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Abstract--Waigeo occupies a critical position between the Halmahera-Philippine arcs to the northwest and 
Australia-New Guinea to the southeast. The island consists of a deformed ophiolitic basement of supra-sabduc- 
tion zone type overlain by probable Paleogene forearc sedimentary rocks. The forearc basement is cut by mylonite 
shear zones and the basement and sedimentary cover rocks were deformed by southward-directed thrusts and 
associated folds during the Oligocene. The deformed sequences are intruded by basic dykes, thought to be coeval 
with basalts and andesites of Late Oligocene age. The entire Paleogene sequence is overlain unconformably by 
a thick (up to 2000 m) sequence of Miocene limestones which accumulated during a tectonically quiet period. 
A final phase of deformation occurred during the Pliocene which caused the development of two very large 
anticlines and an intervening syncline, associated with left-lateral wrench faults. 

Waigeo is interpreted to have been situated in a forearc position in an intra-oceanic island arc during the early 
Paleogene, forming part of the East Halmahera-Waigeo forearc terrane. The Waigeo arc terrane collided with 
a continental block in about the Middle Oligocene, contemporaneous with similar arc-continent collision in 
northern New Guinea. A period of tectonic quiescence during the Miocene was followed by Pliocene deformation 
in Waigeo related to a left-lateral wrench faulting on splays of the Sorong Fault in northern New Guinea. 
The Pliocene deformation is interpreted as resulting from compression on a right-stepping restraining bend in 
this wrench fault system. 

INTRODUCTION 

THE ISLAND of Waigeo occupies an intermediate position 
between the Bird's Head region of Irian Jaya (western 
New Guinea) and the island of Halmahera (Fig. 1). 
It is situated about 75km north of the town of 
Sorong in western Irian Jaya, and about 250 km ESE 
of Halmahera. Waigeo is the easternmost of the island- 
terranes of the Sorong Fault Zone, a zone of inferred 
regional left-lateral shear linking northern New Guinea 
with Sulawesi (e.g. Visser and Hermes 1962, Tjia 1973, 
Hamilton 1979; Fig. 1). The island therefore occupies a 
critical position in this tectonically complex region and 
contributes important evidence towards unravelling the 
evolution of the NE Indonesia region, and in particular 
the relationships between the Halmahera-Philippine 
arcs on the one hand and New Guinea-Australia on the 
other. During 1987, 1988 and 1990, geologists from 
University College London and the Indonesian Geologi- 
cal Research and Development Centre (GRDC) carried 
out geological surveys of Waigeo Island as part of 
ongoing projects investigating the geology of Halmahera 
and the Sorong Fault Zone. This paper presents some 
of the results of this fieldwork. 

Waigeo is approximately 125km in an east-west 
direction and up to 50 km from north to south (Fig. 2). 
The most striking geographical feature of the island is 
the large lagoon of Teluk (Bay) Mayalibit which almost 
divides Waigeo into two separate islands. To the east 
and west of the bay the topography is rugged, but 
with generally rounded morphology. The highest peak, 
Gunung (Mount) Samlor, reaches 1000 m. A lesser peak, 
Gunung Lok, reaches a height of only 670 m, but forms 
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an impressive pinnacle peak, known in Dutch colonial 
times as the Buffelhoorn. The island is very sparsely 
inhabited, with the entire population living in coastal 
villages. The interior of Waigeo is thickly covered by 
rain forest with only limited geological exposure, but 
exposure is often excellent around the coastline, particu- 
larly on the north coast. Because of the reconnaissance 
nature of the investigations, fieldwork concentrated 
mainly on these coastal exposures, and knowledge of the 
geology further inland is limited to a few river traverses. 
However, good quality aerial photographs cover most of 
Waigeo, and this has permitted the extrapolation of the 
coastal observations to produce a new geological map 
of the island (Fig. 3). 

STRATIGRAPHY 

The stratigraphy of Waigeo as summarised in Fig. 4 
is basically that developed by Supriatna and Apandi 
(1982) following reconnaissance geological mapping 
by GRDC. The only significant difference is that 
their Volcanic Member of the Rumai Formation is 
here upgraded to formation status and renamed the 
Mayatibit Formation. 

Ophiolite Complex 

The basement of Waigeo comprises an Ophiolite 
Complex, consisting of deformed and extensively serpen- 
tinised ultrabasic rocks (dunites and harzburgites) with 
smaller amounts of gabbros, dolerites and basalts. Many 
of the ultramafics have cumulate textures, and represent 
the lower part of a layered sequence. The Ophiolite 
Complex forms part of the East Halmahera-Waigeo 
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Fig. 1. Regional setting of Waigeo Island. 

