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Abstract 

Timor Island, situated approximately 600 km north of northwest Australia, is the orogenic 

product of the collision of the northern edge of the Australian continental plate with the Banda 

volcanic arc. Collision has produced a complex fold and thrust belt comprising rocks of the 

Australian continental margin, rocks of Asiatic affinity, and more recent synorogenic deposits. 

East Timor occupies the eastern half of Timor Island. 

Across Timor Island, a strike-parallel chain of steep-sided limestone massifs, known locally as 

‘fatus’, form high peaks in both East and West Timor. Despite many early workers observing 

most ‘fatu’ limestones to be dominantly Triassic in age, most modern literature follows the 

reconnaissance mapping of Audley-Charles (1968) in interpreting the fatus of East Timor as 

coherent blocks of Miocene limestone. This study is based on 6 months of detailed field 

mapping on and around the major fatus of East Timor, including: Mount Mundo Perdido, 

Mount Laritame, the Builo Range, Mount Bibileu, the Paitchau Range and Lake Iralalaru 

region, the Matebian Range, Mount Taroman, Mount Loelako, the Saburai Range and the 

greater Maliana basin region. 

Findings from this study differ markedly with most current stratigraphic and structural 

interpretations of the fatus. The central regions of all fatus studied are observed to comprise 

either Late Triassic or Early Jurassic shallow water limestones of Australian affinity, associated 

with a complex range of other lithologies including Triassic-Jurassic interior-rift basin deposits, 

Cretaceous to Oligocene pelagites, limestones and volcanics of Asiatic affinity, and Plio- 

Pleistocene synorogenic deposits. 

Detailed structural mapping shows that the fatus of East Timor are dominated by recent, high 

angle, oblique-slip and strike-slip faults present at all scales, that have been active into the 

Pleistocene and control the present-day topography. The fault architecture and stratigraphic 

distributions in the study areas are comparable to pop-up structures and pull-apart basins 

developed at restraining and releasing bends or step-overs in zones of strike-slip, both in scaled 

sandbox models, and strike-slip systems elsewhere in the world. 
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Strike-slip faulting, common at convergent margins, has been postulated in East Timor by 

previous workers but this study is the first to detail and map extensive, recent, strike-slip 

deformation throughout the country. Interpretations of young strike-slip in East Timor correlate 

well with reports of young, left-lateral strike-slip deformation across the Timor Sea and Browse 

Basin of the adjacent North West Shelf of Australia. 

The outcome of this study is a more detailed stratigraphic and structural interpretation of the 

fatus of East Timor, based on extensive field mapping and robust biostratigraphy, which makes 

an important contribution to the understanding of the stratigraphy and tectonics of the entire 

Timor region and the adjacent Banda Arc. The finding that the fatus are not Miocene in age, nor 

from the Banda side of the plate boundary, means that many tectonic models proposed for the 

region are incorrect. In addition, many previous models do not include the presence or effects of 

late, high-angle faulting, which dismembers any previous collision geometries. This study 

provides detailed mapping based on robust biostratigraphic ages to present a tectonic model for 

Timor that involves plate boundary-parallel strike slip as an active and important component of 

deformation along this segment of the Banda Arc. 
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1. Introduction 

1.1 Introduction 

Timor Island, formed at the collisional front between the northern edge of the Australian Plate 

and the Banda Arc (Fig. 1) provides an ideal setting to study the processes of recent orogenesis 

(e.g. Hall & Wilson 2000; Milsom 2000; Audley-Charles 2004; Harris 2006; Keep & Haig 

2010). Collisional shortening juxtaposes rocks of the Australian continental margin against 

remnants of the pre-collisional arc and synorogenic deposits (Audley-Charles 2004; Harris 

2006) (Fig. 2). Despite the resulting orogenic pile being described as “tectonic chaos” (Fitch & 

Hamilton 1974; Hamilton 1979) biostratigraphic analyses (e.g. Haig & McCartain 2007; Haig et 

al. 2007; Haig et al. 2008; Haig 2012a) have enabled documentation of three distinct orogenic 

phases (Keep & Haig 2010). These include initial shortening with associated diapirism (9.8–5.7 

Ma), a tectonic quiet interval possibly representing the time of locking of the subduction zone  

 

Fig. 1. Location map illustrating the tectonic setting of Timor Island and the main physiographic elements of the 

region. The dashed line around the Outer Banda Arc estimates the position of underthrust Australian continental crust 

in this region. 
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 (5.7–4.5 Ma) and a post-4.5 Ma phase of uplift, unroofing and additional diapirism (Keep & 

Haig 2010; Haig 2012a). Structures developed through early thrusting during Phase 1 (e.g. 

Carter et al. 1976; Harris & Audley-Charles 1987) have since been overprinted by later high-

angle faulting during Phase 3 (Chamalaun & Grady 1978; Charlton et al. 1991; Keep & Haig 

2010). 

Across Timor Island, a strike-parallel chain of steep-sided limestone massifs, known locally as 

‘fatus’ (Fig. 2), form high peaks in both East and West Timor (e.g. Wanner 1913; De Roever 

1940; Simons 1940; Tappenbeck 1940; van West 1941; Brouwer 1942; De Waard 1957; 

Audley-Charles 1968). Bahaman facies oolitic wackestones, packstones and grainstones 

common to many fatus were interpreted as shallow water Miocene deposits by Audley-Charles 

(1968, pp. 25–27) and included in the ‘Cablac Limestone’, which had its type locality at the 

Cablac Mountain Range (location 7 on Fig. 2). Following this interpretation the ‘Cablac 

Limestone’ fatus of East Timor have since been variably assigned to allochthonous thrust sheets 

of Asiatic affinity (Audley-Charles 2004; Harris 2006), carbonate build-ups on the outer 

Australian continental margin (Charlton 2002b), or in situ patch reefs formed after collision but 

before orogenesis (Audley-Charles & Carter 1972). More recent detailed field mapping (Haig et 

al. 2007; Haig et al. 2008; Keep et al. 2009) has documented a Late Triassic–Early Jurassic (i.e. 

not Miocene) age for the Bahaman facies at Cablac Mountain Range. This revision of the 

‘Cablac Limestone’ at its type locality has prompted the present study: an examination of other 

mapped ‘Cablac Limestone’ fatus throughout East Timor, in order to assess their age and 

structural relationships. Investigating the development of the fatu chain may provide important 

insights into the structural evolution of Timor Island. 

Fig. 2 → Schematic geological map of Timor Island, illustrating the generalised distribution of the main 

megasequences in East and West Timor prior to this study, modified from Haig et al. (2008). The locations of all 

‘Cablac Limestone’ fatus investigated as part of this study are shown: Mount Mundo Perdido (1), Mount Laritame 

(2), the Matebian Range (3), the Builo Range (5), Mount Bibileu (6), Mount Taroman (9), and Mount Loelako (10), 

along with the Cablac Range (7), the site of previous investigations by Haig & Keep (Haig et al. 2007, 2008, Keep et 

al. 2009). This study also investigated two major fatus not originally mapped as ‘Cablac Limestone’: the Paitchau 

Range (4) and the Saburai Range (8), currently mapped as Triassic and Permian Australian affinity rocks 

respectively. Inset: the steep-sided, blocky, ‘fatu’-style morphology of Mount Mundo Perdido (1) and Mount 

Laritame (2). 
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1.2 Objectives and aims 

The aims of this study were to investigate the stratigraphy and structure of a number of under-

explored fatus in East Timor, most of them currently mapped as ‘Cablac Limestone’. In order to 

do this, the specific aims of this project were to: 

1. Conduct reconnaissance mapping of selected fatus in East Timor. Reconnaissance 

mapping also extends to other areas of interest identified from aerial photographs, 

digital elevation models, and previous field observations.  

 

2. Choose a limited number of specific locations where the stratigraphy and structure 

of the fatus can be best observed and studied and map these areas in detail. 

Locations were chosen not only on the basis of how much geological information they 

yielded, but also on practical considerations such as ease of access, in order to maximise 

the benefits of time spent in the field.  

 

3. Define the kinematics and timing of the structures controlling the uplift of the 

fatus. Biostratigraphic techniques, along with geochemistry where necessary, were used 

to assign age and provenance to rocks within the study areas. Structural and 

stratigraphic data were synthesised to produce a structural model of each study area, and 

reveal the timing of deformation. 

 

4. Compare and integrate the findings with current structural models of East Timor 

and regional tectonics. This involved an analysis of different models proposed for the 

structural evolution of East Timor in the context of the findings of this study, and an 

attempt to place the recent deformation within East Timor into a regional tectonic 

framework. 
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1.3 Methods 

This thesis is based on 4 months of fieldwork conducted during 2010 and 2011. It follows and 

incorporates 2 months of initial field work completed in 2009 as part of a BSc Honours project 

at the University of Western Australia. 

In 2009 field work was based in Ossu, Viqueque District (Fig. 2), and focused on detailed 

structural and stratigraphic mapping of Mount Mundo Perdido (Fig. 2). In 2010 fieldwork 

comprised reconnaissance and regional mapping of:  

 Mount Laritame and the Builo Range (locations 2 and 5, Fig. 2), near Ossu 

 Mount Bibileu, near Dilor (location 6 on Fig. 2) 

 Mount Loelako and the Saburai Mountain Range (locations 8 and 10, Fig. 2), near 

Maliana; 

 The Matebian Range, (location 3, Fig. 2) with mapping completed around Quelecai and 

Baguia  

 The Paitchau Range (location 4, Fig. 2), east of Los Palos  

 Mount Taroman (location 9, Fig. 2), northwest of Suai  

Commonly three to seven days was spent at each location conducting systematic traverses from 

the flanks into the central regions of east fatu, collecting rock samples and structural data.  

In 2011 fieldwork was based in Maliana (Fig. 2), with four weeks spent conducting more 

detailed geological mapping with traverses across the edges of the Maliana basin and into the 

surrounding fatus of Loelako and the Saburai Mountain Range (Fig. 2). 

Most fatus, particularly in the eastern districts, are covered in dense jungle and access is 

difficult. Traverses through the foothills were often through gullies, which provide both 

reasonable outcrop and access, along with goat and buffalo tracks. Most traverses into the 

central regions of the fatus utilised the aid of local guides, and often required paths to be cut 

through with machetes. 
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Fieldwork was planned to coincide with the dry season, typically from May to November. 

However, 2010 was an unusually wet year in East Timor, with severe storms and flooding 

experienced throughout the normally dry months of June, July and August. Most fatus on which 

fieldwork had been planned remained clouded in, and very low visibility made geological 

observations, particularly judging outcrop relationships, quite challenging. Rain also hampered 

access as many paths up the mountains became too dangerous to pass. One of the largest 

difficulties was vehicular access, with many roads and bridges around East Timor washed out or 

impassable, preventing access to many locations where field work was planned. In July 2010, 

field work in the worst affected districts was postponed until later in the year. When fieldwork 

resumed in October weather conditions had improved slightly, however access remained 

difficult and some planned work remained incomplete. Dry weather returned in 2011, with field 

work around Mount Loelako and the Saburai range completed under more favourable 

conditions. 

It was not the intention of this study to record detailed stratigraphic sections, as outcrop around 

the fatus is usually incoherent and dissected by high-angle faulting. This study focuses on 

identifying rock units, describing them, and mapping their relationships. At sampled stations 

along traverses, localities were marked with a Garmin GPS, lithologies were described and 

sampled, structures were measured and digital photographs were taken. Structural data collected 

included bedding orientation, fold measurements (type and orientation), and fault orientations. 

Where possible, movement sense on faults was determined using fault striae and a detailed 

examination of kinematic indicators on fault surfaces (e.g. criteria outlined by Petit 1987). GIS 

air photo data sourced from the National Mapping Advisor for East Timor was used to plot data 

and construct basic geological maps while in the field. 

Field laboratories were set up at base camps with equipment for cutting limestones, 

disaggregation of mudstones and making acetate peels, enabling initial tectonostratigraphic 

determinations of rock samples in the field. Additional peels and thin-sections were made at the 

University of Western Australia, enabling biostratigraphic age determinations of limestone 

samples. Samples of the original rock, along with acetate peels, thin-sections and processed 



7 
 

mudstone residues, are housed in the collection of the Edward de Courcy Clarke Earth Science 

Museum at the University of Western Australia. Duplicates of each sample are stored in the 

Geological Laboratory of the Secretary of Energy and Natural Resources at Hera, East Timor. 

1.4 Thesis outline 

This thesis consists of six chapters. Following the Introduction (Chapter 1), the regional 

geology and tectonics of the Timor region are described in Chapter 2, along with an overview 

of the interpretation of the fatus of East Timor by previous workers. In Chapter 3 I outline the 

tectonostratigraphic framework developed during this and associated work, followed by 

stratigraphic reconstructions of the various study areas. Structural observations and analysis are 

presented in Chapter 4, before being interpreted and discussed in Chapter 5. Finally, Chapter 

6 summarises the main findings of this study and provides recommendations for further work. 
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2. Regional geology and previous work 

2.1 Regional Setting 

Collision between continental crust of the Australian Plate and Southeast Asia commenced at 

approximately 25 Ma in the New Guinea region, colliding first with the North Sulawesi 

volcanic arc, and continuing diachronously westwards (Hall 2002; Keep et al. 2003). The age 

for collision in the Timor region has been reviewed by Keep and Haig (2010), Spakman and 

Hall (2010), Audley-Charles (2011), Hall (2011) and Haig (2012a). Detailed stratigraphic 

evidence (Haig & McCartain 2007; Keep & Haig 2010; Haig 2012a) suggests that continental 

crust, likely an outlying continental plateau (Timor Plateau) resembling present-day Exmouth 

Plateau (Fig. 1), entered the subduction zone in the Timor region during the Late Miocene 

between 9.8 Ma and 5.7 Ma. This caused disruption in Timor and eventual jamming of the 

subduction zone at approximately 5.7 Ma (Keep & Haig 2010). The cessation of subduction is 

evidenced by a present lack of deep seismic activity and a lack of active volcanism in the arc 

immediately north of Timor (Chamalaun & Grady 1978; with timing issues discussed by Ely et 

al. 2011, p. 492). Whilst this age for collision, after 9.8 Ma but before 5.7 Ma (Haig & 

McCartain 2007; Keep & Haig 2010; Haig 2012a) is older than some other estimates (e.g. 4 to 2 

Ma, Audley-Charles 2004, 2011; Spakman & Hall 2010; Hall 2011), it is consistent with other 

evidence for a regional event at approximately 8 Ma from both Timor and the adjacent 

Australian North West Shelf (e.g. McCaffrey et al. 1985; Reed 1985; Berry & McDougall 1986; 

Fortuin et al. 1994; van der Werff et al. 1994; Richardson & Blundell 1996; Fortuin et al. 1997; 

Charlton 2000; Rutherford et al. 2001; Keep et al. 2002; Keep et al. 2003). 

Since collision, Timor Island has undergone uplift and exhumation in excess of 5 km (Keep & 

Haig 2010) through processes of crustal thickening (Richardson & Blundell 1996) and isostatic 

rebound following a possible detachment of the down-going slab (Price & Audley-Charles 

1987; Audley-Charles 2004; Ely et al. 2011). Its emergence possibly had begun by 5.7 Ma 

(Haig 2012a) and the island continues to undergo uplift of around 1.5 mm/ year (Audley-

Charles 1986a).  
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The tectonostratigraphic framework (Fig. 3) of Timor includes: 

1) Latest Carboniferous to Middle Jurassic Gondwana Megasequence deposited within 

interior basins of the East Gondwanan rift system (Harris et al. 1998; Harris 2006; Haig 

& McCartain 2007, 2010; Davydov et al. 2014);  

2) Late Jurassic to early Late Miocene Australian Margin Megasequence deposited on the 

passive margin that, in the vicinity of Timor, subsided to middle bathyal water depths 

during the Early Cretaceous to form the ‘Timor Plateau’ (Haig & McCartain 2007; 

Keep & Haig 2010);  

3) Middle Jurassic hemi-pelagic to pelagic deposits of the Indian Ocean Megasequence, 

emplaced during collision (Haig & Bandini 2013); 

4) Jurassic to Early Miocene Banda Megasequence of Asian affinity, emplaced during 

collision (Audley-Charles & Harris 1990; Harris 2006; Haig et al. 2008); and  

5) Synorogenic Megasequence (Haig & McCartain 2007; Roosmawati & Harris 2009; 

Haig 2012a).  

 

The Bobonaro Melange (=Synorogenic Melange) recognised by Harris et al. (1998), Haig and 

McCartain (2007) and Haig et al. (2008) is no longer considered a coherent stratigraphic unit. It 

includes structural melange zones probably caused by diapirism (Barber et al. 1986; Harris et 

al. 1998) generated within Triassic clay units (Haig & McCartain 2010; see also 

Brunnschweiler 1978). However, in many areas, incipient diapirism has resulted in ‘broken-

formation’ deformation (Harris et al. 1998) within units that can be identified as particular 

formations (e.g. much of the Babulu Formation recognised in this study). See Chapter 3.1 

Tectonostratigraphic framework for detailed discussion. 
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Fig. 3. An overview of the tectonostratigraphic framework of East Timor (Haig & McCartain 2007; Haig et al. 2007; 

Haig et al. 2008; Haig & McCartain 2010; Keep & Haig 2010; Haig 2012a; Haig & Bandini 2013; Davydov et al. 

2014). See Chapter 3.1 Tectonostratigraphic framework for detailed discussion. 

 

2.2 Tectonic history  

2.2.1 Tectonic models 

Timor has a complex tectonic history which has been the subject of much debate. East Timor is 

one of the best places in the world to study young arc-continent collision. However it is this 

young age which also confounds attempts to understand it, because very little of the orogen is 

exposed. Hamilton (1979) described the island as “a tectonic chaos”, and Brunnschweiler 

(1978) noted that “Timor may well be an even more difficult case (than the European Alps) … 

because one suspects that what one sees is merely the top part of a very big pile of nappes which 

has only just begun to emerge from the sea.”  
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Generally, most workers have agreed on the presence of crustal shortening and thrust tectonics 

in Timor (e.g. Hirschi 1907; Wittouck 1937; Grunau 1953; Gageonnet & Lemoine 1958; Marks 

1961; Audley-Charles 1968; Carter et al. 1976; Barber et al. 1977; Brunnschweiler 1978; 

Audley-Charles 1981; Sopaheluwakan et al. 1989; Charlton et al. 1991; Harris 1991; Sani et al. 

1995; Villeneuve et al. 1999; Keep et al. 2005). Audley-Charles (1968) attempted to describe 

the observations made during his field mapping (1959-1961) using Alpine-style terminology. 

His overthrust model (Audley-Charles 1968) proposes that large scale deformation and erosion 

of Australian continental margin sediments occurred during collision, followed by emplacement 

of thrust sheets from the Asian side of the plate boundary on to the developing orogen (Fig. 4). 

The model has undergone various modifications by Audley-Charles and others since then 

(Audley-Charles & Carter 1972; Audley-Charles et al. 1974; Carter et al. 1976; Barber et al. 

1977; Audley-Charles 1978, 1985, 1986a, b; Price & Audley-Charles 1987; Audley-Charles & 

Harris 1990; Audley-Charles 1991, 2004), first to fit in with the paradigm shift to plate tectonics 

during the 1970s, and later to incorporate the results of ongoing field and geophysical studies.  

Fitch and Hamilton (1974) and Hamilton (1979) interpreted Timor as a large accretionary 

prism, comprising imbricated blocks of Australian margin and Banda Arc material amidst a 

‘background’ of Bobonaro Scaly Clay, which they interpreted as a tectonic melange (Fig. 5). 

Their model, derived using previous descriptions of the island (from previous workers) in 

conjunction with a deep-reflection seismic study, are not well supported by field observations 

(Audley-Charles 1986b). Mass balance calculations also show that the amount of material 

accreted is far too small to account for the entire island (Richardson & Blundell 1996), and 

geophysical studies have concluded that the Timor Trough is not a subduction zone (Chamalaun 

et al. 1976; Audley-Charles 1986b; Keep et al. 2003). Therefore, it is unlikely that this model is 

an accurate representation of the formation of Timor Island. 

More recent overthrust models (e.g. Harris 2011) invoke a large scale decollement extending 

from the Timor Trough, over which the Australian margin is backthrust (Fig. 6). Harris (2011) 

shows the majority of Timor above this decollement dominated by a thick, stacked succession 

of duplexed Gondwana Megasequence lithologies, metamorphosed to the north, with 
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imbrication of Australian passive margin and more recent synorogenic deposits along southern 

edge of island. A large thickness of Banda Megasequence units have been overthrust from the 

north over a layer of melange, with the erosional remnants of this nappe now occupying high 

structural positions throughout the island. 

Many authors however do not agree with the extent of interpreted thrusting for Timor. Based on 

field mapping, Grady (1975) and Grady and Berry (1977) determined that some previously 

mapped thrusts were in fact stratigraphic contacts. Grady and Berry (1977) also noted the 

ubiquity of high-angle Pliocene and Quaternary faults, which are not well incorporated into the 

overthrust or imbricate models (Figs 4, 5). Chamalaun and Grady (1978) proposed a ‘rebound 

model’ of Timor tectonics after incorporating these observations with additional gravity and 

seismic data (Fig. 7). The rebound model interprets Timor as entirely autochthonous, with uplift 

occurring as the result of isostatic rebound following detachment of the down-going slab. The 

model assumes that all transfer of exotic material across the plate boundary occurred as 

olistostromes carried by gravity sliding, resulting in the deposition of the Bobonaro Scaly Clay 

(sensu Audley-Charles 1968). The modern consensus is now that the ‘Bobonaro Scaly Clay’ 

(see also comments in Section 2.1) was emplaced via shale diapirism (Barber et al. 1986; Harris 

et al. 1998), and it is clear that some thrusting of exotic terranes over the plate boundary has 

occurred, as these have been mapped throughout East Timor (Audley-Charles 2004; Keep et al. 

2009). However,  the abundance of late-stage high-angle faults does point to some component 

of this model being active during late stage orogeny (Keep et al. 2009). 

Along with Grady (1975), Grady and Berry (1977) and Chamalaun and Grady (1978), other 

authors have also noted the importance of high angle faults in East Timor. Schneeberger (1961) 

states in his report to Timor Oil that “systematic and careful investigations by the Company's 

geologists have conclusively shown that block faulting rather than overthrusting is the 

prevailing type of structural dislocation in Portuguese Timor.” Similarly Romariz and Leme 

(1967) describe differential vertical movement about high angle faults as a strong influence on 

the present day topography of East Timor.  
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Fig. 4. The overthrust model. Deformation and erosion of Australian continental margin sediments occurs prior to 

emplacement of thrust sheets, which are mostly Asiatic in affinity. Figure modified from Richardson and Blundell 

(1996). Australian continental margin basement is coloured green, overlying Australian sedimentary units are white, 

rocks of Asiatic affinity are pink, and the down going slab is blue.  

 
Fig. 5. The imbricate model. Timor is an accretionary prism consisting of blocks of both Australian and Asiatic 

affinity, forming a chaotic complex of imbricated blocks and melange. Figure modified from Reed et al. (1996). 

Australian continental margin basement is coloured green, overlying Australian sedimentary units are white, rocks of 

Asiatic affinity are pink, and the down going slab is blue. 

 

And at the Cablac Mountain Range (Fig. 2), Haig et al. (2008) and Keep et al. (2009) interpret a 

high-angle fault separating units of Asian affinity from the overthrust limestone stack of 

Gondwana and Australian-Margin Megasequence units which make up the high, central regions 

of the Cablac Range.  

Where these high-angle faults have been mapped in detail, workers have observed evidence of 

strike-slip movement. Berry and Grady (1981b) describe left-lateral movement on moderate to 

steeply-dipping faults which separate Aileu Formation metamorphic rocks on the northern coast  
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Fig. 6. An evolution of the overthrust model, from Harris (2011). It shows the imbrication of the Australian Margin 

Megasequence on the south coast, coupled with the thick, stacked succession of Gondwana Megasequence rocks 

which make up the bulk of the island, metamorphosed towards the north. 

 

 

Fig. 7. The rebound model. Timor is derived almost entirely from the rocks of the Australian continental margin, with 

uplift accommodated by high angle faulting after slap break-off. All units of Asiatic origin were emplaced as 

olistostromes as the island was uplifted. Figure modified from Reed et al. (1996). Australian continental margin 

basement is coloured green, overlying Australian sedimentary units are white, rocks of Asiatic affinity are pink, and 

the down going slab is blue. 
 

of East Timor with surrounding rock units. High angle, left-lateral structures have been mapped 

throughout West Timor striking north-northwest (e.g. Charlton 1990; Kaneko et al. 2007), and 

similar north-northwest striking strike-slip faults are sometimes interpreted in regional maps of 

East Timor (e.g. Audley-Charles 2004, fig. 1.). Benincasa et al. (2012) found strike-slip 

deformation ubiquitous throughout Mount Mundo Perdido (Fig. 2), and interpreted the 

mountain as a pop-up structure within a zone of east-west oriented left-lateral strike slip. Duffy 

et al. (2013) observed northwest-southeast oriented dextral-normal faults and northeast-

southwest oriented sinistral-normal faults throughout East Timor. Duffy et al. (2013) 
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interpreted these intersecting fault systems to be related to orogen-parallel crustal extrusion 

accommodated by major east-northeast oriented strike-slip systems on the northern and 

southern sides of Timor. 

2.2.2 Timing of collision 

Audley-Charles and co-authors have suggested a Pliocene age for the collision between the 

Australian continental margin and the Banda Arc, which produced the island of Timor. The 

placing of the collision at younger than 4 Ma is largely based on unconformable relationships 

recognised by Audley-Charles within the Pliocene stratigraphy (Audley-Charles 2004, 2011). 

Audley-Charles (1968, 2004) and his colleagues (Audley-Charles & Carter 1972; Charlton & 

Wall 1994; Charlton 2002b) used the age of this interpreted unconformity as an age for 

collision. However, a recent review of paleontological work has found that the age of this 

unconformity cannot be supported by documented foraminiferal species (Keep & Haig 2010), 

and may be significantly older than first thought. If the unconformity does not exist or has been 

misidentified, the age of collision may be very different. 

Haig & McCartain (2007) used detailed and robust biostratigraphy from Timor and comparisons 

the Australian North West Shelf to determine that, prior to collision, the Timor region was 

probably a broad submarine terrace similar to the present day Exmouth Plateau (Fig. 2), rather 

than being the continental slope suggested by Audley-Charles. This finding, in conjunction with 

other sedimentological evidence, has led to hypothesis of a much earlier, Miocene-age collision 

between 9.8 Ma and 5.7 Ma (Keep & Haig 2010; Haig 2012a). 

This earlier date of collision is consistent with major deformational events recognised in the 

region (on both the Australian and Banda sides of the plate boundary) by many other workers 

(Hocking et al. 1987; Fortuin et al. 1997; Harris et al. 2000; Rutherford et al. 2001; Keep et al. 

2002; Longley et al. 2002; Harrowfield et al. 2003). The proposed earlier age for collision also  

agrees with the collision dates determined via dating of Timorese metamorphic complexes 

(Berry & McDougall 1986), and mass balance calculations (Richardson & Blundell 1996). 

However, the older age of collision does not immediately fit with the ages of igneous rocks 
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from Wetar, which suggest that volcanism continued until 3 Ma, significantly younger than the 

proposed 9.8 Ma to 5.7 Ma collisional age (Honthaas et al. 1998). Ely et al. (2011) however 

cautioned that the timing relationship between the age of collision and end of volcanism and is 

not that straightforward. Because magma production in subduction zones occurs at depths of 65-

130 km, there would be a significant delay between the time of collision (and resulting slab 

break-off) and the down-going slab passing through the magma-generation zone. Therefore, a 

cessation of volcanism at 3 Ma is not inconsistent with collision ending at 5.7 Ma. In addition, 

Keep and Haig (2010) note that volcanism on Wetar is not continuous but episodic, and link 

pulses of volcanism to stages in the deformation. 

Keep and Haig (2010) and Haig (2012a) base the oldest possible age of collision on the age of 

the youngest deformed Australian margin sediments observed in East Timor, 9.8 Ma. They base 

the youngest possible age of collision at the onset of a period of pelagite deposition at 5.7 Ma, 

which they possibly attribute to the locking of the subduction zone. The collision age of 4-2 Ma 

proposed by Audley-Charles (2004) suggests that at 9.8 Ma the Banda Arc was still 600 km 

north of the Australian continental margin (Hall 2002) and therefore not in a position to collide. 

However, if a continental plateau was present, as suggested by Haig & McCartain (2007), it is 

possible that continental crust extended from 500 to 900 km further out towards the subduction 

zone (as currently occurs with the Wallaby Plateau on the Australian North West Shelf (Keep & 

Haig 2010), and collision would therefore be earlier (Fig. 8). 

2.3 The ‘fatus’ of East Timor - previous work 

In the early twentieth century, geologists working in Timor adopted the local word ‘fatu’ 

(derived from ‘fatuk’, meaning rock) to describe the steep sided limestone massifs that form 

high peaks in both West and East Timor.  

Hirschi (1907) first described certain fatus in East Timor as resembling klippes, implying thrust 

deformation, and suggested that Timor Island has a complex tectonic history. Although 

attributing most limestones to the Triassic or late Paleozoic, Hirschi (1907) thought the 

stratigraphic position of the fatu limestones questionable, noting the unusual north-south 

orientation of several large fatus (e.g. Matebian, Loelako; Locations 4 and 10 respectively on 
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Fig. 8. Evolution of collision incorporating the current geometry of the continent-ocean boundary on Australia’s 

North West Shelf, modified from Keep and Haig (2010). This shows that if the current plateaux (Wallaby and 

Exmouth, Fig. 2) are included in the margin geometry, as well as the proposed Timor Plateau (Haig & McCartain 

2007), outliers of Australian continental crust would occur significantly outboard of the Australian margin at 9.8 Ma, 

allowing for an earlier age of collision. The existing irregular margin geometry, incorporating salient and 

embayments, reflects the underlying extensional geometries (Harrowfield & Keep 2005).  
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(Fig. 2), transverse to the main long-axis of the island. 

Molengraaf (1912) described the fatus of West Timor as isolated limestone hills, separated from 

the surrounding, contrasting geology by vertical limestone cliffs. Molengraaf (1912) also 

observed that the fatus comprised many different rock types, most commonly Triassic ooilitic 

limestone but also Permian crinoid limestone, Tertiary limestone and igneous rocks. He 

suggested that the fatus were the remnants of a thrust sheet, which he dubbed the ‘fatu-sheet.’ 

However, he also noted evidence for ‘mountain-forming movements’ that had caused 

juxtaposition of fatus of different ages, observing “Permian fatus, an upper-Triassic fatu and 

Eocene fatus facing against each other.” 

Wanner (1913) distinguished the fatus of north-western Timor from the more gently-sloping, 

more vegetated ‘netems,’ or elongated ridges, and noted their striking resemblance to the cliffs 

of the European Alps and Carpathians. He described the fatus as mountains several kilometres 

long and wide, which rise with sharply sloping walls to “mighty peaks” 700 m above their 

surroundings (Wanner 1913). Fatu limestones sampled by Wanner were often ooilitic and 

described as being very similar to the Norian limestones of the eastern Alps (Krumbeck 1921). 

Wanner (1913) described the fatu limestones as “essentially a reef limestone facies of the upper-

Triassic”.  

’t Hoen and van Es (1925) noted the distinction between ‘fatu’ as a morphological concept, and 

its tectonic significance in describing overthrust units. They suggested that although fatu-type 

morphology was observed in rocks with ages ranging from Permian to Neogene, it was only the 

older Mesozoic and Paleozoic units that belonged to thrust sheets. 

Brouwer made an expedition to West Timor in 1937 with several students, each mapping 

different regions, and described the fatus as conspicuous features in the topography formed by 

steep, isolated rock masses (Brouwer 1939). Brower’s students studied several different regions 

of West Timor, with a number of papers published in from 1939 to 1941. Simons (1940) and 

van Voorthuysen (1940) both recorded fatu limestones of Triassic age in West Timor’s northern 

regions. De Roever (1940) observed fatus comprising Triassic, often ooilitic, reef limestones 
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and lower Jurassic Mytilus-limestones in the south-western Mutis region of West Timor, and  

Tappenbeck (1940) placed most fatus in the south-central Mollo region in the Triassic, while 

also observing some of Permian age. van West (1941) also observed fatus of Triassic age in the 

eastern Miomaffo region of West Timor, and noted their high tectonic position. Brouwer (1939) 

suggested that the fatus had not reached their present positions by overthrusting alone, noting 

smaller blocks which appeared to have separated from the main fatus and reached their present 

position “by gliding on the surface.” 

Wittouck (1937, 1938) included the ‘fatu type’ as one of his three types of topography in East 

Timor (together with ‘plateaux type’ and ‘igneous type’), describing them as long, flat-topped, 

limestone plateaux with steep, usually vertical sides, heavily eroded, with a general southwest-

northeast direction (noting the exception of the north-south oriented Matebian Range; Fig. 2). 

He placed most fatu limestones within the Permian and Triassic (Wittouck 1937). 

Subsequently Umbgrove (1938) briefly described the fatus in West Timor as prominent, steep-

sided outcrops, strongly resistant to erosion. He characterised them as klippen, of Triassic age 

(Umbgrove 1938). 

van Bemmelen (1949) described the ‘Fatu Complex’ as the highest overthrust unit in both West 

and East Timor. He also noted the presence of irregular block faulting in East Timor, quoting 

observations of the Allied Mining Corporation of fatus with huge, young scarps, evidencing 

large amounts of differential uplift. 

De Waard (1957) discussed the nature of the fatus in depth, observing that although fatus with a 

range of different lithologies and ages are present in West Timor, the majority consist of 

massive limestone of Triassic age. Like ’t Hoen and van Es (1925), he acknowledged the 

ambiguity that exists when using the word ‘fatu’ as both a morphological and geological term. 

De Waard (1957) gave examples of massive Triassic fatu limestones grading both vertically and 

laterally into well bedded limestones, marls and clays which form the surrounding lowlands. 

Following these observations, he suggested that a ‘Fatu complex’ does not exist as a separate 

tectonic unit. Rather, De Waard (1957) proposed that all fatu masses of Permian, Triassic and 
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Jurassic age represent local facies differences in the usually marly and clayey ‘Sonnebait unit’, 

widespread in West Timor. 

In East Timor, Grunau (1953) used the term ‘Fatu Limestone’ to classify the rocks comprising 

the massifs surrounding Ossu, the Matebian Range, the Paitchau Range and others (Fig. 2). He 

interpreted the fatus as erosional remnants or klippen, despite admitting the absence of any 

observed thrust contacts, but noted that the fatus internally showed evidence of a considerably 

complicated tectonic history. Although many fatu localities visited by Grunau lacked age 

deterministic fossils, Grunau (1953) was able to attribute an age range of upper Cretaceous to 

upper Oligocene to the fatu limestones around Ossu, along with parts of the Matebian Range, 

based on the presence of foraminifera species Globotruncana and Spriroclypeus.  

Wanner (1956) recorded Triassic fauna from several fatus in East Timor, including rich coral 

assemblages from certain localities, dating them as Carnian or Norian. Wanner (1956) disputed 

Grunau’s (1953) interpretation of all fatu limestones belonging to a thrust sheet, giving 

examples where they observed a normal stratigraphic succession with surrounding lithologies. 

Wanner (1956) also disagreed with previous authors’ interpretations of the fatu limestones 

being the highest tectonic element in Timor, describing localities where they have been 

overthrust by Permian units. 

Gageonnet and Lemoine (1958) followed Grunau (1953) in attributing the fatu limestones in 

East Timor to the remnants of thrust sheets, based on the conspicuous geomorphology of the 

fatus as topographical highs distinct from their surroundings. They describe fatus with a wide 

range of ages, including Permian units, ooilitic Triassic limestones, pelagites of Cretaceous to 

Eocene age (based on the presence of foraminifera species Globotruncana and Globorotalia), 

and younger fossiliferous limestones attributed to the earliest Miocene (due to the presence of 

the larger foraminifera species Spiroclypeus and Cycloclypeus) (Gageonnet & Lemoine 1958). 

Schneeberger, in his 1961 report to Timor Oil, stated that extensive overthrusting postulated by 

previous authors is not present in East Timor. He interpreted the distinctive fatu morphology as 
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produced by block faulting rather than overthrusting, and concluded that only one thrust nappe 

exists in East Timor, consisting of Permian sediments. 

Romariz and Leme (1967) noted the stark relief of the fatus in East Timor amongst the 

surrounding landscape, describing abrupt walls, great altitude and sharp terminations. They also 

disagreed with the structural interpretations of many previous workers, noting a lack of basal 

thrust contacts or internal imbrications to indicate overthrusting. Romariz and Leme (1967) 

recognized that the fault architecture of the fatus was instead dominated by subvertical faults 

forming huge scarps, oriented in various directions and intersecting underlying units, and 

described differential vertical movement about these faults contributing to the present day 

morphology of the fatus. Romariz and Leme (1967) proposed that the fatus may have developed 

as isolated coral reefs on an ancient submarine relief during the Cenozoic. They do however 

record the presence of older, Cretaceous very fine grained carbonates, and note that many 

doubts remain concerning the origin and age of the fatu limestones. 

Between 1959 and 1961, Timor Oil’s resident geologist Michael Audley-Charles embarked on 

an extensive project of reconnaissance field mapping and analysis from which he produced a 

number of papers, culminating in his PhD thesis and his 1968 memoir ‘The Geology of 

Portuguese Timor’ (Audley-Charles 1968). This memoir provided the first regional description 

of the stratigraphy of East Timor along with a 1:250 000 map, and has since become the most 

common source for the regional geology and stratigraphy of East Timor, despite its 

reconnaissance nature. Audley-Charles mapped the majority of fatus in East Timor as Miocene 

‘Cablac Limestone’, which had its type area at the Cablac Mountain Range, near Same in south-

central East Timor (Fig. 2). He interpreted the Bahaman facies ooilitic wackestones, packstones 

and grainstones at the Cablac Mountain Range as shallow water deposits in depositional contact 

with underlying units, of Miocene age based on foraminifera within clasts of what was 

interpreted as a basal conglomerate (Audley-Charles 1968).  

During the early 1970s additional fieldwork was conducted by Audley-Charles and several of 

his colleagues and students (Audley-Charles et al. 1974; Barber & Audley-Charles 1976; Carter 
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et al. 1976; Barber et al. 1977), however after the political situation in East Timor deteriorated 

in1975 the opportunity for fieldwork became very limited. Audley-Charles and others continued 

to publish papers as their ideas evolved, mostly relying on extrapolations from West Timor or 

new regional geophysical datasets. The ‘Cablac Limestone’ fatus were first thought to represent 

in-situ patch reefs formed on isolated shoals after collision but before orogenesis (Audley-

Charles 1968; Audley-Charles & Carter 1972) but in later literature came to be most commonly 

interpreted as belonging to a thrust sheet of Asiatic affinity, emplaced during collision (Carter et 

al. 1976; Barber et al. 1977; Audley-Charles 1986a; Audley-Charles & Harris 1990; Sawyer et 

al. 1993; Milsom 2000; Audley-Charles 2004; Harris 2006; Standley & Harris 2009; Audley-

Charles 2011). 

Other authors with field experience in East Timor have since challenged the conclusions of 

Audley-Charles and associated workers. Grady (1975), Grady and Berry (1977) and 

Brunnschweiler (1978) found inconsistencies in Audley-Charles’ field observations, most 

notably in the distribution and assigned ages of mapped units, and in the veracity of structural 

interpretations, particularly the mapped thrusts. Brunnschweiler (1978) states that “many fatu 

limestones are not simply Lower Miocene Cablac Limestone, but include Eocene, Upper 

Cretaceous and older elements.”  

Detailed field mapping studies at the Cablac Mountain Range (Haig et al. 2007; Haig et al. 

2008; Keep et al. 2009) have concluded that the Bahaman facies lithologies comprising the 

‘Cablac Limestone’ at its type area are Triassic-Early Jurassic carbonate platform deposits. 

Furthermore, field mapping at the Cablac Mountain Range in 2004 determined that rather than 

being of singular lithology, the mountain range comprises metamorphic, volcanic, shallow and 

deep marine sedimentary rocks, with ages ranging from Triassic to Pleistocene, dissected by 

recent, high-angle normal faults (Keep et al. 2009). The ‘basal conglomerate’ described by 

Audley-Charles (1968), containing clasts of Miocene age (from which Audley-Charles (1968) 

determined his age for the ‘Cablac Limestone’), has been re-interpreted as a Plio-Pleistocene 

crush breccia in a high-angle fault zone (Haig et al. 2008; Keep et al. 2009).  
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2.4 Summary 

Timor Island is the product of the collision between Australian continental crust and the Banda 

volcanic arc. There is a long history of geological work on the island, although most has been 

based on reconnaissance mapping with detailed fieldwork being very limited. As a result, some 

aspects of the geology remain controversial, particularly tectonic styles and the age of collision. 

The high, steep-sided limestone fatus are one of the most enigmatic and controversial features 

of Timorese geology. Although comprising a range of rock types and ages, most early workers 

observed Triassic limestone fatus as most common in both West and East Timor. However, 

since the 1960s most fatus in East Timor have been mapped as Lower Miocene ‘Cablac 

Limestone’, following the reconnaissance mapping of Audley-Charles (1968). Since detailed 

fieldwork in East Timor resumed in 2003, a re-evaluation of the ‘Cablac Limestone’ at its type 

area has led to important revisions in East Timorese stratigraphy, and prompted the present 

investigation of other fatus currently mapped as ‘Cablac Limestone’. 
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3. Stratigraphic reconstructions 

3.1 Tectonostratigraphic framework 

Audley-Charles (1968) first mapped the geology of East Timor using Alpine-style terminology, 

grouping lithostratigraphic units into structural divisions of Para-Autochthon, Autochthon, and 

Allochthon. Since the 1970s new information and analyses have led to many changes in the 

interpretations of mapped units, dating, and the assignment of lithostratigraphic (Charlton et al. 

1991) and tectonostratigraphic (Haig et al. 2007; Haig & Bandini 2013) names, however the 

following stratigraphic divisions have commonly been recognised: 

1. Permian to Middle Jurassic interior-rift basin deposits of Australian affinity, 

extensively deformed by their interaction with the Banda Arc and the subduction zone 

during arc-continent collision. These belong to the Para-Autochthon of Carter et al. 

(1976) and Barber et al. (1977); and form the Gondwana Sequence of Harris et al. 

(1998; 2000), and the Gondwana Megasequence of Haig et al. (2007). 

2. Middle Jurassic, siliceous, hemi-pelagic to pelagic deposits with probable volcanic 

associations, which have recently been recognised in East Timor from large blocks 

within a structural melange zone (Haig & Bandini 2013). Based on similarities in 

lithofacies and age to rocks previously described in West Timor, Haig and Bandini 

(2013) placed these rocks within the Noni Group (see Haig & Bandini 2013 pp 75-77). 

The lithofacies of the Noni Group are distinct from other stratigraphic units in Timor, 

and its facies, age, and probable volcanic association suggest deposition in a newly 

rifted Indian Ocean. As such, Haig and Bandini (2013) placed it within a separate 

megasequence designated the Indian Ocean Megasequence. 

3. Late Jurassic to early Late Miocene carbonate pelagic deposits of Australian 

affinity, cemented and stylotised during collision. Isolated outcrops were originally 

described in structural terms as autochthonous or allochthonous (Audley-Charles 1968; 

Carter et al. 1976; Barber et al. 1977), these lithologies were later grouped 

stratigraphically as the Kolbano Sequence by Harris et al. (1998; 2000) and Haig and 

McCartain (2007), and the Australian Margin Megasequence by Haig et al. (2007). 
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4. Rocks of Asiatic affinity emplaced as thrust sheets as the forearc was carried over the 

Australian continental margin during collision. These belong to the Allochthon of 

Audley-Charles (1968), Carter et al. (1976) and Barber et al. (1977) and form the 

Banda Terrane of Harris et al. (1998; 2000), Harris (2006) and most following authors, 

and the Banda Megasequence of Haig (2012b). 

5. Synorogenic deposits which formed during collision and subsequent orogeny. Part of 

the Autochthon of Audley-Charles (1968) and Carter et al. (1976) and sometimes 

referred to as ‘synorogenic sedimentary units’ (Harris et al. 1998; 2000) these units 

form the Synorogenic Megasequence of Haig et al. (2007). 

6. The Bobonaro Scaly Clay/Bobonaro Melange, a basinal mud-dominated unit, in 

many areas characterised by broken-formation deformation (in the sense of Harris et al. 

1998) in which dislocated blocks of well-bedded sandstone are incorporated into scaly 

clay, and in some places containing exotic blocks of varying lithology and age. This 

was mapped as a separate, widespread stratigraphic unit by Audley-Charles (1965a, 

1968) called the ‘Bobonaro Scaly Clay’, and interpreted as a Miocene gravity slide 

deposit. Barber et al. (1986) first suggested that it was emplaced as overpressurised 

muds were forced to the surface as shale diapirs through fault zones during collision. 

The term ‘Bobonaro Melange’ has since been used by a number of authors (e.g. Harris 

et al. 1998; Harris & Long 2000; Charlton 2002b; Standley & Harris 2009). Haig and 

McCartain (2010) distinguished between zones of true tectonic melange, comprising 

blocks of varying lithology and age, and units characterised by broken-formation 

deformation, comprising dislocated blocks of sandstone or limestone within a clay 

contemporaneous in age – generally Late Triassic. They suggested that the tectonic 

melange should be mapped as structural zones rather than a stratigraphic unit, and 

where broken-formation deformation occurs within Late Triassic units it is more useful 

to map them by their parent rock types, either Babulu Group or Aitutu Group. 

Recent studies by workers at the University of Western Australia have been refining a 

tectonostratigraphic framework for East Timor through detailed biostratigraphic investigations 
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(Haig et al. 2007, 2008; Haig & McCartain 2007, 2010, 2012; Keep & Haig 2010; Haig & 

Bandini 2013); the current state of knowledge is outlined in Fig. 9. The Permian to Middle 

Jurassic Gondwana Megasequence was deposited in interior-rift basins within the East 

Gondwanan rift system, and contains a number of facies including deep-water muds, deltaic 

sands, and carbonate shoals (Haig et al. 2007; Haig & McCartain 2010). After continental 

breakup at around 155 Ma, the now passive Australian continental margin subsided to form a 

continental terrace similar to Exmouth Plateau on which were deposited the deep water 

pelagites of the Australian Margin Megasequence, which range in age from Upper Jurassic to 

Neogene (Haig & McCartain 2007). Distal to the continental margin, in the Proto-Indian Ocean, 

siliceous argillites and radiolarites of the Indian Ocean Megasequence were deposited (Haig & 

Bandini 2013). The Banda Terrane of Asian affinity comprises a number of facies from 

metamorphic basement (the Lolotoi Metamorphic Complex), to overlying volcanics, 

siliciclastics, and shallow water carbonates ranging from Eocene to Miocene (Haig et al. 2008). 

These rocks were emplaced during the Neogene collision between the Banda Arc and the 

Australian continent. The relatively undeformed Synorogenic Megasequence was deposited 

from the latest Miocene to Pleistocene, and records the uplift and emergence of Timor as an 

island (Haig & McCartain 2007; Haig 2012a). Mapped distribution of megasequences and areas 

visited by this study are outlined in Fig. 10. 

The ‘Bobonaro Scaly Clay’ or ‘Bobonaro Melange’ is not included in this framework. The field 

mapping of this study has confirmed the observations of previous authors: that where this unit is 

currently mapped outcrop often comprises Aitutu or Babulu Group successions that show 

‘broken- formation’ deformation (Harris et al. 1998; Haig & McCartain 2010; Benincasa et al. 

2012). Where outcrop of tectonic melange occurs, containing exotic blocks as a result of 

overpressured shale dispersion and diapirism, they are mapped in this study as structural 

melange zones, not a stratigraphic unit.  
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In East Timor it is difficult to describe true formations with defined upper and lower boundary 

stratotypes, due to the structural complexity of the pre-collisional strata. As a result, this study 

will attempt to assign samples to broader lithostratigraphic groups, confined within 

chronostratigraphic limits based on biostratigraphy (Fig. 9). Note that Appendix I includes 

location details and specific coordinates for all sample numbers discussed in the text or shown 

in the figures. Coordinates in maps and appendices are given in latitude and longitude, WGS 84. 

 

3.2 Mount Mundo Perdido 

Mount Mundo Perdido is a 1750 m high fatu situated in the Viqueque district, approximately 1 

km northwest of Ossu (Figs 10, 12). It forms an elongate, slightly rhomboidal massif 

approximately 10 km by 3 km, with its long axis in an east-west orientation. The following 

Mount Mundo Perdido results are based on field mapping completed in 2009 (Benincasa et al. 

2012) and present a summary of that work, with interpretations updated and expanded in the 

context of this present study. Rock units are listed in ascending stratigraphic order and age. 

3.2.1 Blue-grey mudstones with sandstone interbeds 

Blue-grey mudstones form much of the lowlands around Mount Mundo Perdido (Figs 12, 13a). 

