is widespread in back-arc to 
arc settings and known as the Hunter-Bowen 
Orogeny in addition to the Permian to Triassic 
igneous activity (Henderson et al., 2013; Jell, 
2013; Jessop et al., 2019). The D1 deformation 
of the Mawi Complex reflects localized strong 
inversion of a Permian sedimentary basin (Figure 
18b) developed in an Andean active margin set-
ting as interpreted for the Bird Head Peninsula 
by Gunawan et al. (2012) and Jost et al. (2018) 
for the Tipuma Formation and granitic rocks 
respectively. This deformation is comparable to 
widespread shortening of Permian successions 
in the New England Orogen of eastern Australia 
during the Hunter-Bowen Orogeny (Rosenbaum, 
2018; Jessop et al., 2019). For example the Go-

gango Thrust Zone in central Queensland contains 
tight folds and locally near-recumbent folds with 
well-developed axial plane cleavage, but dies out 
to the south and north into less deformed rocks 
of the eastern Permian-Triassic Bowen Basin 
(Figure 18a; Fergusson, 1991; Jell, 2013).

Northern Extent of the Lengguru Fold Belt
The Tipuma Formation, Kembelangan Group, 

and Imskin limestone were affected by west-
southwest to east-northeast shortening produc-
ing the north-northwest trending folds, spaced 
cleavage, and overall west-southwest dip of these 
units. As is evident from the earlier mapping of 
the Mawi Bay area (Dow and Sukamto, 1984; 
Atmawinata et al., 1989a, Figure 6), the structural 
trends of the Mesozoic-Paleogene succession 
gradually curve from a north-south trend west 

Figure 18. (a) Map of East Gondwana showing the extent of the Permian-Triassic arc-backarc superimposed on the oro-
genic belts of the Tasmanides of eastern Australia. (b) Map of western New Guinea showing a hypothetical distribution of 
the Gondwanan Precambrian Craton and the Paleozoic Orogenic Belt of the Kemum Block and the hypothesized extent of 
intense Permian deformation affecting the Mawi Complex based on the known exposures.
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of Rumberpon Island to a north-northwest trend 
south of Mawi Bay and to a northwest trend west 
of Mawi Bay (Figures 2 and 12). The F2 folds in 
the Mawi Complex are mainly northwest-trending 
and within the Mawi Bay area the main structural 
trends, which reflect the F2 folding, curve from a 
north-northwest trend in the southwest domain to 
a northwest trend in the northeast domain (Figure 
10a and b). The D2 deformation is considered to be 
a result of the overprinting Late Miocene-Pliocene 
deformation that affected the Mesozoic-Paleogene 
succession (Bailly et al., 2009; White et al., 2019) 
as shown by the complementary structural trends 
in both successions. Furthermore, these structural 
trends are traced southwards into the wider Leng-
guru Fold Belt, and considered to be part of this 
belt as shown in previous work (e.g. Dow and 
Sukamto, 1984). 

Pliocene to Pleistocene Deformation Associ-
ated with Formation of the Central Bird Head 
Monocline

The Central Bird Head Monocline is a major 
structure that is associated with the uplifting of 
Kemum High. It is clear from previous work 
(Dow and Sukamto, 1984; Pieters et al., 1985; 
Atmawinata et al., 1989a) and even from topog-
raphy that structural trends in the northern end of 
the Lengguru Fold Belt curve from a northwest 
to the east ̶ west trend of the Central Bird Head 
Monocline (Figure 3). The transition from one to 
the others is seamless as is apparent from Figure 
3. The Central Bird Head Monocline formed 
during uplift of the Kemum High potentially in 
Quaternary, but may extend into Pliocene (Decker 
et al., 2009; Saputra, 2021; Saputra et al., 2022). 
The uplift would appear to be younger than for-
mation of the Lengguru Fold Belt, although it 
cannot be ruled out that they partially overlap. 
Given that the Central Bird Head Monocline post-
dates at least some deformation in the Lengguru 
Fold Belt, then the seamless transition between 
them reflects development of the location of the 
monocline influenced by the termination of the 
pre-existing structures of the northern Lengguru 
Fold Belt.

Conclusions

The Mawi Complex in the eastern Bird Head 
Peninsula is considered equivalent to the Permian 
Aiduna Formation exposed south of the Weyland 
Thrust in the Bird Neck and the Aifam Group in the 
western Bird Head Peninsula, but differs from both 
given that it was affected by strong deformation in 
the Permian to Early Triassic. The first deforma-
tion (D1) in the Mawi Complex is characterized 
by northeast-facing, recumbent, tight to isoclinal 
folds containing an axial planar slaty to spaced 
cleavage. These structures predate deposition of 
the overlying Upper Triassic to Middle Jurassic 
Tipuma Formation indicating a Permian to Early 
Triassic timing for the deformation. The second 
deformation (D2) in the Mawi Complex consists of 
gentle to close, upright to steeply inclined folds that 
trend north-northwest to northwest. D2 structures 
have folded the D1 structures resulting in gentle 
to moderate and locally steeper dips of bedding 
in the Mawi Complex. Other post-D1 structures 
in the Mawi Complex include polyclinal folds 
with inclined axial planes and several small fault-
propagation folds adjacent to the faulted contact 
with the overlying Tipuma Formation. These 
structures are tentatively included in the D2 defor-
mation. The D2 deformation is considered related 
to the north -northwest trending folds and spaced 
cleavage developed in the overlying Mesozoic to 
Paleogene succession of the northern Lengguru 
Fold Belt. Most of this succession is dipping gently 
to moderately to the west-southwest.

The D1 deformation of the Mawi Complex is 
unique in Permian rock units of the Bird Head 
Peninsula and Bird Neck, and is related to the 
active Gondwanan Paleo-Pacific margin of the 
Bird Head Peninsula in the Permian to Triassic. 
The Kemum Block contains Mid Paleozoic highly 
deformed turbidites (Kemum Formation), De-
vonian to Triassic granites, and Triassic igneous 
activity shown by detrital zircon ages and clast 
types in the Tipuma Formation (Gunawan et al., 
2012, 2014; Jost et al., 2018). These features are 
consistent with tracing the north-south trend-
ing Tasmanides of eastern Australia into central 
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Papua New Guinea, and then curving westwards 
to continue north of the Precambrian Craton in 
southern New Guinea to the Kemum Block of 
the Bird Head Peninsula. The D1 recumbent folds 
are considered equivalent to the Mid Permian to 
Mid Triassic Hunter-Bowen Orogeny in the New 
England Orogen of eastern Australia, and formed 
in a compressional continental margin setting.

Late Miocene to Pliocene deformation of the 
Lengguru Fold Belt produced the folding, cleavage, 
and general west-southwest dip of the Mesozoic 
to Paleogene succession as well as the D2 defor-
mation in the underlying Mawi Complex. These 
structures were produced during west-northwest-
east-northeast shortening during the tectonic event 
that formed the Lengguru Fold Belt (Dow and 
Sukamto, 1984). The northern part of Lengguru 
Fold Belt appears to have influenced the east-west 
trending younger Central Bird Head Monocline. .
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