Ophiolite terrane. Ballantyne (1990, 1991, in press a,b) 
has shown that the East Halmahera ophiolite has the 
geochemical characteristics of a supra-subduction zone 
ophiolite and is thought to represent an ophiolite formed 
in the non-accretionary forearc of an intra-oceanic 
(Marianas-type) island arc. 

The age of the Ophiolite Complex on Waigeo is not 
accurately known. A single sample from a sheeted dyke 
complex faulted against harzburgites on the nearby 
island of Gag (Fig. 2) has been dated as 148 + 8 Ma 
(Upper Jurassic) using the K/Ar radiometric method 
(Pieters et al. 1979). Based on this dating, Supriatna and 
Apandi (1982) assigned a Jurassic or greater age to the 
Waigeo Ophiolite Complex. However, because of the 
low potassium content of the dolerite, and the possibility 
of low-grade metamorphism, this age determination 
must be treated with considerable caution. Supriatna 
and Apandi (1982), quoting unpublished results by Shell 

oil company, reported Calpionella from float material 
collected in the Kayawat River at the NW end of Teluk 
Mayalibit, but it has not been found in any of our 
samples from this area. Calpionella is typical of the 
Upper Jurassic and Lower Cretaceous and would be 
unusual in this area although one species was reported 
from DSDP Leg 60 drilling in the Marianas forearc 
(Azrma and Blanchet 1981). If present, it may be 
derived from sedimentary rocks associated with the 
Ophiolite Complex which crops out extensively in this 
area (Fig. 2). 

Cretaceous-Paleogene sedimentary sequences 

Three distinct sedimentary units, the Tanjung Bomas, 
Lamlam and Rumai formations were identified in the 
pre-Neogene of Waigeo by Supriatna and Apandi 
(1982). Although this threefold division is justified, the 
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Fig. 3. Geological map of Waigeo from fieldwork and aerial photo-interpretation, partly after Supriatna and Apandi (1982). 
East-central Waigeo is inadequately covered by aerial photographs, and is left blank. However, the reconnaissance map 
by Supriatna and Apandi (1982) indicates that most of this area is composed of Ophiolite Complex, and the region is 

unlikely to be critical to an understanding of Waigeo. 

ages and stratigraphic relationships of these formations 
are still rather poorly constrained, The pre-Neogene 
history of Waigeo will therefore be covered only briefly 
in the present paper. 

The oldest of the three formations is the Tanjung 
Bomas Formation (Supriatna and Apandi 1982). At the 
type locality on Tanjung (Point) Bomas, in the eastern 
part of the island, the formation consists of brittle, 
black-weathering pink, green or white volcanogenic 
mudstones and fine sandstones. Where bedding is visible, 
it is picked out as a mm-scale flat lamination defined by 
grading from siltstone to mudstone. Locally metre-scale 
slump structures are seen. The bedding lamination is cut 
by very steep (to bedding) minor normal faults which 

may represent syn-sedimentary deformation or post- 
depositional compaction. 

A further area of Tanjung Bomas Formation not 
identified by Supriatna and Apandi (1982) occurs along 
the southern shoreline of Teluk Fofak (Fig. 3). These 
are also brittle volcanogenic mudstones and fine sand- 
stones. The sedimentary rocks are often laminated as at 
Tanjung Bomas, but in addition sometimes show cm--dm 
scale bedding. Thin sedimentary breccia horizons occur 
locally. 

The formation was dated by Supriatna and 
Apandi (1982) as Jurassic, based on the Calpionella- 
bearing material mentioned above, interpreted as 
derived from this formation, which they show on their 

FORMATION 

WAIGEO FM 

MAYALABIT FM 

RUMAI FM 

LAMLAM FM 

TANJUNG BOMAS FM 

OPHIOLITE COMPLEX 

L I T H O L O G I E S  

Reefal to bathyal calci[utites 
calcarenites & calcirudites 

8asalts, andesites, volcaniclastic 
& non-volcaniclastic sedimentary rocks 

A G E  

Miocene  

Late  
O l igocene  

Sandstones, siltstones Ear ly  
& subordinate congtomerates O l igocene  

Ultrabasic sandstones and siltstones; ?La te  
sedimentary breccias Eocene  

Volcanidastic sandstones, siltstones 
and rnudstones; subordinate basalts ?Eocene  

Ultrabasic rocks (typically serpentinized), ?La te  Jurass ic-  
gabbros, dolerites and basalts Ear ly  C re taceous  

Fig. 4. Stratigraphy of Waigeo. 