They contain medium to thick interbeds of laminated grey, micaceous, sandstone, often with 

well defined swaley and hummocky cross-bedding (Fig. 13b), however these beds are 

discontinuous and chaotically faulted (Fig. 13c). Both mudstones and sandstones contain well 

preserved palynomorphs (spores, pollen and rare acritarchs), along with rare nodosariid 

foraminifera (Benincasa et al. 2012), with the sandstones also containing abundant woody 

fragments and other carbonaceous material (Fig. 13d). 

Lithologies suggest deposition in a prodelta setting, where muds, sands, micas and woody 

material from river systems settled on the sea floor below fair weather wave base, with 

Fig. 9 ← Tectonostratigraphic framework of East Timor (modified from Haig & Bandini 2013 with results of this 

study). 
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hummocky cross-bedding formed during episodic higher energy storm conditions (Benincasa et 

al. 2012). Rare nodosariid foraminifera within the mudstone and sandstone units are consistent 

with a Middle or Late Triassic age. A mudstone sample from AB088 yielded a diverse and 

abundant palynomorph assemblage  (see Benincasa et al. 2012, Appendix A for species list) 

which supports a marine interpretation and places it within the Norian, Late Triassic.  

Triassic strata in East Timor were deposited during rifting within the East Gondwana rift system 

(Haig & McCartain 2010). Basinal facies associations suggest a complex array of depositional 

environments, with sediment input influenced by varying degrees from nearby carbonate 

platforms and terrestrial deltaic systems (Haig & McCartain 2010). Litho- and biostratigraphic 

evidence suggests a prodelta depositional setting for the blue-grey mudstones with sandstone 

interbeds at Mount Mundo Perdido (Benincasa et al. 2012), placing them within the Babulu 

Group (the Babulu Formation of Bird & Cook 1991) which forms part of the Gondwana 

Megasequence. 

 

 

 

Fig. 10 → Mapped distribution of megasequences in East Timor. Geological boundaries are mostly after Geological 

Survey Indonesia maps compiled in the late 20th century (e.g. Rosidi et al. 1979; Partoyo et al. 1995, themselves 

based on the mapping of Audley-Charles 1968) with the geology in the study areas modified with the results of this 

study. Areas visited by this study are highlighted. Study areas contain most major fatus mapped as ‘Cablac 

Limestone’ by Audley-Charles (1968) and following authors: (1) Mount Mundo Perdido, (2) Mount Laritame, (5) the 

Matebian Range, (6) the Builo Range, (7) Mount Bibileu, (8) the Saburai Range, (9) Mount Taroman and (11) Mount 

Loelako. The Saburai Range and Mount Loelako form the eastern and south-eastern boundaries of (11) the Maliana 

basin. At the eastern tip of East Timor (3) Lake Iralalaru and its neighbouring fatu (4) the Paitchau Range – originally 

mapped as ‘Aitutu Formation’ (Audley-Charles 1968; Partoyo et al. 1995) – were also investigated by this study. 

Fig. 11 →→ Aerial photograph of Mount Mundo Perdido illustrating sample points and 100 m topographic contours. 

Field work was based out of Ossu. Traverses were conducted into the central regions of the mountain from 4WD 

tracks which parallel the massif along its northern and southern flanks. 

Fig. 12 →→→ Interpreted geological map of Mount Mundo Perdido, constructed using mapped outcrops and aerial 

photographs. See text for detailed descriptions of geology. 
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The mudstones surrounding Mount Mundo Perdido were originally mapped as a melange, the 

‘Bobonaro Scaly Clay’ of Audley-Charles (1968). This study has found melange containing an 

assortment of lithologies to be confined to distinct structural zones, particularly around the 

south-eastern end of the massif (Fig. 12). In most areas originally mapped as Bobonaro Scaly 

Clay the only rock types present are Babulu Group mudstones and sandstones (Benincasa et al. 

2012). Mudstones predominate, with the sandstone beds faulted and displaced in ‘broken-

formation’ style (Harris et al. 1998). 

 

Fig. 13. (a) Thick, deformed Babulu Group mudstone beds near AB117, note horses in top left for scale. (b) Swaley 

cross-bedding within a Babulu Group sandstone block from AB110, pen for scale. (c) A faulted and broken sandstone 

bed within the Babulu Group at AB089, hammer for scale. (d) A sample of carbonaceous sandstone from the Babulu 

Group at AB089. The black flecks are woody fragments. Scale at base of frame = 10 cm. 

 

3.2.2 Radiolarian limestones 

Four samples of grey, fine grained, well bedded radiolarian limestone were collected at Mount 

Mundo Perdido, two outcropping on the southern side of the mountain (AB058 - Fig. 14, 
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AB133) and two found in scree on the mountain’s northern flank (AB124, AB154).Radiolaria, 

calcispheres, spicules and rare nodosariids are visible in acetate peels, along with Halobia-type 

shell “filaments” in one sample (Fig. 14b). Some samples contain lenses of reworked peloidal 

grainstone (Benincasa et al. 2012). Due to their limited occurrence at Mount Mundo Perdido 

they have not been broken out as a separate mapping unit (Fig. 12).  

Slow sedimentation of radiolarian mud requires low energy, deep water environments and the 

presence of Halobia-type shell filaments suggests an oxygen deficient, basinal setting 

(McRoberts 1993), with nearby inner neritic carbonate platforms providing lenses of peloids 

and rare benthic foraminifera transported downslope. The benthic foraminifera species 

Siphovalvulina variabilis suggests a Late Triassic or Early Jurassic age. 

Triassic radiolarian limestones have long been recognised within the Gondwanan rocks of 

Timor (Grunau 1953; Gageonnet & Lemoine 1958) and were placed within the Aitutu 

Formation by Audley-Charles (1968). This study similarly places the Triassic radiolarian 

limestones at Mount Mundo Perdido within the Aitutu Group of the Gondwana Megasequence. 

Like other Triassic units they were deposited within the East Gondwana rift system, with 

radiolarian muds deposited in the deeper, restricted parts of the rifted basins with minimal 

deltaic input (Haig & McCartain 2010). Lenses of peloidal grainstone in some samples from 

Mount Mundo Perdido, along with its close spatial association with the ooid and oncoidal 

limestones in outcrop, suggest nearby carbonate platform environments. 

 

Fig. 14. (a) An outcrop of Aitutu Group limestone at AB058. (b) Image from an acetate peel of a fine-grained 

radiolarian limestone from the Aitutu Group, found in scree at AB124. The small spherical grains are mostly 

radiolaria, with the elongate grain in the centre possibly a Halobia-type bivalve fragment.  
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3.2.3 Ooid and oncoidal limestones 

These comprise ooid wackestone, packstone and grainstone, oncoid packstone and wackestone, 

peloid grainstones, and intraclastic limestone (including breccia), (Fig. 15a, b). Bedding is 

difficult to determine, with outcrops appearing highly deformed, usually massive, blocky, well-

indurated grey limestone (Fig. 15a). Bedding orientation can sometimes be established in the 

field where grainsize variations are visible, but this is rare. Jointing and stylobedding, common 

in some exposures, should not be confused with sedimentary bedding. Outcrop is heavily 

fractured, stylolitized and often dolomitised. In many places, the wackestone includes common 

thaumatiporellacean algae, dasyclade algae, and carbonate-cemented agglutinated foraminifera. 

At some sites, the thaumatiporellaceans are cryptoendolithic within cavities of dasyclades 

(similar to those described by Schlagintweit & Velić 2012, from the Tethyan platform of eastern 

Europe). Gastropods, shell fragments of bivalves and brachiopods, corals, echinoid spines, and 

ostracods are rare. These rocks form most of the high cliffs of Mount Mundo Perdido 

particularly at high structural levels in the central region of the massif (Fig. 12). 

These limestones resemble modern Bahaman carbonate-bank deposits (Purdy 1963a, b; Bathurst 

1975) with low diversity fossil assemblages (see Benincasa et al. 2012, Appendix A).  The 

differences in rock types are due to slight differences in depositional environments. The 

packstones and wackestones suggest deposition in low energy conditions (e.g. Fig. 15b), with 

the grainstones deposited under higher energy conditions where the mud fraction has been 

winnowed out. At some localities the presence of the foraminifera Everticyclammina sp., 

Planisepta compressa, Meandrovoluta asiagoensis and the dasyclade algae Palaeodasycladus 

mediterraneus indicates a late Sinemurian to Pleinsbachian age (Early Jurassic) for at least part 

of the formation (following age ranges of these species discussed by Septfontaine 1988; 

Fugagnoli & Broglio 1998; Boudagher-Fadel et al. 2001; Fugagnoli et al. 2003; Boudagher-

Fadel 2008). Other fossil evidence, although indicating the possibility of a broader age range, is 

also consistent with the late Sinemurian or Pleinsbachian determination. The more widespread 

occurrence, particularly in fine grainstones and wackestones, of Siphovalvulina and/or Duotaxis 

points to a Late Triassic or Early Jurassic age (Haig et al. 2007). The thaumatoporellacean algae 
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Thaumatoporella ?parvovesiculifera is common in many samples constraining these as no older 

than Middle Triassic and no younger than Cretaceous (Schlagintweit & Velić 2012).  

Haig et al. (2007) gives similar Bahaman facies carbonates collected from the Cablac Mountain 

Range a Gondwanan provenance, based on palynological and foraminiferal evidence, and a 

correlation to platform limestones found on the Exmouth Plateau and in New Guinea. The age 

and shallow water, metahaline facies of these rocks suggest that carbonate banks were 

developing on isolated, submerged topographic highs as seas flooded newly rifted basins during 

the breakup of Gondwana (Haig et al. 2007). On Mundo Perdido, these rocks are associated 

with small isolated outcrops of the Aitutu Formation, some of which contain reworked peloidal 

sediment derived from similar Bahaman-type facies. These units belong within the Upper 

Triassic and/or Lower Jurassic and are considered to be part of the Gondwana Megasequence. 

In central parts of Mundo Perdido, ooid and oncoidal limestones are also closely associated with 

latest Jurassic to Oligocene carbonate pelagites attributed to the Australian Margin 

Megasequence (Haig & McCartain 2007), with the oldest unit of the pelagite succession 

(uppermost Jurassic-lowest Cretaceous) close to the contact (probably faulted).    

Audley-Charles (1968) originally mapped the Bahaman-type ooid and oncoidal limestones at 

Mount Mundo Perdido as ‘Cablac Limestone’ of Early Miocene age, which has its type locality 

at the Cablac Mountain Range. At the type locality he confused different limestones of different 

ages and grouped them as ‘Cablac Limestone’, a name widely used in Timor literature (Haig & 

McCartain 2007; Haig et al. 2007, 2008 p. 375; Keep et al. 2009). Haig et al. (2008, p. 375-

376) suggested that ‘Cablac Limestone’ should not be used to designate the Early Miocene 

shallow-water limestone lacking the ‘Bahamite facies’ included by Audley-Charles (1968, p. 

25-27, table 1) in the ‘Cablac Limestone’. Haig et al. (2008) re-designated the Early Miocene 

unit as the ‘Booi limestone’ (revised to ‘Booi Group’ in the present study).  

Because of the confusion obvious in Audley-Charles’s (2011) discussion of the ‘Cablac 

Limestone’ this name should be abandoned. Benincasa et al. (2012) mapped the ‘bahamite 
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facies’ at Mount Mundo Perdido as the Perdido Group, which is of Early Jurassic and possible 

Late Triassic age, and this study will continue with that nomenclature. 

 

Fig. 15. (a) The weathered surface of a massive, blocky outcrop of Perdido Group limestone at AB276, hammer for 

scale. (b) Image from an acetate peel of a dolomitised Bahaman-facies ooid packstone/wackestone of the Perdido 

Group from AB301. Scale bar = 1 mm. 

 

3.2.4 Carbonate pelagites 

These dense wackestones with scattered planktonic foraminifera form many of the high cliffs on 

the northern and southern flanks of the Mundo Perdido massif (Fig. 12). Massive, blocky 

outcrops (Fig. 16a) are usually pink to white or grey, while two samples of a Late Paleocene or 

earliest Eocene unit have a distinctive red colour and finely laminated appearance. Outcrops are 

extensively stylotised and deformed, with the older, Cretaceous rocks frequently containing 

elongate chert nodules parallel to bedding (Benincasa et al. 2012). On gentle slopes where soil 

has formed over this lithology vegetation is distinctive and often consists of eucalypts and 

grasses, in contrast to the dense jungle frequently found over other limestone types. 

The oldest unit lacks planktonic foraminifera but the presence of a possible calpionellid 

tentatively identified as Calpionella alpina, associated with Inoceramus bivalve prisms, may 

indicate a latest Jurassic or earliest Cretaceous age. Remaining units can be assigned Early 

Cretaceous, Late Cretaceous (e.g. Fig. 16b) or Paleogene ages based on planktonic 

foraminiferal assemblages (Benincasa et al. 2012, Appendix A). The predominance of 

planktonic foraminifera over benthic types within a very fine carbonate mud matrix lacking 
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other sand sized skeletal elements suggests that deposition of these limestones took place within 

the middle bathyal to abyssal zone (500-3000 m water depth). 

Late Jurassic to Middle Miocene sediments were deposited unconformably over the Gondwana 

Megasequence as the now passive Australian margin subsided to middle to lower bathyal depths 

after the breakup of Gondwana, with evidence for deposition on a submerged continental terrace 

similar to the Exmouth Plateau (Haig & McCartain 2007; Keep & Haig 2010). Originally 

deposited as carbonate ooze, the sediment became indurated, deformed, and extensively 

stylotised during collision, in contrast to the carbonate pelagites of the basal Synorogenic 

Megasequence which remain relatively undeformed friable chalk (Haig & McCartain 2007). 

Previously mapped as the ‘Kolbano Sequence’ (Harris et al. 2000), Haig et al. (2008) proposed 

the term Australian Margin Megasequence to describe this succession, which includes both the 

Kolbano Group pelagite facies and the Late Jurassic siliciclastic shallow marine Oebatt Group. 

Lithofacies and biofacies of the pelagites mapped at Mount Mundo Perdido correlate directly to 

known units within the Kolbano Group (Haig & McCartain 2007). 

 

Fig. 16. (a) Well bedded, white Kolbano Group limestone of Cretaceous age at AB163, note geologist under outcrop 

in top right for scale. (b) An acetate peel taken from Kolbano Group limestones at AB138. The keeled foraminiferal 

species highlighted, Dicarinella sp., is diagnostic of a Turonian age. Scale bar = 1 mm. 

 

3.2.5 Igneous and metamorphic rocks 

Igneous rocks include gabbros, breccias (Fig. 17a), and undifferentiated volcanic sediments 

(Fig. 17b), whereas metamorphic rocks include mainly schists (Fig. 17c, d). These rocks 
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dominate the geology in the southwest corner of Mount Mundo Perdido (Fig. 12) where they 

outcrop in an area over 2 km2 of high, rolling hills, covered with sparse vegetation consisting 

mainly of grasses, and extend around the western edge of the mountain to its northwest corner. 

Isolated outcrops are also observed within gullies along Mount Mundo Perdido’s southern flank, 

and as blocks within zones of tectonic melange at the eastern tip of the massif (Benincasa et al. 

2012). 

Petrological and geochemical analyses suggest that the igneous rocks at Mount Mundo Perdido 

share the same source, most likely originating in an island arc type environment (Benincasa et 

al. 2012, Appendix B). Benincasa et al. (2012) attributes the metamorphic rocks to the same 

terrane based on outcrop relationships. At AB234 these rocks are associated with red mud 

containing clasts of mafic volcanics and a foraminiferal assemblage of Mid-Late Eocene age. 

Audley-Charles (1968) mapped volcanic rocks in the northwest and southwest corners of Mount 

Mundo Perdido as Barique Formation, composed of tuffs with the occasional lava, and 

interpreted as autochthonous Oligocene extrusive rocks. As structural models developed the 

Barique Formation was later recognised as Asiatic in origin, having been emplaced as part of 

thrust sheets, equivalent to pre-Eocene volcanic rocks within West Timor (Audley-Charles et al. 

1974).  

Petrological and geochemical analyses suggest island arc affinities for the volcanics and 

volcaniclastics mapped at Mount Mundo Perdido (Benincasa et al. 2012) which is consistent 

with geochemical studies of the Barique Formation elsewhere in East Timor (Standley & Harris 

2009). This study places the igneous and metamorphic rocks at Mount Mundo Perdido within 

the Barique Group, which forms part of the Banda Megasequence. 

Although no contacts were observed, field relationships suggest that the Barique Group is 

always faulted against or stratigraphically below the earliest Miocene foraminiferal limestones 

at Mount Mundo Perdido (Fig. 18), similar to relationships observed in the Booi region of West 

Timor (Tappenbeck 1940). These island arc volcanics and shallow water limestones may 
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represent the remains of an old Paleogene arc emplaced as part of the Banda Terrane during 

collision. 

 

Fig. 17. (a) A volcanic breccia at Mount Mundo Perdido, consisting of large mafic clasts within a matrix of fine-

grained volcanic sediment, hammer for scale. (b) A photomicrograph with crossed-polars from AB286, a volcanic 

sediment of intermediate composition, containing angular grains of quartz and plagioclase within a fine-grained 

matrix. The matrix is almost completely recrystallised to calcite in this sample. Scale bar = 1 mm. (c) A schist 

outcropping in a gully at AB216 in the south-western corner of Mount Mundo Perdido, pen for scale. (d) In thin 

section most schists from Mount Mundo Perdido are observed to be composed of compositionally layered quartz and 

calcite. This sample is from AB256, viewed with crossed-polars. Scale bar = 1 mm. 

 

Fig. 18. (a, b) Looking south, from high on the southern flank of the massif, over southern exposures of the Banda 

Megasequence. Field relationships, most commonly in the northwest and southwest of the study area, often have 

blocks of Booi Group limestone (highlighted in red on the right) subhorizontally overlying mafic volcanics of the 

Barique Group, which may be a stratigraphic contact.  
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3.2.6 Calcareous sandstones with red mudstone interbeds 

Calcareous sandstones with red mudstone interbeds (Fig. 19a) were observed at only one 

locality, within a fault zone on the eastern edge of Mount Mundo Perdido. They occur as large 

blocks on average 5 – 10 m in size, within a blue grey mud matrix. The bedding within these 

blocks is chaotically folded in similar style to blocks found within structural melange zones 

elsewhere in East Timor e.g. at Viqueque, 12 km south of Ossu (Fig. 10). Sandstone and 

mudstone beds contain abundant planktonic foraminifera (Fig. 19b). 

Planktonic foraminiferal assemblages suggest an upper bathyal depositional setting and place 

these rocks within the Lower or Middle Eocene (Benincasa et al. 2012, Appendix A). 

These well bedded outer neritic to upper bathyal mudstones and sandstones have no match to 

coeval rocks within the Australian Margin Megasequence in East Timor, or on the current 

Australian continental margin, where Eocene lithogies comprise pelagites of deeper, middle to 

lower bathyal facies. As a result, this study places them within the Banda Megasequence. Found 

at Mount Mundo Perdido only as blocks within a melange zone, similar Eocene bathyal 

mudstones have since been observed in situ at Mount Laritame and Mount Bibileu associated 

with Barique Group volcanics. As a result, this study tentatively places the calcareous 

sandstones with red mudstone interbeds of Mount Mundo Perdido within the Barique Group of 

the Banda Megasequence. 

 

Fig. 19. (a) Calcareous sandstone with red mudstone interbeds at AB061, most likely belonging to the Barique 

Group, hammer for scale. (b) An acetate peel of the calcareous sandstone from AB061 showing abundant planktionic 

foraminifera including Acarinina sp. and Morozovella sp.. Scale bar = 1 mm. 
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3.2.7 Foraminiferal limestones and associated mudstones and sandstones 

Limestones are foraminiferal packstones and wackestones, white to pale grey in colour, 

containing abundant large benthic foraminifera along with minor coralline algae and other coral 

debris, echinoid spines, and rare mollusc debris. Outcrop appears as medium bedded to massive 

and blocky (Fig. 20a), and can occasionally have a slight reddish tinge. Larger benthic 

foraminifera (Fig. 20b) are often greater than 1 cm in size, aiding identification of this unit in 

the field. These rocks make up much of the limestone cliffs at lower structural levels, 

particularly around the southern and eastern edges of the mountain, although outcrop is also 

found in the northwest corner (Fig. 12). Grey mudstones with thin (<5 cm) sandstone interbeds 

are also observed associated with the packstones (Fig. 20c). Mudstones contain abundant 

planktonic foraminifera (Fig. 20d), with rare leaf impressions and gastropods in some beds. 

Sandstones consist mainly of fine grained quartz (Benincasa et al. 2012). 

Planktonic foraminifera within the mudstones suggest outer neritic to upper bathyal deposition. 

The presence of corals and abundance of larger hyaline benthic foraminifera within the 

limestones suggests deposition in clear water, neritic environments, and foraminiferal 

assemblages indicate an earliest Miocene age (Benincasa et al. 2012).  

Haig et al. (2008) determined that the Lower Miocene larger foraminiferal limestones of East 

Timor were of Asiatic affinity, based both on the absence of any transitional facies between 

these shallow water sediments and the coeval deep water pelagites of the Australian Margin 

Megasequence, and the absence of any similar shallow water faunal assemblages of the same 

age elsewhere on the Australian margin. Lower Miocene foraminiferal limestones of East Timor 

are of similar facies to Lower Miocene limestones of the Booi region in West Timor 

(Tappenbeck 1940), which are associated with volcanic and metamorphic rocks of likely Asiatic 

origin (Wensink & Hartosukohardjo 1990; Harris 2006), and Haig et al. (2008) designated the 

Lower Miocene foraminiferal limestones ‘Booi Limestone’. This study places the Lower 

Miocene foraminiferal limestones and associated mudstones and sandstones at Mount Mundo 

Perdido within the Booi Group, of the Banda Megasequence. 
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Fig. 20. (a) A medium to thickly bedded outcrop of Booi Group limestone at AB007. (b) An acetate peel from AB173 

showing larger benthic foraminifera including Lepidocyclina, typical of Te5 Letter Stage, earliest Miocene. Scale bar 

= 1 mm. (c) Grey Booi Group mudstone beds with thin sandstone interbeds at AB284, hammer for scale. (d) 

Scanning electron microscope images of planktonic foraminifera Globorotalia kugleri from Booi Group mudstone 

beds at AB284. Scale bar = 0.1 mm.  

 

3.2.8 Limestones and mudstones of the Lari Guti ridge 

Thinly bedded foraminiferal packstones and grainstones with thick beds of coral rudstone are 

found on Mount Mundo Perdido’s north-eastern side, near the Lari Guti ridge (Fig. 12). 

Mudstones at the base of the ridge consist of grey mud and sandy mud (Fig. 21a), containing 

abundant planktonic and benthic foraminifera (Fig. 21b), (Benincasa et al. 2012). 

Foraminiferal assemblages in the mudstones at the base of the ridge suggest a depositional 

environment in the middle bathyal zone, and indicate an age of Zone 21 of the Late Pliocene to 

Early Pleistocene. Bedded units from the face of the ridge have foraminiferal assemblages 

which suggest deposition in the upper bathyal to outer neritic zone, and indicate an age of Zone 
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22 of the Early Pleistocene (Benincasa et al. 2012). Audley-Charles (1968) originally 

interpreted these rocks as a near-shore coral reef succession, the ‘Lari Guti Limestone’. 

However, based on foraminiferal assemblages Haig (2012b) considers these rocks to be deeper 

water deposits, with the thick coral-rich beds interpreted as debris slides rather than in situ reef 

deposits. 

Synorogenic deposits are widespread throughout Timor Island (Audley-Charles 1968; De Smet 

et al. 1990; van Marle 1991a, b; Haig & McCartain 2007; Haig 2012a). They were deposited 

mainly in marine settings after collision, unconformably overlying older, deformed terranes. 

They remain relatively undeformed by folding and thrusting, preserving an important record of 

the post collisional history of the island. The synorogenic Viqueque Group begins with initial 

pelagic deposition followed by a progressive increase in both sedimentation rate and lithogenic 

input, recording the uplift and emergence of Timor Island (Haig & McCartain 2007; Keep & 

Haig 2010; Haig 2012a). Middle bathyal mudstones at the Lari Guti ridge transition into upper 

bathyal units interrupted by gravity slides of coral reef debris brought down from reefs 

developed in shallow water on adjacent steep scarps. Similar successions of bathyal mudstones 

alternating with shallow water sediments transported downslope are found in the Viqueque 

Group elsewhere in East Timor (Haig & McCartain 2007).  

 

 

Fig. 21. (a) A thick, friable Viqueque Group synorogenic mudstone on the north-eastern side of Mount Mundo 

Perdido, near the Lari Guti Ridge. Sample bag for scale. (b) Washed mudstone residue from a synorogenic mudstone 

at AB085, near the Lari Guti Ridge, containing abundant planktonic foraminifera. Scale bar = 1 mm. 
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This study places the limestones and mudstones of the Lari Guti Ridge within the Viqueque 

Group, which forms part of the Synorogenic Megasequence. The bioclastic debris slide deposits 

within bedded foraminiferalpackstones and grainstones comprise the Lari Guti Member of the 

Viqueque Group. 

3.2.9 Medium bedded limestones of northern Mundo Perdido 

Medium to thick-bedded, yellow to white, porous, vuggy packstones and grainstones are found 

on the lower northern flank of Mount Mundo Perdido (Fig. 22a), where the Baucau Plateau 

(Fig. 10) abuts the massif (Fig. 12). They contain abundant planktonic and benthic foraminifera, 

along with echinoid spines, fragments of coralline algae, bryozoan and mollusc debris, and large 

in situ corals (Fig. 22b). Some samples also contain small clasts of mafic igneous rock 

(Benincasa et al. 2012). 

Foraminiferal assemblages suggest a Pleistocene age for these lithologies, with depositional 

environments defined as inner, middle or outer neritic (Benincasa et al. 2012, Appendix A). 

This shallow depositional environment, the diverse, abundant and often fragmented biota, along 

with the presence of in situ corals suggest that these units may be a succession of near shore 

coral reefs and reef debris beds (Benincasa et al. 2012). 

 

 

Fig. 22. (a) Medium bedded synorogenic Baucau Limestone within a gully on the north side of Mount Mundo 

Perdido, at AB129. Note hate at left of frame for scale. (b) A large in situ coral approximately 1 m in diameter within 

the Baucau Limestone at AB219, hammer for scale. 
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Lithofacies and ages of the medium bedded limestones from the northern edge of the mapping 

area are identical to the Baucau Limestone of Audley-Charles (1968), which has its type locality 

at Baucau (Fig. 10), where a series of terraced reef limestones rise up from the coast marking 

stages of uplift of Timor Island through the Quaternary. From the top of these terraces the 

Baucau Plateau, 700 m in height, extends south until it abuts the northern flanks of Mount 

Mundo Perdido and Mount Laritame (Fig. 10). 

 

3.3 Mount Laritame 

Mount Laritame is a 1390 m high fatu situated near the northern border of the Viqueque district, 

approximately 5 km north of the town of Ossu and 3 km northeast of Mount Mundo Perdido 

(Fig. 10). The massif has a rhomboidal outline, approximately 2.5 km by 4.5 km, with its long 

axis oriented northeast-southwest (Figs 23, 24). Mount Laritame exhibits a squat profile, with 

near vertical sides terminating in extensive flat plains which occupy the top of the fatu (Fig. 23).  

These results are based on mapping completed in 2010 in conjunction with G. Borges, some of 

which is presented in his 2010 honours thesis (Borges 2010). Rock units are listed in ascending 

stratigraphic order and age. 

3.3.1 Blue-grey mudstones with sandstone interbeds 

Blue-grey mudstones with sandstone interbeds occupy much of the lowlands between Mount 

Mundo Perdido and Mount Laritame (Fig. 25a, b), extending up to the southern edges of the 

Mount Laritame massif (Fig. 24). As at Mount Mundo Perdido, medium to thick sandstone 

interbeds are micaceous, carbonaceous, and exhibit swaley and hummocky cross-bedding. 

Bedding is discontinuous and chaotically faulted. 

Fig. 23 → Aerial photograph of Mount Laritame illustrating sample points and 100 m topographic contours. Mount 

Mundo Perdido is situated just out of the bottom left of frame. 

Fig. 24 →→ Interpreted geological map of Mount Laritame, constructed using mapped outcrops and aerial 

photographs. See text for detailed descriptions of geology. 
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Lithologically identical to the blue-grey mudstones at Mount Mundo Perdido, this unit is 

interpreted as a pro-delta facies deposited in a shallow rift basin setting. A Norian age of the 

Late Triassic is assigned following palynology from samples at Mount Mundo Perdido 

(Benincasa et al. 2012). 

This unit is lithologically identical and contiguous in outcrop to the Babulu Group mapped at 

Mount Mundo Perdido, and is similarly assigned to the Babulu Group of the Gondwana 

Megasequence. Around the southern margins of Mount Laritame, all areas originally mapped as 

Bobonaro Scaly Clay (Audley-Charles 1968) are found to be occupied by the Babulu Group, no 

melange zones containing exotic blocks were observed.  

 

Fig. 25. (a) Facing northeast from the eastern end of Mount Mundo Perdido, Babulu Group mudstones form much of 

the lowlands between the two fatus. (b)  Small blocks of sandstone within weathered Babulu Group mudstones near 

the south-western corner of Mount Laritame, hammer for scale (image courtesy of G. Borges). 

 

3.3.2 Ooid and peloidal limestones 

Ooid wackestones, ooid grainstones and peloidal grainstones are all observed at Mount 

Laritame where, as at Mount Mundo Perdido, they comprise the central core of the massif and 

most of the high cliffs (Fig. 26a). Outcropping in similar massive, blocky styles, bedding is 

difficult to distinguish from jointing and fractures, although it was sometimes determined when 

obvious changes in grainsize were observed. These limestones are extremely well indurated, 

with extensive recrystallization and calcite veining common, and some dolomitisation occurring 

within zones of deformation. Similar fossil assemblages to those at Mount Mundo Perdido were 
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observed, containing chambered sponges, calcareous algae, gastropods, ostracods, echinoid 

spines, with rare carbonate-cemented agglutinated forams in the wackestones (Borges 2010). 

These rocks exhibit identical Bahaman-type facies to the ooid limestones at Mount Mundo 

Perdido (Fig. 26b). Further evidence supporting a Late Triassic to Early Jurassic age for these 

rocks is observed at Mount Laritame, including the presence of foraminiferal species Duotaxis 

metula Kristan, Siphovalvulina variabilis Septfontaine, and Endoteba sp. ex. gr. E. obturata 

(Haig et al. 2007), and the appearance of Solenoporacean red algae (Borges 2010). The 

appearance of Lituosepta sp. in some samples confines these rocks at least in part to the 

Sinemurian-Pleinsbachian, following the stratigraphic range outlined by Septfontaine 

(1988) (Borges 2010). 

Ooid and peloidal limestones at Mount Laritame share the same Bahaman-type facies as those at 

Mount Mundo Perdido (Benincasa et al. 2012) and the Cablac Mountain Range (Haig et al. 

2007), and foraminiferal assemblages indicate the same Late Triassic – Early Jurassic age. 

Therefore, these rocks at Mount Laritame are similarly placed within the Perdido Group of the 

Gondwana Megasequence. 

 

 

Fig. 26. (a) A large, subvertical, northwest facing cliff of Perdido Group limestone near AB444, on the western edge 

of Mount Laritame (image courtesy of G. Borges). (b) Acetate peel of a Perdido Group Bahaman-facies ooid 

packstone from Mount Laritame near AB404. Scale bar = 1 mm. 
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3.3.3 Carbonate pelagites 

Carbonate pelagites occur at Mount Laritame as indurated, pink or white wackestones 

containing scattered planktonic foraminfera (Fig. 27a, b). Outcrop often exhibits pervasive 

stylotisation resulting in a foliated appearance suggestive of bedding; although this ‘stylo-

bedding’ is not necessarily parallel to depositional structures. As at Mount Mundo Perdido, 

bedding is best observed in older, Cretaceous pelagite units which often contain elongate, 

bedding-parallel chert nodules (Fig. 27). Extensive veining and recrystallization is common, 

particularly near zones of deformation. These units are much less common at Mount Laritame 

than at Mount Mundo Perdido, with observed outcrop confined to the lower slopes of the south-

west corner of the massif, where it is faulted against Perdido Group limestones (which form the 

cliffs above) about high-angle reverse faults. 

Similar to the carbonate pelagites found at Mount Mundo Perdido, those at Mount Laritame 

comprise a very fine carbonate mud matrix with scattered planktonic foraminifera predominant 

over benthic types, suggesting deposition within the middle bathyal to abyssal zone. A range of 

Cretaceous ages can be determined based on planktonic foraminifera, including: Late Aptian – 

Early Albian (late Early Cretaceous), based on the presence of Blefuscuiana and 

Globigerinelloides; Late Cenomanian (early Late Cretaceous), based on the presence of 

Praeglobotruncana gibba and Rotalipora greenhornensis; and Turonian (Late Cretaceous), 

based on the presence of indeterminate species of Dicarinella and Marginotruncana 

(Borges 2010). It is also likely that some pelagites sampled are of Oligocene age, based on 

the presence of large globigerinid species including bulbous chambered forms of 

Globigerina sp. including Globigerina venezuelana – G. tripartita and Dentoglobigerina, 

and the absence of species diagnostic of an older or younger age within these samples 

(Borges 2010). 

Carbonate pelagites sampled at Mount Laritame correlate with the Cretaceous and Oligocene 

age carbonate pelagites observed at Mount Mundo Perdido (Benincasa et al. 2012) and 
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elsewhere in East Timor (Haig & McCartain 2007), and are similarly placed within the Kolbano 

Group of the Australian Margin Megasequence. 

 

Fig. 27. (a) A large boulder of Kolbano Group limestone from beneath Kolbano Group limestone cliffs in the south-

western corner of Mount Laritame. Chert nodules are generally aligned with original bedding planes. Note geologist 

on right of frame for scale (image courtesy of G. Borges). (b) A fresh surface of this boulder exposes a dense, white, 

fine grained wackestone. Note geologist in top left of frame for scale (image courtesy of G. Borges). 

 

3.3.4 Igneous and metamorphic rocks 

These include schists and volcanic sediments. Schists are green-grey, chloritic, highly 

deformed, and extensively weathered. Volcanic sediments comprise mostly mafic volcanic 

breccias with angular clasts (Fig. 28a), interspersed with some finer grained volcanic sandstone. 

At Mount Laritame, observations of these units were confined to a narrow ridge which extends 

1.5 km in a westerly direction from the north-west corner of the massif (Fig. 24). 

Volcanic breccias at Mount Laritame comprise poorly sorted, angular, basaltic clasts in a very 

fine grained matrix and are likely the pyroclastic deposits of explosive eruptions. This is 

consistent with detailed geochemical and petrological investigations of identical breccias at 

nearby Mount Mundo Perdido which suggested that they are the products of island arc 

volcanism. Metamorphic rocks, where observed, are closely associated with the volcanics and 

are attributed to the same terrane, most likely representing the basement rock on to which the 

volcanics were erupted. An interbedded fine sandstone and mudstone unit (Fig. 28b) outcrops in 

the lowlands at the western edge of the ridge containing the volcanic and metamorphic rocks. 
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This unit is dated as Early Eocene based on planktonic foraminifera (Haig 2009), similar to but 

slightly older than the Mid-Late Eocene ages determined for sediments associated with the 

volcanic rocks at Mount Mundo Perdido. 

Igneous and metamorphic rocks at Mount Laritame exhibit very similar lithologies and 

associations to those at nearby Mount Mundo Perdido, and this study also places them within 

the Barique Group of the Banda Megasequence. The presence of Eocene sediments associated 

with these rocks at both fatus suggests the Barique Group is, at least in part, of Eocene age in 

the Ossu region. At Mount Laritame the Barique Group appears to be stratigraphically below 

the earliest Miocene foraminiferal limestones of the Booi Group, echoing observations 

previously made at Mount Mundo Perdido and supporting the interpretation of these groups as 

the remains of an old Paleogene arc emplaced during collision. 

 

Fig. 28. (a) Barique Group volcanic breccia at AB443, part of a ridge of Banda Megasequence lithologies which 

extends west from the northwest corner of Mount Laritame, pen for scale (image courtesy of G. Borges). (b) Fine 

sandstones and mudstones associated with Barique Group volcanics on this ridge contain planktonic foraminiferal 

assemblages of Eocene age, hammer for scale (image courtesy of G. Borges). 

 

3.3.5 Foraminiferal limestones and associated sandstones and sandy mudstones 

Limestones are wackestones and packstones containing abundant larger benthic foraminifera, 

minor coralline algae and other coral debris. Outcrop is white to pale grey, medium bedded to 

massive and blocky (Fig. 29a, b), with rare interbeds of friable volcaniclastic sandstone. 

Distribution of these limestones is similar to that at Mount Mundo Perdido, comprising some of 
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the high cliffs at lower structural levels (Fig. 24). At Mount Laritame they are observed most 

commonly around the northern and western edges of the massif, and appear to stratigraphically 

overly the igneous and metamorphic rocks where they outcrop on the aforementioned west-

trending ridge. Towards the western end of this ridge a quarry was observed containing 

fossiliferous, brown, sandy mudstone with interbeds of matrix supported conglomerate 

comprising clasts of limestones, sandstones, mafic volcanics, and abundant macrofossils 

dominated by colonial coral and gastropod debris (Fig. 29b, c), (Borges 2010). Bedding within 

this unit is indistinct and chaotic. 

The presence of corals and abundant large, hyaline benthic foraminifera within the limestones 

suggests deposition in clear water, neritic environments, with proximity to active volcanism 

evidenced by volcaniclastic interbeds. The chaotically bedded conglomerates and sandy 

mudstones likely represent debris slides. A larger benthic foraminiferal assemblage dominated 

by Spiroclypeus sp., Lepidocyclina (Nephrolepidina) spp. with rare Lepidocyclina 

(Eulepidina) place the limestones within the upper Te Stage of the earliest Miocene. 

The foraminiferal limestones at Mount Laritame are identical in age and facies to the Lower 

Miocene foraminiferal limestones at Mount Mundo Perdido, and this study similarly places 

them within the Booi Group of the Banda Megasequence. As at Mount Mundo Perdido, they are 

found stratigraphically above the volcano-sedimentary Barique Group. This relationship, along 

with the presence of rare volcaniclastic beds within the Booi limestones at Mount Laritame, 

further supports a volcanic island arc interpretation for the Barique and Booi groups. 

3.3.6 Foraminiferal mudstones, sandy mudstones and conglomerates 

The lowlands surrounding the northern half of the Mount Laritame massif are dominated by 

grey to yellow-grey friable mudstones, sandy in places, containing abundant, mainly planktonic, 

foraminifera (Fig. 30a, b). Rare conglomerates and turbidites, commonly containing coral 

debris, are observed within the mudstone succession. Outcrop is gently dipping and relatively 

undeformed in comparison to much of the surrounding geology. 
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Fig. 29. (a) Outcrop of medium bedded Booi Group limestone forming lower cliffs on the western edge of Mount 

Laritame. (b) Medium bedded Booi Group limestone outcropping to the north of Mount Laritame, between Mount 

Laritame and the Mount Ariana ridge (Fig. 24). (c) Fossiliferous brown, sandy mudstone in a quarry near AB442, on 

the ridge of Banda Megasequence lithologies which extends west from the northwest corner of Mount Laritame. (d) 

Interbeds of matrix supported conglomerate within the mudstone are dominated by colonial coral and gastropod 

debris, hammer for scale (images courtesy of G. Borges). 

 

Foraminiferal assemblages from the mudstones suggest a bathyal depositional environment and 

indicate an age range of N20 to N22 of Late Pliocene to Early Pleistocene (Borges 2010). 

Conglomerates and turbidites containing coral debris represent debris slides sourced from 

nearby shallow water environments. 



62 
 

The age and lithofacies of the foraminiferal mudstones north of Mount Laritame place them 

within the Viqueque Group of the Synorogenic Megasequence (Audley-Charles 1968; De Smet 

et al. 1990; van Marle 1991a, b; Haig & McCartain 2007; Haig 2012a). They include similar 

N21-N22 mid bathyal mudstones and debris slides to those at Mount Mundo Perdido 

(Benincasa et al. 2012) which record the uplift and emergence of Timor Island. However at 

Mount Laritame older, deeper N20 bathyal mudstones with little to no lithogenic component are 

also present, which record an earlier stage of post-collisional deposition before Timor Island 

was emergent. (The earliest evidence for emergence occurs in the Viqueque Group elsewhere in 

East Timor in the form of turbidite beds low in Zone N21, dated at approximately 3.1 Ma (Haig 

& McCartain 2007; Keep & Haig 2010; Haig 2012a), containing displaced inner neritic benthic 

foraminifera). Consistent with the Synorogenic Megasequence elsewhere in East Timor, the 

Viqueque Group at Mount Laritame remains relatively undeformed compared with older, 

underlying units. 

 

Fig. 30. (a) Well bedded, foraminiferal, fine grained sandstones and mudstones of the Viqueque group exposed in a 

river bank at AB437, north of Mount Laritame near the Mount Ariana ridge. (b) Foraminiferal, sandy mud of the 

Viqueque Group at AB436, just below the north-eastern tip of Mount Laritame, hammer for scale.  

 

3.3.7 Medium bedded coralline limestones 

Medium to thick-bedded, white to yellow-orange, porous, vuggy, coralline rudstones are 

widespread at Mount Laritame. They form the broad, horizontal plateaus at the top of Mount 

Laritame (Fig. 31a-d) and extend down the sides of the massif to an altitude of approximately 
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1100 m, effectively ‘capping’ the massif in a series of flat lying terraces 200 m in thickness 

(Fig. 24). In places these rocks consist of in-situ corals surrounded by an orange, muddy, sandy 

matrix comprising abundant foraminifera, coralline algae and mollusc debris. Similar orange 

matrix material is sometimes observed infilling fractures in the older, underlying Gondwana 

Megasequence limestones. Friable, weathered, red mud is often found associated with this unit 

on the plateau at the top of the Laritame massif. It has the consistency and appearance of 

saprolitic clay, and may represent a weathering product of the limestones. 

Foraminiferal assemblages within these limestones suggest a neritic depositional environment, 

and indicate an age within Zone N22 of the Early Pleistocene (Borges 2010). This shallow 

depositional environment, the diverse, abundant biota including in situ corals, and their 

occurrence at Mount Laritame as a series of regular, flat-lying terraces, suggests that these rocks 

represent a near-shore coral reef succession, similar to the Pleistocene reef limestones at Mount 

Mundo Perdido.  

 

Fig. 31. (a, b) The broad, flat-lying Baucau Limestone plateaus at the top of Mount Laritame. (c) Pinnacles of 

weathered Baucau Limestone protrude from the plateau in places. (d) Close-up of freshly broken white, fossiliferous, 

vuggy Baucau Limestone from the top of Mount Laritame. 2 mm grid under sample for scale. 
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This Early Pleistocene near-shore coral reef succession correlates with the Baucau Plateau 

(Audley-Charles 1968) and the reef limestones of northern Mount Mundo Perdido (Benincasa et 

al. 2012), and is similarly placed within the Baucau Limestone, of the Synorogenic 

Megasequence. Deposited at similar paleo-water depths of 40-80 m, the flat lying terraces of 

Mount Laritame (~1400 m a.s.l.) are now separated from the flat lying terraces of the Baucau 

Plateau (~700 m a.s.l.) by 700 m of vertical displacement. 

 

3.4 The Builo Range 

The Builo Range is an elongate massif situated in the Viqueque District approximately 5 km 

south west of Ossu, and together with the Mundo Perdido and Laritame massifs effectively 

encircles the town (Fig. 10). Lower and broader than its neighbouring Ossu massifs, the Builo 

Range has an unusual stretched-S shaped morphology, with two steep sided east-south-east 

trending ridges joined by a wider, more gently sloping, north-east trending central portion (Figs 

32, 33). Its highest point at 1235 m is situated on the eastern ridge, but most of the range is less 

than 900 m above sea level. 

Only two days were spent conducting reconnaissance mapping at the Builo Range in 2010, and 

this brief time was further hindered by very heavy rains and local politics. As such, sampling 

was confined to near the road that parallels the northern front of the range, and only a small 

number of samples were collected (Figs 32, 33). Rock units are listed in ascending stratigraphic 

order and age. 

 

Fig. 32 → Aerial photograph of the Builo Range illustrating sample points and 100 m topographic contours. Field 

mapping and sampling was conducted along the northern front of the range. 

Fig. 33 →→ Interpreted geological map of the Builo Range. Field mapping and sampling was conducted along the 

northern front of the range, with the geology in this area constructed using outcrop data and aerial photographs. 

Geology outside of the mapped field extent is modified after Partoyo et al. (1995) using aerial photographs. See text 

for detailed descriptions of geology. 
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3.4.1 Blue-grey mudstones with sandstone interbeds 

Extending south from the bases of Mount Mundo Perdido and Mount Laritame, blue-grey 

mudstones with sandstone interbeds also form the lowlands north of the Builo Range (Fig. 33). 

Lithologies are consistent with those sampled at the other Ossu massifs, with faulted and 

discontinuous medium to thick bedded micaceous, carbonaceous, cross-bedded sandstone (Fig. 

34a, b).  

Contiguous with other blue-grey mudstones occupying the lowlands around Ossu, these rocks 

are interpreted as the same pro-delta facies, and a Norian age of the Late Triassic is therefore 

assigned following palynolgy from samples at Mount Mundo Perdido (Benincasa et al. 2012). 

Benthic foraminifera Pseudonodosaria sp. in the mudstones at Builo are also consistent with a 

Triassic age. 

Contiguous with and identical to the other blue-grey mudstones mapped in the lowlands around 

Mound Mundo Perdido and Mount Laritame, these rocks belong to the Babulu Group of the 

Gondwana Megasequence. 

 

Fig. 34. (a) Interbedded Babulu Group mudstone and sandstone at AB489, just north of the Builo Range. (b) Swaley 

cross-bedding in Babulu Group sandstone beds at AB489, pen for scale. 

 

3.4.2 Ooid limestones 

Ooid wackestones and packstones were observed forming a few small, isolated peaks between 

Ossu and the northern edge of the Builo Range (Fig. 35a). These peaks are generally less than 1 
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km in width, and rise to a height of 100-300 m above the surrounding blue-grey mudstones. 

Outcrop styles are typical of ooid limestones in the Ossu region, appearing as massive, blocky, 

highly indurated grey limestone. Ooid limestones have previously been observed forming the 

high western peaks of the Builo Range (Fig. 35b) (Haig pers. comm. 2012), however this study 

was unable to sample the interior of the range. 

These rocks are identical Bahaman-type facies shallow water carbonate platform deposits as the 

ooid limestones at Mount Mundo Perdido and Mount Laritame. Biostratigraphic dates were not 

obtained for these samples but they are similarly placed within the late Triassic – Early Jurassic 

based on lithofacies correlation. 

These rocks share the same Bahaman-type facies as the ooid limestones at Mount Mundo 

Perdido (Benincasa et al. 2012) and the Cablac Mountain Range (Haig et al. 2007) and are 

similarly placed within the Perdido Group of the Gondwana Megasequence. 

 

Fig. 35. (a) Facing north from the northern edge of the Builo Range. Small pinnacle hills of Perdido Group limestone, 

100-200 m high, form isolated peaks between the Builo Range and Ossu. (b) The high, western peaks of the Builo 

Range comprise Perdido Group ooid limestones. 

 

3.4.3 Interbedded mudstones and radiolarites 

These rocks were observed in roadside outcrop low on the northern slope of the western Builo 

Range. They comprise interbedded red-grey mudstone; white, friable, porous radiolarite; and 

red siliceous radiolarian chert (Fig. 36a, b). Bedding is thin to medium (5-15 cm) and outcrop is 
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extensively folded and faulted (Fig. 36a). White friable porous layers comprise almost entirely 

radiolaria, with rare radiolaria also observed within the mudstone beds and chert (Fig. 36c). 

These radiolarian rich lithogies represent pelagic sedimentation. The lack of carbonates in the 

succession may suggest a deep abyssal depositional environment, and the absence of a 

lithogenic component suggests deposition distal to terrigenous influence. Radiolarian species 

suggest an Early Cretaceous (probably Aptian) age based on a radiolarian assemblage including 

Archaeodictyomitra, Stichomitra, Podobursa, Sethocapsa and Wrangellium (Haig pers. comm. 

2013) 

Similar thin to medium bedded, red, radiolarian rich cherts and shales have been previously 

described from West Timor (Tappenbeck 1940; van West 1941; Haile et al. 1979), where they 

were dated as Late Jurassic or Early Cretaceous (Haile et al. 1979), and elsewhere in the outer 

Banda Arc at Sulawesi (Bücking 1902; von Steiger 1915, p. 200; ’t Hoen & Ziegler 1917, pp. 