292 T.R. CHARLTON e t  al. 

geological map as exposed in the Kayawat River val- 
ley. A geological traverse along the Kayawat River 
shows that the river cuts through the Ophiolite Com- 
plex and the Tanjung Bomas Formation which are 
faulted together. No calpionellids were found in the 
rocks we collected. If the calpionellids reported were 
from this sequence it seems probable that they were 
reworked from older sedimentary rocks associated with 
the Ophiolite Complex. Chert blocks found as float in 
this river yielded a radiolarian fauna of Eocene age (Ling 
et al. 1991). The Tanjung Bomas Formation is litho- 
logically similar to the Upper Cretaceous Gowonli 
Formation of Halmahera (Hall et al. in press), and a 
Late Cretaceous age is possible for this unit. An alterna- 
tive correlation is with the Middle Eocene Sagea 
Formation of Halmahera, which the Tanjung Bomas 
Formation also closely resembles, and this is consistent 
with the Eocene radiolaria reported by Ling et al. 

(1991). 
The Tanjung Bomas Formation is overlain by the 

Lamlam Formation, which is composed predominantly 
of ultrabasic sandstones and sedimentary breccias. 
Although no stratigraphic contact has yet been seen 
between the Lamlam and Tanjung Bomas formations, 
field mapping suggests a stratigraphic contact in Teluk 
Fofak, and the occurrence of boulders of the Tanjung 
Bomas Formation reworked into the Lamlam For- 
mation suggests an unconformable relationship. Clear 
unconformable contacts are seen between the Lamlam 
Formation and the Ophiolite Complex, for instance on 
the north coast of Waigeo just east of the entrance to 
Teluk Fofak (Fig. 3). 

The Lamlam Formation is well exposed in many 
places along the north coast of Waigeo, and was studied 
in detail by us in Teluk Fofak, which is the type locality 
(Supriatna and Apandi 1982), and also on the western 
shore of Teluk Kabare (Fig. 2). The formation con- 
sists of interbedded sandstones and siltstones at the 
base, passing up into a thick sequence of sedimentary 
breccias. In Teluk Fofak, the basal Lamlam Formation 
comprises about 50 m of parallel- and cross-laminated 
sandstones and siltstones with minor sedimentary brec- 
cia horizons. These basal sandstones are well exposed on 
the small island of Delphine in the eastern part of the bay 
where graded bedding, grain flow and dewatering struc- 
tures are seen. In most places a thick sequence of poorly 
bedded sedimentary breccias succeeds the basal sand- 
stones. Locally, for example on the north coast of 
Waigeo immediately NE of Teluk Fofak, the basal 
sandstones are absent and the sedimentary breccias 
overlie the Ophiolite Complex directly. The breccias are 
composed mainly of serpentinite clasts, but also include 
basaltic material and clasts of the Tanjung Bomas 
Formation. 

At the position of the unexposed contact between 
the Lamlam and Tanjung Bomas formations in Teluk 
Fofak, there are boulders of a bioclastic lithic sand- 
stone that differ from other boulders in the Lamlam 
Formation. This sandstone contains numerous Paleo- 
gene (probably Eocene) larger benthic foraminifera in 

addition to the more typical serpentinite, ultrabasic and 
basaltic fragments. 

In Teluk Kabare the Lamlam Formation overlies 
the Ophiolite Complex unconformably. The basal sand- 
stone member is here only 8 m thick, below a 25 m thick 
sedimentary breccia sequence. This breccia is in turn 
succeeded by 15 m of parallel-laminated sandstones 
and siltstones interbedded with several 30-100 cm thick 
sedimentary breccia horizons. After a 100m gap in 
exposure, about 80m of sedimentary breccias are 
exposed before a more extensive gap in exposure. A 
broadly similar sequence is exposed further north in the 
bay, and this is probably the same sequence repeated by 
thrusting. The breccias in Teluk Kabare are composed 
of basalt and ultrabasic material, with fragments of 
red chert. Higher in the sequence, reworked boulders of 
sandstone are common. 

Discontinuous exposure, poor bedding and structural 
thickening by thrusting make it difficult to estimate the 
original thickness of the Lamlam Formation with any 
accuracy. It is at least 250 m thick at Teluk Kabare and 
is probably thicker at Teluk Fofak. Supriatna and 
Apandi (1982) did not report any fossil ages for the 
formation, and so its exact stratigraphic position has not 
been clearly established. However, the basal sandstone 
boulders in Teluk Fofak contain reworked Paleogene 
(probably Eocene) benthic foraminifera which suggests 
a maximum age for the formation. The Lamlam For- 
mation may be the equivalent of the Eocene Paniti 
Formation of SE Halmahera (Hall et al. in press), which 
is also dominated by ultrabasic clastic debris and con- 
tains red chert fragments, as well as limestones with 
volcaniclastic, ultrabasic and shallow water bioclastic 
debris, comparable to the benthic foraminifera-bearing 
calcareous sandstone from the base of the Lamlam 
Formation. 

The third pre-Neogene sedimentary sequence ident- 
ified by Supriatna and Apandi (1982) is the Rumai 
Formation. This consists predominantly of sandstones 
and siltstones, with occasional conglomerate horizons. 
The formation is similar in many respects to the basal 
sandstones of the Lamlam Formation, but differs in 
having a predominant grey-brown colour (in contrast 
to the greenish Lamlam Formation), in being less 
indurated, more frequently cross-bedded, and in having 
greater rounding of the conglomerate clasts. In thin 
section the Rumai Formation is petrographically differ- 
ent from the Lamlam Formation in having a volcanic arc 
provenance, in contrast to the Lamlam Formation which 
contains debris derived primarily from the ophiolitic 
basement. 

The Rumai Formation crops out extensively in the 
SE of the island and also at the northern end of 
Mayalabit Bay. It is best exposed on Tanjung Monfafa, 
the easternmost point of Waigeo, where it is almost 
continuously exposed over a distance of about 1.5 km. 
The lowest exposed part of the Rumai Formation crops 
out in the core of one of a series of anticlines on Tanjung 
Monfafa. This basal unit is exposed over a horizontal 
distance of about 200 m but is of unknown stratigraphic 
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thickness due to the absence of bedding. It consists of a 
massive sandstone body containing large intraclastic 
blocks, including rafts of bedded sedimentary rocks up 
to 10m across. This basal unit is interpreted as an 
olistostrome. Above this are interbedded sandstones and 
siltstones with occasional conglomeratic horizons. The 
conglomerate beds are up to several metres thick, and 
are typically composed of subrounded clasts 1-2 cm 
diameter, with occasional clasts up to 10 cm across. The 
conglomerates show little internal grading, although 
they have sharp bases and pass upwards gradationally 
into sandstones. The sandstones are typically medium 
to fine grained and decimetre to metre bedded, with 
parallel- or cross-lamination and occasional slump struc- 
tures. The siltstone beds are generally structureless, 
and typically only a few centimetres thick. The Rumai 
Formation is interpreted as a turbiditic sequence 
(Supriatna and Apandi 1982). 

The stratigraphic contact between the Rumai For- 
mation and older units was not observed in our field- 
work or by Supriatna and Apandi (1982). However, 
mapping based on aerial photographic interpretation 
combined with stratigraphic control from reconnais- 
sance mapping by Supriatna and Apandi (1982) suggests 
that the Rumai Formation stratigraphically overlies the 
Lamlam Formation, for instance at the northern end of 
Teluk Mayalibit (Fig. 3). The exact age of the formation 
is not known, but planktonic foraminifera reported by 
Supriatna and Apandi (Cassigerinella chipolensis and 
Globigerina ampliapertura) indicate an Early to Middle 
Oligocene age range, and this is accepted as the most 
likely age for the formation. 

Mayalibit Formation 

Supriatna and Apandi (1982) identified a Volcanic 
Member of the Rumai Formation, which they inter- 
preted as a lateral facies equivalent of the main for- 
mation. This member is assigned here to a separate 
formation overlying the Rumai Formation and provi- 
sionally named the Mayalibit Formation after exposures 
along the SW shore of Mayalibit Bay. 

The Mayalibit Formation in SW Teluk Mayalibit 
consists predominantly of coarse, pyroxene-phyric, 
basalts together with volcaniclastic sedimentary rocks 
including possible lahar deposits (matrix-supported vol- 
canic diamictites), bedded sandstones with large basaltic 
and andesitic boulders, and other sandstones with large 
(5-10 mm) euhedral pyroxene crystals. Two basalts sam- 
pled from this area have distinctly different character- 
istics. The first is a typical calcalkaline island arc basalt 
with large zoned clinopyroxene phenocrysts, large but 
less abundant plagioclase and rare altered olivine pheno- 
crysts. The second may be alkaline or even peralkaline, 
with large, faintly green, pyroxene glomerocrysts and a 
sub-trachytic texture. 

The Rumai Formation at Tanjung Monfafa is 
intruded by basic dykes which are interpreted to be 
cogenetic with the volcanic rocks of the Mayalibit 
Formation. As with some of the volcanic rocks from 

Teluk Mayalibit, the basic dykes intruding the Rumai 
Formation show petrographic characteristics more typi- 
cal of alkaline rather than calcalkaline volcanism. 