241-2; Haile 1974; Haile et al. 1979). Observed at both locations resting unconformably on 

schists and gneisses of continental origin, Haile et al. (1979) suggested that these rocks 

represented a previously detached margin of Asia, emplaced on to islands of the outer Banda 

Arc during collision with the Australian continent. Radiolarian cherts have since been described 

from East Timor (Haig & Bandini 2013), where they are observed as large blocks within a 

structural melange zone at Viqueque, approximately 9 km south of the Builo Range. Haig and 

Bandini (2013) date the Viqueque cherts as Middle Jurassic (late Bathonian – early Callovian), 

and following Haile et al. (1979) suggest that these rocks represent a continental fragment rifted 

from the Asian margin, and isolated from terrigenous influence at bathyal depth within the 

Proto-Indian Ocean during the late Jurassic. Haig and Bandini (2013) refer to these deep-sea 

radiolarian rich deposits as the Noni Group (named for the Noil Noni River in which they 

outcrop in West Timor), which belongs to the Indian Ocean Megasequence. The deep-sea 

Indian Ocean Megasequence was emplaced on to Timor, along with the island-arc Banda 

Megasequence, during Neogene collision with the Australian continent. This study places the 

radiolarian rich cherts and mudstones of the Builo Range within the Noni Group of the Indian 

Ocean Megasequence, which extends the known range of the Noni Group in East Timor into the 
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Early Cretaceous. It is evident in the geological map that the lower northern slope of the Builo 

Range is a narrow strip 1-1.5 km wide comprising rocks of the Noni Group, the Booi Group, 

and previously mapped Barique Group (Partoyo et al. 1995), which extends parallel to the entire 

length of the mountain range (Fig. 33). These associations may hint at spatial relationships prior 

to and during collision and warrant further field mapping to clarify. 

3.4.4 Interbedded wackestones and cherts 

The vertical cliffs at the eastern end of the northern range front were the highest points sampled 

at the Builo Range, approximately 700 m above sea level. These cliffs comprise thin to medium 

bedded, pink-white to grey limestones with abundant chert nodules, and interbedded grey chert 

beds (Fig. 36d, e). The limestones are micritic wackestones containing very fine grained 

skeletal fragments (Fig. 36f); mainly bivalves, ostracods, and rare benthic foraminifera. 

Radiolaria are also present, more abundant within cherty layers. 

These rocks also represent pelagic sedimentation; however an abundance of carbonate along 

with rare benthic foraminifera suggests shallower depths. Once again, the absence of any 

lithogenic component indicates no terrigenous influence. The presence of Lagenids (Nodosaria, 

Lenticulina) and rare carbonate cemented agglutinated foraminifera including Duotaxis and 

Siphovalvulina suggest a Late Triassic or Early Jurassic age.  

Although more carbonate rich than the Noni Group rocks described above, these rocks are 

similar deep-sea pelagites of Jurassic age, representing a slightly shallower facies than the 

radiolarites. This study also places them within the Noni Group of the Proto-Indian Ocean 

Megasequence.  

Fig. 36 → (a) On the northern edge of the Builo Range a thick succession of interbedded red-grey mudstone, friable, 

white porous radiolarite, and red radiolarian chert is observed at AB487 – these lithologies belong to the Noni Group 

of the Indian Ocean Megasequence. Hammer for scale. (b) Close-up of siliceous radiolarian chert beds at AB487, pen 

for scale. (c) An acetate peel of a radiolarite sample from AB487 illustrating an abundant and diverse radiolarian 

assemblage. Scale bar = 0.5 mm. (d) Steeply dipping, interbedded wackestones and cherts of the Noni Group at 

AB485, at the eastern tip of the northern range front. (e) Thin chert beds within white wackestone in a sample taken 

from AB486, also at the eastern tip of the northern range front. (f) An acetate peel from the AB486 sample shows a 

rare nodosariid foraminifera test within a very fine grained carbonate mud matrix. 
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At the Builo Range they are observed at the north-eastern end of the strip of Asiatic affinity 

lithologies (Indian Ocean and Banda Megasequences), in close proximity to Early Miocene 

mudstones of the Booi Group. 

3.4.5 Foraminiferal mudstones 

Grey-brown mudstones are observed in roadside outcrop on the northern slope of the Builo 

Range, at the tip of the easternmost east-south-east trending ridge. Outcrop is massive and 

appears deformed with abundant veins and small faults (Fig. 37a, b). The mudstone contains 

abundant planktonic foraminifera. 

The planktonic foraminiferal assemblage within the mudstones suggests an outer neritic to 

upper bathyal depositional environment. The presence of foraminiferal species Globigerinoides 

triloba suggests a Miocene age.  

These mudstones are a similar lithology and share the same facies and age to the mudstones of 

the Booi Group, previously observed associated with Lower Miocene larger foraminiferal 

limestones at Mount Mundo Perdido and Mount Laritame. This study also places the Miocene 

mudstones of the Builo Range within the Booi Group of the Banda Megasequence. At the Builo 

Range they are observed proximal to Barique Group and Noni Group rocks, also of Asiatic 

affinity. 

 

Fig. 37. (a, b) Massive, grey-brown, foraminiferal Booi Group mudstones at AB484, on the northern edge of the 

Builo Range. Outcrop is extensively veined and faulted. Hammer for scale. 
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3.5 Mount Bibileu 

Mount Bibileu is situated in the Viqueque District, approximately 15 km west of the Builo 

Range (Fig. 10) and 2.5 km northwest of the village of Dilor (Fig. 38). It is a small, elongate 

fatu, approximately 6 km long and 1.5 km wide, with its long axis oriented east-west (Figs 38, 

39). Mount Bibileu reaches a maximum altitude of 968 m, and its southern edge is bounded by a 

steep scarp (Fig. 38). Two days were spent reconnaissance mapping at Mount Bibileu in 2010, 

comprising one transect northeast from Dilor to sample the high cliffs on the fatu’s southern 

scarp, and one transect northwest from Dilor to investigate geothermal springs past the western 

end of the massif. Rock units are listed in ascending stratigraphic order and age. 

3.5.1  Ooid limestones 

The high south-facing cliffs at the western end of Mount Bibileu comprise medium bedded, 

white to purple-grey ooid packstones and grainstones (Fig. 40a, b). Outcrop is deformed and 

extensively recrystallised, however abundant large shell debris are visible in acetate peels of 

some samples including gastropods, ostracods and pectin bivalves. Rare outlines of foraminifera 

are visible however the samples are too recrystallised to make accurate species determinations. 

These rocks are the same shallow water Bahaman-type facies carbonate deposits as the ooid 

limestones observed at Mount Mundo Perdido, Mount Laritame and the Builo Range. 

Foraminifera were too poorly preserved to enable a biostratigraphic age determination, however 

based on lithofacies correlation with the ooid limestones sampled at the fatus surrounding Ossu 

this study tentatively places them within the Late Triassic or Early Jurassic. 

Based on lithofacies correlation with the Bahaman-type facies ooid limestones at Mount Mundo 

Perdido (Benincasa et al. 2012), the Cablac Mountain range (Haig et al. 2007) and sampled 

elsewhere in this study, the ooid limestones at Mount Bibileu are also placed within the Perdido 

Group of the Gondwana Megasequence. 
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3.5.2 Carbonate pelagites 

Further east on the southern scarp of Mount Bibileu, approximately 1.2 km east of the sampled 

ooid limestones, the high cliffs comprise pink to white fine grained wackestones (Fig. 41a). 

These rocks have undergone extensive stylotisation which has resulted in a pervasive 

centimetre-scale foliation, or ‘stylobedding’, throughout the outcrop (Fig. 41b, c). The 

wackestones contain abundant well preserved planktonic foraminifera and radiolaria in a 

carbonate mud matrix. These rocks are also abundant in scree on the lowlands between Dilor 

and the Bibileu massif. 

These carbonate pelagites are a similar facies to those found at Mount Mundo Perdido and 

Mount Laritame, with predominantly planktonic foraminifera within a very fine carbonate mud 

matrix suggesting deposition within the middle bathyal to abyssal zone. The presence of 

planktonic foraminifera species Acarinina sp. and Morozovella sp. (e.g. Fig. 41d) suggests an 

age of Early to Middle Eocene. 

Carbonate pelagites sampled at Mount Bibileu correlate with Eocene age carbonate pelagites 

observed elsewhere in East Timor (Haig & McCartain 2007), and are similarly placed within the 

Kolbano Group of the Australian Margin Megasequence. 

 

 

 

Fig. 38 → Aerial photograph of Mount Bibileu illustrating sample points and 100 m topographic contours. Field 

mapping and sampling was conducted around the western end of the fatu, north of Dilor. 

Fig. 39 →→ Interpreted geological map of Mount Bibileu. Field mapping and sampling was conducted around the 

western end of the fatu, north of Dilor, with the geology in this area constructed using outcrop data and aerial 

photographs. See text for detailed descriptions of geology. Geology outside of the mapped field extent is modified 

after Partoyo et al. (1995) using aerial photographs. Lithologies outside of the mapped field extent not described in 

the text include the Dilor Conglomerate (Conglomerates and coarse sands in the upper part of the Viqueque Group – 

Audley-Charles, 1968) and the Lolotoi Metamorphic Complex (metamorphic basement rocks of the Banda 

Megasequence – see Fig. 9). 
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Fig. 40. (a) White, medium bedded Perdido Group limestone from the high south-facing cliffs at the western end of 

Mount Bibileu at AB542. Hammer for scale. (b) Image from an acetate peel of a Bahaman-facies ooid packstone of 

the Perdido Group from AB541. Scale bar = 1 mm. 

 

 

Fig. 41. (a) Kolbano Group carbonate pelagites comprising high cliffs on the southern scarp of Mount Bibileu at 

AB543. (b) Pervasive centimetre-scale foliation, or ‘stylobedding’, in Kolbano Group limestones at AB543, a result 

of extensive stylotisation. Pen in bottom-left of frame for scale. (c) Pink, early-middle Eocene Kolbano Group 

carbonate pelagite at AB544, with ‘stylobedding’ visible on the fresh surface. Pen for scale. (d) Image from an 

acetate peel of a sample from AB543, illustrating extensive recrystallisation in bottom left of frame. A foraminiferal 

test of Morozovella sp. is present in the centre of frame, indicative of early-middle Eocene age. Scale bar = 0.5 mm. 
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3.5.3 Volcanic breccia 

The low hills surrounding the western end of the Bibileu fatu are mostly covered soil and very 

little outcrop was observed. However, mafic volcanic material is abundant in scree throughout 

this area, comprising mainly volcaniclastic sandstones and breccias. Volcanic breccias were 

observed in situ in rare locations within incised river gullies. These outcrops are very weathered, 

comprising poorly sorted, highly angular clasts of mafic volcanic material 1-20 cm in size (Fig. 

42a).  

At AB545 a small, poorly preserved outcrop of brown-white, porous, friable, fine to medium 

grained sandstone was observed in the path leading up from the eastern bank of the Derocoan 

River, surrounded by soil and volcanic scree. It contains a range of grain types including 

subangular to subrounded quartz, mafic lithic fragments, and abundant foraminifera (Fig. 42b). 

Although observations were limited to heavily weathered outcrop and scree, the poorly sorted, 

angular volcaniclastic breccias suggest that these rocks are at least in part pyroclastic deposits, 

though some of the finer grained rocks found in scree may represent epiclastic material. 

Associated sandstones at AB545 are of latest Paleocene to Early Eocene age, based on the 

presence of the planktonic foraminiferal species Morozvella sp.  

The volcanic breccias appear very similar to those observed in the Barique Group at Mount 

Mundo Perdido (Benincasa et al. 2012) and Mount Laritame and although little outcrop was 

observed at Mount Bibileu, the rounded, low, soil covered hills are typical of the easily 

weathered Barique Group lithologies. Eocene sediments associated with the volcaniclastic rocks 

are consistent with observations of the Barique Group at Mount Mundo Perdido, Mount 

Laritame and the Barique Group type area near Barique (Haig pers. comm. 2012). The Barique 

Group has previously been mapped north and east of Mount Bibileu (as Barique Formation – 

Audley-Charles 1968; Partoyo et al. 1995), and this study increases its extent south around the 

tip of Mount Bibileu. 
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Fig. 42. (a) A weathered volcanic breccia at AB536, approximately 1.2 km north of Dilor, with angular mafic clasts 

measuring 1-20 cm in size. Hammer for scale. (b) Image of an acetate peel taken from a sandstone sample from 

AB545, illustrating abundant foraminifera including Morozvella sp. Scale bar = 1 mm. 

 

3.5.4 Foraminiferal limestones 

Distinctive larger foraminiferal limestones were collected in scree from the Cauhoa River, 1.2 

km north of Dilor (Fig. 43a). They are muddy wackestones containing many large benthic 

foraminifera up to 10 mm in size within a grey-brown, muddy sandy matrix. Foraminiferal 

species include Nummulites sp. (Fig. 43b) and Alveolina sp. (Fig. 43c, d), along with assorted 

rotalid and miliolid forms. 

The abundance of larger benthic foraminifera indicates inner neritic deposition, most likely on a 

shallow carbonate platform. The presence of Alveolina sp. and Nummulites sp. suggests an 

Eocene age. 

These Eocene inner neritic deposits are placed within the Banda Megasequence as they have no 

correlation with the much deeper pelagites of the Eocene Australian Margin Megasequence. 

Similar Alveolina sp. and Nummulites sp. bearing wackestones were described by Audley-

Charles (1968) and placed within his Dartollu Formation. He observed them to be commonly 

associated with Barique Group volcanics (Audley-Charles 1968), as they are at Mount Bibileu. 

This study places the foraminiferal limestones of Mount Bibileu within the Dartollu Group, of 

the Banda Megasequence. The Dartollu Group likely represents shallow water carbonate 

platforms developing proximal to Barique Group volcanic arc islands during the Eocene. 
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Fig. 43. A sample of scree from the Cauhoa River, approximately 1.2 km north of Dilor at AB537. Circular outlines 

of larger benthic foraminifera are visible on the surface of the rock. Hammer for scale. Abundant larger benthic 

foraminifera in this sample include (b) Nummulites sp. and (c, d) Alveolina sp.. Scale bar = 1 mm. 

 

3.6 The Paitchau Range 

The Paitchau Range is situated at the eastern end of Timor Island, in Lautem District, 2.5 km 

south of Lake Iralalaru (Figs 10, 44). It comprises a series of two to three long, narrow ridges, 

striking northeast and dipping north, which increase in prominence from northwest to southeast. 

The south-eastern ridge has a strike length of approximately 10 km, and reaches an altitude of 

995 m above sea level. The ridges are largely continuous except for at the north-eastern end of 

the range, where they are dissected by faults into a small group of separated hills. The Paitchau 

Range runs parallel to the shore of the Timor Sea, situated approximately 3 km to the south 

(Figs 44, 45). 

The Paitchau Range is within East Timor’s only national park, and vehicular access is 

prohibited, requiring long treks from nearby towns in order to reach the mountains. 
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Furthermore, Lake Iralalaru experienced extensive flooding during our 2010 field season, 

requiring sections of these treks through waist deep water. Due to these complications with 

access, along with difficulties locating outcrop within the dense jungle cover of the Paitchau 

Range, only three days were spent mapping in this area. Rock units are listed in ascending 

stratigraphic order and age. 

3.6.1 Fossiliferous packstones, wackestones and bindstones 

The high ridges of the Paitchau Range comprise thickly bedded, grey wackestones, packstones 

and algal bindstones (Fig. 46a, b). Outcrop is highly indurated, and sometimes brecciated and 

recystallised, particularly at the north-eastern end of the range. These rocks are extremely 

fossiliferous, with medium to coarse grains comprising gastropods and other shell debris, 

tubiphytes, benthic foraminifera, ooids (some samples) and abundant algal nodules (Fig. 46c, 

d). Algal films are observed encrusting grains throughout these rocks and forming bindstones in 

some samples. 

The presence of foraminiferal species Duostomina sp. and Aulotortus spp., along with abundant 

Thaumatoporellacean algae, indicate a Late Triassic age. The presence of ooids along and 

abundant large shell debris suggests deposition in a shallow, moderate to high energy 

environment. An association of ooids, Thaumatoporellacean algae and tubiphytes are typical of 

carbonate platform margin environments during the Late Triassic (Flügel 2004).  

Like the Perdido Group limestones, the age and shallow water facies of these rocks suggest that 

carbonate banks were developing on isolated, submerged topographic highs within newly rifted 

basins during the breakup of Gondwana. Whereas biostratigraphic evidence suggests a likely 

Early Jurassic, Sinemurian-Pliensbachian age for the Perdido Group limestones (Chapter 3.2.3 

Mount Mundo Perdido – Ooid and oncoidal limestones), the carbonate platform facies at the 

Paithchau Range represent older, Late Triassic deposits. Other important differences exist 

between these rocks and the Perdido Group limestones. Carnian-Norian shallow water 

carbonates at the Paitchau Range, and elsewhere in East Timor (Haig 2012b), show a more 

diverse range of fauna including various foraminifera, tubiphytes, crinoids, echinoids, 
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brachiopods, gastropods, bryozoans, sponges, ooids and peloids. The Perdido Group is much 

less diverse, containing a more limited range of foraminifera, echinoids, mollusc shell 

fragments, ooids, oncoids and peloids. This suggests that the Perdido Group facies were 

deposited in more restricted, possibly higher salinity environments. Furthermore, whilst the 

shallow water carbonates of the Paitchau Range often contain ooids as a minor component, 

Perdido Group limestones are usually ooid dominated, with ooid packstones and grainstones 

common. Haig (2012b) recognised similar diverse Carnian-Norian shallow water carbonates in 

the Bandeira Gorge, near Atsabe in western East Timor, placing them within the Bandeira 

Group of the Gondwana Megasequence as these rocks were previously not described. This 

study also places the Carnian-Norian shallow water carbonates of the Paitchau Range within the 

Bandeira Group. At the Bandeira Gorge, large sections of less indurated mudstones, muddy 

wackestones, and sandstones were observed situated between thick, highly indurated limestone 

units. It is possible that a similar stratigraphic succession is responsible for the distinctive 

morphology of the Paitchau Range, with the less indurated units forming the recessive valleys 

between the prominent, indurated limestone ridges. 

 

 

 

 

Fig. 44 → Aerial photograph of the eastern tip of East Timor, including the Paitchau Range and Lake Iralalaru, 

illustrating sample points and 100 m topographic contours. Field mapping and sampling was conducted between the 

south-eastern banks of Lake Iralalaru and the northwest facing slopes of the Paitchau Range, extending in places into 

the central parts of the range. Mapping and sampling was also completed around Tutuala. 

Fig. 45 →→ Interpreted geological map of the eastern tip of East Timor, including the Paitchau Range and Lake 

Iralalaru. The extent of field mapping and sampling is outlined with boxes, with the geology in these areas 

constructed using outcrop data and aerial photographs. See text for detailed descriptions of geology. Geology outside 

of the mapped field extent is modified after Partoyo et al. (1995) using aerial photographs. Lithologies outside of the 

mapped field extent not described in the text include the Poros Limestone (Thinly bedded, vuggy algal limestone 

overlying the Baucau Limestone – Audley-Charles, 1968) and the Cribas Group (Permian basinal facies of the 

Gondwana Megasequence – see Fig. 9). 



87
 

 

 



88
 

 



89
 

 



90
 

 



91 
 

 

 

 

Fig. 46. (a) Highly indurated Bandeira Group limestones form all of the high cliffs that were sampled at the Paitchau 

Range, including this example at the north-eastern end of the range at AB559. Hammer for scale. (b) A freshly 

broken sample of Bandeira Group limestone at AB551, in the high central region of the Paitchau Range. Pen for 

scale. (c) Image of an acetate peel taken from the limestone at AB551. The rock is a packstone comprising algal 

nodules and growths, ooids, large shell fragments and abundant foraminifera. Scale bar = 1 mm. (d) Image of an 

acetate peel taken from Bandeira Group limestone from AB557, in the north of the Paitchau Range. The large grain in 

the centre of frame is a benthic foraminiferal test, most likely Aulotortus spp.. Scale bar = 1 mm.       
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3.6.2 Medium bedded grey wackestones 

Whilst visiting administrators and scouting for access east of the Paitchau Range, near Tutuala, 

medium bedded grey wackestones were observed in rare roadside outcrops (Fig. 47a). They 

comprised very well bedded grey wackestone, bedding 10-30 cm, with thin interbeds of chert 

and mudstone less than 10 cm. The wackestone contained radiolaria and thin Halobia-type 

bivalve filaments, with rare nodosariid and lagenoid foraminifera (Fig. 47b). 

Very fine grained carbonate mud containing radiolaria suggests a deep water, low energy 

environment, while the presence of Halobia-type bivalves suggest an oxygen deficient, basinal 

setting. The presence of primitive nodosariid foraminifera and Halobia is suggestive of a 

Triassic age, but not definitive.  

Medium bedded radiolaria and Halobia bearing wackestones are typical of the Aitutu Group 

elsewhere in Timor (e.g. Audley-Charles 1968; Charlton et al. 2009; Haig 2012b, Chapter 

3.2.2 Mount Mundo Perdido – Radiolarian limestones) and are distinctive in outcrop. This 

study places the medium bedded wackestones sampled east of the Paitchau Range within the 

Aitutu Group of the Gondwana Megasequence on the basis of lithofacies correlation.  

The Paitchau Range itself was mapped as ‘Aitutu Formation’ by Audley-Charles (1968) and 

since followed by other authors (e.g. Partoyo et al. 1995). Charlton et al. (2009) differentiated 

the limestones of the Paitchau Range from the basinal Aitutu facies, describing them informally 

as ‘Pualaca Facies’ after finding similarities with Late Triassic shallow water carbonates 

previously observed around Pualaca, in central East Timor (Hirschi 1907; Grunau 1956). He 

described the shallow water limestones in the Tutuala/Paitchai area as successions several 

hundred metres thick, grading laterally into basinal Aitutu-like facies (Charlton et al. 2009). 

This study has observed similar vertical and lateral gradational relationships between the 

Bandeira Group and Aitutu Group elsewhere in East Timor (most strikingly at Mount Loelako, 

see Chapter 3.8). Although not observed directly, this study agrees with previous mapping and 

observations (Audley-Charles 1968; Partoyo et al. 1995; Charlton et al. 2009) that the Bandeira 
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Group shallow water carbonates of the Paitchau Range most likely have gradational contacts 

with the surrounding Aitutu Group. 

 

Fig. 47. (a) Well bedded Aitutu Group limestone in a roadside outcrop at AB555, near Tutuala. (b) Image of an 

acetate peel taken from AB555 illustrates a radiolaria and Halobia-type bivalve rich facies typical of the Aitutu 

Group in East Timor. Scale bar = 1 mm. 

 

3.6.3 Carbonate pelagites 

Carbonate pelagites were observed in a single roadside outcrop near Tutuala, and also in loose, 

metre-scale boulders lying on flat ground between the hills of the north-eastern end of the 

Paitchau Range. The roadside outcrop is medium bedded, white-brown to pink wackestone 

containing abundant planktonic foraminifera in a very fine grained carbonate mud matrix, with 

some thin cherty beds less than 5 cm. Examples found in scree are yellow-white wackestones 

with abundant planktonic foraminifera, and a pervasive, centimetre scale, stylolitic foliation 

(Fig. 48a). 

Similar to carbonate pelagites found at other fatus, predominantly planktonic foraminifera 

within a very fine carbonate mud matrix suggests deposition within the middle bathyal to 

abyssal zone. Abundant Morozovella sp. within the roadside outcrop samples suggests an early 

to middle Eocene age. Globorotalia limbata and Dentoglobigerina altispira within the Paitchau 

Range boulder samples suggests a younger, Miocene age (Fig. 48b). 
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Carbonate pelagites sampled at the Paitchau Range correlate with Eocene and Miocene age 

carbonate pelagites observed elsewhere in East Timor (Haig & McCartain 2007), and are 

similarly placed within the Kolbano Group of the Australian Margin Megasequence. These 

rocks have not previously been mapped in the Paitchau area, and from their very limited 

observation in this study it is difficult to map their occurrence. It can be said that the Kolbano 

Group boulders found at the base of the Paitchau Range were not sourced from the cliffs above, 

as these were observed to comprise Triassic Bandeira Group limestones. The Kolbano Group 

belongs to a thin pelagite succession deposited unconformably above the Gondwana 

Megasequence, and these boulders may represent the isolated remnants of a previously eroded 

landscape. 

 

Fig. 48. (a) A boulder of foliated Kolbano Group limestone found between the hills of the north-eastern end of the 

Paitchau Range. A fresh surface exposes the yellow-white carbonate pelagite. Hammer for scale. (b) Image of an 

acetate peel taken from this rock, illustrating foraminiferal species Globorotalia limbata of Middle Miocene age. 

Scale bar = 0.5 mm. 

 

3.6.4 Vuggy coralline limestones 

Lake Iralalaru sits within a broad depression (Fig. 44) which on the south side is bounded by 

small limestone cliffs 15-20 m high (Fig. 49a). These cliffs comprise yellow, vuggy, coralline 

limestone, which forms a fairly flat, thickly vegetated plateau that extends over 3 km southeast 

towards the base of the Paitchau Range. Outcrop is rare, and where sampled is highly altered 

and karstified. 
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However, diverse and abundant fossils are still visible (Fig. 49b), including abundant planktonic 

and benthic foraminifera, along with echinoid spines, fragments of coralline algae, bryozoan 

and mollusc debris, and large in situ corals. The contact of the vuggy limestones with the 

indurated wackestones comprising the range is obscured by jungle, however based on the 

change in composition of scree float the contact appears very close to the abrupt change in 

topographic gradient at the base of the main Paitchau ridges. 

The diverse, abundant and often fragmented biota, along with the presence of in situ corals, 

suggests a shallow, high energy depositional environment, likely a near shore coral reef. Due to 

the highly altered nature of all observed outcrop a biostratigraphic age determination was not 

possible on the samples collected.  

Lithofacies of these rocks are identical to the synorogenic, coralline limestones of the Baucau 

Plateau (Audley-Charles 1968), Mount Mundo Perdido (Benincasa et al. 2012) and Mount 

Laritame (Chapter 3.3.7 Mount Laritame – Medium bedded coralline limestones), and the 

vuggy coralline limestones of the Paitchau Range are placed within the Baucau Limestone of 

the Synorogenic Megasequence based on lithofacies correlation. Like its occurrences elsewhere 

in East Timor, the Baucau Limestone at the Paitchau Range forms a broad, flat topped plateau, 

having undergone vertical uplift with little tilting since deposition in the Pleistocene.  

 

 

Fig. 49. (a) Near the southern banks of Lake Iralalaru, facing south-southwest. The Baucau Limestone forms a small 

cliff 10-20 m high which extends for several kilometres along the southern boundary of the Lake Iralalaru basin. (c) 

An image from an acetate peel taken from a sample of this cliff at AB405 illustrates diverse and abundant biota. 
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With the possible exception of the cliffs bounding the Lake Iralalaru basin, well defined terraces 

are not observed at the Paitchau Range as they are elsewhere, however they are most likely 

obscured by extensive karstification and extremely dense vegetation. 

 

3.7 The Matebian Range 

The Matebian Range (also known as Mata Bia) is one of East Timor’s highest mountains, and at 

over 20 km long and 7 km wide it is the largest of all the fatu-style massifs. Situated in Baucau 

District in eastern East Timor, it forms a dramatic north-northeast striking ridge which almost 

bisects the narrow island from the north to south coast (Fig. 10). The Matebian Range is 

bounded by extremely steep scarps along its north-western edge, while slopes on its south-

eastern flank, though still steep, are more irregular (Figs 50, 51). There are two main peaks: the 

lesser, northern peak is Matebian Mane, at around 1500 m, while Matebian Feto, to the south, 

rises to an altitude of 2376 m.  

Reconnaissance mapping around the Matebian Range in 2010 was based first out of Quelecai, a 

small village 4 km west of Matebian’s western scarp (Figs 50, 51). Four days were spent here 

conducting transects east towards the range; however access was repeatedly blocked by swollen 

rivers and flash flooding, preventing us from sampling the high limestone cliffs comprising the 

western scarp.  

Fig. 50 → Aerial photograph of the Matebian Range, illustrating sample points and 100 m topographic contours. The 

extent of field mapping by this study is highlighted around Quelecai, beneath the high, west facing cliffs of the 

Matebian range, and around Baguia, on Matebian’s eastern flank. 

Fig. 51 →→ Interpreted geological map of the Matebian Range. The extent of field mapping and sampling is 

outlined around Quelecai and Baguia, with the geology in these areas constructed using outcrop data and aerial 

photographs. See text for detailed descriptions of geology. Geology outside of the mapped field extent is modified 

after Partoyo et al. (1995) using aerial photographs. Banda Megasequence rocks belonging to the Lolotoi 

Metamorphic Complex and Barique Group (see Fig. 9) have been widely mapped around the outskirts of the 

Matebian Range by Audley-Charles (1968) and following authors (e.g. Partoyo et al. 1995; Standley & Harris 2009), 

outside of the mapped field extent of this study. It is possible that some limestone mapped as Perdido Group here 

after Partoyo et al. (1995) and aerial photographs may belong to the Booi Group of the Banda Megasequence – 

particularly those outcrops at lower structural levels associated with other Banda Megasequence lithologies. This 

would be consistent with geological distributions seen around the Ossu fatus and Mount Bibileu. 
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We then moved to Baguia, nestled in the lower cliffs on the eastern side of the mountain (Figs 

50, 51). Unfortunately, our time here was cut short after just one day. The only road in to the 

village was being washed away by heavy rain and landslides, and we were advised by the local 

police to either leave immediately or risk being trapped in Baguia until the end of the wet 

season. Despite these difficulties, our brief reconnaissance mapping around the lower flanks of 

the Matebian Range, particularly around Quelecai, yielded many interesting observations. Rock 

units are listed in ascending stratigraphic order and age. 

3.7.1 Thinly bedded mudstones, sandstones and turbidites 

Much of the hilly farmland immediately east of Quelecai comprises dark grey mudstones and 

siltstones with thin sandstone interbeds (Fig. 52a). The mudstones and siltstones are micaceous 

and have a pervasive, slatey cleavage (Fig. 52b). Fossil material includes rare radiolaria and 

echinoid spines, and some samples contain abundant sulphides. The mudstones contain thin 

interbeds of fine to very fine sandstone, predominantly less than 5 mm but up to centimetre 

scale. Sandstones are red-green and appear to have a large mafic-volcanic component.  

Higher up in the succession are found medium grained sandstones (Fig. 52c) and very well 

graded turbidite beds fining up from conglomerates to fine sandstone (Fig. 52d). The medium 

grained sandstones are medium bedded, poorly sorted, and comprise subangular grains of quartz 

and mafic lithic fragments. The graded beds range in thickness from 5-40 cm. They grade from 

coarse grained biogenic and lithogenic clasts in a muddy, sandy matrix at the base into very fine 

grained sandstone containing rare bivalve filaments and other fine grained skeletal fragments. 

Lithogenic components include subangular clasts of limestone, mudstone, and volcanic 

sandstone. Biogenic components include bivalves, rhynchonellid brachiopods, crinoids, 

echinoids, bryozoans and very well preserved specimens of benthic foraminifera Colaniella sp 

(Fig. 52e, f). 

The presence of radiolaria within the mudstones suggests slow, pelagic sedimentation, and 

pyrite in some samples is indicative of locally anoxic conditions. Thin volcanic sandstone 

interbeds represent pulses of sediment supply from a nearby volcanic source. The turbidite beds 
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contain abundant shallow water fauna, these deposits likely represent debris slides sourced from 

nearby shallow carbonate platforms. The sequence possibly represents volcanic influenced, 

marine, pro-delta and slope deposits.  The presence of the larger foraminiferal species 

Colaniella sp. suggests a Late Permian age. 

 

Fig. 52. (a) Dark grey Cribas group mudstones exposed by a large landslip approximately 2 km southeast of 

Quelecai. Exposed vertical thickness here is approximately 30 m. These mudstones comprise much of the hilly 

farmland immediately east of Quelecai (b) Slatey cleavage in Cribas Group mudstone at AB492, pen for scale. (c) 

Interbedded Cribas Group mudstones and sandstones at AB491, hammer for scale. (d) A sample of a turbidite bed 

taken from AB494. Grain size in this sample fines up from right to left of frame. Hammer for scale. (e, f) Very well 

preserved specimens of benthic foraminifera Colaniella sp. are abundant in samples from AB494, suggesting a 

Permian age. Scale bar = 1 mm. 
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Throughout the Permian the Timor region was undergoing active extension (Charlton et al. 

2002). By the late Permian when the mudstones, sandstones and turbidites of Quelecai were 

deposited, there existed a broad intercratonic sea between the Australian craton and an uplifted 

landmass to the northwest (Bird & Cook 1991), which had rifted from Gondwanaland after the 

end of the early Permian (Metcalfe 2011). Permian strata observed in Timor has two main end 

member groups, the carbonate dominated shallow water Maubisse Group and the siliciclastic 

dominated basinal Cribas Group, with volcanics interbedded in both groups. Within the Cribas 

Group, differences are observed between strata proximal to shallow-water carbonates and distal 

to siliciclastic input and vice versa i.e. strata proximal to siliciclastic input and distal to shallow-

water carbonates (Haig 2012b).  

The upper and lower Cribas Series of Grunau (1956) and Gageonnet and Lemoine (1958) were 

defined as the Atohoc Formation and Cribas Formation respectively by Audley-Charles (1968). 

The Atohoc Formation comprises a monotonous sequence of hard, black shales, with massive to 

thick bedded quartz sandstone at its base, with the top of the formation taken arbitrarly as the 

top of an amygdaloidal basalt layer in its type area, which coincides with the appearance of the 

bivalve Atomodesma exarata (Audley-Charles 1968). The Cribas Group of Haig (2012b) 

removes the arbitrary differentiation of Atohoc and Cribas Formations and describes the entire 

succession as the Cribas Group, with the thick basal sandstones of the Atohoc Formation 

referred to as the Atahoc beds. The remainder of the Cribas Group comprises micaceous shales 

and siltstones with interbedded sandstones and marls (Audley-Charles 1968). Fine to very fine 

sandstone layers grade upwards into coarser clastic units in the upper part of the sequence, 

where arenite beds are up to several metres thick, and are characterised by fining up sequences 

(Charlton et al. 2002).  

The mudstones, sandstones and turbidites found around Quelecai are placed within the Cribas 

Group by this study on the basis of their Late Permian age and lithological correlation to the 

Cribas Formation described elsewhere in East and West Timor (Grunau 1956; Gageonnet & 

Lemoine 1958; Audley-Charles 1968; Bird & Cook 1991; Charlton et al. 2002). They were 

deposited within an active Permian basin, with fine clastic and volcaniclastic sediments 
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prograding out from the basin margins, and debris slides transporting shallow water fauna from 

proximal carbonate platforms or shoals. Around Quelecai they are commonly associated with 

pillow basalts and breccias; common products of rift volcanism. 

3.7.2 Igneous rocks 

Igneous rocks are common around Quelecai, most commonly pillow basalts and pillow 

breccias. Pillow basalts are abundant but are generally not found in situ; they are most 

commonly observed as large, loose boulders 1-5 m in size (Fig. 53a, b). Small, vesicular 

pillows range in size from 10 cm to 1 m, but are generally less than 50 cm. Pillow breccias were 

observed both in float and in situ, where they form small, erosion resistant topographic highs 

overlying interbedded mudstones and sandstones. They comprise subangular to subrounded 

basalt clasts and fragmented pillows 2-20 cm (Fig. 53c, d).  

Pillow lavas are submarine in origin, and are consistent with a rift basin setting. Pillow breccias 

are commonly associated with pillow lavas, and may represent the base of the advancing lava 

flow. Where observed in situ, the pillow breccias belong to the succession of mudstones, 

sandstones and turbidites, and they assigned a Late Permian age based on this association. 

Pillow basalts are common within the Permian of East Timor (Haig 2012b).  

Volcanics are observed throughout the Permian stratigraphy in East Timor (Haig 2012b) 

although they are usually more common within the Maubisse Group succession (Audley-

Charles 1968; Charlton et al. 2002). Generally basaltic in composition, they include abundant 

pillow lavas, current structures and other evidence of deposition in a mostly subaqueous 

volcanic environment (Charlton et al. 2002). Likewise, basaltic pillow lavas and breccias are 

encountered around Quelecai, where they are associated with the Permian Cribas Group. On this 

basis, the igneous rocks sampled on the western side of the Matebian Range are placed within 

the Cribas Group, of the Gondwana Megasequence, and are the volcanic products of active 

Permian rifting. Barkham (1993) described very similar pillow lavas within the Upper Permian 

of West Timor, occurring with small, vesicular pillows and interbedded pillow breccias. 
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Fig. 53. (a) A boulder of pillow basalt at AB499, hammer for scale. (b) Pillow basalt at AB503, hammer for scale. (c) 

Pillow breccia at AB498, hammer for scale. These pillow breccias are associated with Cribas Group mudstones and 

sandstones in the field area. (d) Close-up of pillow breccia at AB498, pen for scale. 

 

3.7.3 Medium bedded limestones and mudstones 

Heading towards the Matebian Range, at approximately 1.5 km east of Quelecai lithologies 

change from mudstones and sandstones to interbedded mudstones and limestones (Fig. 54a-d). 

Mudstone beds are dark grey, medium to thickly bedded (mostly less than 70 cm) and contain 

rare small forams including Dentalina sp. and Cryptoseptida sp. Limestone interbeds are 5-30 

cm, grey, highly indurated wackestones containing abundant radiolaria, thin Halobia-type 
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bivalve filaments usually concentrated in beds, rare echinoid fragments and rare small forams 

including Nodosaria sp., Lenticulina sp., Atsabella sp. and undifferentiated miliolids (e.g. Fig. 

54e). Rare ooid packstone interbeds were observed within this succession (Fig. 54f) comprising 

ooids, peloids, assorted skeletal fragments and many small forams including Lenticulina sp. and 

Opthalmidium sp. These packstones also contain rip up clasts of mudstone above the mudstone-

packstone contact. 

Very fine grained carbonate mud containing radiolaria suggests a deep water, low energy 

environment, while the presence of Halobia-type bivalves suggest an oxygen deficient, basinal 

setting. Rare beds of ooid packstone with rip-up clasts at their base most likely represent debris 

slides transporting shallow water fauna to down on to the basinal mudstones. An age of Late 

Triassic is assigned to these rocks based on the presence of foraminiferal species Lenticulina 

sp., Opthalmidium sp. and unornamented species of Dentalina sp. and Cryptoseptida sp. 

Medium bedded radiolaria and Halobia bearing wackestones are typical of the Aitutu Group 

elsewhere in Timor  (e.g. Audley-Charles 1968; Charlton et al. 2009; Haig 2012b, Chapter 

3.2.2 Mount Mundo Perdido – Radiolarian limestones, Chapter 3.6.2 The Paitchau Range 

– Medium bedded grey wackestones) and this study places the medium bedded limestones 

sampled at Mount Matebian within the Aitutu Group of the Gondwana Megasequence on the 

basis of their Triassic age and lithofacies correlation. Some limestone beds within the Aitutu 

Group at Mount Matebian represent debris slides containing ooids and shallow water 

foraminifera typical of the coeval Bandeira Group, indicating proximity to nearby carbonate 

platforms. 

3.7.4 Peloid packstones 

Peloid packstones were observed approximately 4 km south west of Baguia, comprising some 

of the lower cliffs of the Matebian Range at around 1000 m above sea level. Orange-grey and 

massive in outcrop (Fig. 55a), these peloids packstones are extensively micritised. Rare small 

forams, mainly Lenticulina sp., and rare skeletal fragments are observed in acetate peels (Fig. 

55b). 
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Fig. 54. (a) Very well bedded Aitutu Group limestone at AB525. Limestone beds at this location are very siliceous 

and contain abundant radiolaria. (b)  Thin beds of Aitutu Group limestone at AB510, handheld GPS for scale. (c) 

Steeply dipping interbedded Aitutu Group limestone and mudstone at AB502, approximately 1 km west of the 

western scarp of the Matebian Range. (d) The Aitutu Group at AB521 is mud rich with thin limestone beds. Note 

hammer at bottom-left of frame for scale. (e) Image of an acetate peel taken from a sample at AB497. This rock is a 

wackestone containing abundant radiolaria and some Halobia-type bivalve filaments in a matrix of carbonate mud – a 

facies typical of the Aitutu Group in East Timor. Scale bar = 1 mm. (f) Image of an acetate peel taken from a rare 

ooid packstone bed at AB513. These rare fossiliferous beds within the Aitutu Group at the Matebian Range most 

likely represent debris slides transporting shallow water fauna to down on to the basinal Aitutu Group mudstones. 

Scale bar = 1 mm. 
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The predominance of peloids suggests these sediments have their origin in the well-agitated, 

shallow water of an open lagoon or shelf. However, the muddy matrix and rare and fragmented 

skeletal debris suggest that the peloids have perhaps been transported and deposited in slightly 

deeper water on the edge or slope of a carbonate platform. There is not enough fossil data for a 

distinct biostratigraphic age, but the presence of primitive Lenticulina sp. is consistent with the 

Mesozoic. 

Mesozoic shallow water carbonates may belong to the Bandeira Group or Perdido Group of the 

Gondwana Megasequence, and peloid grainstones have been observed within both groups. 

Outcrop of peloids grainstones at AB530 is massive and more similar in style to the Perdido 

Group, whereas the Bandeira Group is usually medium to thick bedded (although can also be, 

more rarely, massive).  However, without a more definitive biostratigraphic age determination it 

is not possible to conclusively classify this sample. 

 

Fig. 55. (a) Outcrop of massive, orange-grey peloids packstone at AB530, where these rocks comprise the lower 

cliffs southwest of Baguia. (b) Image of an acetate peel taken from a sample of this same outcrop at AB530. The rock 

comprises micritised peloids with rare small foraminifera and shell fragments. Scale bar = 1 mm. 

 

3.7.5 Interbedded red mudstone and chert 

An outcrop of thinly bedded (5-10 cm) red mudstone and red chert was observed on the steep, 

lower, south-eastern slopes of the Matebian Range, at approximately 750 m above sea level 

(Fig. 56a, b). The red chert beds contain abundant radiolaria and rare bivalve filaments (Fig. 

56c, d). The mudstone has an unusual oily sheen, but contained no visible biogenic grains. 
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These radiolarian rich lithologies represent pelagic sedimentation, and the absence of any 

lithogenic component suggests deposition distal to terrigenous influence. 

These rocks have a very similar lithology and outcrop style to the thin to medium bedded, red, 

radiolarian rich cherts and shales observed at the Builo Range (see Chapter 3.4.3 The Builo 

Range – Interbedded mudstones and radiolarites) and are tentatively placed within the Noni 

Group on the basis of lithofacies correlation. Unfortunately only cursory sampling around 

Baguia was possible, and more detailed mapping would be required to support this assignment. 

 

 

Fig. 56. (a) Outcrop of thinly bedded red mudstone and radiolarian chert at AB526, on the lower, south-eastern slopes 

of the Matebian Range. (b) Mudstone beds in this outcrop have an unusual oily sheen. A5 notebook for scale. (c, d) 

Images of acetate peels taken from chert beds at AB526. Samples contain abundant radiolaria and rare bivalve 

filaments.    
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3.7.6 Carbonate pelagites 

Two outcrops of carbonate pelagites were observed in roadside outcrop along the track that 

leads southwest from Baguia into the lower reaches of the Matebian Range. AB528 is situated 

approximately 3.5 km southwest of Baguia, where it comprises the northeast facing cliffs above 

the road (Fig. 57a). Extensively recrystallised and stylotised, only small clasts of the original 

rock remain within a stockwork of calcite veins. These clasts are wackestone containing 

abundant planktonic foraminifera including Morozovella sp. and Acarinina sp. (Fig. 57b). 

AB531 is situated approximately 2 km southwest of Baguia, and comprises massive, yellow-

white wackestone (Fig. 57c) with abundant, well preserved radiolaria and planktonic 

foraminifera including Globigerinoides sp. (Fig. 57d), and some small, centimetre scale chert 

nodules. Planar fractures gave this outcrop the appearance of thick bedding but these were 

difficult to distinguish from jointing (Fig. 57b).  

Similar to carbonate pelagites facies elsewhere, these comprise predominantly planktonic 

foraminifera within a very fine carbonate mud matrix, suggesting deposition within the middle 

bathyal to abyssal zone. Based on planktonic foraminiferal assemblages AB528 is assigned an 

age of Early Eocene, and AB531 is placed tentatively within the Oligocene. 

Carbonate pelagites sampled at the Matebian Range southwest of Baguia correlate with Eocene 

and Oligocene age carbonate pelagites observed elsewhere in East Timor (Haig & McCartain 

2007), and are similarly placed within the Kolbano Group of the Australian Margin 

Megasequence. Isolated outcrops of carbonate pelagites at the Matebian Range have previously 

been mapped by Audley-Charles (1968 – as ‘Borolalo Limestone’), who interpreted them as 

klippen, and more extensively by Partoyo et al. (1995). 
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Fig. 57. (a) Kolbano Group limestone forms steep, northeast facing cliffs southwest of Baguia at AB528. (c) Massive, 

yellow-white Kolbano Group wackestone at AB531. Planar fractures give the appearance of thick bedding but these 

are difficult to distinguish from jointing. Note geologist in bottom-left of frame for scale. (c) Image of an acetate peel 

taken from Kolbano Group limestones at AB528. The rock is extensively recrystallised but clasts of the original 

wackestone contain abundant planktonic foraminifera including Morozovella sp. and Acarinina sp. Scale bar = 0.5 

mm (d) Image of an acetate peel taken from a sample at AB531. A well preserved planktonic foraminifera, possibly 

Dentoglobigerina sp., sits at centre of frame, in a very fine grained carbonate mud matrix. Scale bar = 0.5 mm 
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3.8 Mount Loelako 

Mount Loelako, in Bobonaro District, is one of the most distinctive and impressive landforms in 

East Timor. It is situated 6 km west of Maliana, East Timor’s third largest city, which sits 

within a large, 15 km wide basin approximately 100-200 m above sea level (Fig. 10). Mount 

Loelako comprises a spectacular north-south trending fatu which bounds the Maliana basin’s 

eastern edge, the upper part of which forms a remarkable limestone ‘crest’, approximately 6 km 

long but no more than 1 km wide at its base, and bounded on both sides by near vertical cliffs 

several hundred metres high (Fig. 58). The top of this crest reaches a maximum altitude of 1920 

m above sea level and is extremely narrow, only a few metres wide at some points. The west-

facing cliffs of the massif have their base at approximately 1400 m above sea level, where the 

topography changes from sheer cliffs to a more modest slope which descends into the basin 

1200 m below over a distance approximately 5 km (Fig. 58). The eastern side of the massif is 

taller still, with the cliffs here beginning at 1000-1100 m above sea level, making the east-facing 

cliffs of Mount Loelako some of the largest in East Timor. Mount Loelako is distinctive not 

only for its spectacular morphology, but also because its north-south orientation is unlike any 

other fatu in East Timor, which all tend to trend either east-west (Mount Mundo Perdido, Mount 

Bibileu, the Builo Range), or northeast-southwest (Mount Laritame, the Paitchau Range, Mount 

Matebian, Mount Taroman, the Saburai Range) (Fig. 10). 

1 km north of Mount Loelako is smaller, secondary massif also investigated by this study, 

known as Mount Lesululi (Figs 58, 59). Approximately 2.5 km wide east to west and less than 1 

km from north to south, it rises to a maximum altitude of 1244 m. Almost triangular in shape, it 

has a gently dipping north-facing slope but high cliffs on its southern and western edges. 

Fig. 58 → Aerial photograph of Mount Loelako, Mount Lesululi, and the surrounding area, illustrating sample points, 

100 m topographic contours, and main geomorphic features. The Bulubo River runs along the eastern edge of the 

Maliana basin. 

Fig. 59 →→ Interpreted geological map of Mount Loelako, constructed using mapped outcrops and aerial 

photographs. See text for detailed descriptions of geology. The Dilor Conglomerate (Conglomerates and coarse sands 

in the upper part of the Viqueque Group – Audley-Charles, 1968) is included in the northwest corner of the mapping 

area after Partoyo et al. (1995), as this area was not sampled by the present study. 
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3 km east of Mount Loelako is the Aitasiola River, which runs north into the larger Marobo 

River east of Mount Lesululi (Fig. 58). Numerous hydrothermal springs are found along the 

banks of the Aitasiola River, including the well-known Marobo Hot Springs. 

Six days were spent conducting reconnaissance mapping at Mount Loelako in 2010, based in 

Maliana, and although travel to the northern parts of the massif were blocked by landslides, 

access and weather conditions proved much better here than at other 2010 field localities. These 

factors, along with fairly good outcrop, interesting geology, and the logistical benefits of 

working near a major town influenced our decision to make the Maliana area the focus of more 

detailed mapping in 2011. A further six days were spent mapping Mount Loelako and Mount 

Lesululi in 2011 as part of this more comprehensive study including the Maliana basin and the 

Saburai Range. Rock units are listed in ascending stratigraphic order and age. 

3.8.1 Thinly bedded, folded sandstones and mudstones 

Much of the lower hills around the southern tip of Mount Loelako comprise interbedded 

sandstones and mudstones, with thin bedding generally 2-5 cm (Fig. 60a, b). Sandstones are 

brown to grey, fine grained, comprising mostly subrounded quartz, feldspar and lithic 

fragments, with no visible biogenic grains. Mudstones are orange to grey, micaceous, and 

sometimes fissile. These units show extensive deformation close to the southern tip of the 

massif, with pervasive close to tight recumbent folding which appears almost chaotic in places 

(e.g. Fig. 60b). Further north at AB646, 350 m from the base of the cliffs on the eastern side of 

Mount Loelako, a purple-grey mudstone unit was observed with centimetre scale mudstone beds 

interbedded with thin sandstone laminae and rare thin sandstone beds (Fig. 60c, d). This 

mudstone contains abundant mica and black, carbonaceous woody flecks less than 1 mm in size, 

and also appears chaotically deformed. 