Most samples from the Mayalibit formation are 
barren of fossils, which taken together with sedimento- 
logical evidence (possible lahar type sedimentary rocks; 
predominant red weathering of freshly exposed rocks) 
may indicate that the Mayalibit Formation was at least 
partly a terrestrial deposit. A small number of samples 
contain limestone clasts of shallow water origin, includ- 
ing coral and algal debris. Volcaniclastic sedimentary 
rocks beneath the Waigeo Formation on Beeuw island 
in the north of Teluk Mayalibit were dated as Tern_3 
(Upper Oligocene) by Van der Wegen (1963). Elsewhere 
around Teluk Mayalibit the Waigeo Formation invari- 
ably overlies the Mayalibit Formation (Fig. 3), and 
so it is likely that this dating refers to the Mayalibit 
Formation. The Mayalibit Formation is therefore provi- 
sionally interpreted to be of Upper Oligocene age. 

Waigeo Formation 

The Mayalibit Formation is succeeded by the Waigeo 
Formation (Visser and Hermes 1962), which comprises 
a thick sequence of Miocene limestones. The Waigeo 
Formation is well exposed around Teluk Mayalibit and 
to the east of Selat Rabiai, in the NE of the island 
around Kabare, and also in west Waigeo (Supriatna 
and Apandi 1982; Fig. 3). The extent of the Waigeo 
Formation is somewhat greater than that shown by 
Supriatna and Apandi (1982) because areas in NE 
Waigeo previously mapped as Quaternary reef are rather 
parts of the Miocene Waigeo Formation (see Van der 
Wegen 1963). The Waigeo Formation has an un- 
conformable relationship with the underlying strata, 
generally resting on the Mayalibit Formation, but 
elsewhere overlying the Ophiolite Complex and the 
Lamlam Formation (Fig. 3). The formation comprises a 
uniform and rather monotonous sequence of thickly 
bedded limestones ranging from coral-bearing at the 
base, through limestones relatively rich in benthic 
foraminifera, to planktonic foraminiferal calcilutites 
higher in the sequence. This suggests a gradual deepen- 
ing of the sedimentary environment through the 
Miocene, following the probable subaerial to marginal 
marine conditions prevailing during deposition of the 
Mayalibit Formation. In the highest parts of the 
sequence, there is a reversion to predominant benthic 
species, suggesting a final shallowing of the depositional 
environment. 

The thickness of the Waigeo Formation is difficult 
to determine by direct observation because of its poor 
exposure as a result of tropical karstic weathering. 
Thickness is likely to vary locally. The best estimates of 
its thickness can be obtained indirectly by cross-section 
reconstruction (see below) which suggests a thickness 
of up to 2000 m. As for the other formations, the age 
range of the Waigeo Formation is poorly constrained. 
Van der Wegen (1963) indicated a Tf2-g (Middle-Upper 
Miocene) range, whilst Supriatna and Apandi (1982) 
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suggested a Lower-Upper Miocene range. New micro- 
palaeontological dating using calcareous nannoplankton 
(L. Gallagher, pers. commun. 1990) confirmed a Late 
Miocene age for rocks near the top of the formation, but 
was unable to constrain the lower part on the sequence 
due to poor preservation of fossil material. 

According to Supriatna and Apandi (1982), the 
Waigeo Formation is succeeded in SW Teluk Mayalibit 
by an Upper Miocene arkosic sandstone. The area 
indicated on the geological map was searched 
thoroughly, but we were not able to confirm this 
relationship; only limestones of the Waigeo Formation 
were found there. Supriatna and Apandi (1982) also 
indicated Pliocene limestones overlying the Waigeo 
Formation at the western end of the island in Teluk 
Ayui. This area was not visited during the fieldwork 
described here, and so this relationship cannot be 
confirmed. However, the interpretation seems plausible, 
based on the slightly less karstic appearance of the 
indicated region as seen from the aerial photographs. In 
Fig. 3 these possible Pliocene limestones are included 
within the area mapped as Waigeo Formation. 

STRUCTURE 

Two, or possibly three, phases of pervasive defor- 
mation can be recognised in Waigeo, with some evidence 
of earlier deformation events. The first phase is recog- 
nised in the Ophiolite Complex, the Tanjung Bomas and 
Lamlam formations, and is therefore an Eocene or 
younger event, although this might be only the end of 
a longer phase of deformation. A comparable style 

of deformation is also seen in the overlying Rumai 
Formation, but structures in the younger rocks have 
markedly different orientations to those in the pre- 
Oligocene units. The final phase of deformation affects 
all stratigraphic elements up to, and including, the 
Miocene Waigeo Formation, and is interpreted as a 
Pliocene event. The variation in deformation at succes- 
sive stratigraphic levels can be seen, for instance, in 
stereographic plots of bedding orientations for the 
Tanjung Bomas and Lamlam formations, the Rumai 
Formation, and the Mayalibit and Waigeo formations 
(Fig. 5). 