Uniform thin bedding and fine grain size suggests deposition from weak, low density pulses of 

sediment supply, and there is no evidence of cross-bedding or grading. The abundance of wood 

and mica and the absence of any carbonate component suggest a strong terrigenous influence. It 

is possible that these deposits may represent the most distal parts of a deltaic system, with the 
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mudstone dominated unit representing a very low energy environment only receiving rare 

pulses of fine sediment. Samples collected yielded no fossil material to allow a biostratigraphic 

age determination. However siliciclastic sediments with tight, recumbent folding and chaotic 

deformation are generally only observed within the Gondwana Megasequence in East Timor, so 

it is likely that these sandstone and mudstone units belong somewhere within the Permian to 

Jurassic succession. 

Thinly interbedded, siliciclastic sandstones and shales of the Gondwana Megasequence may be 

found within the Permian Cribas Group or the Triassic Babulu Group (Haig 2012b) and samples 

collected at Mount Loelako yielded little information to distinguish between the two. At Mount 

Loelako these rocks form a monotonous siliciclastic sandstone and shale succession; limestone 

or volcanic beds that may be suggestive of the Cribas Group (Charlton et al. 2002; Haig 2012b) 

were not observed. Furthermore, all other Gondwana Megasequence rocks at Mount Loelako 

are Triassic, and belong to either the Aitutu Group (Chapter 3.8.2  Mount Loelako – 

Interbedded limestones and mudstones) or Bandeira Group (Chapter 3.8.3 Mount Loelako 

– Fossiliferous wackestones, floatstones and bindstones). On this basis, this study tentatively 

places the thinly bedded, folded sandstones and mudstones at Mount Loelako within the 

Triassic Babulu Group of the Gondwana Megasequence. 

3.8.2 Interbedded limestones and mudstones 

Interbedded limestones and mudstones are common at Mount Loelako. These rocks form much 

of the lower ground immediately underneath the high cliffs of both Loelako and Lesululi (e.g. 

Fig. 61a), including the saddle between them, and on the western side they extend down the 

lower slope of the Lolelako massif into the Maliana basin below. They are also observed on the 

northern side of Lesululi, where the gentle northern slope of that massif appears to be a dip 

slope formed by bedding planes within this unit (e.g. Fig. 61b). 

Limestone beds comprise mostly grey, rarely orange, wackestones with bedding 5-50 cm (Fig. 

61a, b). They contain abundant radiolaria and Halobia-type bivalve filaments with rare 

ostracods, calcispheres, echinoid debris and benthic foraminifera including Nodosaria sp. and 
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Fig. 60. (a) Tightly folded, thin beds of Babulu Group sandstones and interbedded mudstones at AB420, 

approximately 400 m southeast of the southern tip of Mount Loelako. Pen for scale. (b) Highly deformed interbedded 

sandstones and mudstones of the Babulu Group at AB450, approximately 250 m southwest of the southern tip of 

Mount Loelako. Note feet in top of frame for scale. (c) Facing west, at AB646 beneath high cliffs on the eastern side 

of Mount Loelako. The Babulu Group here comprises purple-grey mudstones with thin sandstone laminae. (d) Close 

up of the mudstone rich Babulu Group facies at AB646 illustrating closely spaced sandstone laminae and rare, thin 

sandstone beds in centre of frame. Hammer for scale. 
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Lenticulina sp. (Fig. 61c). A rare shelly bed was sampled at AB478 which contains abundant 

large brachiopods (Fig. 61d, e) of the genus Halorella (Grant-Mackie pers. comm. 2012). 

Cherty nodules are sometimes visible, and many outcrops, particularly closer to the cliffs, are 

extensively stylotised and veined. Grey mudstones beds range in thickness from 5-100 cm. 

Washed mudstone residues are mostly barren but contain some rare foraminifera test fragments, 

with AB477 containing abundant fine grained feldspar. 

Moving closer to the massif, mudstone beds decrease in size and limestone beds get thicker and 

more fossiliferous. This is particularly evident in a transect conducted up the western slope of 

the massif, where recessive, predominantly mudstone units grade upwards into thickly bedded 

limestone ‘caps’, which become more frequent moving upwards on the slope (Fig. 61f, g & h). 

Limestone beds are up to 100 cm thick and separated by thin mudstone beds. They comprise 

wackestones and packstones containing abundant, but usually fragmented, fauna including 

bivalves, brachiopods, gastropods, crinoids, ostracods, calcispheres, benthic foraminifera and 

rare algal material. Foraminifera include Nodosaria sp. including Nodosaria lagenoides, 

Lenticulina sp. (diverse but not ornamented forms), and Endothyra sp.. 

 

Fig. 61 → (a) Well bedded Aituti Group limestone beneath the high east-facing cliffs towards the southern end of 

Mount Loelako, at AB477. Hammer for scale. (b) North-dipping Aitutu Group limestone beds at AB710, on the 

northern slope of Mount Lesululi. (c) Image of an acetate peel from Aitutu Group limestone at AB741, near the 

eastern edge of the Maliana basin. This sample exhibits a typical Aitutu group wackestone facies comprising 

abundant radiolaria and Halobia-type bivalve filaments in a matrix of very fine grained carbonate mud. Scale bar = 1 

mm (d, e) Samples of a brachiopod rich bed observed in the Aitutu Group at AB478. The brachiopods belong to the 

genus Halorella, suggesting a Late Triassic age. Centimetre ruler and pen for scale. (f) Facing north, approximately 1 

km west of Mount Loelako, the slopes which connect the Maliana basin to the base of Mount Loelako comprise 

Aitutu Group rocks. Heading towards Mount Loelako limestone beds get thicker and more abundant, and mudstone 

rich units lower on the slopes grade upwards into thickly bedded limestone ‘caps’ in the topography – seen here in the 

centre of frame. In the background, right of frame, are the 200-300 m high cliffs which form the southwest corner of 

Mount Lesululi. (g) Facing east, directly under and looking up at one of the limestone ‘caps’ on the western slopes 

beneath Mount Loelako, at AB630. Prolific limestone scree is shed downslope. (h) Limestone beds at the top of 

thickening-upwards bedding sequences, such as here at AB630, are thick and fossiliferous, and represent a 

transitional facies between the basinal radiolarian wackestones of the Aitutu Group and the shallow-water carbonate 

platform deposits of the Bandeira Group which comprise the Mount Loelako fatu. 
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Abundant radiolaria within a very fine grained carbonate mud may suggest a deep water, low 

energy environment, while the presence of Halobia-type bivalves suggests an oxygen deficient, 

basinal setting. Rare lenses and beds containing ooids and shallow water fauna within this 

basinal carbonate facies have been previously sampled at Mount Mundo Perdido and the 

Matebian Range; however at Mount Loelako fossiliferous beds containing abundant shallow 

water fauna are thicker and more frequent, with thickening-upwards bedding sequences clearly 

visible in outcrop (e.g. Fig. 61h). These represent a transitional facies between the basinal 

radiolarian wackestones and the shallow-water carbonate platform deposits, comprising 

fossiliferous wackestones, floatstones and bindstones, described below. They may have been 

deposited on a slope between platform and basin, frequently receiving sediment shed from the 

developing carbonate platform above. The presence of the brachiopod Halorella sp. indicates a 

Late Triassic age (Grant-Mackie pers. comm. 2013), which is also consistent with the benthic 

foraminiferal assemblages within these rocks. 

Late Triassic basinal carbonate deposits in East Timor, such as the interbedded limestones and 

mudstones of Mount Loelako, belong to the Aitutu Group of the Gondwana Megasequence (e.g. 

Audley-Charles 1968; Charlton et al. 2009; Haig 2012b). Observations of the Aitutu Group at 

Mount Loelako support observations made at the Paitchau Range by this author and others 

(Chapter 3.6.2 The Paitchau Range – Medium bedded grey wackestones; Audley-Charles 

1968; Partoyo et al. 1995; Charlton et al. 2009) of lateral and vertical gradations between, and 

interfingering of, deep water Aitutu Group facies and shallow water Banderia Group facies in 

the Triassic of East Timor. These groups are best considered end-members, with a range of 

transitional facies present between them. 

3.8.3 Fossiliferous wackestones, floatstones and bindstones 

The high cliffs of Mount Loelako and Mount Lesululi comprise well bedded to massive, grey to 

white, fossiliferous wackestones, floatstones and bindstones (Fig. 62a-d). Medium to thick 

bedding 30-200 cm is common in the southern half of Loelako, with more massive outcrop 

more frequently observed in the northern parts of Loelako, and at Lesululi. Around the cliff 
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faces these rocks are extensively recrystallised and dolomitised, with fossils overprinted by a 

white, crystalline sugary texture. However, well preserved samples contain a diverse and 

abundant faunal assemblage including gastropods, punctate brachiopods, echinoids, ostracods, 

crinoids, coral fragments, and benthic foraminifera (Fig. 62e, f). Ooids are common along with 

abundant algal material in the form of encrustations and large nodules up to 30 mm. Benthic 

foraminifera include Aulotortus sp., Duostomina sp., Duotaxis sp., Endoteba sp., Gandinella 

sp., Karaburunia sp. and Nodosaria sp.. 

The presence of large skeletal grains, ooids, corals and abundant algae suggests deposition in 

shallow water, while common, muddy wackestone and floatstone lithologies indicate a low 

energy environment, and these rocks are consistent with a shallow water, lagoonal facies on a 

carbonate platform. Benthic foraminiferal assemblages suggest a Carnian age of the Late 

Triassic.  

These rocks are the same age and represent similar shallow water carbonate platform facies to 

the Triassic wackestones and bindstones at the Paitchau Range, and this study similarly places 

them within the Bandeira Group of the Gondwana Megasequence on the same bases (Chapter 

3.6.1 The Paitchau Range – Fossiliferous packstones, wackestones and bindstones). They 

represent carbonate banks developing on isolated, submerged topographic highs within newly 

rifted basins during the breakup of Gondwana, and at Mount Loelako, are seen to grade into 

surrounding slope and basin facies. 

3.8.4 Foraminiferal mudstones and sandstones 

Foraminiferal mudstones and sandstones are widespread around the east and north of Mounts 

Loelako and Lesululi (Fig. 63). These rocks overlie all other units and appear little deformed, 

with shallow dips that are variable over the wide extent of the unit but are generally locally 

consistent. Outcrop runs alongside the eastern edge of Mount Loelako, generally beginning 200-

500 m east of the base of the high cliffs, and extends east towards the Aitasiola River where it is 

observed at the top of the river gorge. This unit is also observed very close to the eastern edge 

of Mount Lesululi, and outcrop is extensive to the north of this smaller massif. 
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Lithologies comprise friable, grey, interbedded mudstone and muddy sandstone. Around 

Loelako, outcrop is generally medium bedded, with sandstone beds 5-40 cm, though rarely up to 

100 cm, with thin mudstone interbeds less than 10 cm (Fig. 63a, b). North of Lesululi these 

units are more commonly mud dominated, comprising grey mud with thin sandstone interbeds 

approximately 1-2 cm (Fig. 63c, d). Sandstones are fine to medium grained, comprising 

subangular to more rarely subrounded quartz, mica and lithic fragments including abundant 

schist, with rare planktonic foraminifera including Globorotalia sp. and the benthic 

Pseudorotalia sp.. Mudstones contain very abundant and diverse benthic and planktonic 

foraminifera. At AB706 a 1 m thick bed of melange was observed within 5-30 cm interbedded 

sandstone and mudstone (Fig. 63e). The melange comprises very poorly sorted pebbles, cobbles 

and boulders within a mud matrix. 

On the eastern side of Mount Loelako the friable sandstone and mudstone succession grades 

upwards into an indurated interbedded sandstone and gravel/pebble/cobble conglomerate unit, 

which forms a series of small cliffs near the road (Fig. 63f). Clasts within the conglomerate are 

mainly very fine grained igneous material, but also contain schist, mudstone and various 

limestone clasts belonging to both the Aitutu Group and Bandeira Group. 

Planktonic foraminifera within the mudstones suggest an upper bathyal depositional 

environment for the muddy lithologies north of Mount Lesululi, and an outer neritic to upper 

bathyal depositional environment for the more sandstone rich sequences closer to Mount  

Fig. 62 ← (a) Facing south at AB475, with the high eastern cliffs of Mount Loelako extending into the distance. The 

sub-vertical cliff faces are bedding planes of medium to thickly bedded Bandeira Group limestones. (b) At the top of 

Mount Loelako, facing south, at AB655. Medium bedded Bandeira Group limestones dip steeply to the east, the 

broken ends of bedding planes forming the jagged top of the Mount Loelako ridge. (c) Facing south, at the base of the 

east-facing cliffs of Mount Loelako, near the fatu’s southern end, at AB469. Babulu Group limestones dip steeply to 

the east, with bedding planes forming the cliff face. The Babulu Group facies at AB469 is radiolarian rich and 

abundant chert nodules are visible in outcrop, aligned with bedded. This facies may be transitional between the 

Bandeira Group and the Aitutu Group, which outcrops beneath the cliffs in the south-eastern corner of Mount 

Loelako. (d) Thickly bedded Bandeira Group limestones dipping steeply to the east on the eastern side of Mount 

Loelako, at AB482. (e) Many Bandeira Group rocks at Mount Loelako are extensively recrystallised, however 

foraminifera tests are still clearly visible in acetate peels, such as this duostominid from an acetate peel of sample 

AB474. Scale bar = 0.5 mm. (f) Bandeira Group rocks at Mount Loelako often contain large skeletal grains, such as 

this punctate brachiopod fragment in an acetate peel from sample AB658. Scale bar = 1 mm. 
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Fig. 63. (a) Interbedded foraminiferal sandstones and mudstones of the Viqueque Group at AB640, 650 m east of the 

high eastern cliffs of Mount Loelako. Bedding dips 25° towards east-southeast (b) Viqueque Group sandstones and 

mudstones at AB641, approximately 1.4 km north-northeast of AB640 and 600 m from the high eastern cliffs of 

Mount Loelako. Bedding here dips 26° to the northwest. Hammer for scale. (c) Mud dominated Viqueque Group 

facies at AB703, north of Mount Lesululi. Hammer for scale (d) More mud dominated Viqueque Group at AB707, 

northeast of Mount Lesululi. Some coarse grained pebble rich beds are visible high in the succession, top right of 

frame. (e) A bed of melange approximately 1 m thick (outlined) within 5-30 cm interbedded Viqueque Group 

sandstones and mudstones at AB706. Hammer for scale. (f) Facing south, approximately 500 m east of Mount 

Loelako at its northern end, the high cliffs of the fatu visible top-right of frame. The Viqueque Group here dips 

southwest, towards Mount Loelako. Stratigraphy grades upwards from sandstones and mudstones to a 

gravel/pebble/cobble conglomerate unit several metres thick, outlined centre of frame. Locality AB644. 
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Loelako (Haig pers. comm. 2013). Broad foraminiferal species are consistent with a Neogene to 

Quaternary age (Appendix 1), with more specific assemblages confining some samples to N21-

N22 of the latest Pliocene to Early Pleistocene. 

The age and lithofacies of the foraminiferal mudstones and sandstones of Mount Loelako place 

them within the Viqueque Group of the Synorogenic Megasequence (Audley-Charles 1968; De 

Smet et al. 1990; van Marle 1991a, b; Haig & McCartain 2007; Haig 2012a). At Mount Loelako 

these rocks are seen to overlie all older lithologies, and their friable texture and consistent, 

shallow dips are typical of the Synorogenic Megasequence in East Timor. They represent slow 

deposition of muds and planktonic foraminifera in deep water, periodically interrupted by pulses 

of sediment shed from an emerging island. 

 

3.9 The Saburai Range 

As Mount Loelako bounds the eastern edge of the Maliana basin, so does the Saburai Range 

bound the basin’s south-eastern edge (Figs 10, 64). Rising to a similar height as Mount Loelako, 

slightly over 1900 m above sea level, it is a much longer and broader massif, measuring 15 km 

along its southwest-northeast oriented long axis, and a little over 4 km across its widest point, 

towards the southern end of the range (Figs 64, 65). The massif comprises one narrow ridge in 

the north, and two parallel ridges side-by-side in the south, all oriented southwest-northeast, 

with the northern and southern sections separated by a saddle at approximately 1500 m altitude 

(Fig. 64). The saddle extends south into narrow basin between the two southern ridges, around 4 

km long but no more than 1 km wide, which sits at an altitude of 1500-1600m above sea level 

(Fig. 64). The Saburai Range has steep cliffs along both its north-western and south-eastern 

edges, but those on the northwest are the largest, rising over 600 m from their base near Saburai 

village to the top of the north-western ridge. From the base of the cliffs, muddy lowlands 

descend gently into the Maliana basin over a distance of approximately 5 km.  

The northern tip of the Saburai Range was sampled briefly in 2010 as part of reconnaissance 

mapping around Mount Loelako, and during travel to and from Mount Taroman reconnaissance 
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mapping and sampling were conducted along the road which runs along the south-eastern edge 

of the range. A further seven days were spent mapping the Saburai Range in 2011 as part of a 

more comprehensive study including Mount Loelako and the Maliana basin. Rock units are 

listed in ascending stratigraphic order and age. 

3.9.1 Coarse grained sandstones and breccias 

The northern tip of the Saburai Range is capped by a 50-60 m thick package of coarse grained 

sandstones and breccias (Fig. 66). They overlie well bedded fossiliferous limestones, which 

comprise the bulk of the Saburai massif, along a shallow, mostly north-dipping thrust fault (Fig. 

66a, b & c), forming a klippe at the tip of the range approximately 1.5 km long and 750 m wide 

(Fig. 65). Red-grey, medium bedded sandstones (Fig. 66d) comprise poorly sorted, medium to 

very coarse grains of mainly volcanic material. Grains are very well rounded, and appear to be 

formed of iron rich basalt, black or weathered brown to red, in which small feldspar laths are 

occasionally visible. Occasional biogenic material is observed, including calcareous green 

algae, crinoids and bryozoans, including fenestrate types (Fig. 66e). Breccias are reddish-green 

to grey, massive to thickly bedded and comprise very poorly sorted angular volcanic clasts 5-50 

mm in size within a sandy matrix. This matrix appears similar in composition to the coarse 

grained sandstones, although biogenic grains are less frequent, comprising mainly small 

fragments of calcareous algae.  

The faunal assemblage within these rocks suggests marine deposition, while the large, well 

rounded grains within the sandstones suggest a high energy environment. A proximal volcanic 

terrane has supplied the majority of sediment comprising the sandstone, with eruptive events 

likely providing the large, angular clasts within the breccias. These rocks would be consistent 

with a shallow, high energy shoreline environment with nearby active volcanism. 

Fig. 64 → Aerial photograph of the Saburai Range illustrating sample points and 100 m topographic contours. The 

southern tip of Mount Loelako is visible top right of frame. 

Fig. 65 →→ Interpreted geological map of the Saburai Range, constructed using mapped outcrops and aerial 

photographs. See text for detailed descriptions of geology. 
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The limited fossil assemblage is not sufficient for a definitive age determination, but reddish 

coloured limestones and biocalcarenites with abundant crinoids and fenestrate bryozoans are 

typical of the latest Carboniferous and Permian in Timor (Audley-Charles 1968; van Bemmelen 

1970; Hamilton 1979; Bird & Cook 1991; Charlton et al. 2002; Davydov et al. 2013, 2014; 

Haig et al. 2014). 

Permian strata in Timor has two main end member groups, the carbonate dominated shallow 

water Maubisse Group and the siliciclastic dominated basinal Cribas Group, with volcanics 

interbedded in both groups (Haig 2012b). The coarse grained sandstones and breccias from the 

Saburai Range are very similar to the volcaniclastic sands of the Maubisse Group described by 

Bird (1987) from West Timor. Rocks described by Bird (1987) “have the texture of 

grainstones”, with well-rounded volcanic clasts of high sphericity, in hand specimen resembling 

black ooliths. Each clast is formed of weathered iron rich basalt with visible interlocking 

feldspar laths, and the rocks are rich in bioclasts including brachiopod shell debris, echinoderm 

plates and spines, and small benthic foraminifera (Bird 1987). Based on their probable Permian 

age, and very close lithofacies correlation to the Maubisse volcaniclastic sands of Bird (1987), 

this study places the coarse grained sandstones and breccias of the Saburai Range in the 

Maubisse Group of the Gondwana Megasequence. They were likely deposited proximal to 

volcanism, within a shallow, high energy shoreline environment in an actively spreading 

Permian basin. 

The Saburai Range has been mapped by most previous studies as a massive nappe of Permian 

limestone (e.g. Gageonnet & Lemoine 1958; Audley-Charles 1968; Partoyo et al. 1995). This is 

likely due to the fact that the most accessible part of the mountain is the northern tip, so most 

previous mapping has sampled these Permian volcaniclastics and biocalcarenites which have 

then been extrapolated to the rest of the massif. This study confirms that there is a nappe of 

Permian rocks present, sitting on a clearly visible low angle thrust, however it is confined to the 

northern 1.5 km of the Saburai Range, the majority of which comprises Triassic lithologies. 
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Fig. 66. (a) Facing northwest towards the northern tip of the Saburai Range, approximately 2 km southeast of the 

mountain. Sitting over the northern tip of the range, centre-right of frame, is a 50-60 m thick package of coarse grained 

sandstones and breccias of the Maubisse Group, overlying well bedded fossiliferous limestones which make up the bulk of 

the Saburai Range on a low angle thrust fault (interpreted on the image with a dashed line). The difference in lithologies 

between the klippe and the underlying limestones is evident even from this distance. The Maubisse Group rocks have 

weathered into rounded profiles, in contrast to the blocky, angular limestones elsewhere on the range, and the grassy 

vegetation cover of the klippe sits in stark contrast to the thick jungle foliage growing over the Saburai Range to the south. 

(b) Close-up image of the Maubisse Group klippe from the same vantage point of the previous photograph. The 

interpreted, mostly north dipping thrust is again shown with a dashed line. (c) Photographer standing near the southern 

thrust contact of the Maubisse Group with underlying Bandeira Group limestones, at AB739, facing south looking out 

over the klippe. The rounded morphology and grassy vegetation cover is very different to the blocky limestone and thick 

jungle elsewhere on the Saburai Range (d) Outcrop of medium bedded, course grained Maubisse Group sandstone from 

AB738, on the eastern side of the klippe. Hammer for scale. (e) Image of an acetate peel taken from AB738, illustrating 

lithic and biogenic grains in the rock framework. A large bryozoan fragment sits at centre of frame. Scale bar = 1 mm. 
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3.9.2 Grey mudstones with sandstone interbeds 

There is little outcrop within the high basin between the two southern ridges of the Saburai 

Range, but most subcrop appears to be recessive orange/grey mudstone (Fig. 67a). The best 

outcrop was observed at AB753, close to the northern end of the basin, which comprises thinly 

interbedded grey siliciclastic mudstone and grey, fine grained micaceous sandstone (Fig. 67b), 

with Chondrites trace fossils evident within the mudstone beds. Washed mudstone residues 

yield radiolaria, Bathysiphon sp. (with dark colour indicating high temperatures due to burial), 

and rare foraminifera including Ammodiscus sp. and ?Carteriella manelobasensis (Haig & 

McCartain 2010). Just north of, and slightly below, the elevated basin, large sandstone boulders 

are observed strewn chaotically within the saddle that separates the southern and northern ridges 

of the Saburai Range (Fig. 67c). They comprise medium to thinly bedded fine sandstone with 

minor cross-bedding (Fig. 67d) and occasional thin mudstone laminae less than 1 mm (Fig. 

67e). These likely represent the erosional remains of a previous landscape, and may be related 

to the mudstones and sandstones observed to the south within the basin, perhaps representing 

thick sandstone packages within the succession which have been the most resistant to 

weathering. Micaceous mudstones with thin sandstone interbeds are also observed down on the 

lower slopes of the Saburai Range, towards the base of the massif well below the high limestone 

cliffs, on both the north-western (Fig. 67f, g) and south-eastern (Fig. 67h) edges of the range. 

These mudstones contain abundant sulphides, mostly in the form of internal moulds of very 

small (< 150 μ) gastropods and bivalves. Chondrites trace fossils indicate anoxic conditions 

within the mudstones, which is supported by the presence of abundant sulphides. This is 

consistent with deposition in a deep water, low energy environment. Sandier facies however 

display some minor cross-bedding, evidence of deposition above storm wave base, and the thick 

sandstone packages were probably deposited in shallower water within the offshore transition 

zone. Benthic foraminiferal species are consistent with a Late Triassic age. 

Siliciclastic mudstone and sandstone successions of the Triassic in Timor belong to the Babulu 

Group of the Gondwana Megasequence (Haig 2012b). They were deposited as terrestrially 
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derived sediment from river systems infilled basins within the East Gondwanan Rift System. 

Siliciclastic Babulu Group rocks appear to overlie Bandeira Group limestones (Chapter 3.9.4 

The Saburai Range – Fossiliferous wackestones, floatstones and bindstones) at the top of 

the Saburai Range, implying that they are at least in part younger deposits. Similar relationships 

have been observed at the Bandeira Gorge and elsewhere in East Timor (Haig pers. comm. 

2013). 

3.9.3 Interbedded grey limestones and mudstones 

The saddle separating the northern and southern ridges of the Saburai Range comprises medium 

bedded, grey limestones and mudstones (Fig. 68a). 10-30 cm beds of highly bioturbated, muddy 

wackestone are interbedded with thinner mudstone beds generally less than 5 cm thick (Fig. 

68b, c). Wackestones contain abundant radiolaria, Halobia-type shell filaments, and some 

benthic foraminifera, mainly Lenticulina sp. (Fig. 68d).  

On the south-eastern flank of the Saburai range, approximately 1.5 km south of the saddle but at 

a similar 1500 m altitude, similar interbedded, grey limestones and mudstones are observed, 

however with generally thicker limestone beds 10-100 cm interbedded with fissile, grey 

mudstone beds 1 to 30 cm (Fig. 68e). Limestones show similar extensive bioturbation but are 

far more fossiliferous than those sampled within the saddle, containing fragments of echinoids, 

crinoids, bryozoans and punctate brachiopods, and a more diverse foraminiferal assemblage 

including Nodosaria sp., Lenticulina sp. and Pamula sp. (e.g. Fig. 68f). 

Fig. 67 → (a) Recessive orange/grey Babulu Group mudstone found is throughout the high basin between the two 

southern ridges of the Saburai Range, locality photographed here is AB754. Hammer for scale. (b) Steeply dipping, 

fine grained, micaceous sandstone and grey mudstone at AB753, hammer for scale. (c) Large sandstone boulders 

within the saddle that separates the southern and northern ridges of the Saburai Range at AB696, most likely 

representing the erosional remains of a previous landscape (d) Sandstones at AB696 display swaley cross bedding 

typical of Babulu Group sandstones elsewhere in East Timor. A5 notebook for scale. (e) Close up of a sandstone 

sample from AB696 showing thin mudstone laminae, pen for scale (f) Babulu Group micaceous mudstones with thin 

sandstone interbeds at AB731, beneath the north-western corner of the Saburai Range. (g) Sulfide-rich, grey Babulu 

Group mudstone with thin to medium sandstone interbeds at AB419, also beneath the north-western corner of the 

Saburai Range. (h) Grey, micaceous mudstones of the Babulu Group at AB611, at the southern end of the Saburai 

Range’s south-eastern flank. Hammer for scale. 
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Abundant radiolaria with Halobia-type bivalves within a very fine grained carbonate mud 

suggests a deep water, low energy, oxygen deficient basinal setting. As at Mount Loelako, thick, 

fossiliferous beds containing abundant shallow water fauna are sometimes found within this 

sequence at the Saburai Range. These may represent a transitional facies between the basinal 

radiolarian wackestones and the shallow-water carbonate platform deposits which comprise the 

high cliffs of the Saburai massif (see below, Chapter 3.9.4 Fossiliferous wackestones, 

floatstones and bindstones). Benthic foraminiferal assemblages within these rocks are 

consistent with a Late Triassic age. 

Along with similar Late Triassic basinal carbonate deposits in East Timor (e.g. Audley-Charles 

1968; Charlton et al. 2009; Haig 2012b), the interbedded grey limestones and mudstones of the 

Saburai Range belong to the Aitutu Group of the Gondwana Megasequence. As at Mount 

Loelako, thicker, fossiliferous limestone beds with abundant shallow water fauna within the 

succession may represent transitional facies between the basinal Aitutu Group and the shallow 

water, carbonate platform Bandeira Group. 

3.9.4 Fossiliferous wackestones, floatstones and bindstones 

With the exception of the sandstones and breccias at the northern tip, all of the high cliffs of the 

Saburai Range comprise fossiliferous limestones (Fig. 69a-d). Sampled outcrops comprise most 

commonly wackestones, floatstones and bindstones, with subordinate packstones and 

grainstones also observed. These limestones are highly indurated, grey to white in colour and 

medium to thickly bedded, most commonly 30 cm to 3 m (Fig. 69a, b & c), although sometimes 

appear massive, particularly high on the northwest facing cliffs in the south of the range. 

Extensive recrystallization and dolomitisation are common, with dolomite sometimes appearing 

in outcrop as mottled, black, 30-100 cm thick bands of small rhombic crystals (Fig. 69d).  

Wackestones, floatstones and bindstones contain a diverse and abundant fossil assemblage 

including gastropods, brachiopods, echinoids, ostracods, bryozoans and thaumatoporellacean 

algae. Diverse benthic foraminifera include Aulotortus sp., Duostomina sp., Endothyra sp., 

Gandinella sp., Karabarunia sp., Lenticulina sp. and Siphovalvulina sp. (Fig. 69e-h).  
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Fig. 68. (a) Looking out over the saddle that separates the northern and southern ridges of the Saburai Range, near 

AB686.  This saddle comprises Aitutu Group interbedded limestones and mudstones. (b)Aitutu Group limestone beds 

jut out from surrounding recessive mudstones at AB686 (c) A limestone sample from AB686 shows extensive 

bioturbation. (d) Image from an acetate peel taken from an Aitutu Group limestone at AB686. The peel contains 

radiolaria and rare, small foraminifera in a carbonate mud matrix. Scale bar = 0.5 mm. (e) Well bedded Aitutu Group 

limestones on the south-eastern flank of the Saburai Range at AB759, approximately 1.5 km southeast of the saddle 

(f) Image from an acetate peel of a limestone sample from AB759. Some Aitutu Group beds at AB759 are extremely 

fossiliferous. Like similar fossiliferous Aitutu Group beds at Mount Loelako, these may represent transitional facies 

between the basinal Aitutu Group and the shallow water, carbonate platform Bandeira Group that comprises the fatu 

above. 
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Rare ooids are observed in the muddier wackestones and floatstones but are far more abundant 

within packstones and grainstones, where they form the dominant grain type (Fig. 69e-h). 

Like the wackestones, floatstones and bindstones at Mount Loelako, the presence of large 

skeletal grains, ooids, corals and abundant algae suggests deposition in shallow water, while a 

large carbonate mud component indicates a fairly low energy environment. This is consistent 

with deposition in shallow water, lagoonal facies on a carbonate platform. Rarer ooid 

packstones and grainstones would have been deposited in higher energy conditions, where wave 

or tide action has winnowed out the mud component, and these lithologies most likely represent 

shallower or less restricted parts of the carbonate platform. Benthic foraminiferal assemblages 

are consistent with a Late Triassic age. 

These rocks belong to the same Late Triassic shallow water carbonate platform facies as the 

wackestones, floatstones and bindstones sampled at the Paitchau Range and Mount Loelako, 

and this study places them within the Bandeira Group of the Gondwana Megasequence on the 

same basis (Chapter 3.6.1 The Paitchau Range – Fossiliferous packstones, wackestones and 

bindstones). They represent carbonate banks developing on isolated, submerged topographic 

highs within newly rifted basins during the breakup of Gondwana. Reconnaissance mapping has 

previously interpreted these rocks as Permian Maubisse Formation (e.g. Gageonnet & Lemoine 

1958; Audley-Charles 1968; Partoyo et al. 1995), however as described above (Chapter 3.9.1 

The Saburai Range – Coarse grained sandstones and breccias) this is most  

Fig. 69 → (a) Facing southeast, looking up towards the high limestone cliffs of the Saburai Range from locality 

AB680. These cliffs comprise medium to thickly bedded Bandeira Group limestones. Here, bedding appears to dip 

shallowly to the right of frame (southwest) (b) Facing southwest at AB749, looking out along the top of the Bandeira 

Group limestone cliffs in the previous photograph. The cliffs drop away into the Maliana basin to the right of frame. 

(c) Fossiliferous Bandeira Group limestone at AB699, in the central region of the Saburai Range at approximately 

1600 m above sea level. Hammer for scale. (d) A large boulder which has fallen from the high, northwest facing cliffs 

of the Saburai Range, at AB748. The dark bands in the rock are formed by layers of dolomitisation, which appear to 

be parallel to bedding (although this boulder  has fallen and bands are now at right angles to their original, shallowly 

dipping orientation in the cliff, see Fig. 69a). Note field assistant at top of boulder for scale. (e) Image of an acetate 

peel from a Bandeira Group ooid packstone at AB679. Scale bar = 1 mm (f) Thaumatoporellacean algae in an acetate 

peel taken from a Bandeira Group ooid packstone at AB699 (g) Image of an acetate peel from a Bandeira Group ooid 

packstone at AB699. A small foraminifera sits at centre of frame, possibly Aulotortus sp.. Scale bar = 0.5 mm (h) A 

duostominid foraminifera in an image of an acetate peel taken from AB699. Scale bar = 0.5 mm. 
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likely due to previous sampling being limited to Permian outcrops on the northern tip of massif. 

This study shows that the Saburai Range comprises predominantly Triassic, Bandeira Group 

limestones. 

3.9.5 Igneous rocks 

A small zone of igneous rocks is observed low on the south-eastern flank of the Saburai Range, 

below the saddle, comprising volcanic cobbles and boulders up to 3 m in size within a matrix of 

red/green/grey scaly mud (Fig. 70a, b). The road which parallels the massif along its south-

eastern flank cuts through this zone for approximately 300 m, with bedded limestones and 

mudstones outcropping to the north and south. A very similar outcrop is observed 1 km west-

northwest of this zone, approximately 200 m higher up the mountain within the saddle of the 

Saburai Range. Here are found the same volcanic boulders, though mostly smaller in size at less 

than 1 m, within a matrix of red-brown mud (Fig. 70c). Most volcanic rocks sampled within this 

zone are green-grey, fine grained vesicular basalts (Fig. 70e), with prominent striations 

observed on the sides of many blocks. 

The vesicular texture of these rocks indicates that they were originally formed by eruptions of 

basaltic magma at or near the surface. Now outcropping as chaotic boulders within a scaly mud 

matrix, with prominent striations evidence of shearing and movement among blocks, these 

vesicular basalts have since been incorporated into a tectonic melange zone. Such zones are 

common throughout Timor, as fluid-saturated Gondwana Megasequence mudstones, 

overpressured during collision, have been brought to the surface via fault zones and shale 

diapirism, bringing with them exotic blocks of many different lithologies (Barber et al. 1986; 

Harris et al. 1998). No geochemical analysis has been carried out on these blocks, and in the 

absence of any coherent stratigraphy it is not possible to provide these melange blocks with a 

definitive age determination. 

Rocks of a variety of ages and tectonostratigraphic affinities are observed incorporated into 

zones of tectonic melange in East Timor (Harris et al. 1998). Volcanics within melange at the 

Saburai Range have potentially been sourced from either volcanic sequences within the 
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Gondwana Megasequence or Banda Megasequence (Fig. 9). Vesicular basalts are most 

commonly observed within the Permian in Timor (de Roever 1942; Audley-Charles 1968; 

Barkham 1993; Sawyer et al. 1993), however there is no reason that they should not also occur 

within younger, Barique Group volcanics of the Banda Megasequence, which have been 

observed incorporated into melange zones at Mount Mundo Perdido (Chapter 3.2.5 Mount 

Mundo Perdido – Igneous and metamorphic rocks).  

 

Fig. 70. (a) A large mafic volcanic boulder within a matrix of red/green/grey scaly mud at AB692, part of a tectonic 

melange zone. (b) Many smaller volcanic cobbles are also present within the mud matrix in this zone. This 

photograph is at AB693, 300 m northwest along the road from AB692. Hammer for scale. (c) 1 km west-northwest of 

this zone, and 200 m higher up the mountain, similar outcrop of volcanic cobbles within a matrix of red-brown mud 

is present at AB697. Hammer for scale. (d) A sample of a volcanic cobble from AB693 illustrating its fine grained, 

vesicular texture. Pen for scale. 
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However, if the melange at the Saburai Range is a result of overpressured muds rising to the 

surface through fault zones (Barber et al. 1986; Harris et al. 1998), it would be expected that the 

exotic blocks incorporated in them would be sourced from the underlying stratigraphy.  

At the Saburai Range, this particular melange zone occurs within Triassic Bandeira Group 

limestones, and it is more likely that the volcanic blocks came from underlying Permian units 

rather than the Banda Megasequence which occurs as thrust sheets at high structural levels 

(Harris 2006). Therefore, the igneous rocks within the melange zone at the Saburai Range most 

likely originated in either the Maubisse or Cribas groups of the Gondwana Megasequence. 

 

3.10 The Maliana basin 

Timor Island has a boomerang-shaped outline, with the Maliana basin situated right at the bend, 

where the northeast strike of West Timor changes abruptly to the east-northeast strike of East 

Timor (Fig. 2). Approximately 15 km wide, the floor of the basin is strikingly flat, although it 

has a slight gradient from 200 m above sea level in the southeast to less than 100 m in the 

northwest (Fig. 71). Outside of the coastal plains it is by far the lowest, flattest expanse of land 

in East Timor.  

 

 

Fig. 71 → Aerial photograph of the Maliana basin region illustrating sample points, 100 m topographic contours, and 

main geomorphic features. Mount Loelako and the Saburai Range are situated on the right and bottom right of the 

map, respectively. The bottom left of the map is Indonesian territory for which this study has no geological or 

geographical data. 

Fig. 72 →→ Interpreted geological map of the Maliana basin region, constructed using mapped outcrops and aerial 

photographs. See text for detailed descriptions of geology. Areas not sampled by this study (e.g. the central north 

portion of the map) are modified after Partoyo et al. (1995) using aerial photographs. Lithologies in these areas not 

described in the text include the Dilor Conglomerate (Conglomerates and coarse sands in the upper part of the 

Viqueque Group – Audley-Charles, 1968) and the Aileu metamorphics (metamorphosed lower Gondwana 

Megasequence rocks, see Fig. 9. Aileu metamorphics were observed by this study in the mapped area on a 

reconnaissance traverse but not sampled). 



14
5 

 



14
6 

 



14
7 

 



14
8 

 



149 
 

The basin is bounded by the high limestone ridges of Mount Loelako and the Saburai Range to 

the east and southeast (Figs 71, 72). The southern and western edges of the basin are also 

sharply defined but comprise much lower, rounded hills of mudstone and other more friable 

lithologies (Figs 71, 72).   

The basin is bounded by large rivers on all sides which are coincident with the well-defined 

change in topography at the basin margins (Fig. 71).  The Malibaca River runs northwest close 

to the basin’s southern boundary, before meeting the Nunutura River at the basin’s western 

edge, and forms part of the border of East Timor and Indonesia. The Bulubo River runs north 

below Mount Loelako, along the eastern boundary of the Maliana basin, before it also meets the 

Nunutura River at the basin’s northern tip. The Nunutura River defines the north-western 

boundary of the Maliana basin, before merging with the Bulubo to form the Bebai River. At its 

northern tip the boundaries of the Maliana basin narrow to a gap approximately 3-4 km wide, 

allowing the Bebai to exit and eventually drain into the Timor Sea (Fig. 71). 

Several days were spent investigating the eastern and south-eastern boundaries of the Maliana 

basin as part of mapping around Mount Loelako and the Saburai Range in 2011. A further two 

days were spent investigating the western and northern extents of the basin, and the hills 

beyond, by vehicle transects at the end of the 2011 field season. The southern edge of the basin 

is situated across the border in Indonesia and was not accessible. Rock units are listed in 

ascending stratigraphic order and age. 

3.10.1 Grey mudstones with discontinuous sandstone interbeds 

These rocks comprise the majority of the western margin of the Maliana basin, forming the 

eroded hilly landscape immediately west of the Nunutura River (Fig. 73a-d), and are sometimes 

observed faulted against friable chalks of the synorogenic Viqueque Group. They consist of 

grey mudstones containing blocks up to 2 m thick of laminated fine to medium grained, 

micaceous quartz sandstone. The sandstone blocks often contain swaley and hummocky cross-

bedding (Fig. 73d), and are faulted and disjointed in ‘broken-formation facies’ style (Harris et 

al. 1998), (Fig. 73a). Similar grey to reddish-grey mudstones are observed at AB743 on the 
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southern margin of the Maliana basin, 3.5 km northwest of the Saburai Range (Fig. 73e, f). 

Outcrops here have much thinner sandstone interbeds, generally 1-2 cm, which are more 

continuous but extensively folded.  

Equivalent to the ‘broken formation facies’ mudstones and sandstones found near the Ossu fatus 

(Benincasa et al. 2012), these rocks were likely deposited in a prodelta setting where terrigenous 

muds, sands, and micas from river systems were deposited within the offshore transition zone, 

with cross-bedding formed during episodic high energy storm conditions. These outcrops were 

not sampled for biostratigraphy. 

On the western boundary of the Maliana basin these units are lithologically identical to the 

‘broken formation facies’ Babulu Group mudstones and sandstones mapped around Ossu 

(Benincasa et al. 2012) and this study places them within the Babulu Group of the Gondwana 

Megasequence based on lithofacies correlation. The folded, thinly bedded mudstones and 

sandstones outcropping at AB743 show more similarity to the folded Babulu Group units at the 

bases of Mount Loelako and the Saburai Range (Chapters 3.8.1 Thinly bedded, folded 

sandstones and mudstones, 3.9.2 Grey mudstones with sandstone interbeds) and outcrop is 

possibly contiguous with these units along the lower western flank of Saburai. 

3.10.2 Thinly bedded limestones and mudstones 

Thinly bedded limestones and mudstones were observed in roadside outcrop just beyond the 

south-western boundary of the Maliana basin, as the flat topography of the basin begins to slope 

upwards towards the base of the Saburai Range, approximately 3.5 km northwest of the massif. 

These rocks comprise thinly bedded soft, grey mudstone with indurated white to brown 

limestone beds generally less than 10 cm (Fig. 74a). The limestone beds are wackestones which 

show evidence of burrowing and bioturbation. They contain abundant radiolaria and thin, 

Halobia-type bivalve filaments concentrated in thin layers (Fig. 74b). 
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Fig. 73. (a) The Babulu Group in the western margin of the Maliana basin, near the intersection of the Malibaca and 

Nunutara rivers, comprises metre-scale blocks of broken and disjointed well bedded sandstones within grey 

mudstones, in ‘broken-formation facies’ style (Harris et al. 1998). Outcrop pictured is approximately 300 m east of 

AB626 (b) At AB775, approximately 3 km west of the north-western corner of the Maliana basin, the Babulu Group 

comprises similar ‘broken-formation’ facies sandstones and mudstones, although outcrop here is more weathered. A5 

notebook for scale. (c) Interbedded sandstones and mudstones of the Babulu Group at the northern tip of the Maliana 

basin at AB770 (d) Swaley cross-bedding typical of Babulu Group sandstones is visible in outcrop at AB770. 

Hammer for scale (e, f) Mud rich Babulu Group facies at AB743 on the southern margin of the Maliana basin. 

Outcrop here is extensively folded. Geologist and hammer for scale respectively. 
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Abundant radiolaria with Halobia-type bivalves within a very fine grained carbonate mud 

suggests a deep water, low energy, oxygen deficient basinal setting. No foraminifera were 

observed in this sampled outcrop to provide an age determination, however the radiolaria- 

Halobia bivalve facies of these rocks appears typical of the Late Triassic in Timor. 

The radiolarian-Halobia wackestone facies of these rocks is identical to that of the Aitutu Group 

observed elsewhere in Timor (e.g. Audley-Charles 1968; Charlton et al. 2009; Haig 2012b; 

Chapters 3.2.2 Mount Mundo Perdido – Radiolarian limestones, 3.6.2 The Paitchau Range 

– Medium bedded grey wackestones, 3.7.3 The Matebian Range – Medium bedded 

limestones and mudstones, 3.11.1 Mount Taroman – Cherty limestones, 3.8.2 Mount 

Loelako – Interbedded limestones and mudstones; 3.9.3 The Saburai Range – Interbedded 

grey limestones and mudstones), and its outcrop style is very similar, although the bedding at 

AB674 is slightly thinner than the medium bedding usually observed closer to fatus. This study 

places the thinly bedded limestones and mudstones sampled in the Maliana basin within the 

Aitutu Group of the Gondwana Megasequence on the basis of lithofacies correlation. 

 

 

Fig. 74. (a) Thinly bedded Aitutu Group limestones and mudstones at AB674, in the south-eastern corner of the basin 

just as the topography begins to slope upwards towards the Saburai Range. Limestone beds here are thinner than 

those usually observed within the Aitutu Group. Hammer for scale. (b) Microfacies at AB674 are typical of the 

Aitutu Group. Seen here in an acetate peel, they comprise Halobia-type bivalve filaments concentrated in thin beds 

and abundant radiolaria within a fine grained carbonate mud matrix. Scale bar = 1 mm.   
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3.10.3 Foraminiferal limestones 

Samples of two different foraminiferal limestone lithologies were collected as scree shed from a 

small, heavily vegetated hill approximately 2.5 km northwest of the north-western margin of the 

Maliana basin (Fig. 75a, b), both samples comprising white wackestones with abundant larger 

benthic foraminifera. AB776A is a muddy wackestone containing abundant benthic 

foraminifera Alveolina sp. (Fig. 75c), along with rare, small planktonic forms and shelly debris. 

AB776B is a wackestone containing more diverse benthic foraminifera including Spiroclypeus 

sp., Lepidocyclina (Nephrolepidina) spp. with rare Lepidocyclina (Eulepidina sp.), along 

with rare small planktonic foraminifera, and mollusc and coral fragments (Fig. 75d). 

 

 

Fig. 75. (a) Facing south, limestone scree (foreground) is shed from a heavily vegetated hill (background) at AB776, 

approximately 2.5 km northwest of the north-western margin of the Maliana basin (b) Close up of one of the boulders 

in scree, this particular sample comprises Booi Group limestone. Hammer for scale. (c) Image from an acetate peel 

taken from sample AB776A, showing a large benthic foraminifera Alveolina sp.. Scale bar = 1 mm (d) Image from an 

acetate peel taken from sample AB776B. Centre of frame is the larger benthic foraminifera Lepidocyclina sp., typical 

of Booi Group limestones in East Timor. Scale bar = 1 mm. 
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The presence of corals and abundance of larger hyaline benthic foraminifera within the 

limestones suggests deposition in clear water, neritic environments. The presence of Alveolina 

sp. within AB776A suggests an Eocene age, while a larger benthic foraminiferal assemblage 

dominated by Spiroclypeus sp., Lepidocyclina (Nephrolepidina) spp. with rare 

Lepidocyclina (Eulepidina) places sample AB776B within the upper Te Letter Stage of the 

earliest Miocene. 

AB776A is a similar Eocene, neritic, Alveolina rich facies to the Dartollu Formation of Audley-

Charles (1968) and the Dartollu Group limestones sampled at Mount Bibileu (Chapter 3.5.4 

Mount Bibileu – Foraminiferal limestones), and are on the same basis placed within the 

Dartollu Group of the Banda Megasequence. AB776B is identical in age and facies to the 

Lower Miocene larger foraminiferal limestones found at Mount Mundo Perdido and Mount 

Laritame (Chapters 3.2.7 Mount Mundo Perdido – Foraminiferal limestones and 

associated mudstones and sandstones, 3.3.5 Mount Laritame – Foraminiferal limestones 

and associated sandstones and sandy mudstones), and is similarly placed within the Booi 

Group of the Banda Megasequence. The close association in outcrop of these two samples 

supports their attribution to the same tectonostratigraphic terrane. 

3.10.4 Friable mudstones, muddy sandstones and sandstones 

These were observed outcropping in the incised banks of small streams and rivers within the 

south-eastern parts of the Maliana basin, where the floor of the basin is topographically highest, 

approximately 200-250 m above sea level (Fig. 71). They comprise well bedded mudstones 

with 2-20 cm thick interbeds of friable sandstones and muddy sandstones (Fig. 76a-f). The 

friable sandstones contain mostly subangular quartz and lithic fragments, predominantly schist. 

Washed mudstone residues yield abundant biota, including diverse and abundant planktonic 

foraminifera, rarer benthic foraminifera, gastropods, bivalves and in one sample a crab claw. 

These rocks show little evidence of deformation and have a constant, shallow dip of 20-30° 

towards the northwest (e.g. Fig. 75a, c, & e). Moving further south towards the Saburai Range, 

dips increase to over 40° with a dip direction closer to the north (e.g. Fig. 75f).   
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Fig. 76. (a) AB744, approximately 2 km south-southwest of Maliana, in the southeast corner of the Malian basin. 

Well bedded, brown-grey Viqueque Group sandstones and mudstones are exposed alongside many small rivers and 

streams in this area. Interpreted with a dashed line is the unconformity between the Viqueque Group and overlying 

Quaternary alluvial deposits. (b) The Viqueque Group similarly outcropping beneath alluvial deposits in a stream 

bank at AB659, approximately 400 m northwest of AB744. Unconformity again interpreted with a dashed line. (c) 

Another perspective at AB659, illustrating the well bedded, gently dipping strata of the Viqueque Group. Note 

hammer for scale in bottom right of frame. (d) Close-up of a sandstone bed at AB659, which shows a fining up in 

grainsize and thin mudstone laminae at the top of the bed. Hammer for scale. (e) The Viqueque group at AB670 dips 

gently to the northwest. This outcrop is approximately 600 m southwest of AB744. (f) Viqueque Group at AB672, 2 

km southwest of AB744. Beds dip approximately 45° at this outcrop, and dip in the Viqueque Group appears to 

increase closer to the Saburai Range. Hammer for scale. 
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AB672 is the stratigraphically lowest point sampled in the north to northwest dipping 

succession, and is mud dominated with very little sand. Its foraminiferal assemblage comprises 

approximately 80% planktonic and 20% benthic forms, suggesting a bathyal depositional 

environment, and the presence of Globorotalia tosaensis and Globorotalia truncatulinoides 

suggests an age of N22 of the Early Pleistocene. Moving north up through the succession 

sandstone beds become thicker and more abundant, and an increase in benthic foraminifera 

along with abundant gastropods, bivalves and shallow water faunal debris suggests a 

progressively shallowing depositional environment. 

The age and lithofacies of the friable mudstones, muddy sandstones and sandstones in the 

Maliana basin place them within the Viqueque Group of the Synorogenic Megasequence 

(Audley-Charles 1968; De Smet et al. 1990; van Marle 1991a, b; Haig & McCartain 2007; Haig 

2012a). The friable lithologies and consistent, shallow dips are typical of the Synorogenic 

Megasequence in East Timor, and consistent with the Viqueque Group observed at Mount 

Mundo Perdido, Mount Laritame, and Mount Loelako. The Maliana basin has previously been 

mapped as Quaternary to recent alluvial deposits (Gageonnet & Lemoine 1958; Audley-Charles 

1968; Partoyo et al. 1995), however this study shows that in the highest, south-eastern parts the 

basin fill is much older. It is possible that the Maliana basin has occupied a low structural 

position since at least the Early Pleistocene, accumulating sediment shed from the emerging 

island. Uplift and tilting has since exposed these deposits in the southeast, but it is possible that 

the Viqueque Group underlies more recent alluvial deposits throughout much of the basin. 
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3.11 Mount Taroman 

Mount Taroman is a large massif situated in the southwest corner of East Timor, approximately 

15 km northwest of Suai and directly south of the Indonesian border (Fig. 10). Parallel to the 

south coast of Timor Island at this point, it measures 15 km along its long axis from southwest 

to northeast (Figs 77, 78).  

Mount Taroman is completely encircled by the Maubui and Tafara Rivers to the west and east, 

and the Nahamauk River to the south, which create a distinctive moat-like topography around 

the base of the massif (Fig. 77). Slopes rise comparatively gently from these rivers to around 

1000-1200 m above sea level, where topography changes to steep gradients and cliffs which 

reach a maximum altitude of 1762 m above sea level (Fig. 77). The north eastern section of 

Mount Taroman is broad, approximately 5 km across, but close to the midpoint of the massif the 

steep upper section of the mountain narrows into a 1 km wide ridge, which then extends out to 

the southwest (Figs 77, 78).  

Three days were spent conducting reconnaissance mapping at Mount Taroman in 2010, based 

out of the small village of Fatululik on the north-eastern edge of the massif (Fig. 77). The first 

two days were spent investigating the high cliffs above the north-western flank, and the third 

day we attempted to travel as far as possible by vehicle along the southern flank of the massif, 

sampling mainly roadside outcrop. Rock units are listed in ascending stratigraphic order and 

age. 

3.11.1 Cherty limestones 

Pink to grey cherty limestones were observed on the north-western flank of Mount Taroman, 

just below the high limestone cliffs approximately 1150 m above sea level. They appear to be 

large limestone blocks 5-10 m in size within a zone of structural melange, appearing together 

with other blocks of assorted lithology and tectonostratigraphic affinity within a highly 

deformed matrix of strained shale (Fig. 79a-d). The limestones blocks themselves are highly 

deformed and recrystallised, but some limestone clasts are visible in acetate peels amongst a 

stockwork of calcite and quartz veins. AB572I is a wackestone containing abundant radiolaria 
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with rare recrystallised ostracods, bivalve filaments and primitive Lenticulina-type foraminifera 

(Fig. 79e). AB 573 comprises mainly micritised peloids (Fig. 79f). Similar cherty limestones 

have also been observed at the south-western tip of Mount Taroman at AB567 (Fig. 79g), 

similarly containing abundant radiolaria along with Halobia-type bivalve filaments concentrated 

in thin beds (Fig. 79h). 

Abundant radiolaria suggest a deep water, low energy environment, while thin beds of Halobia-

type bivalves suggest an oxygen deficient, basinal setting. Peloids within AB573 suggest a 

shallower, moderate energy environment. Primitive Lenticulina-type forams are consistent with 

a Mesozoic age. 

Wackestones containing radiolaria and Halobia are typical of Aitutu Group facies elsewhere in 

Timor (e.g. Audley-Charles 1968; Charlton et al. 2009; Haig 2012b, Chapter 3.2.2 Mount 

Mundo Perdido – Radiolarian limestones, Chapter 3.6.2 The Paitchau Range – Medium 

bedded grey wackestones, Chapter 3.7.3 The Matebian Range – Medium bedded 

limestones and mudstones) and this study places the cherty, radiolarian rich limestones 

sampled at AB567 and AB572I within the Aitutu Group of the Gondwana Megasequence based 

on lithofacies correlation. 

 

 

 

Fig. 77 → Aerial photograph of Mount Taroman illustrating sample points and 100 m topographic contours. The 

areal extent of field mapping at the fatu is highlighted in red. 

Fig. 78 → Interpreted geological map of Mount Taroman. Field mapping and sampling was conducted around the 

northern edge of the fatu, with the geology in these areas constructed using outcrop data and aerial photographs. See 

text for detailed descriptions of geology. Geology outside of the mapped field extent is modified after Partoyo et al. 

(1995) using aerial photographs. The Dartollu Group (Eocene shallow water limestones of the Banda Megasequence, 

see Chapter 3.5.4 Mount Bibileu – Foraminiferal limestones) has been illustrated on maps around the southern 

margin of Mount Taroman since Audley-Charles (1968). This study attempted to reach these outcrops however 

access was prevented as roads had been washed away by bad weather. The extent of the Dartollu Group on this map 

therefore is modified after  Partoyo et al. (1995). 
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The peloid bearing rocks at AB573 appear superficially similar in outcrop to AB572I, with 

similar cherty nodules and layers. The peloids may represent down-slope transport of shallow 

water sediments into basinal, Aitutu-type facies, as observed within the Aitutu Group at Mount 

Mundo Perdido and Mount Matebian. These peloids beds may have been most resistant to strain 

since the limestone blocks were incorporated within the melange, and therefore are most visible 

within these extensively veined and recrystallised samples. Alternatively, AB573 could 

represent a dissimilar, shallow water facies. This may be less likely as chert is uncommon in 

most shallow water facies of East Timor. 

3.11.2 Interbedded sandstones and mudstones 

Below the high limestone cliffs on the north-western flank of Mount Taroman, between 

altitudes of approximately 800-1100 m, most outcrops comprise interbedded sandstones and 

mudstones (Fig. 80a-f). Sandstone beds are grey, fine to medium grained, often micaceous, with 

bedding 5-30 cm (e.g. Fig. 80a, b & c). Grains are subrounded to subangular and include a 

variety of types including quartz, feldspar, lithic fragments, with occasional small foraminifera 

and very fine grained shell fragments visible in AB574. Minor cross bedding is observed in 

some outcrops. Mudstone beds are medium to thick, generally 20-60 cm (e.g. Fig. 80d), and 

dark grey to red in colour. Mudstone at AB574 yielded abundant small foraminifera including 

Dentalina sp., Pseudonodosaria sp. and Glomospirella sp. along with rare ostracods and 

conodonts. At AB575, 30 m north of AB574, thick beds of grey, muddy sandstone up to 1 m are 

observed, interbedded with medium beds of grey mudstone 20-30 cm (Fig. 80e, f). Sand sized 

particles comprise predominantly bryozoan and crinoid debris.  

The abundance of mica and lithic grains sandstones suggests a terrestrial influence, perhaps 

deposition from a deltaic system, while the presence of cross bedding – generally a result of 

oscillation currents – indicates a depth above storm wave base. This is consistent with 

deposition in the offshore transition zone, where muds, micas and terrigenous sands from river 

systems settled on the sea floor in quiet water below fair weather wave base, periodically 

interrupted by higher energy storm conditions.  
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The thick beds of muddy sandstone at AB575 (Fig. 80e, f) possibly represent transport and 

fragmentation of bryozoan and crinoid debris from nearby carbonate banks. Foraminiferal 

assemblages within the mudstone units are consistent with a Late Triassic age. 

Lithofacies and biofacies correlations place these Late Triassic, likely pro-delta siliciclastic 

deposits within the Babulu Group (Benincasa et al. 2012; Haig 2012b; née Babulu Formation of 

Bird & Cook 1991) . However, the thick calcarenite beds observed at some localities and have 

not been previously recorded within the Babulu Group (Bird & Cook 1991), and suggest a 

nearby carbonate source. 

The north-western flank of Mount Taroman has previously been mapped as the Wai Luli 

Formation (Audley-Charles 1968; Partoyo et al. 1995). Grunau (1953) and Gageonnet and 

Lemoine (1958) did not distinguish the Jurassic from the Triassic mudstone dominated units, 

however Audley-Charles differentiated the Jurassic as the Wai Luli Formation, which had its 

type locality in the Wai Luli Valley, north of the Cablac Mountain Range, comprising marls, 

calcilutites and calcareous shales. The Wai Luli Formation at its type section has since been 

found to comprise Permian Cribas Group, Triassic Babulu Group, as well as Jurassic calcareous 

shales and marls (McCartain et al. 2006; Haig et al. 2007). Haig (2012b) defined the Wai Luli 

Group as Lower Jurassic, but notes that bioturbated marl facies within the Wai Luli Group 

extend down into the Upper Triassic.  

This study places the medium bedded sandstones and mudstones of Mount Taroman within the 

Fig. 79 ← (a) A block of cherty Aitutu Group limestone several metres in size within a structural melange zone on 

the north-western flank of Mount Taroman, at AB571. (b) Another block of Aitutu Group cherty limestone with the 

same melange zone. This block, at AB572I, has abundant chert nodules visible on a weathered face. Hammer for 

scale. (c) Close-up of chert nodules in sample AB572I. Hammer for scale. (d) In the same melange zone, another 

block of Aitutu Group limestone at AB573 shows well defined medium bedding. A5 notebook for scale. (e) Typical 

radiolarian rich Aitutu Group microfacies in an acetate peel taken from sample AB572I. An ostracod sits centre of 

frame. Scale bar = 1 mm. (f) Image of an acetate peel taken from Aitutu Group limestone at AB573, illustrating a 

peloid packstone clast surrounded by recrystallised calcite. Scale bar = 1 mm.  (g) Cherty Aitutu Group limestone at 

AB567, on the south-western tip of Mount Taroman, observed during reconnaissance mapping north of Fohorem 

(Fig. 78). Hammer for scale. (h) Image of an acetate peel from AB567, illustrating a typical Aitutu Group radiolarian-

rich microfacies with Halobia-type bivalve filaments. Scale bar = 1 mm. 
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Babulu Group of the Gondwana Megasequence. However, it is likely that some of the rocks 

here may represent the Triassic Wai Luli type facies as noted by Haig (2012b), transitional 

between the siliciclastic Babulu Group and the more carbonate influenced Wai Luli Group. 

 

Fig. 80. (a) Babulu Group grey-brown mudstone with thin to medium interbeds of sandstone at AB590, on the north-

western flank of Mount Taroman. Hammer for scale. (b) Close-up of a thin sandstone bed in the Babulu Group at 

AB590. Hammer for scale. (c) Weathered outcrop of interbedded Babulu Group mudstones and sandstones at AB592, 

at the very northern end of the north-western flank of Mount Taroman. Hammer for scale (d) Interbedded Babulu 

Group mudstones and sandstones at AB574, on the north-western flank of Mount Taroman. Hammer for scale. (e) 

Thick beds of thick beds of grey, muddy sandstone containing abundant bryozoan and crinoid debris at AB575, 

approximately 30 m south of AB574. (f) Close up of one of the thick, muddy sandstone beds at AB575. 
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3.11.3 Ooid limestones 

All the high cliffs sampled on the north-western side of Mount Taroman comprise ooid 

packstones and grainstones, with rare ooid wackestones. Outcrop is grey, indurated and 

massive, and bedding was not observed (Fig. 81a, b). Rocks chiefly comprise ooids, up to 10 

mm in size in some samples, with rare gastropods and large shell fragments of bivalves and 

brachiopods (Fig. 81c-f). AB596 also contains layered algal growths around larger grains (Fig. 

81f). Most samples are extensively dolomitised, predominantly within cement (e.g. Fig. 81d). 

These ooid packstones, grainstones and wackestones appear to be the same shallow water 

Bahaman-type facies as the ooid limestones observed at Mount Mundo Perdido, Mount 

Laritame, the Builo Range and Mount Bibileu. Most samples are grainstones or packstones with 

very little mud, suggesting high energy depositional environments (e.g. Fig. 81c, d), while the 

muddy wackestone at AB596 represents a lower energy environment where mud has not been 

winnowed out (Fig. 81e, f). Due to extensive dolomitisation and recrystallisation of the samples 

collected at Mount Taroman, foraminifera were too poorly preserved to enable a 

biostratigraphic age determination. This study tentatively places them within the Late Triassic 

or Early Jurassic based on lithofacies correlation with Bahaman-type facies limestones 

elsewhere in Timor. 

Based on lithofacies correlation with the Bahaman-type facies ooid limestones at Mount Mundo 

Perdido (Benincasa et al. 2012), the Cablac Mountain range (Haig et al. 2007) and sampled 

elsewhere in this study, the ooid limestones at Mount Taroman are also placed within the 

Perdido Group of the Gondwana Megasequence. 

3.11.4 Carbonate pelagites 

Clasts of carbonate pelagites were observed within the same structural melange as the chert 

limestones (Chapter 3.11.1 Mount Taroman – Cherty limestones) as small blocks generally 

less than 20 cm in size (Fig. 82a, b). They are yellow/white foraminiferal packstones containing 

abundant planktonic foraminifera, mostly Acarinina sp. and Morozovella sp. (Fig. 82c, d). 



168 
 

 

 

 



169 
 

As with carbonate pelagites found elsewhere in Timor, the predominance of planktonic over 

benthic foraminifera within a very fine carbonate mud matrix suggests deposition within the 

middle bathyal to abyssal zone. Based on planktonic foraminiferal assemblages the samples 

from Mount Taroman are placed within the Early to Middle Eocene. 

Carbonate pelagites sampled at Mount Taroman correlate with Eocene age carbonate pelagites 

observed elsewhere in East Timor (Haig & McCartain 2007), and are similarly placed within the 

Kolbano Group of the Australian Margin Megasequence. 

3.11.5 Igneous and metamorphic rocks 

Igneous and metamorphic rocks are widespread around the eastern flank of Mount Taroman 

between altitudes of approximately 600-1000 m, below the steep cliffs of the upper section of 

the massif. Igneous lithologies include mafic to intermediate volcanic sediments, mainly 

volcanic sandstones and breccias, and fine grained basalts including pillow basalts (Fig. 83a-d). 

Metamorphic rocks are less common and comprise dark green to black chloritic schists. Outcrop 

is often deeply weathered. Similar igneous and metamorphic lithologies were also encountered 

as blocks in melange zones on the north-western flank of Mount Taroman (Fig. 83e-h). 

Volcanic breccias at Mount Taroman generally comprise poorly sorted, angular, basaltic clasts 

in a very fine grained, tuffaceous matrix (e.g. Fig. 83d), similar to those found at Mount Mundo 

Perdido and Mount Laritame, which suggests they may be pyroclastic deposits of explosive 

eruptions. Pillow basalts are also present (e.g. Fig. 83c), indicating subaqueous volcanic 

activity.  

Fig. 81 ← (a) Massive, grey-white ooid limestone outcropping AB586, at the base of the northwest facing cliffs of 

Mount Taroman. Backpack for scale. (b) Another ooid limestone outcrop at AB569, approximately 1100 m northeast 

of AB586, hammer for scale. (c) An acetate peel of a limestone sample taken from AB586. The rock is an ooid 

packstone with very little mud, suggesting a high energy depositional environment. Scale bar = 1 mm. (d) Image of 

an acetate peel taken from AB586. This sample is an ooid packstone/grainstone which shows extensive 

dolomitisation around grain boundaries. Scale bar = 1 mm. (e) Image of an acetate peel of an ooid wackestone from 

AB596, at the base of the cliffs at the north-eastern tip of Mount Taroman. The muddier facies in this sample 

represents a lower energy environment than the samples at AB586 and AB569. Scale bar = 1 mm. (f) Another image 

of an acetate peel from AB596, illustrating algal growths around a large skeletal grain. Scale bar = 1 mm. 
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Fig. 82. (a) A sheared zone of melange at AB572, comprising rocks of assorted ages and tectonostratigraphic 

affinities within a highly deformed matrix of strained shale. The melange contains blocks from centimetre scale to 

several metres in size. A5 notebook for scale. (b) Most of the carbonate pelagites observed within this melange zone 

came from smaller blocks, such as the two white blocks pictured here, centre of frame, pen for scale. (c) Image of an 

acetate peel taken from sample AB572G, showing abundant planktonic foraminifera. Scale bar = 1 mm.  (d) A 

smaller scale image of an acetate peel from sample AB572G. Visible centre of frame is the foraminifera Morozovella 

sp. suggesting an Early to Middle Eocene age. Scale bar = 0.5 mm 

 

 

 

Fig. 83 → (a) A large outcrop of mafic volcanic rock at AB600, on the eastern flank of Mount Taroman (b) The 

surface of the outcrop at AB600 is extensively fractured. Hammer for scale. (c) Some remnant pillow outlines visible 

in the outcrop at AB600. Tip of hammer bottom right of frame for scale. (d) An outcrop of volcanic breccia at 

AB602, approximately 1600 m south-southeast of AB600. Hammer for scale. (e) A large block of schist within a 

melange zone on the north-western flank of Mount Taroman, at AB588. Hammer for scale. (f) Close-up of the schist 

at AB588. Evidence of shearing on this sample is present in the form of large striations on the rock surface. Hammer 

for scale. (g) Close up of one of the smaller mafic volcanic clasts in the melange zone at AB572. A5 notebook for 

scale. (h) Another small mafic volcanic clast at AB572, pen for scale. 
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No sediments were found associated with the igneous rocks to enable a biostratigraphic age 

determination; however volcanics in Timor commonly belong to either the Permian Maubisse 

and Cribas Groups or Eocene Barique Group (Haig 2012b). 

The schists appear mafic in hand specimen, although thin section analysis shows them to be 

extremely altered, with quartz and calcite the only minerals with a grainsize large enough to 

allow identification. They are always found in isolated outcrops surrounded by volcanics, 

although no contacts were observed. As such, this study attributes them to the same terrane. 

They may represent pieces of the metamorphic basement on which the volcanics have been 

deposited, exposed due to faulting, or xenoliths brought towards the surface by rising magma. 

Alternatively, they may represent distinct tectonic zones of shear within the volcanic units. 

Although volcanic breccias and pillow basalts are found within both the Banda Megasequence 

Barique Group and the Gondwana Megasequence Cribas and Maubisse Groups, the breccias 

observed at Mount Taroman appear to be pyroclastic breccias similar to those of the Barique 

(Benincasa et al. 2012) rather than flow breccias or basalt-limestone breccias common in the 

Cribas and Maubisse (Chapter 3.7.2 The Matebian Range – Igneous rocks; Charlton et al. 

2002) . Furthermore, Permian volcanics are not associated with metamorphic rocks, whereas the 

Barique Group volcanics have a close association with the Lolotoi Metamorphic Complex, 

which represent the basement rocks of the Banda Megasequence (Standley & Harris 2009). 

This study places the igneous rocks found at Mount Taroman within the Barique Group of the 

Banda Megasequence. The schists may either belong to the Lolotoi Metamorphic Complex, or 

alternatively they may be discretely sheared zones within the Barique Group Volcanics. The 

Lolotoi Metamorphic Complex and Barique Group have both been mapped around the southern 

and western edges of Mount Taroman by previous studies (Audley-Charles 1968; Partoyo et al. 

1995; Standley & Harris 2009). This study increases the mapped extent of the Barique Group 

around the eastern flank of the massif. 
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3.12 Summary 

This study has re-evaluated most major fatus in East Timor that appear on current geological 

maps as Miocene, Asiatic affinity ‘Cablac Limestone’ (e.g. Audley-Charles 1968; Rosidi et al. 

1979; Partoyo et al. 1995). Detailed geological mapping has been completed around the Ossu 

region (Mount Mundo Perdido and Mount Laritame) and the Maliana basin (Mount Loelako and 

the Saburai Range), with less detailed, regional geological mapping and sampling completed 

around the Matebian Range, the Builo Range, Mount Bibileu and Mount Taroman. Mapping 

was also completed at the eastern tip of East Timor around Lake Iralalaru and the Paitchau 

Range, a fatu originally mapped as Triassic ‘Aitutu Formation’ of Gondwanan affinity by 

Audley-Charles (1968) and following authors. 

Miocene limestones of the Banda Megasequence (here placed within the Booi Group after Haig 

et al. 2008; Haig 2012b) have been observed around the Ossu fatus, forming some of the 

smaller cliffs at lower structural levels. However, the high, central regions of all fatus visited by 

this study comprise much older, Australian affinity limestones. Mount Mundo Perdido, Mount 

Laritame, the Builo Range, Mount Bibileu, Mount Taroman, and most likely the Matebian 

Range comprise mainly Early Jurassic (? Late Triassic) Bahaman-facies ooid limestones of 

Australian affinity –  the ‘Perdido Group’ after Benincasa et al. (2012) – with subordinate 

Cretaceous to Miocene carbonate pelagites of the Kolbano Group. The Paitchau Range, Mount 

Loelako and the Saburai Range comprise Late Triassic (Carnian-Norian) fossiliferous 

wackestones, packstones, floatstones and algal bindstones of Australian affinity –  the ‘Bandeira 

Group’ after Haig (2012b). See Table 1 for summary of stratigraphy in the study areas.  

Figure 84 outlines how the stratigraphic groups in the study areas fit into the 

tectonostratigraphic framework of East Timor. 
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Ages in Timor    

Late Miocene - 
present 

Synorogenic Megasequence 
 

Baucau Limestone, Viqueque Group 

  

collision ← 
Banda Megasequence 
Booi Group, Dartollu 

Group, Barique Group, 
Lolotoi Metamorphic 

Complex 
  
+ Indian Ocean Megaseq. 

Noni Group 

Latest Jurassic – 
mid Miocene 

Australian Margin Megasequence 
 

Kolbano Group 

 

break-up unconformity  

Latest 
Carboniferous – 

Mid Jurassic 

Gondwana Megasequence 
 

Perdido Group, Aitutu Group, 
Babulu Group, Maubisse Group, 

Cribas Group 

  

 

 

Fig. 84. Stratigraphic groups in the study areas within the tectonostratigraphic framework of East Timor. 
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4. Deformation 

4.1 The Ossu fatus: Mount Mundo Perdido, Mount Laritame and the Builo Range 

Mount Mundo Perdido, Mount Laritame and the Builo Range dominate the landscape around 

the town of Ossu (Figs 85, 86). North of Ossu, Mount Mundo Perdido and Mount Laritame 

share typical fatu-style morphology, with steep-sided, blocky profiles dominated by high, near 

vertical cliffs up to hundreds of metres high (Fig. 85a, b). The Builo Range to the south of Ossu 

is the lowest and broadest of the Ossu fatus, and while its two narrow, east-south-east trending 

ridges exhibit typical steep sided fatu-style profiles, the wider, north-east trending central 

portion of the range is more gently sloping and lacks prominent limestone scarps (Fig. 85c). All 

of the Ossu fatus display rhomboidal geometries in map view, which is most apparent on a 

digital elevation model (Fig. 87). The Builo Range shows the most extreme asymmetry with its 

distinctive stretched-S shaped outline. To the north of Laritame, a limestone ridge known as 

Mount Ariana extends over 6 km to the northeast, and has similarly been mapped in the past as 

Miocene ‘Cablac Limestone’ (Audley-Charles 1968; Partoyo et al. 1995). A hot spring adjacent 

to Mount Ariana forms one of a series of such springs that extends along strike to the NE across 

East Timor; see Chapter 4.1.4 for further discussion. 

4.1.1 Distribution of stratigraphy 

From field mapping and stratigraphic re-evaluation during the present study (Table 1), both 

Mount Mundo Perdido and Mount Laritame display a broadly antiformal distribution of 

stratigraphic units (Fig. 88). Triassic–Jurassic Gondwana Megasequence limestones dominate 

the structurally highest, central regions of the fatus. At Mount Laritame these older rocks are 

capped by a veneer of flat-lying Pleistocene reef terraces. Younger Cretaceous to Oligocene 

limestones of the Australian Margin Megasequence form the high cliffs on the northern and 

southern flanks of Mundo Perdido, and are also present at the south-western tip of Mount 

Laritame.  
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Fig. 85 ↑ The steep sided, blocky profiles of Mount Mundo Perdido (a, facing west) and Mount Laritame (b, facing 

east-northeast). Builo Range (c, facing south) displays similar morphology at its eastern and western ends, but these 

are separated by a low, broad, gently sloping central section. 

 

Fig. 86 → Digital elevation model of East Timor outlining the main fatus and other geomorphic features investigated 

by this study. (DEM in this figure, and throughout this chapter, courtesy of the University of Melbourne SRTM 

landform atlas at http://jaeger.earthsci.unimelb.edu.au/Images/Landform/landform.html) 

Fig. 87 →→ (a) Aerial photo of the Ossu fatus with interpreted structure. (b) Digital elevation model of the Ossu 

fatus with interpreted structure. Faults shown with solid lines have been observed and measured in the field; those 

shown with dashed lines have been interpreted from aerial photographs. Arrows indicate fault striae where observed 

and measured on major faults. 
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Banda Megasequence units occupy the foothills and lower cliffs around both massifs at lower 

structural levels, extending up into higher levels only on the eastern side of Mount Mundo 

Perdido. Therefore, Banda Megasequence units emplaced on to the top of the structural pile 

through shortening during arc-continent collision (Audley-Charles 2004; Harris 2006) now 

occur only at lower topographic/structural levels around the Ossu fatus. High-angle, oblique-slip 

faults juxtapose the Banda Megasequence rocks against the older Australian-affinity rocks in the 

higher, central regions of the fatus (Fig. 88) and form the steep-sided limestone cliffs that 

dominate the topography (e.g. Fig. 85) (Benincasa et al. 2012). Pliocene–Pleistocene limestones 

and mudstones of the Synorogenic Megasequence, the youngest units in the study area, abut 

Mount Mundo Perdido and Mount Laritame on their northern flanks. Flat-lying terraces of 

Pleistocene Baucau Limestone (Fig. 84) are found at the top of Mount Laritame at 1400 m 

above sea level. Similar terraces of corresponding age are found immediately north of Mount 

Mundo Perdido at up to 1100 m above sea level, and also comprise the vast, flat expanse of the 

Baucau Plateau, situated 10 km north of Mount Laritame, which rises to a maximum altitude of 

700 m above sea level (Fig. 86). 

The Builo Range displays a similar distribution of stratigraphy to Mount Mundo Perdido and 

Mount Laritame, however rather than a single antiformal distribution it displays an antiformal 

stratigraphic distribution in both its two narrow ridges, which are each surrounded by younger 

rocks. The oldest, and structurally highest, rocks of the range are located within the pair of east-

south-east trending ridges which, like the cores of Mount Mundo Perdido and Mount Laritame, 

are dominated by Triassic–Jurassic Gondwana Megasequence limestones (Perdido Group) (Fig. 

88). Younger Cretaceous-age limestones of the Australian Margin Megasequence (Kolbano 

Group) have previously been mapped within the low, central section of the Builo Range, and 

forming the high cliffs on Builo’s south-western tip (; the ‘Borolalo Limestone’ of Audley-

Charles 1968; Partoyo et al. 1995), although these areas were not sampled by the present study 

which was confined to the northern edge of the Builo Range.  

Consistent with the other Ossu massifs, Banda Megasequence units also occupy the foothills 

and lower cliffs at the Builo Range, and are mapped extensively at lower structural levels along 
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the northern edge of the range by the present study and previous authors (e.g. Partoyo et al. 

1995). Similar to the northern edges of Mount Mundo Perdido and Mount Laritame, 

synorogenic limestones abut the Builo Range on its southern edge (Audley-Charles 1968; 

Partoyo et al. 1995). 

Around the Ossu fatus, there is a marked difference in structural style between the more highly 

deformed Gondwana- and Australian Margin Megasequence limestone units and the Booi 

Group limestones of the Banda Megasequence. The former generally have steeply inclined 

bedding of variable strike that in many places are folded and disrupted by small-scale faulting 

and fracturing. The less deformed Booi Group limestones show more consistency in bedding, 

commonly dipping between 20–50° S at Mount Mundo Perdido where most measurements were 

made (Fig. 88), and are less internally deformed.   

4.1.2 Faulting 

At the regional scale, late, high-angle faults dominate the topography of Mount Mundo Perdido, 

Mount Laritame, and the high east and west ridges of the Builo Range. These faults obscure 

structures associated with early shortening, which is now evidenced around Ossu only by the 

abrupt juxtaposition of rocks of the Gondwana- and Australian Margin megasequences against 

those of the Banda Megasequence. These high-angle faults produce near vertical cliffs 

extending up to several hundred metres in height and up to several kilometres in length for some 

fault strands (Grunau 1953; Gageonnet & Lemoine 1958; Romariz & Leme 1967) (Fig. 85). 

Mapped both in the field and also from aerial photography, these cliffs occur along three 

dominant trends, a 030°– 050° trend, a 060°– 070° trend and a 100°– 120° trend, with a 

subordinate fourth trend of 160°–170° (Fig. 88 – inset).  

Fig. 88 → Interpreted geological map of the Ossu region, showing the distribution of lithologies and main geological 

structures (modified from Partoyo et al. 1995; Borges 2010; and Benincasa et al. 2012). SM = Synorogenic 

Megasequence, BM = Banda Megasequence, IM = Indian Ocean Megasequence, AM = Australian Margin 

Megasequence, GM = Gondwana Megasequence. Faults shown with solid lines have been observed and measured in 

the field; those shown with dashed lines have been interpreted from aerial photographs. Strike and dip of bedding is 

shown where measured. Inset – rose diagram showing the orientations of all measured faults at the Ossu fatus. 

Perimeter = 10%. (In this and following rose diagrams of faults in this thesis, the unique strike value of faults is 

calculated from the dip direction using the right hand rule) 
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The 030°– 050° orientation is best seen in the trends of Mount Laritame and the Mount Ariana 

ridge, particularly their fault-bounded eastern scarps, and is also evident in major through-going 

faults within both massifs (Figs 87, 88). One of these faults (Fig. 89) extends between the 

northeast corner of Mount Mundo Perdido and the southwest corner of Mount Laritame, and 

may be responsible for apparent left-lateral separation between two half-dome structures, which 

have prominent aligned scarps facing southeast at Mount Mundo Perdido and northwest at 

Mount Laritame .  

 

Fig. 89. Digital elevation model of the Ossu area showing apparent left lateral offset between prominent half dome 

structures in the northeast corner of Mount Mundo Perdido and the southwest corner of Mount Laritame. Both scarps 

are aligned with a northeast trending fault that extends between the two fatus. Photograph inset is the northwest-

facing face of the half dome at Mount Laritame, viewed from Mount Mundo Perdido. Eye indicates photographer 

location. 

 

The 060°– 070° and 100°– 120° trends form the bounding faults of Mount Mundo Perdido, and 

are most evident in the trends of the high cliffs on the mountain’s southern edges, facing 

southeast and southwest respectively. The 100°– 120° trend is also clearly evident in the 

dominant fault scarps of the main ridges of the Builo Range, and in through-going faults within 
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the Mundo Perdido and Laritame fatus. The 160°–170° trend is less obvious at map scale, being 

found in mostly outcrop-scale faults.  

The lateral extent of the largest faults was mapped from aerial photographs. Traces of these 

structures cut across topography, indicating steep dips, which are verified by field observations 

of sub-vertical fault planes throughout the study area. Where the lower reaches of these vertical 

faults were accessible, fault orientations and striae were measured directly on the fault planes 

(Table 2). The surfaces yielded fault striae (e.g. Fig. 90), often with multiple orientations, 

including both gently- and steeply-plunging, indicating multiple phases of slip on these 

surfaces. Almost all striae are oblique to dip, indicating some component of strike-slip (Table 

2). At the outcrop scale we identified 123 fault surfaces from smaller-scale faults that displayed 

both steep and shallow dips (Table 2). Fault striae enabled slip direction interpretations on 86 of 

the 123 observed fault surfaces, with fault steps and other kinematic indicators allowing 

kinematic interpretations on an 44 of those 86 faults (Table 3). The majority of faults at both 

outcrop- and map-scale indicate mainly oblique-slip movement (Table 2, 3). 

Slip data from over 100 regional- and outcrop-scale fault surfaces in the study area (Table 2, 3) 

therefore indicates a strong strike-slip component to the faulting, for multiple slip events, both 

on steeply- and shallowly-dipping fault surfaces. Further, these strike-slip indicators show a 

change in movement sense between the highest and lowest structural levels at Mount Mundo 

Perdido and Mount Laritame, with higher structural levels showing reverse-oblique indicators, 

contrasting normal-oblique motion at lower structural levels (Fig. 91). The highest mapped fault 

structure at Mount Mundo Perdido, at ~1350 m above sea level (the highest sample was at 

~1760 m above sea level), indicates reverse-oblique movement (Fig. 91). Likewise, reverse-

oblique faults were observed at Mount Laritame at ~1000 m above sea level in the southwest 

corner of the fatu, where the Jurassic Perdido Group (Gondwana Megasequence) has been 

faulted over Cretaceous Kolbano Group limestone (Australian Margin Megasequence) about 

moderate to high angle, south-east dipping sinistral-reverse faults (Fig. 92). Confirmed normal 

oblique faults were all observed at lower structural levels, mainly in the southeast corner of 

Mount Mundo Perdido ~600 m above sea level (Fig. 91).  
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 Table 2. Classification of major, mappable faults at the Ossu fatus. Fault striae indicate a movement direction on 32 

of the measured fault surfaces. Kinematic indicators allow a shear sense to be determined on a further 18; indicators 

included steps and crescentic fractures on limestone fault surfaces, asymmetric deformed clasts within fault zones, 

and s-c type shear fabrics developed within mudstones. Faults are classified as oblique-slip when striae indicate a 

movement vector with an obliquity greater than 10° from pure strike-slip or pure dip-slip. 

Total 

Movement indicators Dip-slip Strike-slip Oblique-slip 

Striae 
Kinematic 

indicators 
Normal Reverse Dextral Sinistral 

Dextral 

Normal 

Sinistral 

Reverse 

Dextral 

Reverse 

Sinistral 

Normal 

56 32 18 
5 2 17 8 

2 2 0 1 3 7 1 2 

 

Table 3. Classification of all measured fault surfaces in outcrop at the Ossu fatus. Fault striae indicate a movement 

direction on 86 of the measured fault surfaces. Kinematic indicators allow a shear sense to be determined on a further 

44; indicators included steps and crescentic fractures on limestone fault surfaces, asymmetric deformed clasts within 

fault zones, and s-c type shear fabrics developed within mudstones. Faults are classified as oblique-slip when striae 

indicate a movement vector with an obliquity greater than 10° from pure strike-slip or pure dip-slip 

Total 

Movement indicators Dip-slip Strike-slip Oblique-slip 

Striae 
Kinematic 

indicators 
Normal Reverse Dextral Sinistral 

Dextral 

Normal 

Sinistral 

Reverse 

Dextral 

Reverse 

Sinistral 

Normal 

123 86 44 
9 3 38 36 

3 2 0 2 10 14 7 6 

 

 

Fig. 90. (a) Fault striae recording oblique-slip within limestone of the Booi beds, which form the lower cliffs at the 

eastern end of the Mount Mundo Perdido. (b) Fault striae and steps on the hanging wall surface of an oblique-reverse 

fault developed within Australian Margin Megasequence foraminiferal wackestones, on the northern flank of Mount 

Mundo Perdido. 
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Fig. 91. Geological map of Mount Mundo Perdido, showing the distribution of major compressional and extensional 

faults, modified after Benincasa et al. (2012). Confirmed reverse-oblique faults (white, showing dip direction) are 

most common at high structural levels, where they dip towards the central east–west axis of Mount Mundo Perdido 

and the northeast-southwest axis of Mount Laritame. Confirmed normal-oblique faults (green, showing dip direction) 

are most common at lower structural levels in the southeast corner of Mount Mundo Perdido, where they dip away 

from the central axis of the massif. Inset shows detail of striae recording multiple directions of oblique slip on 

extensional faults in the southeast corner of the Mount Mundo Perdido. 

 

 

Given the relatively young age of deformation, as evidenced by the fault-controlled present-day 

topography, the ~700 m elevation difference equates to an equivalent structural thickness. 

In addition, dip domains identified in fault attitude data indicate that at lower structural levels 

(i.e. in the foothills of Mount Mundo Perdido, ~600 m above sea level) faults generally dip 

away from the elongate east–west axis of the mountain, whereas at higher structural levels 

(~1000 m to ~1350 m above sea level at Mount Mundo Perdido and Mount Laritame), faults dip 

towards the axis of elongation of both massifs (Benincasa et al. 2012, fig. 4).  
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Fig. 92. (a) At the southwest corner of Mount Laritame, moderate to high angle, south-east dipping, reverse-oblique 

faults juxtapose Jurassic Perdido Group limestone (Gondwana Megasequence) over Cretaceous Kolbano Group 

limestone (Australian Margin Megasequence). (b) Uninterpreted and (c) interpreted outcrop photograph of one of 

these faults at AB429, showing Perdido Group and Kolbano Group limestones separated by a high angle, southeast-

dipping brittle-shear zone approximately 30-40 cm in width. Hammer for scale.  
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The oblique-slip interpretations from striae on both regional- and outcrop-scale fault surfaces 

are supported by the discovery of a multi-domainal strike-slip fault at outcrop scale at Mount 

Mundo Perdido (Fig. 93) (Benincasa et al. 2012).  This structure, approximately 3 m in height 

by 5 m in width, shows domains of overall shortening, overall extension and overall pure strike-

slip. The top of the outcrop preserves a positive flower structure, indicating a reverse-oblique 

sense of displacement. In middle of the structure the multiple strands of the flower merge into a 

single dominant strand, with a near-vertical dip. Towards the base of the structure, the single  

 

Fig. 93. Uninterpreted (a) and interpreted (b) figures of a large, asymmetric flower structure at location AB293, 

produced by strike-slip movement within grey Banda Terrane mudstones with thin sandstone interbeds. Note the 

large number of steeply dipping, upwardly diverging fault splays at high structural levels. Corresponding bed-sets 

have been marked on the outcrop with faults highlighted in red; following bed-sets through the fault zone allows fault 

movement to be determined. Reverse movement is observed on fault splays at higher structural levels, forming a pop-

up structure, while normal movement is observed around the main fault strand at lower structural levels. Drag folds 

formed against the fault splays in outcrop (b) are replicated at map scale (Fig. 95a, b) where the Synorogenic 

Megasequence is faulted against the older rocks of the massif. 
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strand splays out into a number of smaller faults, with overall net normal displacement, 

becoming a single steep strand again at the base of the outcrop. The finely-bedded nature of the 

rocks and the numerous contrasting marker layers accentuate the sense of slip at both the upper- 

and lower-levels of this structure. The reverse-oblique motion at higher structural levels 

contrasts the net normal (normal-oblique) sense of displacement at the lowest structural levels 

of the outcrop, separated by a domain of a single-strand, high angle fault (Fig. 93). Movement 

senses in this outcrop-scale strike-slip fault mimic relationships described above at a larger 

scale, with faults at high structural levels showing indication of reverse-oblique motion, 

contrasting interpreted normal-oblique motion at significantly lower structural levels. The 

presence of these relationships at both scales within the study area, coupled with the hundreds 

of fault striae measurements, suggest that overall a significant component of strike-parallel slip 

has dominated movement on these young faults at all scales. Fault planes show evidence of both 

left-lateral and right-lateral movement (Table 3), however the right-lateral faults are 

concentrated strongly at the 100° trend and 040°– 070° (220°– 250°) trend (Fig. 94b), while left 

lateral faults are concentrated around the 030°– 050°, 060°– 070° and 160°– 170° (340°– 350°) 

trends (Fig. 94c). 

 

 

Fig. 94. Rose diagrams showing the orientations of measured faults at the Ossu fatus. (a) All measured faults. The 

most common fault orientations at the Ossu fatus are a 030°– 050°, a 060°– 070° and 100°– 120°, with a subordinate 

fourth trend of 160°–170° (b) Right lateral faults. These are most common at the 100° (280°) trend and 040°– 070° 

(220°– 250°) (c) Left lateral faults. These are most common at the 030°– 050°, 060°– 070° and 160°– 170° (340°– 

350°) trends. 
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4.1.3 Folding 

Map-scale drag folds have developed within rocks of the Synorogenic Megasequence (Baucau 

Limestone, Viqueque Group) on the northern side of Mount Mundo Perdido (Fig. 88) where 

these young units are faulted against the older Triassic to Miocene rocks of the fatu. At AB263 

on Mount Mundo Perdido’s northern side bedding within the Baucau Limestone (Fig. 84) 

changes from steeply dipping (64°→340°) adjacent to the fault, to 37°→340° 100 m further 

north, producing a drag fold with an east-west striking axial plane (Fig. 95a, b). On the north-

eastern side of the fatu where the Pleistocene Lari Guti Member of the Viqueque Group 

(Synorogenic Megasequence) is faulted against Cretaceous pelagites of the Australian Margin 

Megasequence (Fig. 88), a large drag fold is observed of similar style, at this location striking 

east-southeast. The presence of these drag folds attests to the relative upwards movement of the 

older rocks that make up the central bulk of the fatu, where they are faulted against the younger 

units that surround them on the lowlands. Similar outcrop-scale drag folds are seen around the 

bounding faults of flower structures observed in outcrop (Fig. 93) and are consistent with 

reverse-oblique movement. 

Minor, outcrop-scale, open, upright-to-inclined folds within pelagites of the Australian Margin 

Megasequence were observed occasionally on Mount Mundo Perdido (Fig. 93 c–f). Axial plane 

strikes vary and include strikes of 005°, 030° and 090°, with dips ranging from moderate to 

steep, and plunges ranging from shallow to moderate (Benincasa et al. 2012). From their limited 

exposure it is not clear whether these small-scale folds are related to early contraction or are 

coeval with more recent strike-slip deformation.  

4.1.4 Melange zones and geothermal springs 

Barber et al. (1986) suggested that much of the melange in Timor is formed as hydrous Triassic 

mudstones at lower structural levels become overpressured due to shortening, and that pressure 

is released through vertical faults which cut through the overthrust units. Observations around 

Ossu support that hypothesis, as most of the area originally mapped as ‘melange’ (Audley-

Charles 1968) actually comprises Triassic mudstones and sandstones of the Babulu Group  
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Fig. 95. Facing west, uninterpreted (a) and interpreted (b) images of the northern edge of Mundo Perdido show 

Triassic–Jurassic Gondwana Megasequence limestones of the massif in the top left corner of the frame. They are 

faulted against volcanics of the Banda Terrane (occupying the gully), which are in turn faulted against much younger 

Pliocene–Pleistocene synorogenic limestones of the Baucau Limestone (right of frame). Dashed red lines show the 

interpreted surface traces of the faults on either side of the gully. The measured change in the dip of bedding in the 

synorogenic units moving north from the fault trace describes a drag fold (white). These large drag folds form a series 

of small hills that parallel the northern edge of the mountain. Uninterpreted (c) and interpreted (d) images of open, 

upright folding within an outcrop of Turonian Australian Margin Megasequence pelagite at 144821. Of note is the 

‘M’ fold developed in the fold hinge within the cherty bed at the base of outcrop. Uninterpreted (e) and interpreted (f) 

images of open, moderately inclined, moderately plunging folding within an outcrop of similar pelagite at 144814. 

Folding is well defined within cherty layers. 

 



198 
 

(see Chapter 3.2.1 Mount Mundo Perdido – Blue-grey mudstones with sandstone 

interbeds). However, this study recognises that zones of actual tectonic mélange containing an 

assortment of exotic blocks (as opposed to Babulu Group with ‘broken formation’ deformation 

– see Chapter 3.1 Tectonostratigraphic framework), are restricted to areas proximal to 

extensional/transtensional structures in the southwest corner of Mount Mundo Perdido (Fig. 

88); their locations appear to be strongly structurally controlled. 

A handful of local geothermal springs are described by Ossu residents, although only one was 

located by this study. It is situated on the eastern flank of the Mount Ariana ridge (Figs 86, 87, 

88), where hot water is observed flowing from highly fractured and hydrothermally altered 

Perdido Group limestone over a broad area, with no specific single source identifiable. This 

spring is situated along strike of the major northeast-trending faults that bound the eastern edge 

of the Laritame fatu, and are interpreted to extend along strike to form the parallel eastern edge 

of the Mount Ariana ridge (Fig. 88). According to existing maps (Partoyo et al. 1995) the spring 

is situated at the contact between the Barique Group and the Perdido Limestone, although this 

contact was not observed in the field. 

4.1.5 Structural model 

(Benincasa et al. 2012) found that Mount Mundo Perdido is dominated by high-angle faults, 

with oblique-slip observed on the majority of surfaces. The fatu has an antiformal distribution of 

stratigraphy and a similarly antiformal bedding pattern. Positive flower structures are observed 

on strike-slip faults in outcrop, the fault architecture and kinematics of which strongly mimic 

that observed throughout Mount Mundo Perdido at map scale. As a result, Benincasa et al. 

(2012) suggested that deformation at Mount Mundo Perdido was the result of uplift in a 

restraining bend or step-over in a zone of strike-slip, and that the fatu represents a pop-up 

structure within that system. This is supported by striking similarities of the morphology, fault 

architecture and stratigraphic distribution of Mount Mundo Perdido with those of structures 

developed within analogue models of restraining bends (see Benincasa et al. 2012,  fig. 9), and 

within restraining bends in documented active and ancient strike-slip systems (see Benincasa et 
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al. 2012, fig 11b). Similar evidence suggests that Mount Laritame and the Builo Range may 

also be the result of strike-slip dominated processes. 

Mount Laritame is similarly dominated by high angle faults, producing a blocky morphology 

even more extreme than that of Mount Mundo Perdido (Fig. 85) (also see observations of Keep 

& Haig 2010; Duffy et al. 2013). Oblique-slip is again observed on the majority of fault 

surfaces (Table 2, 3). The bounding faults of the fatu, observed in the southwest corner of 

Mount Laritame, are southeast-dipping reverse faults which juxtapose Jurassic Perdido 

Limestone over younger limestones of the Kolbano Group (Fig. 92). Bounding faults along the 

eastern edge of Mount Laritame and the Mount Ariana ridge host geothermal springs in the 

Mount Ariana region (Fig. 88). This water is heated by the geothermal gradient alone, as Timor 

is not a volcanically active island; therefore these bounding faults that likely provide conduits 

for fluid flow are necessarily deep structures. Mount Laritame also has an antiformal 

distribution of stratigraphy; a high central core dominated by Gondwana Megasequence 

limestones is surrounded by younger units belonging to the Australian Margin and Banda 

megasequences at lower structural levels, separated by high angle faults (Fig. 88). The central 

region of Mount Laritame, capped by flat lying terraces of Pleistocene Baucau Limestone, is 

now topographically 700 m higher than corresponding terraces 10 km north on the Baucau 

Plateau. The Laritame fatu appears to have quite literally ‘popped up’ since the Pleistocene, 

with no folding or tilting observed.  

All these characteristics are consistent with pop-up structures formed within strike-slip zones, 

and like Mount Mundo Perdido, Mount Laritame shows a strong similarity to transpressional 

structures developed in analogue models of restraining fault stepovers. Modelled deformation 

above restraining stepovers typically results in the formation of rhomboidal or lozenge shaped 

uplifts or ‘pop-ups’. These pop-ups are bounded by oblique-slip reverse faults, with their upper 

surfaces dissected by synthetic and antithetic oblique-slip and strike-slip faults (Dooley et al. 