The Ophiolite Complex and the Tanjung Bomas and 
Lamlam formations all show fairly intense deformation 
manifested in rather different ways because of very 
different mechanical properties of the three rock types. 
The Ophiolite Complex is strongly serpentinised and 
is highly disrupted by thrusting. Some boulders of 
the Ophiolite Complex reworked into the Lamlam 
Formation have well-developed mylonitic fabrics cut 
by veins of albite and prehnite, suggesting that signifi- 
cant deformation and low-grade metamorphism also 
occurred prior to the Eocene. The Tanjung Bomas 
Formation is strongly deformed particularly in its 
type locality, although little can be determined of its 
deformation history because the brittle nature of these 
sedimentary rocks results in the rock breaking into 
rhomboidal fragments a few cm across. The pattern of 
deformation in the pre-Oligocene sequence is most 
clearly displayed in the bedded sandstones at the base of 
the Lamlam Formation. Outcrop-scale folding is seen 
only locally in the Lamlam Formation, for example in 
a short coastal section in the middle of the western side 
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of Teluk Kabare. In this locality, metre-scale folds 
are open to tight (locally isoclinal), and are typically 
asymmetrical, with the shorter limb terminated by 
faults which minor associated structures indicate were 
originally thrusts. Evidence of multiple phases of defor- 
mation in this zone include refolded folds, and an 
inverted synform which was formerly a hangingwall 
anticline above a thrust fault. The accompanying thrust 
has been reoriented by subsequent deformation so that 
it now has a steep attitude. This intensity of deformation 
is, however, not typical of the Lamlam Formation: more 
typically, exposed sections of the formation comprise 
uniclinally dipping strata. The intense small-scale folding 
seen on the west side of Teluk Kabare is interpreted as 
deformation in the hangingwall of a major thrust which 
duplicates the Lamlam stratigraphy exposed along the 
west side of the bay (Fig. 3). Further away from this 
major thrust, deformation is less intense, and folding is 
of a more open style and of larger wavelength. However, 
minor thrusts are fairly commonly seen cutting even the 
less deformed parts of the Lamlam stratigraphy. 

The distribution of bedding attitudes recorded from 
the Tanjung Bomas and Lamlam formations on the 
north coast of Waigeo is represented stereographically in 
Fig. 5a. The bedding attitudes were recorded from two 
areas: Teluk Fofak and Teluk Kabare. The data were 
also plotted by geographical area, but despite their 
25 km separation, the two areas showed a remarkably 
similar distribution of data points, suggesting that both 
areas have similar deformation histories. The Tanjung 
Bomas and Lamlam formations are the oldest bedded 
sedimentary rocks in Waigeo, and have therefore also 
been affected by the younger deformation mentioned 
above. Despite this multiple deformation, a strongly 
bimodal pattern is apparent in the stereogram, with 
clusters of data points in the SW and NE quadrants. 
North-dipping strata predominate over south-dipping, 
suggesting an asymmetry to the folding. The distribution 
shown in Fig. 5a is interpreted to result from folding 
in which the primary shortening direction was in a 
NE-SW direction relative to present-day geographical 
coordinates. 

The Rumai Formation on Tanjung Monfafa is also 
affected by fairly intense thrusting and thrust-related 
folding. In a long, continuous coastal exposure, a series 
of alternating anticlines and synclines are seen striking 
approximately E W and with a predominant vergence 
to the south. The folds have typical wavelengths of 
several hundred metres, and interlimb angles are typi- 
cally 60-9ff ~. Anticlines generally have a high degree of 
cylindricity, although some fold hinges do plunge gently 
to east and west. Synclines are to a greater or lesser 
extent cut out by south-verging thrusts. Parasitic minor 
folds on the larger fold limbs have a comparable asym- 
metry, and can occasionally be seen to result from fault 
propagation folding (e.g. Suppe 1982). 

Figure 5b shows a stereographic plot of bedding 
attitudes from Tanjung Monfafa. As for the pre- 
Oligocene rocks on the north coast of Waigeo, there is 
a clear bimodal distribution with a predominance of 

north-dipping over south-dipping strata. However, the 
girdle in Fig. 5b (corresponding to the primary shorten- 
ing direction in the folding) is oriented NNW-SSE, 
offset about 45 ° anticlockwise with respect to the pre- 
Oligocene units in Fig. 5a. The clustering of data points 
in Fig. 5b is also considerably tighter than that in the 
older rocks from the north coast (Fig. 5a). 

It is not clear whether the stereographic distributions 
in Fig. 5a and b reflect a single phase of thrust-related 
folding in which the two geographical areas (northern 
and eastern Waigeo) have subsequently undergone rela- 
tive block rotations, or whether these two stereograms 
record two separate phases of folding. The distribution 
in Fig. 5a is more diffuse than that in Fig. 5b, and if the 
pre-Oligocene rocks first had a distribution similar to 
that in Fig. 5b but with an orientation in a NE-SW 
direction, subsequent folding with compression in 
a NNW-SSE direction would produce the degree of 
scatter seen in Fig. 5a. However, overprinting of fold 
phases on the north coast is limited to refolding in 
the hangingwalls of major thrusts, and this can be 
adequately explained by repeated thrusting within the 
same deformation event. Based on this lack of evidence 
for pervasive fold overprinting, it is most likely that the 
folding recorded in Fig. 5a and b was produced in a 
single phase of deformation, and that parts of Waigeo 
have subsequently undergone significant relative block 
rotations. 

The folded Lower Oligocene Rumai Formation is 
intruded by near-vertical, non-folded dykes which are 
here suggested to be coeval with volcanic rocks in the 
Upper Oligocene Mayalibit Formation. No younger 
episode of volcanic activity is known from Waigeo. 
This suggests that the main phase of deformation affect- 
ing the Rumai Formation (and probably also the 
older sequences) occurred during or before the Late 
Oligocene. 

Following tectonic quiescence during deposition of the 
Miocene Waigeo Formation, when the Waigeo area 
became submerged and subsided relative to sea-level, a 
final important phase of deformation occurred during 
the Pliocene. This deformation is most strikingly dis- 
played by a pair of very large anticlines bounding a 
syncline centred on Teluk Mayalibit (Figs 3 and 6). In 
addition to this large-scale folding, left-lateral wrench 
faulting is recognised throughout Waigeo, but particu- 
larly in the NW and SE of the island (Fig. 3). As argued 
below, the wrench faulting and the large-scale folding 
are genetically related. 

The late-stage folding is best demonstrated by 
the structural disposition of the Waigeo and Mayalibit 
formations which post-date the Mid-Oligocene defor- 
mation (e.g. Fig. 5c). Teluk Mayalibit has long been 
recognised as occupying the core of a syncline developed 
in the Waigeo Formation (Verstappen 1960, Van der 
Wegen 1963, Supriatna and Apandi 1982). This syncline 
is symmetrical, with both limbs of the fold dipping into 
the core at about 30-35 °. The synclinal fold axis can be 
traced for about 35 km in a NW-SE direction along the 
centre of Teluk Mayalibit. This orientation is noticeably 
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Fig. 6. Structural cross-section through Waigeo. See Fig. 3 for line of  section and key to units. The Mayalibit Formation 
is inferred to pinch out  to the NE as it is not seen on the north coast near Kabare. The Waigeo Formation probably also 

thins in this direction, but due to lack of  control it is drawn in the section with uniform thickness. 

oblique to the long and short axes of Waigeo Island. 
Verstappen (1960) noted a conspicuous absence of 
large-scale faulting associated with the Teluk Mayalibit 
Syncline. 

The eastern and western halves of Waigeo are 
corresponding anticlines flanking the Teluk Mayalibit 
Syncline. The eastern flank of the East Waigeo Anticline 
is seen around Teluk Kabare (Fig. 3). The most north- 
easterly occurrences of the Waigeo Formation in that 
area are virtually flat-lying, hence their misidentification 
as Quaternary reef limestones by Supriatna and Apandi 
(1982). Southwest of a monoclinal fold axis immediately 
north of Teluk Kabare, the Waigeo Formation dips 
fairly uniformly to the NE at 20-40 ° (Figs 3 and 6). The 
East Waigeo Anticline thus extends from the eastern 
margin of Teluk Mayalibit to the NE coast of Waigeo, 
a distance of about 25 km. Simple upward extrapolation 
of the two anticlinal limbs would suggest unreasonably 
great elevations for this anticline prior to erosion 
(>10km), and it is more likely that the limestone 
cover did not rise much above the dissected peneplane 
surface of east Waigeo which is typically in the range 
600-1000 m. This interpretation is supported by a single 
erosional remnant of the Waigeo Formation occupying 
the pyramidal summit of Gunung Lok. The probable 
pre-erosional shape of the East Waigeo Anticline is 
shown in Fig. 6. 