1999; McClay & Bonora 2001). The distribution of stratigraphy in plan view has the oldest 

strata at the centre, with a succession of progressively younger strata exposed towards the 

margins of the popup structure. Bedding dips away from the centre of the structure, and rotation  
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Fig. 96 ← (a) Uninterpreted and (b) interpreted plan view of a pop-up developed in a sandbox model of a 90° 

restraining stepover, modified from McClay and Bonora (2001). The structure is a short, rhomboidal to slightly 

sigmoidal, S-shaped pop-up, crosscut by a network of dextral and sinistral strike-slip faults. A digital elevation model 

(c) and geological map (d) of Mount Laritame shows that the fatu has a very similar S-shaped morphology. Both the 

analogue model and the fatu also show similarities in orientations of main fault trends. 

_____________________________________________________________________________ 

is observed within some fault bounded blocks (McClay & Bonora 2001). Mount Laritame most 

strongly resembles a pop-up developed at a 90° restraining stepover (Fig. 96). This produces a 

short, rhomboidal to slightly sigmoidal pop-up with maximum uplift over the centre of the 

stepover, crosscut by a network of dextral and sinistral strike-slip faults. Curved, oblique-slip 

reverse faults bound the structure, which form above the basement stepover and converge at 

depth (McClay & Bonora 2001). 

Based on asymmetries in morphology and orientation of dominant fault trends Benincasa et al. 

(2012) suggested an overall left-lateral movement sense around the structure at Mount Mundo 

Perdido, which is consistent with the overall north-northeast convergence direction of Australia 

with respect to the Pacific and Eurasian plates (Genrich et al. 1996). Within a left-lateral strike-

slip fault zone, a fault stepover will usually result in a z-shaped pop-up, such as Mount Mundo 

Perdido, when the fault steps to the right and an s-shaped basin when the fault steps to the left. 

The opposite is true of a right-lateral fault zone, which should produce a z-shaped basin when 

the fault steps left and an s-shaped pop-up when the fault steps right (Fig. 97).  The s-shaped 

asymmetry of Mount Laritame (Fig. 96) suggests a structure formed within a step-over with a 

right-lateral movement sense, opposite to that of Mount Mundo Perdido.  

 

Fig. 97. Theoretical structural asymmetries 

developed within a strike-slip fault zone. Within 

a right-lateral fault zone, a right fault stepover 

produces a z-shaped basin, while a left fault 

stepover produces an s-shaped pop-up. Within a 

left-lateral fault zone, a right fault stepover 

produces a z-shaped pop-up, while a left fault 

stepover produces an s-shaped basin. (modified 

after Richard et al. 1995) 
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This apparently anomalous asymmetry may be the result of transpressional stress across the 

fault zone rather than pure strike slip. Analogue models produced by González et al. (2012) 

investigate structures developed at paired fault stepovers. When a modelled paired fault 

stepover undergoes pure strike-slip movement, left lateral movement will produce a z-shaped 

pop-up over a right fault stepover and a slightly smaller, s-shaped basin over a left fault stepover 

(Fig. 98a). However when convergence is incorporated across the paired fault stepover a basin 

will not form. A left fault stepover which produces an s-shaped rhomboidal basin at 0° of 

convergence will produce a similarly s-shaped rhomboidal pop-up with as little as 30° 

convergence across the fault zone (Fig. 98b). Structures developed within a model of a paired 

fault stepover within a left-lateral strike slip zone with 30° convergence are consistent with the 

morphology and relationships of the Mundo Perdido and Laritame fatus (Fig. 98c, d). A large, 

elongate z-shaped pop-up – comparable to Mount Mundo Perdido – is produced over the right 

fault stepover while a slightly smaller, more rhomboidal s-shaped pop-up – comparable to 

Mount Laritame – is produced over the left fault stepover.  

Within the model the two pop-up structures appear to be separated by an apparent left lateral 

displacement around faults which cross the axis of the PDZ at a high angle (Fig. 98b). This may 

be equivalent to the northwest trending fault that runs between the north-eastern corner of 

Mount Mundo Perdido and the south-western corner of Mount Laritame, and which appears to 

produce left lateral displacement between the two fatus (Fig. 89). 

 

Fig. 98 → (a) Analogue model of a paired fault stepover experiencing pure strike-slip movement, modified after 

González et al. (2012). The fault steps to the right on the left-hand side of the model, and to the left on the right-hand 

side of the model. With 0° of convergence a z-shaped pop-up forms where the fault steps right, and a slightly smaller, 

s-shaped basin forms where the fault steps left. (b) the same paired fault stepover undergoing left-lateral strike-slip 

with 30° of convergence across the fault zone, modified after González et al. (2012). A similar z-shaped pop-up is 

produced over the right fault stepover at 30° convergence, however it is larger and more elongate than the 0° 

convergence model. Over the left fault stepover at 30° convergence a pop-up now forms instead of a basin, though it 

has a similar small, rhomboidal s-shaped morphology to the basin in the 0° convergence model. The morphology of 

these two pop-up structures and the spatial relationship between them are very similar to those of Mount Mundo 

Perdido and Mount Laritame seen in (c) digital elevation model and (d) geological map.  
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The Builo Range shares certain characteristics with Mount Mundo Perdido and Mount 

Laritame. The high eastern and western ridges are consistent with the 110° fault trend observed 

throughout the Ossu fatus, and are parallel with the south-western edges of Mound Mundo 

Perdido and Mount Laritame (Fig. 87). Likewise the lower, central portion of the Builo Range 

strikes at 050°, consistent with the 030°– 050° fault trend and sub-parallel to the strikes of 

Mount Laritame and the Mount Ariana ridge (Fig. 87). The Builo Range also has a striking 

asymmetry in plan view, typical of structures developed within strike-slip fault zones and 

consistent with the z-shaped and s-shaped asymmetries of Mount Mundo Perdido and Mount 

Laritame respectively. The stretched-s shaped asymmetry of the Builo Range compares 

favourably to similar stretched-s shaped pop-up structures developed in analogue models of 

restraining, overlapping, fault stepovers (Fig. 99a). However, uplift at the Builo Range has been 

greatest at the eastern and western ridges, where the rocks are stratigraphically oldest and 

topographically highest. This is not consistent with uplift over a restraining stepover, which is 

always greatest at the centre of a pop-up structure (McClay & Bonora 2001).  

One way of producing the ‘paired antiformal’ stratigraphic distribution of the Builo Range is 

with uplift above a double basement strike-slip fault. Analogue experiments by Schellart and 

Nieuwland (2003) investigate structures developed above two parallel basement faults 

experiencing the same amount and sense of pure strike-slip deformation. These models produce 

elongate, rhombic pop-up structures above the parallel faults. However, detailed surface 

observations show that maximum uplift occurs at either end of the elongate pop-up, with uplift 

zones which trend sub-parallel to the P-shear direction (Fig. 99b).  

 

Fig. 99 → (a) Plan view of a pop-up developed in a sandbox model of a restraining, overlapping, fault stepover, 

modified after McClay and Bonora (2001). The structure has a similar stretched-S shaped morphology to the Builo 

Range, however it has its greatest uplift at the centre, rather than at the end ridges as at the Builo Range. Furthermore, 

the right-lateral displacement sense of this structure is not consistent with local and regional kinematics at the Builo 

Range. (b) Plan view of a pop-up structure developed in an analogue model of a left-lateral double basement strike-

slip fault, modified after Schellart and Nieuwland (2003). This structure has a pair of uplift zones which parallel the 

P-shear direction (see Riedel shear model, inset), and compares favourably to the ‘paired-antiformal’ uplift pattern of 

the Builo Range seen in (c) digital elevation model and (d) geological map. 
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These are joined by a slightly lower central section trending sub-parallel to the long axis of the 

rhomb, creating a stretched-s pattern of maximum uplift.  

A comparison of the uplift pattern developed over an analogue model of a double basement 

strikes slip fault with the topography of the Builo Range shows striking similarities in major 

fault orientations and morphology of zones of maximum uplift (Fig. 99c, d). If a double 

basement strike-slip fault was responsible for uplift at the Builo Range, the high eastern and 

western ridges would be expected to develop parallel to the P-shear orientation. This would 

indicate an overall left-lateral displacement, consistent with interpreted kinematics at the other 

Ossu fatus, and across the plate boundary. 

Ultimately a definitive structural model for the Builo Range cannot be developed with the little 

relatively small amount of field data collected here. Future structural mapping at the Builo 

Range needs to be undertaken to see if field data supports this structural model, or if uplift at the 

Builo Range is the result of a different mechanism. 

 

4.2 Mount Bibileu 

Situated approximately 9 km southwest of Mount Mundo Perdido and 15 km west of the Builo 

Range (Fig. 86), Mount Bibileu is an elongate, east-west trending fatu. A very steep southern 

scarp is dominated by east-west striking vertical limestone cliffs 300-400 m high in typical fatu-

style morphology, while a more gentle topography slopes off to the north, northeast and 

northwest (Fig. 100). 

Fig. 100 → (a) Aerial photo of Mount Bibileu with interpreted structure. (b) Digital elevation model of Mount 

Bibileu with interpreted structure. Faults shown with solid lines have been observed and measured in the field; those 

shown with dashed lines have been interpreted from aerial photographs. 

Fig. 101 →→ Interpreted geological map of Mount Bibileu, showing the distribution of lithologies and main 

geological structures. Geology outside of mapped areas is modified after Partoyo et al. (1995) using aerial 

photographs. SM = Synorogenic Megasequence, BM = Banda Megasequence, AM = Australian Margin 

Megasequence, GM = Gondwana Megasequence. Faults shown with solid lines have been observed and measured in 

the field; those shown with dashed lines have been interpreted from aerial photographs. Strike and dip of bedding is 

shown where measured. 
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4.2.1 Distribution of stratigraphy 

Sampling at Mount Bibileu was restricted to the high cliffs at Mount Bibileu’s western end and 

the lowlands below. Lithologies sampled from the cliffs comprise either Jurassic Perdido Group 

limestones of the Gondwana Megasequence, or Eocene Kolbano Group Limestones of the 

Australian Margin Megasequence (Fig. 101). No reliable bedding surfaces were observed along 

the cliff faces. Although sampling was limited it may be reasonable to assume that like the 

nearby Ossu fatus, Perdido Group and Kolbano Group limestones also dominate most of the 

high, central regions of Mount Bibileu. Lithologies sampled from the foothills below the high 

cliffs at the western end of Mount Bibileu comprise Banda Megasequence lithologies – either 

Barique Group volcanics and sandstones or Dartollu Group limestones (Fig. 101). Barique 

Group rocks have also previously been mapped encircling the northern limits of the fatu 

(Partoyo et al. 1995). The Plio-Pleistocene Viqueque Group (Synorogenic Megasequence) has 

previously been mapped extending up from the Viqueque basin in the south to abut Mount 

Bibileu along its southern scarp (Audley-Charles 1968; Partoyo et al. 1995). Although the 

Viqueque Group was not observed at the very western end of the fatu, this study has found no 

evidence to contradict this relationship elsewhere. 

Overall, the distribution of stratigraphy at Mount Bibileu appears similar to that of the Ossu 

fatus. High, central regions are dominated by Gondwana and Australian Margin Megasequence 

limestones (Perdido Group and Kolbano Group), with Banda Megasequence lithologies found 

around the lower foothills, and Synorogenic Megasequence lithologies in the lowlands, in 

places extending up to the steep, bounding cliffs of the fatu. 

4.2.2 Faulting 

The most prominent structural feature of Mount Bibileu is its southern scarp, which extends 

uninterrupted for approximately 7 km along the southern edge of the fatu (Fig. 100). This fault 

scarp strikes 090° along the eastern two thirds of the fatu, before curving slightly to strike 

approximately 100° at the western end of the fatu. The 100° striking western section juxtaposes 

the Gondwana and Australian Margin Megasequence limestones of the fatu (Perdido Group and 
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Kolbano Group) against the Banda Megasequence lithologies of the foothills. The main, 090° 

oriented length of the fault juxtaposes the Australian affinity limestones of the fatu against 

recent, Plio-Pleistocene Viqueque Group synorogenic deposits.  

Although obvious on a DEM or aerial photograph, outcrop evidence of the main Bibileu Fault 

was not observed in the field by the limited mapping of this study. The very linear nature of the 

fault trace implies that it is a steeply dipping fault. In his Timor Oil Report on Geology, Audley-

Charles (1962) observed the Bibileu Fault to be a steep-angled major reverse fault where it 

juxtaposes the fatu limestones against the Viqueque Group. This is consistent with steep-angled 

reverse faults observed by this study that bound the nearby Ossu fatus. 

4.2.3 Folding 

No evidence of folding was observed at Mount Bibileu, perhaps due in part to the limited 

amount of work in this region. 

4.2.4 Melange zones, petroleum seeps and geothermal springs 

Geothermal springs are present approximately 2 km west of Mount Bibileu, along strike of the 

main Bibileu Fault (Fig. 101). We were guided to within a few hundred metres of the springs; 

however we were not allowed to view their source due to local cultural sensitivities. Runoff 

from the springs was very warm to the touch, and likely much hotter at the source. Lawless et 

al. (2005) described springs from very near to this locality, which he was also not able to reach 

(Laclota Springs). However, he describes reports of the Indonesian Army using these springs to 

cook noodles, implying a temperature of at least 60°C. These springs are most likely related to 

meteoric water circulating through the Bibileu Fault, and like other geothermal springs in 

Timor, implies that this fault extends to significant depths. 

4.2.5 Structural model 

Although limited structural data was gathered during the brief time spend at Mount Bibileu by 

this study, the fatu appears similar in lithology, stratigraphic distribution and structural style to 

the nearby Ossu fatus of Mount Mundo Perdido, Mount Laritame and the Builo Range. The fatu 
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itself comprises the same Perdido Group and Kolbano Group limestones that dominate the high, 

central parts of the Ossu fatus. The foothills likewise comprise Banda Megasequence 

lithologies, which are juxtaposed against the Australian affinity rocks of the fatu by high-angle, 

reverse faults. It may be reasonable to assume that Mount Bibileu, at least at its southern 

margin, has been exhumed along a high angle, probably transpressional fault, producing uplift 

similar to the pop-up structures at Mount Mundo Perdido, Mount Laritame and the Builo Range. 

However, much more extensive mapping would need to be carried out in order to create a well-

defined structural model. 

 

4.3 The Paitchau Range and Lake Iralalaru 

The eastern tip of Timor Island is dominated by the Lautem Plateau, a flat expanse comprising 

over 500 km2 of Pleistocene Baucau Limestone (Fig. 84) and younger overlying sediments, 

which now lie approximately 400-500 m above sea level (Fig. 86). The south-eastern edge of 

the Lautem Plateau abuts the Paitchau Range, which comprises a series of two to three long 

narrow ridges striking approximately 030° for over 10 km (Fig. 102). The northernmost ridge 

closest to the plateau is smallest, and the ridges increase in both length and height moving 

southeast across the range. All of the highest peaks of the Paitchau Range, situated at over 900 

m above sea level, occur on the south-easternmost ridge. The ridges appear to dip northwest, 

having gentler slopes on their north-western sides and steeper, more irregular scarps on their 

southeast. At the north-eastern end of the Paitchau Range the ridges become discontinuous and 

are separated into a series of hills. 

Lake Iralalaru is situated in the eastern end of the Lautem Plateau, less than 2 km northwest of 

the Paitchau Range (Fig. 102). It forms an almost perfectly rhomboidal east-northeast striking 

basin, slightly elongate in the southwest-northeast direction. Its western and eastern edges 

measure approximately 7 km and strike at 020°-030°, while its northern and southern edges 

measure approximately 9 km and strike at 070°. In the dry season the lake is reduced to a 

narrow, elongate, spindle-shaped water body situated in the basin’s centre, approximately 2 km 
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long and just a couple of hundred metres wide, with an S-shape that mirrors the asymmetry of 

the larger basin. 

4.3.1 Distribution of stratigraphy 

The ridges of the Paitchau Range comprise indurated Triassic limestones of the Bandeira Group 

(Gondwana Megasequence), most likely with units of less indurated mudstones, muddy 

wackestones and sandstones occupying the recessive valleys between them (Chapter 3.6 The 

Paitchau Range), (Fig. 103). Bedding in the massive limestones is difficult to determine in the 

field but a Google Earth DEM shows that the ridges appear to be dipping northwest, towards the 

plateau (Fig. 104). Aitutu Group mudstones and limestones (Fig. 84) have previously been 

mapped at the Paitchau Range (Audley-Charles 1968; Partoyo et al. 1995). This study agrees 

with these interpretations in some of the lower areas along the edges of the range, particularly 

around its north-eastern and south-western ends, but suggests that the Aitutu Group may have 

gradational contacts with the Bandeira Group limestones that comprise the main ridges of the 

range (Chapter 3.6 The Paitchau Range). Although not sampled by this study, Permian Cribas 

Group rocks (Fig. 84) have been mapped extensively along the south-eastern edge of the 

Lautem Plateau by previous authors, surrounding the Paitchau Range on all but its north-

western edge (Audley-Charles 1968; Partoyo et al. 1995).  

The Lautem Plateau (Fig. 86) abuts the Paitchau Range along the length of its north-western 

edge. The Plateau consists of a series of uplifted Baucau Limestone coral reef terraces, 

deposited in shallow water during the Pleistocene and now situated 400-500 m above sea level. 

 

Fig. 102 → (a) Aerial photo of the Paitchau Range and Lake Iralalaru with interpreted structure. (b) Digital elevation 

model of the Paitchau Range and Lake Iralalaru with interpreted structure. Faults shown with solid lines have been 

observed and measured in the field; those shown with dashed lines have been interpreted from aerial photographs. 

Fig. 103 →→ Interpreted geological map of the Paitchau Range and Lake Iralalaru, showing the distribution of 

lithologies and main geological structures. Geology outside of mapped areas is modified after Partoyo et al. (1995) 

using aerial photographs. SM = Synorogenic Megasequence, GM = Gondwana Megasequence. Faults shown with 

solid lines have been observed and measured in the field; those shown with dashed lines have been interpreted from 

aerial photographs. Strike and dip of bedding is shown where measured. 



21
5 

 

   



21
6 

 



21
7 

 

 



21
8 

 



219 
 

 

Fig. 104. Aerial photography and digital elevation model from Google Earth, looking southwest along strike of the 

Paitchau Range, eye altitude = 1.67 km. The Bandeira Group limestone ridges that comprise the Paitchau Range 

appear to dip northwest, towards the Lautem Plateau (right of frame), displaying steep southeast facing cliffs (left of 

frame) and more gentle, northwest facing dip-slopes (right of frame). 

 

Younger, Pleistocene to Holocene lacustrine limestones (Poros Limestone of Audley-Charles 

1968) and overlying gravels, sands and muds (Suai Formation of Audley-Charles 1968) occupy 

a large basin in the centre of the southern part of the Lautem Plateau, and are most likely related 

to the paleo-extent of Lake Iralalaru, which is now confined to the south-eastern end of this 

basin. 

4.3.2 Faulting 

Lake Iralalaru displays a striking rhomboidal geometry with unusually linear boundaries 

inferring structural control. Several regional scale lineaments are evident in aerial photographs 

and digital elevation models that most likely represent major structures around Lake Iralalaru 

and the Paitchau Range (Fig. 102).  
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Benincasa et al. (2012) proposed that Lake Iralalaru is bound along its northern and southern 

edges by sinistral normal faults that strike east-northeast, parallel to the long axis of the lake. 

These northern and southern faults strike 070°, while the western and eastern edges of the lake 

strike 025°-030° parallel to the Paitchau Range. 

The Paitchau Range is bound by major northeast striking lineaments along its north-western and 

south-eastern edges, parallel to the ridges of the range, and these linear structures may represent 

steeply dipping faults. The north-western structure, striking 025°, now juxtaposes the 

synorogenic Pleistocene Baucau Limestone of the Lautem Plateau against the older Gondwanan 

Megasequence rocks of the Paitchau Range, and may be interpreted as a northwest dipping 

normal fault. The south-eastern lineament is sub-parallel, striking approximately 030°, and may 

represent a similar, southeast dipping normal fault, exhuming the Paitchau Range as a horst 

block between normal faults on either side. Alternatively, this lineament may be due to 

lithological differences between the indurated Triassic limestones of the Paitchau Range and 

underlying mud dominated Permian units. At the north-western end of the Paitchau Range the 

ridges of the range are offset to the left along an east-southeast striking lineation (Fig. 102). 

This discontinuity and offset may be interpreted as high angle fault striking approximately 115°, 

accommodating left-lateral strike-slip movement.  

At the Paitchau Range, limited structural data was gathered in the field by this study due to 

difficulties in access during the 2010 field season, and field data for this remote area of Timor is 

rare in the literature. However, some reconnaissance mapping was completed by a Norwegian 

consultancy around the Paitchau Range in 2003/2004 as part of the pre-feasibility study for a 

proposed Hydropower Project in the area (Norconsult 2006). The Norconsult study also 

included a small number of boreholes drilled to gather geotechnical data, and some shallow 

seismic surveys. Norconsult (2006) field evidence supports the interpretation that the Paitchau 

Range is bound by steeply-dipping southwest-northeast striking normal faults. Fault planes 

associated with the north-western normal fault were observed in the field, striking 023°and 

dipping 60° northwest (Norconsult 2006). Related damage zones are noted within several drill 

holes (slickensides and breccia) although drill hole locations and depths are not given. Two 
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shallow seismic lines on the north-western side of the Paitchau Range also show steep scarps in 

the interpreted bedrock profile and corresponding low velocity zones where they intersect the 

interpreted north-western fault trace (Fig. 105). Norconsult (2006) also interprets a southeast 

dipping normal fault along the south-eastern boundary of the Paitchau Range, although does not 

describe field evidence for this fault. Two kilometres southeast of the south-eastern Paitchau 

normal fault Norconsult (2006) describes the Vero normal fault, which strikes 015°, sub-parallel 

to the Paitchau normal faults, from the south coast of Timor Island over 6 km inland 

(Norconsult 2006). The Vero River drains along the fault trace and fault scarps are observed at 

the river in the field (Norconsult 2006). Norconsult (2006) also contains observations of two 

smaller-scale dextral strike-slip faults, one on the northern and one on the southern side of the 

Paitchau Range.  

Orientations and detailed localities of these faults however are not provided, and the present 

study was unable to verify these faults in the field. Norconsult (2006) reaches a similar 

conclusion to Benincasa et al. (2012) regarding Lake Iralalaru as being bound by linear faults 

along its northern and southern edges. They name the northern and southern faults the Mehara 

Fault and Malahara Fault respectively, describing the faults as forming a graben structure that 

controls the occurrence of the lake. This study observed a large scarp in the Baucau Limestone 

on the south side of Lake Iralalaru, approximately 10-20 m in height, which extends for several 

kilometres and corresponds with the trace of the Malahara Fault (Fig. 106). 

4.3.3 Folding 

Some of the older literature (e.g. Audley-Charles 1965b) interprets a northeast striking syncline 

extending through the Lautem Plateau, with the fold axial trace passing through the long axis of 

Lake Iralalaru, and the Paitchau Range representing the southern limb of the fold. However 

there is little direct evidence to support such an interpretation, aside from the north-western dip 

of the Paitchau Range. Given the highly unusual rhomboidal geometry and linear banks of Lake 

Iralalaru, along with the evidence for large scale faulting in the area, it is more likely that recent 
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brittle deformation is responsible for the distinctive morphology of the Paitchau/Iralalaru 

region. 

 

Fig. 105. Norconsult (2006) shallow seismic lines P1 (a) and P3 (b) both cross the interpreted trace of the Paitchau 

Range Fault (c). Vertical and horizontal scales are in metres with velocity zones in the subsurface shown in ms-1. 

Both seismic sections show steep scarps where they cross the interpreted fault trace. Section P1 also shows a zone of 

low velocity below the scarp, which may be associated with a fault zone. 
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Fig. 106. Facing south, a 10-20 m high scarp developed within Pleistocene Baucau limestone situated on the southern 

edge of the Lautem Plateau, at AB405. The scarp extends for several kilometres and corresponds with the interpreted 

trace of the Malahara Fault, seen here on a digital elevation model.  

 

4.3.4 Melange zones, petroleum seeps and geothermal springs 

No tectonic melange zones were encountered during fieldwork in the area, and melange has not 

been mapped in this region in previous literature. 

Two small oil seeps are located 7 km west of Lake Iralalaru (Audley-Charles 1968), which were 

reported to Audley-Charles by Leme (pers. comm. 1962). They consist of oil stains and odours 

in Pleistocene Poros Limestone, and are most likely sourced from underlying Triassic or 

Permian formations. These seeps occur along strike of the Mehara fault (Fig. 103), which 

bounds the northern edge of the lake, and may be exploiting a continuation or splay of this fault 

zone as a conduit to the surface.  

Norconsult (2006) reported springs in Malahara, located on the Malahara Fault that bounds the 

southern edge of the lake. It is not specified whether these are geothermal springs or otherwise, 
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but they are described as supporting evidence for the presence of the Malahara Fault in this 

location. The presence of springs and seeps associated with faults around Lake Iralalaru 

supports the interpreted fault locations and suggests, particularly in the case of the seeps, that 

these are deep structures that penetrate the thickness of the Lautem Plateau. 

4.3.5 Structural model 

Lake Iralalaru comprises a morphologically distinctive rhomboidal basin within a plateau of 

synorogenic limestones Pleistocene and younger in age (Fig. 103). The lake is bound by large, 

linear faults along its northern and southern edges which strike 070° and are associated in places 

with springs and seeps. Adjacent and parallel to the eastern edge of Lake Iralalaru is the 

Paitchau Range, comprising a horst block of northwest dipping Gondwana Megasequence 

limestones. The Paitchau Range is juxtaposed against the Lautem Plateau and Lake Iralalaru by 

a northwest dipping normal fault striking 025°, parallel to the eastern edge of the lake basin, and 

is surrounded by a number of other faults of similar strike to its north and east.  

After finding evidence for large scale left lateral strike-slip deformation parallel to Timor Island 

at Mount Mundo Perdido, Benincasa et al. (2012) suggested that Lake Iralalaru may represent a 

pull-apart basin formed at a releasing fault stepover within a related strand of a plate-boundary 

parallel left-lateral strike-slip fault system. This was based on a strong resemblance to pull-apart 

structures developed at releasing fault stepovers in analogue models (Dooley & McClay 1997) 

and documented strike-slip systems elsewhere (Mann 2007).  

Analogue modelling of transtensional pull-apart basins by Wu et al. (2009) provides further 

evidence supporting such a structural model at Lake Iralalaru. Wu et al. (2009) uses scaled 

sandbox models to investigate the 4D evolution of pull-apart basins formed above underlapping 

releasing stepovers in strike-slip fault systems. In an experimental model of a 30° underlapping 

releasing fault stepover, pure strike-slip motion (i.e. basement displacement parallel to the trace 

of the PDZ) results in the formation of a basin with a geometry identical to that observed at 

Lake Iralalaru (Fig. 107).  
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Fig. 107 (a) Aerial photo of Lake Iralalaru in the wet season, with interpreted fault architecture. (b) Image of a 

transtensional pull-apart basin developed in a scaled sandbox model of a 30° underlapping releasing fault stepover 

experiencing pure strike-slip, modified after Wu et al. (2009). The geometry of the structure is identical to that 

observed at Lake Iralalaru. (c) Aerial photo of Lake Iralalaru in the dry season, taken from Google Earth, at the same 

scale as image in (a).  A deep, narrow and elongate depression in the centre of the larger, rhomboidal basin is evident 

in both the analogue model and aerial photograph, at the same orientation. 
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Both the modelled basin and the Lake Iralalaru basin are flat-bottomed rhomboids, slightly 

longer than they are wide. The modelled basin is bound by steeply dipping (80–90° dip) 

oblique-extensional faults on each side subparallel to its long axis, while Lake Iralalaru is 

similarly bound along its northern and southern edges by the Mehara and Malahara faults. In the 

model these oblique-extensional faults curve towards the PDZ on the opposite side of the 

stepover, to become slightly shallower dipping (35–65° dip) normal faults which bound the 

short ends of the basin, and which intersect the PDZs here at an acute angle of approximately 

50°. A similar normal fault bounds the eastern end of Lake Iralalaru basin along the north-

western edge of the Paitchau Range. Oriented at 025°, this fault forms an approximately ~45° 

acute angle with the 070° striking Mehara and Malahara faults, very similar to the 50° angle 

evident in the sandbox model. Fault systems comprising a number of subparallel, sometimes 

terraced, oblique-extensional faults are common on the margins of pure strike-slip pull-apart 

basins (Wu et al. 2009) and this is possibly evident in the number of subparallel 020°-030° 

striking faults around the Paitchau Range. 

Directly above the stepover in the centre of the basin, the sandbox model produces a pair of 

long, linear, oblique-extensional faults with opposing dip polarity which link the PDZs at either 

end. These faults form a deep, narrow and elongate central graben within the larger, shallower 

rhomboidal basin, which strikes at approximately 27° oblique to the trace of the PDZs (Fig. 

107b). An identical feature is visible on aerial photographs of Lake Iralalaru in the dry season, 

when most of the basin is exposed (Fig. 107c). In the centre of the shallow, larger rhomboidal 

basin is a deep, linear elongate depression which still holds water, striking at approximately 

045°, 25° oblique to the Mehara and Malahara faults.  
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4.4 The Matebian Range 

Situated approximately 20 km east of the Ossu fatus, the Matebian Range is one of the largest 

structural features in East Timor; at over 20 km long it almost bisects Timor Island from the 

north to south coast (Figs 86, 108a). The main part of the range begins to rise from the 

surrounding land less than 5 km inland of the north coast (Fig. 108b), and strikes south-

southwest for approximately 20 km, with the high peaks of Matebian Mane (~1500 m) and 

Matebian Feto (2376) m at the southern end (Fig. 109). This main part of the range is 6-7 km 

wide and displays extremely steep, high scarps along its north-western edge, 700-800 m tall, 

which extend upwards to the highest points of the range. The topography on the top of the 

Matebian Range is rugged but generally dips east to southeast (Fig. 108b), with the south-

eastern edge of the range bounded by much more irregular topography and smaller scarps 200-

300 m in height. This main part of the range is mostly bounded along its southern edge by 

south-southeast facing scarps that strike approximately 070°.  

However, at this point the western edge of the range abruptly changes strike from south-

southwest to southeast, and a narrow extension of the Matebian Range continues south-eastward 

towards for a further 11 km (Fig. 109). This lesser part of the range comprises a narrow central 

ridge less than 1 km across, surrounded by irregular topography with more gradual slopes. The 

height of this southeast-trending extension decreases sharply from over 1900 m in the north 

where it joins the main part of the Matebian Range, to 1100-1200 m in its middle and south-

eastern parts. This extension of the Matebian range terminates less than 4 km inland of the south 

coast of Timor Island. 

Immediately east of the Matebian Range lies the Legumau Range, which begins less than 2 km 

east of the south-eastern corner of the main section of Matebian (Fig. 109). From here it strikes 

east-northeast for a distance of approximately 20 km, parallel to the south-southeast facing 

scarps that bound the southern edge of Matebian. At less than 5 km wide the Legumau Range is 

a long and narrow landform, with a fairly consistent height 1000-1100 m a.s.l. along its length, 

reaching just over 1200 at its highest point. Legumau is not a fatu-style range; rather it exhibits 

gentle, hilly topography with gradual slopes to the north and south. 
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Fig. 108 ↑ (a) Google Earth image of the Matebian Range, facing north (eye altitude 9.2 km). Together, the two main 

sections of the range nearly bisect Timor Island from south to north. The (b) Profile of the Matebian Range (facing 

southeast). Beginning near the north coast of Timor Island (left of frame) it extends south-southwest for over 20 km. 

(b) Uninterpreted and (c) interpreted images from Google Earth, looking north-northeast along strike of the northern 

part of Matebian Range (eye altitude 3.9 km). At this large scale, bedding appears to dip southeast, displaying steep 

northwest facing cliffs (left of frame) and more gentle, southeast facing dip-slopes (right of frame). 

Fig. 109 → (a) Aerial photo of the Matebian Range with interpreted structure. (b) Digital elevation model of the 

Matebian Range with interpreted structure. Faults shown with solid lines have been observed and measured in the 

field; those shown with dashed lines have been interpreted from aerial photographs. Arrows indicate fault striae 

where observed and measured on major faults.   
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4.4.1 Distribution of stratigraphy 

The structurally highest, central regions of the Matebian Range could not be sampled by this 

study. Unfortunately, little information is found in the literature regarding the composition of 

the rocks that comprise the high peaks of the range, as access is difficult due to both dangerous 

terrane and regard for cultural sensitivities (Matebian is a sacred mountain in Timorese culture). 

As a result, samples at the Matebian Range have often been collected from the lower reaches of 

the massif under the high cliffs, at around 1200 m or less (e.g. Harris 2006; Standley & Harris 

2009). These samples have generally been of Lower Miocene larger foraminiferal limestone 

(Audley-Charles 1968; Harris 2006), akin to the Booi Group limestones (Banda Megasequence) 

that comprise the lower cliffs around Mount Mundo Perdido and Mount Laritame. 

Rocks comprising the high western cliffs of the Matebian Range have been described as 

massive grey-weathering, cream-coloured calcilutite with no obvious bedding or fossils (Duffy 

et al. 2013, Harris pers. comm. 2013). This description is far more similar to Australian affinity 

limestones of the Gondwana or Australian Margin megasequences than it is to fossiliferous 

limestones of the Booi Group (Fig. 84). The high eastern cliffs of the Matebian Range, where 

sampled by this study, comprise mainly limestones of the Australian Margin Megasequence, 

with the highest point sampled, a cliff face at ~ 1000 m above sea level, belonging to the 

Gondwana Megasequence (Fig. 110). Pelagites of the Australian Margin Megasequence have 

previously been mapped in the high, central regions of the Matebian Range by Audley-Charles 

(1968) (as two small klippen of his ‘Borolalo Limestone’), and more recently by Partoyo et al. 

(1995) as extensive but discontinuous patches of outcrop throughout the top of the range (Fig. 

110). The Australian Margin Megasequence was deposited as a thin (several hundred metres 

thick) succession unconformably above the Gondwana Megasequence (Haig & McCartain 

2007). Digital terrane models from Google Earth appear to show bedding on the top of the 

Matebian Range dipping east to southeast, particularly in the northern regions of the range (Fig. 

108). Therefore, if the Matebian Range is covered by a thin, discontinuous veneer of Australian 

Margin Megasequence limestones it is likely that limestones of the upper part of the Gondwana 

Megasequence, e.g. the Perdido Limestone, may be exposed in the high western regions of the 
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range. The Perdido Limestone is consistent with the descriptions of the western cliffs of the 

Matebian Range given by previous authors (Duffy et al. 2013, Harris pers. comm. 2013), and 

similar relationships of Australian Margin Megasequence pelagites closely associated with, and 

appearing to overlie, the Perdido Limestone are also present at Mound Mundo Perdido. 

Immediately below the western scarp of the Matebian Range this study mapped extensive 

outcrop of Triassic Aitutu Group mudstones and limestones of the Gondwana Megasequence 

(Fig. 110), with some Permian rocks encountered in overlying float. 

Two and a half kilometres west of the scarp is a high-angle north-northeast trending fault which 

separates Triassic lithologies from the Permian Cribas Group (Fig. 110). 

Rocks of the Banda Megasequence (the Lolotoi Group, the Barique Group and the Booi Group 

– previously mapped as ‘Cablac Limestone’) have been mapped extensively around the edges 

and lower reaches of the Matebian massif (Audley-Charles 1968; Partoyo et al. 1995; Harris 

2006; Standley & Harris 2009). These lithologies were not encountered at the Matebian Range 

by this study; however their mapped extents are consistent with relationships observed at the 

Ossu fatus, where Banda Megasequence units at low structural levels are juxtaposed against 

Australian affinity units that comprise the massif, separated by high angle faults. 

The Legumau Range has previously been mapped as Permian (Audley-Charles 1968; Partoyo et 

al. 1995) however it was not sampled by this study. 

 

 

 

Fig. 110 → Interpreted geological map of the Matebian Range, showing the distribution of lithologies and main 

geological structures. Geology outside of mapped areas is modified after Partoyo et al. (1995) using aerial 

photographs. SM = Synorogenic Megasequence, BM = Banda Megasequence, AM = Australian Margin 

Megasequence, GM = Gondwana Megasequence. Faults shown with solid lines have been observed and measured in 

the field; those shown with dashed lines have been interpreted from aerial photographs. Strike and dip of bedding is 

shown where measured. 
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4.4.2 Faulting 

The most prominent structural feature of the Matebian Range is the extensive scarp that bounds 

the western edge of the massif (Figs 108, 109, 110, 111). Nearly 20 km long and up to 800 m in 

height, it is the largest limestone scarp in East Timor. Although not visited in the field by this 

study, observations of extensive fault breccia along the face of the scarp have been made by 

previous workers (Harris pers. comm. 2013). The scarp dips steeply to the west and strikes 

north-northeast at approximately 030°, consistent with the north-northwest fault trend seen 

throughout the Ossu fatus and sub-parallel to the eastern scarps of Mount Laritame and the 

Mount Ariana ridge. Detail of the Matebian scarp however, particularly in aerial photographs, 

shows it to comprise a series of smaller, right stepping scarps striking ~010°, generally 0.5-4 km 

in length (Fig. 111a, b).  

Elsewhere in the Matebian Range, scarps are also consistent with fault trends seen throughout 

the Ossu fatus. Scarps which bound the eastern edge of the Matebian Range are lower and less 

well defined than those on the west of the massif. However, a distinct lineament is evident on 

the digital elevation model (Fig. 109b), particularly in the northern part of the range, which 

trends 050°, consistent with the 030°– 050° fault trend observed around Ossu. The steep south-

southeast facing scarps which bound the southern edge of the main Matebian massif strike at 

070° (Fig. 109), consistent with the 060°– 070° Ossu trend. At the Matebian Range, this 

lineament continues east and extends along the southern edge of the Legumau Range. Likewise, 

the ridge which extends southeast from the south of the Matebian Range has a strike of 

approximately 130° (Fig. 109), very close to the 100°– 120° trend observed around Ossu. 

These large-scale lineaments, clearly visible in aerial photography and digital elevation models, 

are supported by field observations at several locations within the study area. At AB498, 

approximately 2.5 km west of Matebian’s western scarp, a large fault plane is exposed by recent 

landslips (Fig. 112a). This fault plane dips steeply east at 70°, and its strike of 010° parallels the 

en-echelon fault planes of the Matebian scarp. Prominent fault striae plunge shallowly towards 

180°, indicating predominantly strike-slip movement on this fault. Kinematic indicators  
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including secondary fractures at a small angle to the fault wall (Fig. 112b) and crescentic 

fractures (Fig. 112c) point to sinistral, slightly transpressional movement on this fault 

(following the criteria of Petit 1987, Fig. 112d), consistent with interpreted left-lateral 

movement on the main Matebian scarp. At AB478 the fault plane outcrops over a strike length 

of approximately 20 m, juxtaposing Permian Cribas Group rocks on the west of the fault with 

the Triassic Aitutu Group, which extend east from this point to the base of the Matebian scarp. 

Extending the fault north along strike the fault trace separates mapped outcrops of Permian and 

Triassic rocks for nearly one kilometre, evidence that this fault likely represents a major 

structure.  

 On the southern edge of the main Matebian massif at AB530, fault planes are observed within 

Perdido Group limestones dipping approximately 55° to the north and striking at around 085°, 

slightly oblique to the 070° trend of the southern scarps of the massif (Fig. 112e). Striae 

measured on these faults plunge towards 050° indicating a strong component of obliquity to 

movement in this region also. 

 Definitive kinematic indicators were not observed on these fault planes, so these striae could be 

interpreted as either right-lateral transtensional or left lateral transpressional. However, given 

that these fault planes dip north and are associated with south facing scarps and the uplifted 

massif to the north, it is likely that they represent transpressional structures. 

Remaining structural lineaments on the eastern edge of the massif, the southeast trending 

extension to the Matebian Range and the Legumau Range were not visited in the field by this 

study. Rocks of the Lolotoi Metamorphic Complex (Banda Megasequence) have previously 

been mapped at lower structural levels along the eastern edge of the Matebian Range (Audley-

Charles 1968; Partoyo et al. 1995; Harris 2006; Standley & Harris 2009), forming a sub-linear 

strip 500-1500 m wide below and parallel to the eastern cliffs of the massif.  

Fig. 111 ← (a) Uninterpreted and (b) interpreted aerial photograph of the Matebian scarp. The main scarp comprises 

a series of smaller, right stepping scarps striking ~010°. (c) cf. right stepping R shears in a left lateral distributed 

strike-slip experiment, modified from Schreurs (2003). 
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It is likely that here, as at the Ossu fatus, these cliffs represent high angle fault scarps 

juxtaposing the Banda Megasequence rocks against the Australian affinity limestones of the 

massif. The strong topographic lineament of Matebian’s southeast trending extension and its 

orientation subparallel to fault trends observed in the Ossu fatus suggest that this ridge may also 

be structurally controlled. This is supported by the presence of several oil and gas seeps located 

at the base of the ridge along its south-western edge, possibly exploiting structures related to 

this lineament (see below Chapter 4.4.4 Melange zones, petroleum seeps and geothermal 

springs). Detailed fieldwork in this area would be needed to support this hypothesis. The 

Legumau Range has previously been mapped as an overthrust unit of Permian Maubisse Group 

limestone (Gondwana Megasequence) (Audley-Charles 1968) although no thrust contacts have 

been recorded. The Legumau Range lacks the obvious high angle faults and typical, steep-sided, 

fatu-style morphology of the other mountains investigated in this study.  

Permian Maubisse Group limestone is not rheologically dissimilar to the Mesozoic and 

Cenozoic limestones that comprise most of the other fatus mapped in this study, and are known 

to form fatu-style massifs elsewhere on Timor Island (Molengraaf 1912; ’t Hoen & van Es 

1925; Wittouck 1937; Tappenbeck 1940; Gageonnet & Lemoine 1958). The fact that the 

Legumau Range lacks typical fatu-style morphology possibly points to differences in its 

genesis. 

 

 

 

 

Fig. 112 ← (a) Facing west, field photograph of striated fault plane at AB498. Large fault striae plunge shallowly 

towards 180°. A5 field notebook for scale. Breakouts show low angle secondary R fractures (b) and crescentic T 

fractures (c)  following the criteria of Petit (1987) (d). Fault striae and secondary fractures indicate sinistral, slightly 

transpressional movement on this fault. (e) Facing west, field photograph of a fault plane developed in Perdido Group 

limestones at AB530, dipping approximately 55° to the north.  
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4.4.3 Folding 

On the western edge of the Matebian Range, bedding was measured at 15 locations within the 

Gondwana Megasequence Aitutu Group mudstone and limestone succession where it outcrops 

between the massive limestones of the Matebian massif and the Permian rocks west of the 

AB478 fault. A contoured stereonet plot of bedding within the Aitutu Group describes open, 

upright folding with axial planes striking at approximately 020°, and hinges plunging shallowly 

towards ~200° (Fig. 113a). This data is supported by observations of large, antiformal fold 

closures in the field, with hinges plunging south-southwest (Fig. 113b). Mapped axial traces are 

sub-parallel to the western scarp of the Matebian Range (Fig. 110) 

On the eastern side of the Matebian Range, minor outcrop scale folding is observed within Noni 

Group (Indian Ocean Megasequence) cherts and mudstones at AB526. Here, 12 bedding 

measurements were recorded (over a metre-scale range as opposed to the kilometre-scale 

measurements locations within the Aitutu Group) and plotted on a contoured stereonet (Fig. 

113c). This stereonet plot is remarkably similar to that of measurements from the western side 

of the Matebian Range; describing an open, upright fold with an axial plane striking north-

northeast and a hinge plunging shallowly towards ~195°. This is very limited data however, 

sourced from only one field locality, so conclusions cannot be drawn regarding correlation with 

the folding on the western side of the range. 

4.4.4 Melange zones, petroleum seeps and geothermal springs 

Zones of tectonic melange were not encountered during the limited mapping of this study. 

Audley-Charles (1968) previously mapped the Matebian Range as being encircled by his 

‘Bobonaro Melange’ that was interpreted as occupying the lowlands surrounding the massif. 

However, this study has observed that the ‘Bobonaro Melange’ surrounding fatus elsewhere in 

East Timor actually comprises Triassic mudstones and sandstones of the Babulu Group with 

tectonic melange confined to distinct structural zones, and this may be the case around the 

Matebian Range also. 
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Fig. 113. (a) Contoured stereonet plot of Aitutu Group bedding on the western side of the Matebian Range, with data 

points representing poles to bedding. Kamb contour interval = 2 sigma, π-circle oriented 291°/79°SW, π-axis 

11°→202°. (b) Facing east, large, antiformal fold closures are observed in the field, with hinges plunging south-

southwest. This particular hinge formed a prominent hill protruding approximately 50 m from the surrounding 

landscape. (c) Contoured stereonet plot of Noni bedding at AB526 on the western side of the Matebian Range with 

data points representing poles to bedding. Kamb contour interval = 2 sigma, π-circle oriented 283°/52°SW, π-axis 

38°→193°.  The stereonet is quite similar to measurements from the western side of the range, with hinges plunging 

south-southwest and axial traces sub-parallel to the Matebian scarp. (d) Facing south-southwest, looking down the 

hinge of a fold developed in Noni Group cherts and mudstones at AB526. A5 notebook for scale. 

 

A number of oil and gas seeps have been recorded by previous workers around the southern 

parts of the Matebian Range (Fig. 110). The Gari Uai oil seep is located below the scarp that 

bounds the southern edge of the range, at its eastern end, within mudstone near the contact 

between the limestone cliffs (Audley-Charles 1968). This was once a burning gas seep, and 

though it is now extinguished it still bears an oil smell. Several oil and gas seeps have also been 

recorded along the southern edge of the southeast trending extension of the Matebian Range. 
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These include the Atalele gas seep and Iriamo oil seep emanating from mudstones below the 

south-western end of the ridge, and the Tualo gas seep, thought to be related to faulting within 

Permian Cribas Group rocks below the south-eastern tip of the ridge (Audley-Charles 1968).  

No geothermal springs were encountered by this study. 

4.4.5 Structural model 

In common with the Ossu fatus, the Matebian Range comprises a central uplifted core of 

Australian affinity rocks, with Banda Megasequence units confined to the outskirts of the massif 

at lower structural levels, separated by high angle faults (Fig. 110). These high angle faults 

dominate the massif and control its morphology, typical of fatus throughout East Timor (Fig. 

109). At the Matebian Range, the largest of these faults is the north-northwest trending structure 

that bounds the western edge of the range (Fig. 108). This linear, steeply dipping fault exhumes 

the Australian affinity rocks of the massif and tilts them eastwards. Uplifted Australian Margin 

Megasequence rocks are now extensively exposed in the higher parts of the range and down to 

its eastern edge. Older, Gondwana Megasequence limestones are present underneath the thin 

veneer of Australian Margin Megasequence rocks, they are observed by this study in the eastern 

parts of the Matebian Range and some observations suggest they may comprise the high cliffs 

on the west of the range (Duffy 2013 pers. comm., Harris 2013 pers. comm.), although this 

needs to be confirmed by further fieldwork.  

A large left lateral component of movement is strongly evident on this western fault scarp, with 

the scarp comprising a series of smaller, right-stepping en-echelon Riedel (R) faults oriented at 

20° to the main fault trace (Fig. 111). This fault distribution is typical of classic Reidel 

experiments, where experimental models of strike-slip along a vertical basement fault produce a 

series of en-echelon Reidel shears (R shears) striking at an angle of approximately 15°-20° to 

the trace of the basement fault (with the exact angle dependent on the internal friction of the 

material above the fault, but generally between 8°-23° eg. Tchalenko 1970; Naylor et al. 1986; 

Schreurs 2003; Atmaoui et al. 2006). The right-stepping en-echelon array at Matebian is 

indicative of left-lateral movement (Fig. 111). Interpreted left-lateral movement here is 
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supported by the presence of a major left-lateral strike slip fault observed west of the scarp at 

AB478 which has produced a large fault scarp (Fig. 112) and juxtaposes Triassic and Permian 

rocks for up to a kilometre (Fig. 110). If the fault scarp on the western edge of the massif 

represents the principle displacement zone (PDZ) of left lateral movement at the Matebian 

Range, it can be seen that all major structural lineaments of the Matebian Range conform to 

expected fault orientations in a left lateral Riedel shear array (Fig. 114). 

The main fault scarp strikes north-northeast at approximately 030°, with individual en-echelon 

segments striking at 010°, representing R shears. The fault at AB478 also represents an R shear, 

striking at 010°, 20° counter-clockwise to the PDZ. If this fault trace is extrapolated north from 

AB478 it coincides with a major lineament formed by the Mau Fui River, which flows along the 

fault trace at 010° for approximately 8 km before draining into a large delta. This correlation 

may imply that the mapped extent of the fault at AB478 is part of a much larger 010° trending 

structure. 

The southwest trending ridge which forms the southern extension of the Matebian Range is 

oriented at 130°, which intersects the R shears at 120°, and conforms exactly to an expected 

Riedel conjugate (R′) orientation in a left lateral strike-slip system. Gas seeps along the southern 

edge of this ridge may be associated with the structures controlling this lineament. Fault scarps 

bounding the eastern edge of the Matebian Range strike at approximately 050°. This conforms 

to the expected P shear orientation in a left lateral system, which form 20° clockwise from the 

main PDZ.  

According to the classic Riedel shear model, compressional structures such as reverse faults and 

folds should be expected to occur perpendicular to maximum strain, at an orientation which 

bisects the obtuse angle between the R and R′ orientations. However as displacement increases 

these structures will often rotate towards shallower angles with respect to the main PDZ, 

particularly in locations proximal to the PDZ (Dooley & Schreurs 2012). In the case of the left 

lateral system at the Matebian Range, folds and thrusts should form at an orientation which 

bisects R at 010° and R′ at 130°, i.e. 070°. At the Matebian Range this is exactly the orientation 
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at which we see the large structural lineament that extends from the southern scarps of the range 

and continues along strike through the linear Legumau Range. Therefore, reverse faults 

associated with the southern scarps of the range are consistent with their expected orientation in 

the Riedel shear model. It has been noted that the Legumau Range lacks the high-angle 

bounding faults responsible for the steep-sided morphology typical of the fatu-style massifs of 

East Timor. The Legumau Range could possibly be interpreted as resulting from a fold with an 

axial plane at the 070° orientation. The range may represent Permian limestones in the exhumed 

core of an anticline striking 070°, with overlying Triassic mudstones located to the north and 

south. This model of the Legumau Range is consistent with a Riedel shear interpretation of 

other major lineaments at the Matebian Range; however it is unable to be substantiated without 

further fieldwork. Mapped folds within the Aitutu Group below the western scarp of the 

Matebian Range strike at 020°, sub-parallel to the PDZ (Fig. 110). These folds may represent 

structures related to strike-slip, rotated into parallelism with the PDZ near the scarp. 

Alternatively, they could represent drag folds associated with normal displacement along the 

western edge of the massif. However, folding is ubiquitous and sometimes chaotic throughout 

the Aitutu Group in East Timor, and ultimately more than the 15 data points of this study would 

be needed to understand the causes for folding in the Aitutu Group at the Matebian Range. 

 

 

 

 

 

Fig. 114 → Digital elevation model of the Matebian Range with interpreted structure. If the right-stepping Matebian 

scarp is interpreted as the principle displacement zone of a left-lateral strike-slip fault striking 030°, then the 010° 

strike-slip fault at AB478 and it’s possible continuation along the Mai Fui River lineament may represent an R shear, 

20° counter-clockwise to the PDZ. (b) All major structural lineaments of the Matebian Range conform to expected 

fault orientations in a left lateral Riedel shear array. See text for detail. 
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4.5 Mount Loelako, the Saburai Range and the Maliana basin 

Timor Island is a long, narrow, boomerang-shaped island. The western half of the island, 

comprising the Indonesian province of West Timor and the East Timorese enclave of Oecussi, 

strikes at approximately 055°, whereas the eastern half the island, comprising East Timor, 

strikes at approximately 070°. In the centre of the island, at the border between West Timor and 

East Timor, the island has a pronounced bend, and it is here that we find the Maliana basin and 

its surrounding fatus Mount Loelako and Mount Saburai (Fig. 2). 

The Maliana basin is the lowest, flattest part of Timor Island outside of the coastal plains (Fig. 

86). The basin is approximately 15 km wide and over 25 km long, with its long axis oriented 

north-northeast (Fig. 115). Widest in the south, the Maliana basin narrows to the north where 

the rivers that drain the basin exit through a gap in the basin margin approximately 3-4 km 

wide. The flat floor of the basin has a slight gradient from 200 m above sea level in the 

southeast to less than 100 m in the northwest. The margins of the basin are sharply defined on a 

digital elevation model (Fig. 115b). The western basin margin, striking 020°-030°, and southern 

basin margin, striking approximately 115°, both comprise low, eroded hills of predominantly 

friable lithologies, rising to 500-600 m above sea level. The eastern basin margin strikes at 

approximately 030°-035° in the south, but curves around to approximately 015°-020° in the 

north. Along this eastern edge of the Maliana basin the flat basin floor meets moderately sloping 

margins, which rapidly increase in gradient towards the high, steep sided limestone fatus of 

Mount Loelako and the Saburai Range, which rise to nearly 2000 m above sea level and 

dominate the landscape east of the basin. Major rivers define the margins of the basin along its 

western, eastern and southern boundaries. 

Mount Loelako forms a long, narrow limestone ridge, approximately 6 km long and no more 

than 1 km wide at its base (Fig. 115). Near vertical cliffs on either side rise up to 1920 m above 

sea level and meet to form a narrow crest along the top of the mountain, in some places only a 

few metres wide (Fig. 116). Mount Loelako has a unique orientation amongst the fatus of East 

Timor, which elsewhere strike approximately east-west (Mount Mundo Perdido, Mount Bibileu, 

the Builo Range), or northeast-southwest (Mount Laritame, the Paitchau Range, Mount 
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Matebian, Mount Taroman, the Saburai Range; Fig. 86). In contrast Mount Loelako strikes 

approximately 000°, however it is slightly warped along its length, so that the northern and 

southern ends of the ridge are offset slightly to the northwest-southeast, striking approximately 

150°. Mount Loelako shows an asymmetry in topography along a west to east profile across the 

fatu (Fig. 116). From the eastern edge of the Maliana basin at approximately 200 m above sea 

level, the base of Mount Loelako forms a gradual hill which increases in gradient as it slopes 

upwards to the bottom of the high, west-facing cliffs which form the crest of the fatu, with the 

base of the cliffs at approximately 1400 m above sea level. On the eastern side of Mount 

Loelako the base of the cliffs are much lower, situated at approximately 1000-1100 m above sea 

level. The topography underneath the eastern cliffs is eroded by drainage leading down to the 

basin below, forming a number of ridges and gullies between massif and the north trending 

Aitasiola River, approximately 3 km east of Mount Loelako. 

One kilometre north of Mount Loelako is Mount Lesululi, a small massif approximately 2.5 km 

wide from east to west and less than 1 km from north to south (Fig. 115). Triangular in plan 

view, Mount Lesululi has high cliffs on its southern and western edges which rise to a 

maximum altitude of 1244 m, while the top of the mountain slopes down gradually towards the 

north and northeast. Viewed from a distance Mount Lesululi looks like a disjointed part of 

Mount Loelako, however morphologically it is quite dissimilar. 

The southern edge of Mount Lesululi comprises an east-west oriented scarp 2.5 km long, which 

contrasts sharply with the north-south orientation of the adjacent Mount Loelako fatu (Fig. 

115b). To the east of Mounts Loelako and Lesululi lies the narrow, north-south trending 

Marobo basin (named for the Marobo River situated east of Mount Lesululi which drains this 

basin to the north), which parallels the eastern edge of the much larger Maliana basin (Fig. 115). 

 

Fig. 115 → (a) Aerial photo of Mount Loelako and the Saburai Range with interpreted structure. (b) Digital elevation 

model of the two fatus with interpreted structure. Faults shown with solid lines have been observed and measured in 

the field; those shown with dashed lines have been interpreted from aerial photographs. Arrows indicate fault striae 

where observed and measured on major faults.   
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Fig. 116. (a) Facing northwest at the eastern side of Mount Loelako, the steep, narrow ridge extends out to the north. 

(b) Facing northwest looking over the Maliana basin (left of frame) from the saddle between Mount Loelako and the 

Saburai Range. Topography slopes up from the eastern margin of the basin to meet Mount Loelako (right of frame). 

(c, d) Facing north, looking at the southern tip of Mount Loelako. The asymmetric topographic profile of the ridge is 

evident, with the base of the cliffs on the eastern side much lower than on the west. The slight sinuosity of the ridge is 

also visible from this perspective, with the southern tip curving around to the southeast. 

 

In contrast to the low, flat Maliana basin that is bound on all sides by well-defined topographic 

lineaments, the Marobo basin has an irregular outline scored by ridges and gullies (Fig. 115). 

The centre of the basin is occupied by a narrow, flat floodplain 1-2 km wide at the basin’s 

centre, which decreases in altitude from approximately 400 m above sea level east of Mount 
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Loelako, to less than 100 m 13 km north of Mount Lesululi, where the Marobo River turns west 

to meet the Bebai River draining north from the Maliana basin (Fig. 115). 

Situated 2 km south of the southern tip of Mount Loelako is the northern tip of the Saburai 

Range, with the two high fatu-ridges separated by a narrow gap approximately 2 km wide 

comprising a lower saddle approximately 800 m above sea level (Fig. 115). The Saburai Range 

forms a 15 km long, elongate triangle shape in plan view, pointing northeast, only a few 

hundred metres wide at its tip near Mount Loelako, but over 4.5 km wide at its widest point in 

the south-west of the range (Fig. 115). The wide, southern part of the Saburai Range comprises 

two, high sub-parallel ridges (Fig. 115). The western ridge rises to over 1600 m and strikes 

approximately 050°-060° for a distance of approximately 5 km, while the larger eastern ridge 

rises to over 1900 m and strikes 040°-050° for a distance of approximately 7 km. These two 

ridges are separated by a narrow basin approximately 4 km long but no more than 1 km wide, 

which sits at an altitude of 1500-1600m above sea level (Fig. 115). Where the Saburai Range 

narrows to the northeast it comprises a single ridge, less than 2 km wide and over 1700 m in 

height, which extends for nearly 6 km (Fig. 115). This north-eastern ridge is separated from the 

two ridges to the southwest by a saddle at approximately 1500 m altitude, which extends south 

into the southern elevated basin (Fig. 115, see also Chapter 3 Fig. 68a). The north-western 

Saburai ridge strikes approximately 030°, and is parallel and adjacent to the south-eastern edge 

of the Maliana basin. The Saburai Range is bound by steep cliffs along both its south-eastern 

and north-western edges, although they are higher and steeper where they face the Maliana 

basin to the northwest. Here, the limestone cliffs are over 600 m high, with their base situated at 

1000-1000 m above sea level. From the base of these cliffs, gradual slopes extend down towards 

the floor of the Maliana basin, situated approximately 5 km to the northwest, displaying a very 

similar topography to the slopes on the western side of Mount Loelako (Fig. 115).  

4.5.1 Distribution of stratigraphy 

Figure 117 shows an interpreted geological map of Mount Loelako, the Saburai Range and the 

Maliana basin. The flat floor of the Maliana basin is mostly covered by soil, alluvium and recent 
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surficial deposits. However in the south-eastern parts of the basin where the basin floor is 

topographically highest (200-250 m a.s.l.), small incised rivers and streams expose well bedded 

Viqueque Group mudstones and sandstones of the Synorogenic Megasequence (Fig. 118a). Just 

southwest of the Maliana township where these units are first encountered, bedding dips 

consistently 20°-30° to the northwest, with strikes ranging from 025°-065°. Bedding gets 

steeper moving south towards the Saburai Range where dips increase to up to 45°, while strikes 

rotate slightly clockwise to around 070°-080°. Sampled Viqueque Group exposures are oldest 

where they are closest to the Saburai Range, and young towards the north-northeast. It is likely 

that underneath the surficial layers of alluvium and soil the Viqueque Group is present 

throughout most of the Maliana basin, and is now exposed in the southeast due to uplift and 

tilting (see Chapter 3.11 The Maliana basin). 

The Maliana basin is bound along its western and eastern edges by rocks of the Gondwana 

Megasequence. The western margin of the Maliana basin is defined by the Nunutura River, 

which juxtaposes the Synorogenic Megasequence deposits that comprise the basin fill with 

Gondwana Megasequence rocks of the western basin margin. On the eastern bank of the river 

lies the flat basin floor, comprising alluvium and surficial deposits most likely overlying 

synorogenic Pleistocene Viqueque Group lithologies, while the river’s western bank rises 

quickly into an eroded, hill topography of low broken hills comprising predominantly ‘broken 

formation facies’ Triassic Babulu Group mudstones (Fig. 118b). Some outcrops of Viqueque 

Group limestone are also present along this western margin, generally juxtaposed against 

Babulu Group mudstones by normal faults that parallel the basin margin. Booi Group 

limestones of the Banda Megasequence were also observed forming one of the small hills 2.5 

km northwest of the north-western basin margin, overlying Babulu Group mudstones, and it is 

possible that other topographic highs along the basin margin may also be capped by these rocks.  

On the eastern edge of the Maliana basin, alluvial and synorogenic deposits give way to 

Gondwana Megasequence lithologies along a lineament that strikes approximately 020°, 

extending from the southwest corner of Mount Lesululi down through the Maliana township and 

then curving slightly west towards 030° to parallel the strike of the Saburai Range. Although the 
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exact contact was not observed in the field, this lineament separating sample points of 

Synorogenic and Gondwana megasequence lithologies also mostly corresponds to the 

topographic rise surrounding the basin, where the flat basin floor abruptly transitions into west 

to northwest facing inclines which slope upwards to the base of the western cliffs of Mount 

Lesululi, Mount Loelako, and the Saburai Range. To the north, around Mount Lesululi and 

Mount Loelako, these slopes comprise interbedded limestones and mudstones of the Aitutu 

Group (Fig. 84), while to the south near the Saburai Range outcrop on these slopes is most 

commonly Babulu Group (Fig. 84) lithologies. On the high parts of the slopes near Mount 

Lesululi and Mount Loelako, limestone beds within the Aitutu Group become thicker and 

contain some facies transitional between the basinal Aitutu Group and the shallow water 

Bandeira Group (Fig. 84) limestones that comprise the high cliffs of all three fatus (Fig. 119a). 

At Mount Lesululi, the Bandeira Group limestones comprising the fatu dip moderately north to 

slightly northwest, and the sloping northern side of this fatu likely represents a dip slope. 

Bedding within the Bandeira Group is also responsible for the spectacular morphology of 

Mount Loelako, which comprises a ‘hogback’ ridge of subvertically bedded, north-south 

striking, well bedded Bandeira Group limestones. Bedding dips steeply to the east, with bedding 

planes forming the steep eastern cliff faces of Mount Loelako. Here, large slabs of rock are 

visible breaking off along bedding planes (Fig. 119b) to produce extensive scree-fans at the 

base of the cliffs, and the broken ends of limestone beds rise sub-vertically from the top of 

Mount Loelako to produce the narrow crest of the ridge (Fig. 119c, d). Gentle folding within 

these limestone beds is also responsible for the slight sinuosity in strike of the Loelako ridge, 

particularly at its northern and southern ends (Fig. 116c, d). 

Fig. 117 → Interpreted geological map of the Maliana basin and surrounding fatus, showing the distribution of 

lithologies and main geological structures. Geology outside of mapped areas is modified after Partoyo et al. (1995) 

using aerial photographs. SM = Synorogenic Megasequence, BM = Banda Megasequence, GM = Gondwana 

Megasequence. Faults shown with solid lines have been observed and measured in the field; those shown with dashed 

lines have been interpreted from aerial photographs. Strike and dip of bedding is shown where measured. shown in 

dashed red have been interpreted from aerial photographs. Arrows indicate fault striae where observed and measured 

on major faults. 
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Fig. 118. (a) An incised river in the southeast corner of the Maliana basin has exposed this angular unconformity, 

with recent alluvial deposits overlying shallow dipping Viqueque Group sandstones and mudstones. It is likely that 

the Viqueque Group is present beneath alluvium and surficial deposits throughout much of the basin. (b) ‘Broken-

formation facies’ Babulu Group mudstones which comprise the heavily eroded eastern edge of the Maliana basin. 

 

Along the eastern edge of Mount Loelako, and particular in the southeast, bedding within the 

Bandeira Group limestones of the massif becomes thinner and in places grades back into 

interbedded limestones and mudstones of the Aitutu Group, with some transitional Bandeira-

Aitutu facies present (see Chapter 3.9 Mount Loelako), similar to those high on the slopes 

below the western cliffs of the massifs. The synorogenic Viqueque Group abuts Mount Loelako 

and Mount Lesululi along the eastern edges of both massifs.  

At Mount Loelako however, Viqueque Group rocks are not observed extending all the way up 

to the eastern cliff faces. Babulu Group mudstones of the Gondwana Megasequence occupy a 

gap of 100-700 m between the cliffs of the massif and mapped Viqueque Group rocks to the 

west (Figs 117, 120a), although outcrop is sporadic as these mudstones are recessive and 

extensively covered by debris fans and thick layers of scree.  

The Viqueque Group adjacent to Mount Loelako comprises mudstones, sandstones and 

conglomerates that strike sub-parallel to the massif and dip 25°-40° west, towards the east 

facing cliffs (Fig. 120b, c). Viqueque Group outcrop here is up to 1000 m above sea level, 

separated from similar Viqueque Group rocks in the Maliana basin west of Mount Loelako by 

over 800 m of vertical separation.  
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Fig. 119. (a) Facing north, the Maliana basin (left of frame) is bound on it eastern edge by well bedded mudstones 

and limestones of the Aitutu Group, which slope upwards towards Mount Lesululi and Mount Loelako (right of 

frame). The Aitutu Group becomes more limestone dominated moving up the slope, as mudstone decreases and 

limestone beds become thicker and more fossiliferous. High on the slope, close to the base of the fatus, thick 

limestone beds of facies transitional between the Aitutu and Bandeira Groups form limestone caps above mudstone 

dominated hills. (b) Subvertically bedded Bandeira Group limestones forming the high east-facing cliff faces of 

Mount Loelako (c) Facing north and (d) facing south from the top of Mount Loelako, the broken ends of bedding 

planes (dipping steeply to the east) protrude from the top of Mount Loelako’s high crest.   
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Fig. 120. (a) Facing west, grey Babulu Group mudstones (foreground) are observed outcropping in some localities 

immediately below the east facing cliffs of mount Loelako (background). Outcrop is thinly bedded and chaotically 

deformed (b) The western edge of the Marobo basin facing south, with the eastern cliffs of Mount Loelako in the 

right of frame. The Viqueque Group here dips southwest, towards the east-facing cliffs of Mount Loelako. (c) Facing 

west, well bedded Viqueque Group mudstones and sandstones (foreground) fill the Marobo basin east of Mount 

Loelako (background), comprising a package of rocks over 700 m thick which forms the heavily eroded topography 

leading down towards the Aitasiola River. They are seen here also dipping shallowly to the southwest.  

 

The Viqueque Group extends east of Mount Loelako for approximately 5 km, comprising the 

heavily eroded landscape which slopes down towards the Aitasiola River, and most likely 

represents a package of rocks over 700 m thick. Its mapped extent continues around the northern 

margin of Mount Lesululi, where strikes change to an east-west direction with bedding dipping 

25°-35° north. 

The main ridges which form the Saburai Range fatu (the single ridge forming the northern part 

and the two sub-parallel ridges which form the southern part) also comprise Bandeira Group 
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limestones, although a small 50-60 m thick klippe of Permian Maubisse Group rocks overlies 

approximately 1 square kilometre of the northern tip of the range (Figs 117, 121a). The Saburai 

Range appears to continue the lineament of Mount Loelako directly to the south; however the 

Bandeira Group limestones comprising the northern part of the Saburai Range have opposing 

dip polarity to those comprising Mount Loelako. At Mount Loelako they dip very steeply to the 

east, while those comprising the northern ridge of the Saburai Range dip moderately to the 

northwest (Fig. 121b, c).  

 

 

Fig. 121. (a) Facing northwest, a 50-60 m thick klippe of Permian Maubisse Group sandstones and breccias overlies 

Triassic Bandeira Group limestones at northern tip of the Saburai range. (b) Uninterpreted and (c) interpreted image 

facing northwest, this picture is taken from the top of the Saburai Range, near the northern tip of the south-western 

Saburai ridge. In the foreground lies the grassy, hilly topography of the saddle that separates the northern and 

southern parts of the Saburai range; the southeast dipping bedding along the northern edge of the saddle (centre) is 

consistent with the bedding in the south-western ridge, underneath the photographer. To the right of frame is the high 

northern ridge of the Saburai Range, dipping northwest, and to the left of frame in the distance lies Mount Loelako, 

with bedding dipping steeply to the east. 
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Bandeira Group limestones comprising the southern ridges of the Saburai Range dip shallowly 

inwards towards the long axis of the fatu. Bedding in the east southern ridge dips shallowly to 

the northwest, similar to the orientation of bedding in the northern Saburai Range, while the 

bedding in the west southern ridge dips shallowly to the southeast. It is possible that these 

southern ridges may represent the limbs of a syncline, with a northeast-southwest trending fold 

axial trace oriented parallel to the range. Mudstone is the dominant lithology within the narrow 

basin between the two southern ridges of the Saburai range and outcrop is rare and recessive. 

However, two samples from the northern end of this basin belong to the Babulu Group, which 

may stratigraphically overly the Bandeira Group that comprises the ridges (see Chapter 3.10 

The Saburai Range). 

The saddle comprising the lower, central part of the Saburai Range is immediately 

distinguishable from the surrounding upper reaches of the range due to its gentle, hilly 

morphology and grassy vegetation, contrasting with the steep cliffs and jungle of the ridges to 

the north and south. Outcrop here consists of interbedded limestones and mudstones of the 

Aitutu Group. The contact of these rocks with the northern ridge was not observed, however 

they appear to grade into the thick limestone beds of the Bandeira Group to the south, and 

transitional, shallow water facies are evident within some beds (see Chapter 3.10 The Saburai 

Range). On the eastern side of this saddle is a small zone of tectonic melange containing 

igneous rocks most likely Permian in origin. 

4.5.2 Faulting 

At a regional scale, the Maliana basin and surrounding fatus are dominated by northwest to 

north-northwest trending faults that parallel the orientations of Mound Loelako and the Saburai 

Range. Bounding the western edge of the Maliana basin, the West Maliana Basin Fault strikes at 

approximately 025°-030°, and separates the flat, topographically low, Pliocene – Recent basin 

fill from the higher, eroded, Gondwana Megasequence mudstones of the western basin margin. 

This study interprets the trace of the main bounding fault as aligning closely with the course of 

the Nunutura River, as the river is observed to juxtapose the young basin fill on its east bank 
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with the Gondwana Megasequence on its west bank (Fig. 117). At the southwest corner of the 

Maliana basin, Plio-Pleistocene Viqueque Group limestones of the Synorogenic Megasequence 

are observed in places overlying the Gondwana Megasequence mudstones comprising the 

elevated basin margin (Fig. 117). Heading east towards the Nunutura River and down into the 

Maliana basin, a series of faults are observed in roadside outcrop which are parallel to the main 

trace of the West Maliana Basin Fault. These are subvertical faults that drop down blocks of 

Plio-Pleistocene Viqueque Group limestones to the east against Triassic Babulu Group 

mudstones to the west (Fig. 122), and are therefore interpreted as extensional faults (either 

normal or transtensional). These faults most likely form part of the larger scale extensional fault 

system bounding the western edge of the basin. 

 

Fig. 122. Facing south, yellow-white Pleistocene Viqueque Group limestones (left) faulted against grey Triassic 

Babulu Group mudstones (right) along high angle normal faults that parallel the western margin of the Maliana basin. 

Overlying the grey Babulu Group mudstones are blocks of limestone and fault gouge that have fallen from the fault 

zone. 

 

On the eastern edge of the Maliana basin the trace of the main bounding fault is inferred to be 

co-incident with the base of the topographic rise along the eastern edge of the basin, where the 

flat basin floor begins to slope upwards towards Mount Lesululi, Mount Loelako, and the 

Saburai Range (Fig. 115a). This topographic lineation is observed to juxtapose Pliocene – 

Recent basin fill against Triassic Gondwana Megasequence Aitutu Group and Babulu Group 

rocks that comprise the slopes beneath the fatus. The East Maliana Basin Fault strikes 

approximately 040° in the south, parallel to the Saburai Range, and curves around to the north 
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to strike 000°-020° alongside Mounts Loelako and Lesululi (Figs 115, 117). The west-facing 

scarp of Mount Lesululi most likely represents a segment or splay of this basin-bounding fault. 

Drag folds and prominent south-plunging fault striae measured on the scarp indicate that the 

East Maliana Basin Fault, at least at this location, has undergone left-lateral, transtensional 

movement (Fig. 123). Together, the West Maliana Basin Fault and East Maliana Basin Fault are 

interpreted as extensional faults of opposing polarity, accommodating subsidence of the 

Maliana basin and its synorogenic fill between Gondwana Megasequence rocks which comprise 

the margins of the basin. These are likely high-angle faults due to their linear fault traces at 

surface, although the East Maliana Basin Fault particularly displays a distinct S-shaped 

sinuosity. 

Unlike the western face of Mount Lesululi, the west-facing cliffs of Mount Loelako do not 

necessarily represent a fault scarp. Traversing east from the East Maliana Basin Fault to the 

west-facing scarp of Mount Loelako, the east-dipping Triassic succession grades from basinal 

Aitutu Group interbedded limestones and mudstones (mudstone-dominated at the base of the 

slope, becoming increasingly limestone dominated towards Mount Loelako), through to 

transitional Aitutu/Bandeira Group limestones near the base of the scarp, and finally into the 

indurated, subvertically-bedded Bandeira Group shallow water limestones which make up the 

Mount Loelako ridge (Fig. 116a, also see Chapter 3.9 Mount Loelako). The western edge of 

Mount Loelako has most likely been eroded back from the basin-bounding East Maliana Basin 

Fault, with the more friable, mudstone-rich Aitutu Group lithologies closer to the fault more 

easily removed than the indurated Bandeira Group limestones that now comprise Mount 

Loelako. It is possible that faulting parallel to the East Maliana Basin Fault has amplified 

topography at the scarp, however faults were not directly observed as they were at Mount 

Lesululi.  
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Fig. 123. (a) Interbedded limestones and fissile mudstones approximately 50 m west of the western scarp of Mount 

Lesululi. Bedding in this area here dips approximately 50° to the north or northwest, and is fairly consistent until 

within < 10 m of the cliff face (b, facing south) where it is seen to be dragged up sharply to parallel the cliff face 

which dips at approximately 85° west. (c) Facing east, large striae are visible on the cliff face, plunging towards the 

south. This cliff face is interpreted as a west dipping, transtensional fault, producing a drag fold in the more ductile, 

mudstone rich lithologies of the hanging wall as they have been displaced downwards and towards the south against 

the indurated limestones of Mount Lesululi. (d) Close up of striae on the cliff face showing the interpreted direction 

of movement of the hanging wall. 
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A major east-west trending structural discontinuity separates the moderately northwest-dipping 

limestones of Mount Lesululi from the steeply eastward-dipping to subvertical limestones of 

Mount Loelako. Based on mapped relationships an east-west trending fault may be interpreted 

at the southern edge of Mount Lesululi, possibly exhuming the mountain on its southern scarp 

and tilting bedding back towards the north, however fault outcrops were not directly observed in 

the field. 

The West Marobo Basin Fault bounds the eastern edge of Mount Loelako. Striking due north at 

the southern end of the Mount Loelako ridge, the fault curves around to the north-northwest at 

Mount Loelako’s northern tip. This fault juxtaposes the gently westwards dipping, Plio-

Pleistocene Viqueque Group of the Marobo basin against the subvertically-bedded, Triassic 

lithologies of Mount Loelako. North-east dipping fault planes (Fig. 124 a, b) and thick outcrops 

of fault gouge (Fig. 124 c, d) along the eastern edge of Mount Loelako are associated with the 

West Marobo Basin Fault; however the fault trace appears to be largely covered with scree shed 

from the cliffs on this side of the fatu. The Mount Loelako and Mount Lesululi fatus form the 

highest points of a Triassic horst block between the Maliana basin and Marobo basin, bound on 

either side by steeply-dipping, north-striking faults. 

The Saburai Range begins 2 km south of Mount Loelako and extends to the southwest. It is the 

only location in this study where thrusting is observed directly – a klippe of Permian Maubisse 

Group rocks overly Triassic Bandeira Groups limestones at the northern tip of the range, 

separated by a thrust which dips shallowly to the north (Fig. 121a). 

The Saburai Range is bound by steep-dipping fault scarps along its north-western and south-

eastern edges, parallel to the strike of the range. The North Saburai Range Fault strikes 050°-

060°, and dips steeply towards the northwest. Extensively brecciated and recrystallised 

limestone associated with this fault is common outcropping on the scarp above Saburai village 

(Fig. 125a), and is also observed at the northern tip of the range near the Maliana-Bobonaro 

road (Fig. 125b, c). Fault planes observed within fault breccia near Saburai village strike ~050°, 

and dip 60-75° towards the northwest, with striae plunging 55°→268°. Near the Maliana-
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Bobonaro road sub-vertical fault planes form steep cliffs striking ~015° (Fig. 125b, c), and 

display prominent striae plunging 65°→200° and 70°→205° (Fig. 125d). Striae at both these 

locations therefore indicate left-lateral, transtensional movement most likely associated with the 

opening of the Maliana basin, and are consistent with movement of the East Maliana Basin 

Fault observed at Mount Lesululi. 

The South Saburai Range Fault bounds the south-eastern edge of the Saburai Range, striking 

~030° and dipping steeply towards the southeast. Abundant evidence of the South Saburai 

Range Fault can be observed along the road south to Lolotoi and Fatululik (Fig. 126) which 

parallels the structural lineament along south-eastern edge of the range (Fig. 115). 

 

 

Fig. 124. (a) Hammer sits on an outcrop-scale fault plane at AB479, which dips to the right of frame. Such northeast 

dipping fault planes along the eastern edge of Mount Loelako are most likely related to the West Marobo Basin Fault. 

(b) East-plunging striae on this fault plane indicate movement of the hanging wall to the east, co-incident to the 

opening of the basin. (c) Thick outcrops of fault gouge 10-20 m in width are also found along the lineament of the 

East Marobo Basin Fault, such as this outcrop at AB639, hammer for scale. These outcrops comprise broken, 

recrystallized limestone (d) and attest to prolonged periods of brittle shear. 
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Extensive fault gouge is observed at over a dozen mapped locations, often several metres to tens 

of metres in thickness (Fig. 126, see Fig. 117 map for fault gouge locations). Several north to 

northeast striking fault planes are observed associated with this fault gouge (Fig. 126). Fault 

striae generally plunge east to northeast, consistent with left-lateral movement observed on the 

North Saburai Range fault (Fig. 126). 

 

 

Fig. 125. (a) Fault breccia associated with the North Saburai Range Fault at AB681, near Saburai village. The breccia 

contains a range of angular, recrystallised limestone clasts 1 < 100 mm in size. Hammer for scale. (b) Subvertical 

fault planes associated with the North Saburai Range Fault at AB730, fault breccia several metres in thickness in 

present on the hanging wall. (c) The fault plane at AB730, with field assistant for scale. (d) At AB730, prominent 

striae plunge towards the southwest, indicating left-lateral, transtensional movement. 
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Together, the North Saburai Range Fault and the South Saburai Range Fault create a horst block 

similar to the Loelako horst, and it appears to be a southerly extension of the same structure. 

However, as discussed there is a significant change in dip between the Bandeira Group 

limestones at the southern tip of Mount Loelako and the northern tip of the Saburai Range 

(Chapter 4.5.1, Fig. 121b), and there may be a significant east-west trending structural 

discontinuity between the two horsts, similar to that between Mounts Loelako and Lesululi. 

Outcrop of tectonic melange is observed at AB742, ~4 km due west of the saddle between the 

Saburai Range and Mount Loeloko, which may be related to this inferred structural zone. 

Plotting outcrop scale observations supports the interpretation of regional- and fatu-scale 

lineaments at the Maliana basin and surrounding fatus (Fig. 127). Dominant fault trends at 

Saburai strike 20°-50° (Fig. 127a), which is consistent with the structural lineament of the range 

itself, and the interpreted North Saburai Range and South Saburai Range faults (Fig. 115). Fault 

trends at Mounts Loelako and Lesululi are slightly more varied (albeit from a smaller sample 

size). The north-south trend of Loelako is clearly visible in the plot, along with other strong 

trends at 150° and 300° (Fig. 127b). There is also a sub-ordinate east-west trend that may be 

associated with the east-west trending structural discontinuities between the three fatus. With 

the exception of the 300° trend at Mount Loelako, both fault plots correlate well with expected 

Riedel fault orientations in a zone of left-lateral shear (Fig. 127c, d). At Mount Loelako, the 

PDZ would be oriented ~005°, while to the south at the Saburai Range the PDZ moves around 

to ~050°. Fault striae dominantly plunge east-southeast or west-northwest (Fig. 127e), which is 

consistent with the opening of the Maliana basin in these directions.  

Fig. 126 → (a) A steeply dipping fault plane at AB611, striking 052°. Fault striae plunging 65°→074° are consistent 

with left-lateral, transtensional movement. (b) A large fault plane at AB687 strikes ~040° and dips 50-60° southeast. 

(c) Several generations of striae on this fault surface at AB687 are consistent with dip-slip and left-lateral movement. 

(d) Fault gouge several meters thick at AB688. Steeply dipping planes within the gouge strike 035°. (e) Fault planes 

at AB756 are oriented 060°/50°SE, striae at this outcrop indicate dip-slip movement. (f) Another outcrop of fault 

gouge at AB690. Planes within the gouge are oriented 044°/55°SE. (g) A very large thickness of fault gouge exposed 

at AB761. (h) A fault plane at AB761 is oriented 020°/64°SE – the hanging wall rock comprises brecciated, 

recrystallised limestone. (i) Close up picture of the fault gouge at AB761 illustrating it’s unconsolidated, sandy 

texture. 
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Fig. 127. (a) Rose diagram plotting the strikes of all measured fault planes at the Saburai Range (n=51). (b) Rose 

diagram plotting the strikes of all measured fault planes at Mount Loelako (n=25). (c) Overlay of expected Riedel 

fault orientations in a zone of left-lateral shear with measured fault planes at the Saburai Range. If the PDZ is 

oriented ~050° dominant fault trends correspond with expected Riedel shear and P shear orientations. (d) Overlay of 

expected Riedel fault orientations in a zone of left-lateral shear with measured fault planes at Mounts Loelako and 

Lesululi. If the PDZ is oriented ~005° dominant fault trends (with the exception of the 300° trend) correspond with 

expected Riedel shear, Riedel conjugate shear and P shear orientations. (e) Rose diagram potting the trends of all 

measured fault striae in the Maliana basin and surrounding fatus (n=41). East-southeast and west-northwest trends are 

dominant, with subordinate trends at 060°, 150°, and 200°. 
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Subordinate fault striae directions plot trending 060°, 150°, and 200° (Fig. 127e). The 060° and 

200° trends are sub-parallel to the margins of the Maliana basin, and may be associated with 

strike-slip movement at these bounding faults. 

4.5.3 Folding 

Babulu Group mudstones appear to overlie Bandeira Group limestones at the top of the southern 

Saburai Range, with these mudstones occupying a depression approximately 1 km wide in the 

centre of, and parallel to, the strike of the range (Chapter 3.10.1 The Saburai Range – Grey 

mudstones with sandstone interbeds), (Figs 115, 117). Bandeira Group limestones comprising 

the ridges on either side of this depression dip shallowly inwards towards the long axis of the 

massif. It is possible that this distribution and geometry of stratigraphy may represent syncline, 

with a northeast-southwest trending fold axial trace oriented parallel to the range. Indurated 

Bandeira Group limestones in the limbs of the syncline now form high ridges, truncated by 

faults that bound the edges of the Saburai Range, with recessive, Babulu Group mudstones 

exposed in the centre of the fold. 

As described in ‘Chapter 4.5.2 Faulting’, drag folding is observed in mudstone rich Aitutu 

Group lithologies where they are faulted against the indurated Bandeira Group limestones of 

Mount Lesululi, at the East Maliana Basin Fault (Fig. 123a, b). Folding is observed as a marked 

increase in dip within approximately 10 m of the fault scarp that bounds the western edge of the 

fatu. Dip increases sharply from approximately 50° up to 85°, where the limestone and 

mudstone beds have been dragged into parallelism with the fault scarp of the cliff face.  

Folding is also observed in interbedded Babulu Group mudstones and sandstones at the southern 

tip of Mount Loelako. At AB420 folding is tight and recumbent, with axial planes oriented 

280°/42°/NE and fold hinges plunging 25°→322°. Similar fold styles are observed in the 

Babulu Group approximately 850 m east, at AB450. Axial planes here were measured at 

280°/30°/NE, with fold hinges plunging 20°→320°. It is possible that this folding may related to 

the potential zone of deformation between Mount Loelako and the Saburai Range, although 
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more data would need to mapped in this location to be certain, as folding is widespread 

throughout Triassic lithologies in Timor as a result of older, collisional processes. 

 

 

Fig. 128. (a) Tightly folded, thin beds of Babulu Group sandstones at AB420, approximately 400 m southeast of the 

southern tip of Mount Loelako. Pen for scale. (b) Similarly folded interbedded sandstones and mudstones of the 

Babulu Group at AB450, approximately 250 m southwest of the southern tip of Mount Loelako. Tip of hammer 

points to fold hinge. 

 

4.5.4 Melange zones, petroleum seeps and geothermal springs 

Bobonaro village, the type section of the Bobonaro Scaly Clay of Audley-Charles (1968), is 

situated 5 km east of the Saburai Range (Fig. 86), and many areas around the Maliana basin 

were originally mapped as this melange lithology – including all of the western edge of the 

basin, the lower hills to the west and North of Mount Loelako, and the eastern edge of the 

Marobo basin. This study has found that most of these areas comprise Triassic lithologies 

attributable to the Babulu Group or Aitutu Group. 
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Isolated zones of tectonic melange were observed in a small number of locations. At the saddle 

that separates the northern and southern sections of the Saburai Range a zone of melange is 

observed approximately 300 m wide, comprising volcanic cobbles and boulders (most likely 

Permian in origin, see Chapter 3.10.5 The Saburai Range – Igneous rocks) within a matrix of 

red/green/grey scaly mud (Fig. 129). This melange zone is observed to extend approximately 

1300 m from the flank of the range up into the central part of the saddle. Tectonic melange is 

also observed at AB742, ~4 km due west of the saddle between the Saburai Range and Mount 

Loelako. Outcrop here comprises a variety of angular blocks from centimetre scale to several 

metres in size, with sandstones and volcanics being the most common, within a matrix of 

red/grey scaly mudstone. 

 

 

Fig. 129. (a) A large volcanic boulder within a melange zone at AB692, on the eastern flank of the Saburai Range. (b) 

The matrix of the melange at AB692 comprises red/green/grey scaly mudstone. Hammer for scale. (c) A dislocated 

block of pillow basalt tens of metres in size within a melange zone near the Marobo Hot Springs. (d) A broken piece 

of the pillow basalt block showing well defined pillow structures. Pen for scale. 
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Large blocks of varied, exotic lithologies are also found associated with geothermal springs 

along the Aitasiola River, at the eastern edge of the Marobo basin. These include large, 

dislocated blocks of pillow basalt, which are associated with melange zones elsewhere in Timor 

(e.g. Haig & Bandini 2013). 

Several geothermal springs are found along the eastern edge of the Marobo basin, including the 

well-known Marobo Hot Springs. Temperatures reach 47°C and the springs discharge at a rate 

of 10 kg/s (Lawless et al. 2005). In a non-volcanic setting such as Timor Island such 

temperatures must require water circulation through faults reaching considerable depth.  

4.5.5 Structural model 

The Maliana basin displays an extremely distinctive topography, with a large, flat, elongate 

basin 200 m above sea level surrounded by rugged terrain on either side, with the high fatus of 

Mounts Lesululi, Loelako and the Saburai Range to the east and southeast (Fig. 115). The Plio-

Pleistocene to Recent fill of the Maliana basin is juxtaposed against the Triassic, Gondwanan 

lithologies of the basin margins on very large, high-angle faults which strike north to northwest, 

with the East Maliana Basin Fault displaying an S-shaped, sinuous fault trace (Fig. 117). The 

Marobo basin east of Mount Loelako is a secondary basin containing similar age Viqueque 

Group basin fill (Fig. 117), however it currently occupies an elevation 800 m vertically higher 

than the Maliana basin. The Marobo basin is also bound by large, north to northwest striking 

high angle faults, with the eastern fault the site of geothermal springs sourced from considerable 

depths. Mounts Lesululi, Loelako and the Saburai Range comprise Triassic horst blocks on the 

eastern and south-eastern margins of the Maliana basin (Fig. 117). The morphology and 

structure of these fatus are dominated by high angle faults, although the distinctive morphology 

of Mount Loelako may be largely due to its stratigraphy, and resistance to erosion of the sub-

vertically bedded, indurated Bandeira Group limestones that make up its central ridge. 

Consistent with other areas mapped in this study, oblique movement is observed on the majority 

of faults in the Maliana region. Along the western edge of the Maliana basin, fault striae in a 

number of locations indicate left-lateral, transtensional movement (Figs 123, 125, 126). Fault 
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orientations from Mounts Lesululi, Loelako and the Saburai Range show configurations 

matching Riedel orientations in a zone of left-lateral shear, further supporting an interpretation 

of left-lateral movement along this margin (Fig. 127). Abundant outcrop of fault gouge along 

major fault traces, with thicknesses up to tens of metres, is consistent with sustained periods of 

brittle shear (Figs 124, 125, 126).   

A possible way of producing such a basin – bound by high-angle, oblique-slip faults – is a 

releasing bend or step-over within a zone of strike-slip. These pull-apart basins form 

topographically low, fault-bounded depressions that are commonly the sites of marine 

embayments, inland lakes and closed topographic depressions, surrounded by uplifted and 

deeply eroded basement rocks (Mann 2007). The structural architecture of the Maliana basin is 

similar to that of analogue models of transtensional structures within strike-slip zones (Fig. 

130).  

Dooley et al. (2004; 2007) used a sandbox apparatus to model transtensional pull-apart systems 

having varying mechanical stratigraphies, including a dual layer model to represent a brittle-

ductile transition. In their dual-layer models, the final geometry of the basin consists of an 

elongate graben, with a cross-basin fault zone which diverges around a plunging horst block or 

blocks, which divide the pull-apart system into multiple grabens (Dooley & Schreurs 2012). The 

horst blocks form as a result of differential extension between the central graben and the outer 

sidewall faults, and multiple depocentres may undergo differing amounts of subsidence as 

active faults switch. Faults bounding the horst blocks are somewhat listric and sole-out into the 

ductile layer, while basin bounding faults penetrate the full depth of the structural pile.  

 

Fig. 130 → (a) Uninterpreted and (b) interpreted comparison of a digital elevation model of the Maliana basin region 

(left) with pull-apart basins developed in analogue models of transtensional systems having dual-layer mechanical 

stratigraphies (right, modified after Dooley & Schreurs 2012). The analogue models develop internal plunging horst 

blocks, which divide the pull-apart system into multiple grabens. These may be equivalent to the Saburai Range and 

Mount Loelako structures, with Mount Loelako particularly surrounded by deep synorogenic basins to its east and 

west. 
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Likewise, the Maliana basin system consists of an elongate graben bound by major 

transtensional faults. Cross-basin faults diverge around the Lesululi-Loelako-Saburai horst 

sequence, which divides the two contemporaneous depocentres of the Maliana and Marobo 

basins that have undergone differential vertical movement (Figs 115, 117).  

The initial 3-D geometry of the brittle–ductile transition in the dual-layer model has a major 

impact on the internal deformation within the basin, determining the localization of intrabasin 

subsidence and the number of internal horsts and grabens formed (Dooley & Schreurs 2012). At 

the Maliana basin, thick successions of Triassic and Jurassic mudstones are present within the 

structural pile, possibly at multiple levels due to original shortening, and likely exhibit a 

complex post-collisional geometry. These lithologies are observed to deform in a ductile fashion 

throughout Timor, producing broken-formation deformation (Harris et al. 1998), zones of 

tectonic melange (e.g. Haig & McCartain 2010; Benincasa et al. 2012; Haig & Bandini 2013, 

this study), and mud volcanos (Barber et al. 1986). Their presence within a strike-slip system at 

the Maliana basin may be responsible for producing the distinct horsts and multiple depocentres 

analogous to the sandbox models of Dooley et al. (2004; 2007). While faults bounding the 

Lesululi-Loelako-Saburai horst sequence may sole out into intermediate ductile layers, the basin 

bounding faults (West Maliana Basin Fault and East Marobo Basin Fault) penetrate deeper into 

the structural pile, as evidenced by the deep-sourced Marobo Hot Springs. 

The Maliana basin is also of similar size and geometry to other known structures along active 

strike-slip faults. The Salina del Fraile structure is a pull-apart basin developed in Tertiary– 

Quaternary(?) sediments near Salar de Antofalla in the northern Argentinean Andes (Dooley & 

McClay 1997). The structure at Salina del Fraile shows strong similarities to the Maliana basin 

(Fig. 131). It has an elongate, rhombic geometry, with a flat to very gently dipping basin floor, 

and well-developed oblique-slip extensional basin sidewall fault systems (Dooley & McClay 

1997). Although the Salina del Fraile structure does not show the internal horst blocks evident 

in the Maliana basin system and in the dual-layer analogue models above, it otherwise displays 

a very similar gross geometry and fault architecture to the Maliana basin (Fig. 131). 
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The prominent north-south striking, subvertical bedding of Mount Loelako is an anomaly in 

East Timor, where an east-northeast trending collision zone has produced folds and thrusts 

largely sub-parallel to this structural grain elsewhere on the island. However, the models of 

Dooley et al. (2004; 2007) do show some tilting of horsts developed within pull-apart basins, 

and tilting of the Loelako horst may be expected given the large amounts of differential vertical 

movement which have occurred on either side, in the Maliana and Marobo basins. Furthermore, 

rotation of blocks around vertical axes is common within zones of strike-slip (Ryan & Coleman 

1992) and in analogue models the presence of a ductile zone at depth allows for even greater 

fault-block rotation than what is seen in single-layer models (Dooley & Schreurs 2012), so the 

present-day north-south striking bedding may have been rotated into position. Therefore if the 

Maliana basin does represent a strike-slip system, it provides some potential solutions to the 

anomaly of Mount Loelako. 

 

 

 

 

 

 

 

 

Fig. 131 → Digital elevation model of the Maliana basin region (left) compared with Salina del Fraile (left), a pull-

apart structure developed at a releasing bend on a left-lateral strike-slip fault system in the northern Argentinean 

Andes (modified after Dooley & McClay 1997). Rotating the Salina del Fraile map slightly clockwise so that it is 

broadly aligned with the Maliana basin, it bears a strong resemblance to the interpreted structure on the digital 

elevation model. Both structures have comparable scale, morphology, fault architecture and distribution of 

stratigraphy. 
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4.6 Mount Taroman 

Mount Taroman is a large massif in the southwest corner of East Timor, which rises to nearly 

1800 m and dominates the topography northwest of the major coastal town of Suai (Fig. 86). It 

is oriented northeast-southwest, sub-parallel to the Saburai Range from which it lies directly 

along strike, with Mount Taroman situated approximately 10 km to the southwest of the Saburai 

Range (Fig. 132). Mount Taroman has a distinct stepped topography, with its upper 600-800 m 

exhibiting a typical steep-sided, blocky, fatu-like morphology, above lower slopes which grade 

gently down towards the surrounding topography. This steep-sided upper section comprises a 

broad, irregularly shaped north-eastern segment, and a narrow south-western ridge 

approximately 1 km wide, which strikes towards 230° for approximately 7 km (Fig. 132). 

4.6.1 Distribution of stratigraphy 

As at Mount Bibileu, only limited mapping was completed at Mount Taroman, with fieldwork 

being restricted to a small section of detailed mapping on the north-western flank of the range, 

and one vehicle traverse around the eastern and south-eastern edge. Where sampled, all of the 

high cliffs of Mount Taroman comprise Perdido Group limestones of the Gondwana 

Megasequence, and it is likely that these rocks comprise the bulk of the upper, steep-sided 

section of the range (Fig. 133). Along the north-western flank of range, mudstones and 

sandstones of the Gondwana Megasequence Babulu Group comprise the lower slopes between 

the Perdido Group limestone cliffs and the rivers below (Fig. 133).  

 

Fig. 132 → (a) Aerial photo of Mount Taroman with interpreted structure. (b) Digital elevation model of Mount 

Taroman with interpreted structure. Faults shown with solid lines have been observed and measured in the field; 

those shown with dashed lines have been interpreted from aerial photographs. Arrows indicate fault striae where 

observed and measured on major faults. Inset – Mount Taroman lies directly along strike from the Saburai Range, 

after which the lineament can be followed curving to the north through Mount Loelako. 

Fig. 133 →→ Interpreted geological map of Mount Taroman, showing the distribution of lithologies and main 

geological structures. Geology outside of mapped areas is modified after Partoyo et al. (1995) using aerial 

photographs. SM = Synorogenic Megasequence, BM = Banda Megasequence, GM = Gondwana Megasequence. 

Faults shown with solid lines have been observed and measured in the field; those shown with dashed lines have been 

interpreted from aerial photographs. Strike and dip of bedding is shown where measured. 
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Beneath the high cliffs along the eastern flank of Mount Taroman, all outcrop sampled from the 

lower slopes of the massif comprise igneous and metaphoric rocks of the Banda Megasequence. 

The Banda Megasequence has also been mapped on the southern flank of Mount Taroman 

(Barique Group and Dartollu Group lithologies – Audley-Charles 1968; Partoyo et al. 1995), 

however access difficulties prevented sampling of this part of the massif by this study. 