The West Waigeo Anticline is somewhat smaller than 
its eastern counterpart. As in NE Waigeo, there is 
a monoclonal axis close to the SW coast of Waigeo, 
with SW-dipping strata inland passing seaward across 
a clearly defined hinge into fiat-lying limestones of 
the Waigeo Formation. The Ophiolite Complex again 
occupies much of the core of this anticline, but locally 
the Waigeo Formation almost extends unbroken from 
one flank to the other. In this most complete region, the 
anticlincal crest can be clearly recognised in the aerial 
photographs. 

A third, largely eroded anticline is inferred to the 
SW of Waigeo. the eastern limb can be locally identified 
from the aerial photographs where limestones of the 
Waigeo Formation dip to the NE on the peninsula of 
Waigeo north of Gam island (Fig. 3). The western flank 
is partially preserved on the NW peninsula of Gam, and 

is also marked by a series of coral islets running from 
there towards the NW. 

Figure 6 shows a structural cross-section through 
Waigeo, interpreting these anticlines and synclines in 
terms of fault-bend folding above a ramp-flat thrust 
geometry. The precision with which bedding attitudes 
and the various monoclinal bends are known along this 
line of section allows fairly precise reconstruction of the 
thrust system which generated the folding. It also per- 
mits a well-constrained estimate of the crustal shortening 
taken up on this thrust, which is calculated at 20 km 
oriented in a NE-SW direction. 

In addition to the thrust-ramp folding described above, 
the Waigeo Formation is also cut by numerous wrench 
and normal faults (Fig. 3). The majority of these faults 
have left-lateral wrench offset, with a predominant orien- 
tation close to E-W. These wrench faults are particularly 
prominent in the NW and SE of the island (Fig. 3), with 
both the wrench fault zones largely dying out in the 
region ofTeluk Mayalibit. It would appear that the large 
wavelength folding described above is a response to the 
transfer of left-lateral motion from the SE wrench faults 
to the NW fault zone, with Waigeo occupying a right- 
stepping (restraining bend) position on this left-lateral 
wrench fault system. The major fold axes on Waigeo 
trend normal to the primary compression direction 
associated with left-lateral shear with an E-W trend. 

This final phase of deformation occurred after the 
deposition of the Waigeo Formation, and therefore 
postdates the Miocene. In addition, the absence of raised 
Quaternary reef around Waigeo, particularly along the 
northeast coast where ramp-related uplift should be 
greatest, suggests that the thrusting is now inactive, 
and probably pre-dates the Quaternary. The final phase 
of deformation in Waigeo is therefore interpreted as 
Pliocene in age. The proximity of the island to the 
Sorong Fault Zone suggests that wrench faulting may 
still be active. 

THE GEOLOGICAL EVOLUTION OF WAIGEO 

During the Paleogene and later Mesozoic, Waigeo 
occupied a position in the forearc of a non-continental 
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island arc system. Waigeo forms part of the East 
Halmahera-Waigeo ophiolite terrane; Ballantyne (1990, 
1992, in press a,b) has made a detailed chemical and 
petrological study of the East Halmahera Ophiolite 
which he interpreted as formed in a supra-subduction 
zone (forearc) environment. The forearc intepretation is 
supported by the abundance of calcalkaline debris in the 
sedimentary rocks overlying the Ophiolite Complex, and 
by the predominance of thrust-related deformation. The 
absence of quartz from pre-Oligocene rocks (apart from 
devitrified silica) suggests that the island arc was located 
within an intraoceanic setting, isolated from any conti- 
nental crustal fragment. This arc system probably ex- 
tended northwest into Halmahera (Hall et  al. 1988, in 
press), and southeast into the non-continental arc ter- 
ranes of northern New Guinea (e.g. Dow et  al. 1986). 

The Mid-Oligocene deformation event is interpreted 
to result from arc-continent collision. Pigram et  al. 

• (1989) and Pigram (1991) have suggested that the main 
arc--continent collision event in New Guinea was of Mid- 
Oligocene age, and it therefore seems likely that Waigeo 
collided with the northern margin of the Australia-New 
Guinea continental block at this time. 

After arc-continent collision, Waigeo occupied a quiet 
tectonic position during deposition of the Miocene 
Waigeo Formation. A final phase of deformation 
occurred during the Pliocene, when Waigeo occupied a 
position on a major left-lateral wrench fault system. Two 
approximately E-W fault strands in NW and SE Waigeo 
were separated by a large right-stepping restraining 
bend. Thrusting induced on the restraining bend resulted 
in 20 km of crustal shortening in a NE-SW direction, 
manifested as a large pair of thrust-ramp anticlines in 
East and West Waigeo, and an intervening syncline 
corresponding to the large lagoonal bay in the centre of 
Waigeo. The Pliocene left-lateral wrench faulting was 
presumably a splay from the larger Sorong Fault to the 
south of Waigeo. 
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