4.6.2 Faulting 

Two main orientations of structural lineaments are visible on aerial photographs and digital 

elevation models at Mount Taroman: 050° and 100° (Fig. 132). The 050° lineament bounds the 

north-western edge of the Mount Taroman, and is also the orientation of the long, Perdido 

Group limestone ridge which extends out towards the southwest of the massif (Fig. 133). On a 

larger scale map, this lineament can be followed up into the Saburai range, which is sub-parallel 

and directly along strike (Fig. 132b - inset). The 100° lineament bounds the southern edge of 

the main, northern section of Mount Taroman (Figs 132, 133). Although not visited in the field 

by this study, Audley-Charles (1968) mapped this lineament as a fault separating the high 

Perdido Group limestone cliffs (nee ‘Cablac Limestone’) from the Banda Megasequence 

Barique Group and Dartollu Group lithologies below. This orientation can also be seen in minor 

~100° striking faults which produce small offsets in the south-western Mount Taroman ridge 

(Figs 132, 133). 

On the north-western flank of Mount Taroman, the 050° lineation is visible at several field 

locations as a major northwest-dipping fault, which separates the Perdido Group limestones of 

the upper-massif from the Babulu Group mudstones and sandstones below. At AB585 and 

AB587 a spectacular polished scarp surface is present, covered with friable limestone fault-

breccia several metres thick (Fig. 134). The scarp is slightly undulating, dipping 30°-45° 

northwest. At AB585 the scarp strikes ~070° while at AB587 it curves around to 048°, collinear 

with the main regional lineation. Prominent slip parallel striations, as well as cracks and fissures 

perpendicular to the slip direction, are visible on the scarp surface (Fig. 134). Fault striae are all 

parallel or sub-parallel to the strike of the plane, indicating strike-slip movement on this surface 
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(Fig. 134b, c, d, e). Tension fractures and gashes are parallel to scarp dip, consistent with strike-

slip deformation (Fig. 134f, g, h). Kinematic indicators are slightly ambiguous, however where 

tension fractures appear crescentic in the sense of Petit (1987) they give the impression of left-

lateral movement (Fig. 134h). 

4.6.3 Folding 

No evidence of folding was observed at Mount Taroman. 

4.6.4 Melange zones, petroleum seeps and geothermal springs 

Several outcrops of highly sheared and deformed tectonic melange are observed amidst the 

mostly recessive geology on the hanging wall of the Northwest Taroman Fault scarp (Fig. 135). 

Lithologies incorporated into the melange include Triassic Bandeira and Aitutu Group 

limestones of the Gondwana Megasequence, Eocene Kolbano Group limestones of the 

Australian Margin Megasequence, and schists and igneous mafic rocks of unknown affinity. 

Clasts sizes range from centimetre scale to boulders several metres in size, with clasts often 

sheared and deformed. The matrix of the melange is a highly sheared grey to red-green clay. A 

foliation is present in the clay matrix, oriented subvertically and striking northeast-southwest, 

sub-parallel to the fault scarp (Fig. 135c, d). Kinematic indicators within this melange zone are 

consistent with left-lateral shear (Fig. 135e, f). This zone of sheared melange is observed to 

extend at least 300-400 m northwest of the scarp, indicating significant a thickness to this 

structural zone. 

No petroleum seeps or geothermal springs were observed during the limited mapping at Mount 

Taroman. 

Fig. 134 → Centre: the Northwest Taroman Fault in outcrop appears as a massive polished scarp dipping to 

northwest, covered with sheared, limestone fault breccia and friable gouge several metres thick. (a) Closer 

perspective of the fault, showing fault gouge and breccia being shed as scree from the plane of the fault. The surface 

of the scarp displays prominent strike-parallel striae (b, c, d, e), often in conjunction with dip-parallel tension 

fractures (f, g, h), indicating strike-slip movement. (h) Tension fractures in places appear crescentic in the sense of 

Petit (1987), consistent with left-lateral movement. 
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Fig. 135. (a) Sheared tectonic melange observed near the Northwest Taroman Fault, incorporating clasts from ~1 cm 

to several metres in size, of a range of ages and tectonostratigraphic affinities, within a highly sheared clay matrix. (b) 

The sheared clay matrix of the melange containing a range of smaller blocks at centre of frame. (c, d) Looking down 

at the outcrop in plan view, a north-west striking shear fabric is observed in the foliation of the mud matrix, and the 

alignment of the clasts. (e, f) Kinematic indicators, such as these sheared and offset asymmetric clasts, indicate left-

lateral shear.  
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4.6.5 Structural model 

Spectacular evidence of major strike-slip deformation is visible along the northwest flank of 

Mount Taroman, in the form of a large, polished fault scarp with prominent strike-parallel 

striations and dip-parallel tension fractures, and a thickness of sheared tectonic melange in the 

order of several hundred metres. These two structural features are most likely related to the 

same deformation, with the scarp forming within brittle, Perdido Group limestones and the 

sheared melange forming within Babulu Group mudstones. The melange zone most likely 

extends beyond the small, mapped area, and may be present along much of the length of the 

Northwest Mount Taroman Fault. 

This structural zone is present directly along strike from the Saburai Range, and shares the same 

northeast-southwest orientation. Likewise, indications of left-lateral strike-slip kinematics are 

present at both the Saburai Range and Mount Taroman, although oblique striae at the Saburai 

Range suggest transtensional movement while strike-subparallel striae at Mount Taroman are 

the result of almost pure strike-slip. It is likely that Mount Loelako, the Saburai Range and 

Mount Taroman are all part of the same zone of left-lateral oblique-slip and strike-slip 

deformation. The 15 km wide pull-apart structure of the Maliana basin, fault scarps hundreds of 

metres high along the strike-parallel fatu chain of Mounts Lesululi, Loelako, the Saburai Range 

and Mount Taroman, and tectonic melange zones several hundred metres thick, all point to this 

strike-slip zone having undergone significant movement.  

Some lithologies present in the Mount Taroman melange zone, such as Kolbano Group 

limestones of the Australian Margin Megasequence and unknown affinity volcanic rocks, were 

not observed in outcrop proximal to this zone, and may be sourced from other areas along the 

fault quite distant to this location.  

The zone of left-lateral strike-slip deformation observed by this study extends for over 60 km, 

from the northern tip of the Maliana basin to the southern tip of Mount Taroman. Timor Island 

is only 80 km wide in this area from north to south, so it is likely that the zone may cut across 

the entire island. The island shows a pronounced bend in this area (Fig. 2), with the northern 
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and southern coastlines both exhibiting left-lateral offset, features which may be related to a 

major zone of strike-slip in this region. 

4.7 Summary 

All fatus throughout East Timor display a steep-sided, blocky morphology dominated by high, 

near vertical cliffs up to hundreds of metres in height (e.g. Fig. 85), with the largest scarps at 

Mount Loelako and the Matebian Range reaching nearly 1000 m. When examined closely these 

cliff faces almost always reveal indicators of movement in the form of fault striae, 

demonstrating that they fault surfaces (e.g. Figs 90, 112, 123, 124, 125, 126, 134). These faults 

define the boundaries of the fatus and often further divide and segment the fatus internally, 

juxtaposing rocks of different ages and tectonostratigraphic affinities. The large differential 

vertical movements accommodated by these faults are spectacularly illustrated at Mount 

Laritame, where flat-lying terraces of Pleistocene Baucau Limestone have been uplifted to 

occupy a topographic position 700 m vertically higher than terraces of corresponding age 10 km 

north on the Baucau Plateau (Fig. 136). The Plio-Pleistocene Baucau Limestone observed at 

Mount Mundo Perdido, Mount Laritame, and the Paitchau Range is the youngest unit displaced 

(uplifted) by these high-angle faults, suggesting that these faults have been active at least into 

the early Pleistocene.  

Large thicknesses of limestone breccia and fault gouge are associated with these faults in many 

areas, notably around the Ossu fatus, Mount Loelako and the Saburai Range (e.g. Figs 124, 125, 

126, 134). These damage zones are in the order of metres to tens of metres in thickness, 

attesting to prolonged periods of brittle shear indicating large fault displacements. Zones of 

tectonic melange are observed proximal to some large faults, comprising a chaotic assortment of 

exotic blocks within a Triassic mud matrix. At Mount Taroman, a melange zone against a major 

fault has several hundred meters of structural thickness and is observed to be intensely sheared 

(Fig. 135). 
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Fig. 136. Differential vertical movements of Pleistocene Baucau Limestone at Mount Mundo Perdido, Mount 

Laritame and the Baucau Plateau. The Baucau Limestone is a near-shore coral reef succession that has been uplifted 

since deposition in the Pleistocene. The Baucau Limestone at Mount Mundo Perdido and Mount Laritame have since 

been vertically displaced by 350 m and over 650 m respectively from the coeval succession at the Baucau Plateau, by 

movement on high-angle faults. At Mount Laritame this uplift has occurred with no folding or tilting observed, while 

at Mount Mundo Perdido large drag folds have formed in the Baucau Limestone where they are faulted against the 

older rocks of the fatu. (modified after Haig 2012c) 
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Figure 137 summarizes all major faults mapped by this study. Inset (a) shows strike 

orientations of all 243 fault planes mapped by this study, including minor, outcrop-scale fault 

planes. Major northwest-southeast oriented strike trends are visible between 020°-050°, and 

between 060°-070°, with some variation amongst the remainder of the measured fault planes. 

Inset (b) illustrates strike orientations of 115 measured outcrop fault planes that were large 

enough in strike length to enable them to be mapped on the 1:5000 scale field maps. Plotting 

these more dominant faults removes some of the scatter in the rose diagram. The 020°-050° and 

060°-070° strike trends are still the prevailing orientations; with minor strike trends also 

oriented roughly north-south at 000°-010°, east-west at 080°-090°, and northwest-southeast at 

140°-150°. 

The 020°-050° strike trends are immediately visible in the orientations of the bounding faults of 

the Maliana basin, the Saburai Range, Mount Taroman, Mount Laritame, the main Matebian 

Range scarp, the Paitchau Range, and the eastern and western edges of the Lake Iralalaru pull-

apart structure . This orientation is also observed in many of the minor, through-going faults 

which dissect Mount Mundo Perdido.  

The 060°-070° trend is sub-parallel to the strike of East Timor itself, which is oriented between 

070° at its southern coast and ~080° at its northern coast. Faults which follow this orogen-

parallel trend include the northern and southern bounding faults of the Lake Iralalaru pull-apart 

structure, and the south-eastern bounding faults of Mount Mundo Perdido and Mount Laritame.  

The north-south 000°-010° trend comes from measurements around the unusually oriented 

Mount Loelako, while the east-west 080°-090° trend is seen in bounding and through-going 

faults at the Ossu fatus and Mount Bibileu. The 140°-150° relates to minor, mapped faults at 

various locations including Mount Mundo Perdido, the Maliana basin and elsewhere. 

Faulting in the fatu limestones has commonly produced huge planes and scarps, many which 

form the spectacular cliff faces which bound the fatus. Fault surfaces can have differences in 

appearance depending on the lithologies involved. At Mount Taroman, the main north-western 

fault juxtaposes limestone against sheared tectonic melange, and has polished, smooth 
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appearance (Fig. 134). Such surfaces are common when limestones are faulted against softer, 

mud-rich lithologies or volcanics. In faults which juxtapose limestone against limestone, fault 

planes are often recrystallised and covered with calcite crystals which have infilled the fault 

zone (e.g. Figs 90; 124a, b; 126c, e). 

On both types of fault surfaces, kinematic indicators are common. In the case of polished or 

calcite-overgrown surfaces, striations form when a piece of rock, gouge fragment or mineral 

grain within a fault plane forms striae, or grooves, as it ‘ploughs’ through the fault surface 

during frictional sliding (Petit 1987). The orientation of the resulting striation is parallel to the 

movement of the fault. This process has been responsible for some spectacular striations 

observed in East Timor by this study, most notably on fault planes at the Matebian Range (Fig. 

112) and Mount Taroman (Fig. 134) where strike-parallel striations can continue for several 

metres to tens of metres along the length of a fault plane. On calcite-overgrown surfaces 

lineations on the plane may be produced by the growth of fibrous minerals which will grow 

parallel to the direction of fault movement (Petit 1987). This type of movement-parallel mineral 

lineation is extremely common throughout the limestone faults of East Timor. There were 

sometimes observed more than one set of striae or mineral lineations on a single fault plane, 

attesting to multiple episodes of movement with differing vectors (e.g. Fig. 126c). 

Plotting of all 158 fault striae measured by this study shows two main trend orientations (Fig. 

137c). The majority of fault striae trend east-northeast to east, sub-parallel to the strike of the 

East Timor orogen. A second family of fault striae trend south-southwest, oblique to the East 

Timor orogen and sub-parallel to the major structures of the Matebian Range and the Maliana 

basin (Fig. 137c). 

 

Fig. 137 → Digital elevation model of East Timor showing all faults mapped by this study. Inset rose diagrams show 

(a) strikes of all faults measured by this study, both map and outcrop scale, (b) strikes of all major, map-scale faults 

measured by this study and (c) trends of all fault striae measured by this study. (Rose diagram scale is in percent, with 

the outer edges representing 10% of measured faults) 
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Fault striae are able to reveal the direction of fault movement but not the sense, as faults of 

opposite movement sense will have the same orientation of striae e.g. normal and reverse; 

sinistral transpressional and dextral transtensional. In order to distinguish between these pairs, 

further kinematic indicators are required.On some fault planes, kinematic indicators such as 

tensile fractures, crescentic fractures and accretion steps were used according to Petit (1987) in 

order to determine the sense of movement on the fault (e.g. Figs 112b, c; 134h). Where 

limestones were faulted against less brittle lithologies such as mudstones or mafic volcanics, 

shearing is often present in the rheologically softer units. By observing shear fabrics, sigmoidal 

clasts and other asymmetric deformation within the sheared unit a determination of shear sense, 

and therefore sense of fault movement, was able to be determined (e.g. Fig. 135e, f). However, 

while it was obvious to determine a sense of dip-slip, strike-slip or oblique-slip movement 

direction for the majority of faults in this study, movement sense indicators were often far more 

ambiguous, and only a minority of faults were solved for movement sense. 

The vast majority of striae on major, mappable faults are oblique to dip, indicating some 

component of strike-slip in fault kinematics (Table 2). At the outcrop scale we identified 243 

fault surfaces from smaller-scale faults throughout the study areas (Table 2). Fault striae 

enabled slip direction interpretations on 142 of the 243 observed fault surfaces, with fault steps, 

tensile fractures and other kinematic indicators allowing movement sense interpretations on 91 

of those 143 faults (Table 3). The majority of faults at both outcrop- and map-scale indicate 

mainly oblique-slip movement (Table 2, 3). 
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Table 4. Classification of major, mappable faults in all study areas. Fault striae indicate a movement direction on 32 

of the measured fault surfaces. Kinematic indicators allow a shear sense to be determined on a further 18; indicators 

included steps and crescentic fractures on limestone fault surfaces, asymmetric deformed clasts within fault zones, 

and s-c type shear fabrics developed within mudstones. Faults are classified as oblique slip when striae indicate a 

movement vector with an obliquity greater than 10° from pure strike-slip or pure dip-slip. 

Total 

Movement indicators Dip-slip Strike-slip Oblique-slip 

Striae 
Kinematic 

indicators 
Normal Reverse Dextral Sinistral 

Dextral 

Normal 

Sinistral 

Reverse 

Dextral 

Reverse 

Sinistral 

Normal 

115 78 59 
17 9 28 24 

13 3 0 6 10 8 1 18 
 

 

Table 5. Classification of all measured fault surfaces in outcrop in all study areas. Fault striae indicate a movement 

direction on 142 of the measured fault surfaces. Kinematic indicators allow a shear sense to be determined on a 

further 91; indicators included crescentic and tensile fractures and steps on limestone fault surfaces, asymmetric 

deformed clasts within fault zones, and s-c type shear fabrics developed within mudstones. Faults are classified as 

oblique slip when striae indicate a movement vector with an obliquity greater than 10° from pure strike-slip or pure 

dip-slip. 

Total 

Movement indicators Dip-slip Strike-slip Oblique-slip 

Striae 
Kinematic 

indicators 
Normal Reverse Dextral Sinistral 

Dextral 

Normal 

Sinistral 

Reverse 

Dextral 

Reverse 

Sinistral 

Normal 

243 142 91 
23 11 52 56 

16 3 0 8 19 14 7 24 
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5. Discussion 

5.1 Re-evaluating the fatus 

This thesis has presented the results of mapping from a number of limestone fatus in East 

Timor. The results of this study relative to that of previous work in terms of stratigraphic and 

structural interpretations are given in Table 6 and Figure 138. 

In almost all cases the fatus were interpreted by Audley-Charles (1968) as Miocene ‘Cablac 

Limestone’, despite many workers over the previous six decades recording units as old as 

Permian and Triassic as being part of the fatus (Molengraaf 1912; Krumbeck 1921; ’t Hoen & 

van Es 1925; Wittouck 1937; Umbgrove 1938; De Roever 1940; Simons 1940; Tappenbeck 

1940; van Voorthuysen 1940; van West 1941; Grunau 1953; Wanner 1956; De Waard 1957; 

Gageonnet & Lemoine 1958; Romariz & Leme 1967; Grady 1975; Grady & Berry 1977; 

Brunnschweiler 1978). This interpreted Miocene age became entrained in the literature and 

incorporated into subsequent geological maps (e.g. Rosidi et al. 1979; Bachri & Situmorang 

1994; Partoyo et al. 1995; Atmaoui et al. 2006), and in turn influenced a number of tectonic 

models. The ‘Miocene age Cablac Limestone’ fatus of East Timor have since been variably 

assigned to allochthonous thrust sheets of Asiatic affinity (Audley-Charles 2004; Harris 2006), 

carbonate build-ups on the outer Australian continental margin (Charlton 2002b), or in situ 

patch reefs formed after collision but before orogenesis (Audley-Charles & Carter 1972). 

However, recent work has re-evaluated the age of the limestone lithologies that dominate the 

fatus. On the basis of robust biostratigraphic determinations and detailed field mapping Haig et 

al. (2007), Haig et al. (2008) and Keep et al. (2009) have documented a Late Triassic–Early 

Jurassic (i.e. not Miocene) age for the Bahaman facies at Cablac Mountain Range. This study 

now extends that determination to all of the other limestone fatus in East Timor.  

In addition, this study documents a number of extensive, young, high-angle faults that 

dismember the original collisional geometries and control the present-day juxtaposition of 

stratigraphic units and also control the location of fluid-driven deposits (e.g. oil and gas seeps, 

melange zones, hot springs). Again these high-angle faults were recognised by previous workers 



302 
 

(Schneeberger 1961; Romariz & Leme 1967; Grady 1975; Grady & Berry 1977; Chamalaun & 

Grady 1978; Berry & Grady 1981a, b) but not significantly incorporated into previous tectonic 

models (e.g. Audley-Charles 1968; Reed et al. 1996; Harris 2011; see Chapter 2.2.1 for 

discussion of tectonic models). 

The first part of this discussion examines implications of the stratigraphic determinations of this 

study, particularly for the Perdido Group, the Bandeira Group, the Booi Group and mud-

dominated Triassic lithologies (both structural melange and ‘broken formation’). The discussion 

then examines the significance of late, high-angle faults and the dominance of strike-slip in East 

Timor, and presents a structural model incorporating the dominant strike-slip mechanisms 

determined in Chapter 4. Finally this chapter explores the implications of the findings of this 

study for previous tectonic models of Timor, and also explores relationships with adjacent parts 

of the collisional system, particularly adjacent part of the Outer Banda Arc and the Australian 

North West Shelf. 

5.2 Stratigraphic evaluation 

The results of this study support the revisions to the tectonostratigraphic framework of East 

Timor made by recent studies (Haig & McCartain 2007; Haig et al. 2007; Haig et al. 2008; 

Keep et al. 2009; Haig & McCartain 2010; Keep & Haig 2010; Haig 2012a; Haig & McCartain 

2012; Haig & Bandini 2013), while making some important new findings (Fig. 138, Table 6). 

 

 

 

Fig. 138 → Geological maps constructed by this study (inset), compared with the reconnaissance map of Audley-

Charles (1968) (background), on which most geological maps of East Timor are based (e.g. Rosidi et al. 1979; Bachri 

& Situmorang 1994; Partoyo et al. 1995; Atmaoui et al. 2006). (a) The Maliana basin and surrounding fatus of Mount 

Loelako and the Saburai Range (Chapters 3.8, 3.9, 3.10, 4.5). (b) The Matebian Range (Chapters 3.7, 4.4). (c) The 

Paitchau Range and Lake Iralalaru (Chapters 3.6, 4.3). (d) Mount Taroman (Chapters 3.11, 4.6). (e) Mount Bibileu 

(Chapters 3.5, 4.2). (f) The Ossu fatus: Mount Mundo Perdido, Mount Laritame and the Builo Range (Chapters 3.2, 

3.3, 3.4, 4.1). 
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5.2.1 The Perdido Group 

Mount Mundo Perdido, Mount Laritame and the Builo Range were mapped by Audley-Charles 

(1968) (Fig. 138), and similarly by most following authors (e.g. Partoyo et al. 1995; Harris 

2006) as coherent blocks of Miocene ‘Cablac Limestone’, deposited unconformably in parts on 

to Oligocene Barique Formation (mapped in places around the outskirts of the fatus), with 

Mount Mundo Perdido overlain by a small klippe of Cretaceous ‘Borolalo Limestone’, 

equivalent to the Kolbano beds within the tectonostratigraphic framework of this study (Fig. 9).  

This study has shown that, like the Cablac Mountain Range (Haig et al. 2008; Keep et al. 2009), 

most of the high peaks at Mundo Perdido and Mount Laritame are Late Triassic – Early 

Jurassic, based on the presence of foraminiferal species Duotaxis and Siphovalvulina. In 

addition, the presence of Lituosepta sp. has further confined the age of these Bahaman facies 

limestones, at least in part, to the upper Lower Jurassic (Pliensbachian). The Bahaman-facies 

limestones of the Builo Range are similarly assigned to the Perdido Group, and it likely forms 

the majority of this range previously mapped as ‘Cablac Limestone’. This study has also 

mapped Perdido Group limestones forming significant parts of Mount Bibileu and Mount 

Taroman, both previously mapped as Miocene ‘Cablac Limestone’ (Audley-Charles 1968; 

Partoyo et al. 1995; Harris 2006) with similar lithofacies also likely present at Mount Matebian 

(see Chapter 4.2.1 The Matebian Range – distribution of stratigraphy).  

5.2.2 The Bandeira Group 

First described at the Bandeira Gorge near Atsabe (Brisbout 2010; Haig 2012b), this Carnian-

Norian shallow water carbonate group has now been widely mapped throughout East Timor by 

this study. The Paitchau Range in eastern East Timor, originally mapped as ‘Aitutu Formation’ 

(Audley-Charles 1968; Partoyo et al. 1995) is recognised by this study as largely comprising 

Bandeira Group lithologies, which are transitional with the basinal-facies Aitutu Group in 

places around its base. Mount Loelako, previously mapped as Miocene ‘Cablac Limestone’ 

(Audley-Charles 1968; Partoyo et al. 1995; Harris 2006) and interpreted as belong to the same 

Asiatic-derived thrust sheet as the Ossu fatus, the Matebian Range, Mount Bibileu and Mount 
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Taroman, is found by this study to comprise a ridge of subvertically bedded Bandeira Group 

limestones. Southwest along strike from Mount Loelako, the Saburai Range has previously been 

mapped as a massive nappe of Permian limestone (Gageonnet & Lemoine 1958; Audley-

Charles 1968; Partoyo et al. 1995). This study has observed a small Permian nappe at the 

northern tip of the Saburai Range; however the majority of the Saburai Range comprises 

Triassic, Bandeira Group lithologies like those at Mount Loelako. 

The finding that fatus across East Timor, previously mapped as predominantly Miocene in age, 

are in fact dominated by Late Triassic to Early Jurassic lithologies of the Perdido Group and the 

Bandeira Group, is one of the main contributions of this study. With the Perdido Group first 

documented at the Cablac Mountain Range (Haig et al. 2008; Keep et al. 2009), and the 

Bandeira Group at the Bandeira Gorge near Atsabe (Brisbout 2010; Haig 2012b), the results of 

this thesis extend the identification of these Gondwana Megasequence groups to all of the major 

fatus studied across East Timor. This significantly changes our understanding of the geological 

evolution of East Timor. 

5.2.3 The Booi Group 

Benincasa et al. (2012) first mapped the Booi Group earliest Miocene larger foraminiferal 

limestone  (and associated mudstone and sandstone) in East Timor, following the identification 

of Booi Group limestone in clasts within the Cablac crush breccia by Haig et al. (2008 – as Booi 

limestone). This study has further observed Booi Group limestones at Mount Laritame, and 

Booi Group mudstones and sandstones at the Builo Range.  

Booi Group rocks are associated with Barique Group volcanics at all of the Ossu fatus, and at 

Mount Mundo Perdido appear to stratigraphically overly the Barique Group (Fig. 18). 

Petrological and geochemical analyses suggest that Barique Group volcanics most likely 

originated in an island arc type environment (Standley & Harris 2009; Benincasa et al. 2012 

Appendix B). The stratigraphic succession of Barique Group and overlying Booi Group 

probably represents the remains of an old Paleogene arc emplaced as part of the Banda 

Megasequence during collision with the Australian continent (Fig. 84). At the Builo Range, 
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Banda Megasequence lithologies are also associated with Noni Group rocks of the Indian Ocean 

Megasequence, and both of these non-Australian affinity terranes may have been concurrently 

overthrust on to Timor during Neogene collision (Fig. 84). It is significant that the Banda 

Megasequence and Indian Ocean Megasequence are found at lower topographic levels around 

the outskirts of Mundo Perdido, Mount Laritame, the Builo Range, Mount Bibileu, and most 

likely the Matebian Range, separated from the older, Australian lithologies which comprise the 

centre of the fatus by high-angle faults. This attests to differential uplift within the fatus and 

supports their interpretation as being exhumed on high-angle, transpressional and transtensional 

faults. 

5.2.4 The extent of mud-dominated Triassic lithologies 

Since the mapping Audley-Charles (1968) (Fig. 138), many following geological maps of East 

Timor (e.g. Rosidi et al. 1979; Bachri & Situmorang 1994; Partoyo et al. 1995) show the 

majority of the mud-dominated lithologies of East Timor as a separate unit such as the 

‘Bobonaro Scaly Clay’ or ‘Bobonaro Melange’. Since Barber et al. (1986) recognised the 

melange as sourced from Australian affinity units, many of these ‘melange’ areas have been 

more correctly mapped as belonging to the Gondwana Megasequence, rather than a separate 

tectonostratigraphic unit, although mapping of a ‘Banda Melange’ around fatus is still 

widespread (e.g. Harris et al. 1998; Audley-Charles 2011; Harris 2011). This study has followed 

Haig and McCartain (2010) in distinguishing between zones of true tectonic melange, usually 

found along linear structural zones, and units characterised by ‘broken-formation’ deformation, 

in which original ‘broken’ bedding can be readily identified as belonging to a parent rock type. 

In all the localities visited by this study, the majority of areas originally mapped as ‘Bobonaro 

Melange’ or ‘Banda Melange’ can be identified as stratigraphy belonging to recognised Triassic 

mud-dominated Gondwana Megasequence rock units, either mudstones and sandstones of the 

Babulu Group or mudstones and limestones of the Aitutu Group (Fig. 9). In areas affected by 

‘broken formation’ deformation, these mudstone-dominated lithologies contain no blocks which 

are exotic in age or tectonostratigraphic affinity.  
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Haig and McCartain (2010) documented that limited areas of true structural melange, including 

exotic blocks, occur along linear structural zones, a finding extended by this study. Such zones 

occur proximal to areas of transtensional faulting, most notably at Mount Mundo Perdido, near 

Mount Loelako and the Saburai Range (including near the Marobo Hot Springs), and also at 

Mount Taroman. These melange zones often incorporate igneous components including large 

volcanic boulders, in some cases several metres square (see Fig. 129, Chapter 4 for an 

example). The proximity of linear zones of tectonic melange to mapped high-angle oblique-slip 

faults emphasizes the structural controls on these zones of true melange as opposed to the broad 

expanses of broken formation mud-dominated lithologies. 

Contacts between the shallow-water Triassic-Jurassic fatu limestones (Bandeira Group and 

Perdido Group) and the basinal, mud dominated units surrounding them are generally seen to be 

high-angle faults. However in some locations, most notably at Mount Loelako, gradational 

stratigraphic relationships occur between basinal and shallow water facies, with differential 

erosion producing the spectacular morphology on Loelako’s western flank. Other workers have 

previously described the same gradational contacts between the fatu limestones and surrounding 

mud-dominated units in both West (De Waard 1957) and East Timor (Wanner 1956). 

5.2.5 Implications for structural models 

This study has shown that the major fatus of East Timor are not Miocene shallow water 

limestones of Asiatic affinity, as mapped by Audley-Charles (1968) and others (e.g. Rosidi et 

al. 1979; Partoyo et al. 1995; Harris 2011). Rather, all of the fatus visited by this study have 

their high, central regions dominated by Australian affinity lithologies: either Triassic Banderia 

Group limestones or Triassic-Jurassic Perdido Group limestones of the Gondwana 

Megasequence, which are in some places overlain by carbonate pelagites of the Australian 

Margin Megasequence. In this respect, this study agrees with the observations of many authors 

prior to Audley-Charles (1968) who described the fatus as comprising mostly Mesozoic, 

Australian affinity limestones in both West (Molengraaf 1912; Wanner 1913; Umbgrove 1938; 

De Roever 1940; Simons 1940; Tappenbeck 1940; van Voorthuysen 1940; van West 1941; De 
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Waard 1957) and East Timor (Hirschi 1907; Wittouck 1937; Wanner 1956; Brunnschweiler 

1978), and is consistent with the re-evaluation of the ‘Cablac Limestone’ at its type section by 

Haig et al. (2008). With this stratigraphic reinterpretation of all major fatus previously mapped 

as ‘Cablac Limestone’, in conjunction with areas formerly mapped as ‘Bobonaro’ or ‘Banda 

Melange’ recognised here as either Triassic mud-dominated Babulu Group or Aitutu Group 

units, this study has dramatically increased the mapped extent of Australian affinity lithologies 

in East Timor. 

With the reinterpretation of the age and tectonostratigraphic affinity of the fatu limestones, it no 

longer follows that they occupy such high topographic positions as a result of being overthrust 

on to the developing orogen from the Asian side of the plate boundary during collision. In fact, 

with the exception of a small Permian klippe at the northern tip of the Saburai Range, no thrust 

structures were directly observed at any of the fatus visited, and this study has found no 

evidence that the fatus of East Timor represent the remains of a thrust sheet. This is again 

consistent with the observations of many previous workers who did not agree with an overthrust 

interpretation of the fatus (e.g. Wanner 1956; Schneeberger 1961; Romariz & Leme 1967; 

Grady 1975; Grady & Berry 1977; Brunnschweiler 1978). Rather, every fatu in East Timor is 

dominated by large high-angle faults, which often dissect the fatus and define their steep-sided, 

blocky morphology. 

At the Ossu fatus, rocks of the Banda Megasequence are juxtaposed against those of the 

Gondwana and Australian Margin Megasequences. However, the Banda Megasequence rocks, 

originally emplaced at the top of the structural pile (Harris 2006) are now found at lower 

structural levels around the outskirts of the fatus. They are juxtaposed by high-angle faults 

against the Australian affinity rocks which dominate the central regions of the Ossu fatus. This 

attests to differential uplift within the mountain ranges, a structural style that has previously 

been observed within the fatus by other workers (e.g. van Bemmelen 1949; Schneeberger 1961; 

Romariz & Leme 1967). At all the fatus visited by this study, it appears as if differential 

movement along high angle faults is responsible for exhuming old, Australian affinity rocks 
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from deep within the structural pile and uplifting them to their present-day, high topographic 

positions. 

5.3 Strike slip in East Timor 

Chapter 4 discussed the ubiquity of strike-slip and oblique-slip faulting at and around the fatus 

of East Timor. Strike-slip and oblique-slip structures occur throughout the study areas at all 

scales. The relationships are summarised on Figure 139 opposite and below. 

At the Ossu fatus (Fig. 139), all three fatus are dominated by high-angle faults, with oblique 

movement observed on the majority of fault surfaces (Tables 2, 3, Chapter 4), and oblique-

reverse faults are present at Mount Mundo Perdido and Mount Laritame (see also Figs 90, 91, 

92, Chapter 4). The morphology, fault architecture and stratigraphic distribution at these fatus 

show striking similarity to pop-up structures developed within analogue models of restraining 

bends and stepovers in strike-slip fault systems (Benincasa et al. 2012, Chapter 4.1.5 The Ossu 

fatus – Structural model). At Mount Mundo Perdido positive flower structures are observed 

on strike-faults in outcrop (Fig. 93, Chapter 4), the fault architecture and kinematics of which 

strongly mimic that observed throughout the Ossu fatus at map scale.  

At the Paitchau Range, Lake Iralalaru (Fig. 139) represents a distinctive rhomboidal basin over 

10 km long, bound by high angle faults, which strongly resembles both analogue model and 

real-world examples (Mann 2007; Wu et al. 2009) of pull-apart structures formed at releasing 

fault stepovers.  

At the Matebian Range (Fig. 139), the main fault scarp comprises a series of right-stepping en-

echelon Riedel segments oriented at 20° to the main fault trace, indicative of left lateral 

movement (see also Fig. 111, Chapter 4). Most major lineaments at the Matebian Range are in 

fact consistent with expected fault orientations in a Riedel model of left-lateral shear. 

Fig. 139. Summary of all major strike-slip systems interpreted in East Timor by this study. The black dashed line 

oriented at 070° represents the axis of the East Timor orogen. The strike-slip systems interpreted at the Ossu fatus, 

Lake Iralalaru and Mount Taroman are all parallel to this axis. The strike-slip systems at the Maliana basin and 

Mount Matebian are oriented oblique to the orogen and possibly represent Riedel orientations.     
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A major north-northeast striking strike-slip fault observed in outcrop, just west of the main fault 

scarp, displaying prominent strike-parallel fault striae, supports the interpretation of left-lateral 

shear at the Matebian Range. 

In the Maliana region (Fig. 139), strike-slip and oblique-slip displacement occurs on the 

majority of mapped fault surfaces. The Maliana basin forms a large, flat, elongate depression 

bound by high-angle, oblique-slip faults, typical of a releasing bend or step-over within a zone 

of strike-slip. The structural architecture of the Maliana basin, Marobo basin and associated 

fatus correlates well with structures formed in analogue models of transtensional pull-apart 

systems with varying mechanical stratigraphies, which produce multiple depocentres separated 

by distinct horsts (see also Fig. 130, Chapter 4). Southwest along strike of the Maliana basin 

system, Mount Taroman (Fig. 139) forms an elongate fatu bound by a major zone of left-lateral 

strike-slip along its north-western edge. Strike-slip at Mount Taroman is evidenced by a large 

polished fault plane exhibiting spectacular strike-parallel striae, and an associated tectonic 

melange zone several hundred metres thick with sub-vertical foliation and deformed clasts 

displaying asymmetries consistent with left-lateral shear. 

At Mount Laritame, Mount Bibileu, Lake Iralalaru, and the Marobo basin near Maliana, 

geothermal springs are associated with interpreted strike-slip fault traces, generally the largest, 

basin-bounding or fatu-bounding faults. This infers that these steep faults extend to the 

considerable depths required to heat water to temperatures of 40°-60°C. At Lake Iralalaru and 

the Matebian Range, oil and gas seeps recorded by previous authors also coincide with 

interpreted fault traces may also be utilising the same faults as fluid conduits. 

Chapter 4 also presented possible models to explain the distinctive morphology of the fatus and 

associated basins in the study areas using analogues of strike-slip systems. If the fatus and 

basins studied are features related to restraining or releasing bends and stepovers in zones of 

strike-slip, they represent strike-slip deformation in two major orientations. Firstly, an east-

northeast, or orogen-parallel, orientation is broadly shared by the strike-slip systems interpreted 

at the Ossu fatus, Mount Bibileu, and Lake Iralalaru. Secondly, a northeast, or orogen-oblique, 
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orientation is shared by the strike-slip systems interpreted at the Maliana region and the 

Matebian Range. The two main orientations are also reflected in the main trends of fault striae 

measured throughout the study areas (Fig. 137, inset c). 

Given the varying geometries of interpreted strike-slip structures in and around the fatus of East 

Timor, various underlying fault geometries have been proposed, including variations on left- 

and right-stepping local systems, and underlapping systems, sometimes with a degree of 

obliquity. Subtle differences at each fatu reflects different fault strands or Reidel types within a 

larger-scale system. Figure 139 details these observations, showing the nature of the interpreted 

strike-slip system through East Timor. We interpret that strike-slip dominates the late stages of 

the orogen as currently exposed in East Timor, related to oblique convergence and subsequent 

collision of the Australian Plate with the Banda Arc. In this model we extend the interpreted 

strike-slip faults between the fatus mapped in this study and incorporate previous data from 

Mount Mundo Perdido (Benincasa et al. 2012) and data from other fatus such as Cablac 

Mountain Range (Fig. 139) (Haig et al. 2008; Keep et al. 2009) from work that preceded this 

study. 

The presence of pop-up structures in restraining bends causing differential uplift and exposing 

Gondwana-related lithologies as the structurally and topographically highest points of the fatus 

may also apply to other regions of East Timor that were not mapped as part of this study. For 

example, the highest topographic point in East Timor, Mt. Ramelau (Fig. 139), occurs in close 

proximity to the Cablac Mountain Range, and extends to 2986 m above sea level. Exposure 

along the path to the peak from the village of Hato Builico (Fig. 139) display numerous 

outcrops of weathered basaltic materials, in places estimated by Audley-Charles (1968) to be 

over 500 m thick, which preserve pillow basalts in places (Keep pers. comm. 2014). Audley-

Charles attributed the thick succession of basic eruptive rocks forming Timor’s highest peak to 

the Permian Maubisse Formation. This therefore represents another example of some of the 

oldest stratigraphic units in Timor (again of Australian affinity) being exposed at the structurally 

and topographically highest levels. Although the recessive nature of Mount Ramelau (and of 

other nearby basaltic outcrops at the Cablac Mountain Range – see Keep et al. 2009) does not 
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allow for identification of obvious fault scarps, it is clear from the SRTM image (Fig. 139) that 

the location of Mount Ramelau coincides with a strong northeast-trending structural lineament 

that parallels the westerly-adjacent East and West Maliana Basin faults and is along strike from 

the interpreted fault at Mount Taroman (Fig. 139). Given the hypothesis presented in this thesis 

that strike-slip dominates the young deformation of East Timor, exposing older Australian-

related lithologies at topographically and structurally high levels, it seems likely that a similar 

interpretation could be applied to Mount Ramelau. There is no other presented explanation for 

why the interpreted Permian age basalts exposed on Mount Ramelau should be the 

topographically highest point in East Timor when presumably they formed the base of the 

structural pile during initial shortening.  

5.4 Strike-slip at convergent margins 

Orogen-parallel strike-slip occurs commonly at convergent margins. Jarrard (1986) estimates 

that over 50% of subduction zones are accompanied by strike-slip faults that parallel the plate 

boundary. Beck (1986) further considers that the proportion is probably higher, as the presence 

and intensity of strike-slip faulting at convergent margins is often difficult to recognise, even 

with detailed mapping. Fitch (1972) was the first to propose a model for oblique convergence 

between plates, where any fraction of slip parallel to the plate margin results in strike-slip 

movements on subvertical faults parallel to the plate boundary. Jarrard (1986) has since shown 

that the primary factor controlling the presence of plate-boundary parallel strike-slip faulting is 

coupling between the plates, and that strongly oblique convergence is not required. Active 

strike-slip faulting is currently observed within subduction zones with near-perpendicular 

convergence, such as at the Atacama fault zone in northern Chile (Jarrard 1986; see Benincasa 

et al. 2012 for comparison of structures formed at the Atacama fault zone with Mount Mundo 

Perdido).  

In East Timor, the locking of the subduction zone and the transition from subduction to collision 

has resulted in a strongly coupled system. Therefore, even without a large component of 

obliquity zones of plate-margin parallel strike-slip should  be expected (Jarrard 1986).  The 

overall NNE convergence direction of Australia with respect to the Pacific and Eurasian plates 
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(Genrich et al. 1996) has long been thought to have generated strike-slip motion at the plate 

boundary (Nelson 1993; Keep et al. 1998; Shuster et al. 1998; Ainsworth et al. 2000; de Ruig et 

al. 2000; Harrowfield et al. 2003; Harrowfield & Keep 2005; Bourget et al. 2012). However, 

occurrences of strike-slip on the Australian part of the margin are limited to local structures 

(Ainsworth et al. 2000; de Ruig et al. 2000; Keep et al. 2000), with the majority of strike-slip 

thought to be accommodated at the collision front, on Timor Island (Harrowfield et al. 2003). 

The structures documented in this thesis may be the evidence of plate-boundary parallel strike-

slip in East Timor that has been suggested by previous workers. 

North-northeast oriented strike-slip systems have previously been postulated in East Timor 

(Audley-Charles 1985; Charlton et al. 1991), and even included in regional scale maps (e.g. 

Audley-Charles 2004), however this study is the first to observe and document examples in the 

field. Audley-Charles (1985) used the results of previous mapping in conjunction with seismic 

data from shallow focus earthquakes to infer the presence of north-northeast oriented strike-slip 

in the Timor region. Charlton et al. (1991) mapped small north-northeast striking wrench faults 

ca. 2 km in strike length at Kolbano, in southern West Timor (see locality Fig. 140), and 

discussed the presence of a series of larger scale zones of strike-slip of the same orientation 

cutting across western Timor Island. He described strike-slip faulting as of great importance in 

controlling structural relationships. North-northeast striking zones of strike-slip are thought to 

have developed in several places in the Timor region as transfer zones accommodating differing 

rates of convergence within the collision zone (McCaffrey 1989; Genrich et al. 1996; Nugroho 

et al. 2009).  

McCaffrey (1989) modelled this differential shortening across Timor Island using fault plane 

solutions of shallow-focus earthquakes. He interpreted three zones of north-northeast oriented 

strike slip in the vicinity of Timor Island: subparallel to the west coast of West Timor separating 

Rote Island from Timor Island, in the centre of Timor Island through the Maliana basin, and off 

the coast adjacent to the eastern tip of Timor Island (Fig. 140). In the central zone through the 

Maliana basin region McCaffrey (1989) also noted shallow earthquakes showing left-lateral, 

strike-slip on NE-trending, vertical fault planes (McCaffrey 1989, 1996). Evidence for this 
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north-northwest trending strike-slip zone extending north from the Maliana basin up through the 

Wetar Strait can be seen on the seafloor in sidescan sonar and seismic reflection data (Masson et 

al. 1991). Masson et al. (1991) mapped a complex zone of left-lateral strike-slip extending 

south from between the islands of Alor and Wetar, around Atauro Island, and then almost 

cutting across the entire island of Timor at a north-northeast orientation along the western edge 

of the Maliana basin (Fig. 140). Clear evidence of left lateral movement on the sea floor 

includes ridges offset by north-trending faults and pull-apart basins bound by prominent fault 

traces (Masson et al. 1991). 

 

 

Fig. 140. Dotted lines show strike-slip faulting mapped in West Timor as described by Charlton et al. (1991). Dashed 

lines show north-northeast trending zones of left-lateral strike slip interpreted across Timor Island by McCaffrey 

using fault plane solutions of shallow focus earthquakes. Solid black lines are faults interpreted by Masson et al. 

(1991) from shallow-focus earthquakes and sea-floor bathymetry. A major zone of left-lateral strike-slip extends 

north-northeast through the centre of Timor Island, northeast diverging around the island of Atauro, and, then north-

northeast along the west coast of Wetar to the Wetar Thrust. This major left-lateral fault zone is interpreted by 

Masson et al. (1991) to extend along the western margin of the Maliana basin, interpreted by this study (solid red 

lines) as a left-lateral pull-apart structure, and causes several tens of kilometres of offset at the north-coast of Timor 

Island.  
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The identification of outcrop and regional scale strike-slip faults in this study therefore provides 

solid field evidence for previously postulated deformation. Interestingly, despite being 

hypothesized onshore and identified offshore, the presence or significance of late, high-angle 

strike-slip faults has been largely overlooked in the development of tectonic models for East 

Timor (see discussion in Chapter 2.2.1). 

5.5 Tectonic models 

Throughout the history of geological work on East Timor, numerous tectonic models have been 

proposed to explain its structural evolution, many based on literature analysis and offshore 

geophysics with little or even no fieldwork or mapping beyond reconnaissance scale (see 

Chapter 2.2 for discussion). This body of often opposing concepts and ideas has led to 

confusion and fuelled controversy.  

This study has mapped several areas of East Timor in detail, and in doing so has gathered 

enough data to confidently revise the stratigraphy of many of the fatus and surrounding areas 

(Chapter 3). Furthermore, potential structural models for these specific areas have been 

tentatively proposed based on stratigraphic distributions, fault architecture and kinematics, and 

geomorphological expressions (Chapter 4). In this section the most common types of tectonic 

models present in the literature are discussed in the context of the findings of this study. 

5.5.1 Thin-skinned tectonic model 

The model presented by Harris (2011) (Fig. 141) is the latest iteration of the overthrust-type 

model proposed by Audley-Charles (1968) and developed by subsequent workers (e.g. Carter et 

al. 1976; Barber et al. 1977; Sopaheluwakan et al. 1989; Harris 1991; Sani et al. 1995; 

Villeneuve et al. 1999). Harris (2011) presents a thin-skinned tectonic model, with the 

deforming orogen largely separated from the down-going slab by a large scale decollement 

which links the Timor Trough in the south to where Australian crust meets the Banda Forearc 

on a south-dipping thrust system under the northern edge of Timor Island. Above the 

decollement, Gondwana Megasequence rocks form fault-propagation folded thrust sheets 1–3 

km thick that are stacked and duplexed to repeat various parts of the Permian to Jurassic 
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sequence. Above this duplex zone there is a second decollement level, situated close to the 

Gondwanan breakup unconformity in Jurassic to Early Cretaceous mudstones (Breen et al. 

1986; Karig et al. 1987; Masson et al. 1991), and further lubricated by melange sourced from 

remobilisation and diapirism of overpressured Triassic muds in the underlying Gondwana 

Megasequence. Imbricate thrusts of Australian Margin Megasequence sediments are stacked 

and accreted to the front of the orogenic wedge above this upper decollement, along the south 

coast of Timor and down into the Timor Trough. Further to the north, a large nappe of Banda 

Megasequence rocks from the Banda Forearc are overthrust and emplaced on top of this zone of 

melange. 

 

 

Fig. 141. Thin skinned tectonic model of Harris (2011). It describes the imbrication of the Australian Margin 

Megasequence on the south coast, coupled with a duplexed succession of Gondwana Megasequence rocks above a 

large-scale decollement that extends from the Timor Trough to the upper part of the down-going slab. A large 

thickness of Banda Megasequence units have been overthrust from the north over a layer of melange. Figure 

modified after Harris (2011). 

 

This model assumes that uplift in the Timor orogen is predominantly from crustal shortening 

through the development of multiple detachments and duplex systems. The model therefore 

invokes the presence of a continuous decollement extending from the Timor Trough down to 

the subducting slab. As this model is based on maps which interpret most of the fatus as Asiatic 

affinity, it illustrates the presence of a very large Banda Megasequence nappe, emplaced on to 

an almost continuous unit of ‘Banda Melange’ which is present overlying all deformed 
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Gondwanan units. The re-interpretation of the fatus as Australian-derived calls into question the 

kinematics of this overthrust model, as they cannot be part of a Banda Megasequence nappe. 

The stylised series of thrust slices proposed by the thin-skinned tectonic model (e.g. Harris 

1991; Harris et al. 1998; Harris 2011) is difficult to reconcile on the ground. With the exception 

of the small klippe of Permian rocks present at the Saburai Range, no thrust structures were 

directly observed in any of the study areas. Neither was any large-scale repetition of 

stratigraphy observed at any of the fatus, with the Ossu fatus in particular appearing antiformal 

in stratigraphic distribution. This study has also observed that Australian Margin Megasequence 

units are not just confined to the front of the developing orogen. They have been mapped by this 

study as far north as Mount Mundo Perdido, Mount Laritame, and the Matebian Range where, 

in some locations, they appear to overly rocks of the upper Gondwana Megasequence. The 

presence of uninterrupted decollements at the Timor collision front has been questioned by 

previous authors (Keep et al. 2005), and the mapping of Australian Margin Megasequence rocks 

apparently still in conformable stratigraphic relationships with underlying units may mean that 

large scale decollements have been discontinuous in time or extent. 

The stratigraphic re-evaluation of the fatus of East Timor by this study means that the mapped 

extent of the Banda Megasequence is far less than has been previously interpreted. Furthermore, 

this study has found no evidence for a continuous unit of ‘Banda Melange’ on which the Banda 

Megasequence has been emplaced upon, as depicted in the model of Harris (2011). Most 

outcrops of ‘melange’ are broken and deformed, but still stratigraphically distinct, units of 

Gondwana Megasequence mudstones and sandstones. True tectonic melange, containing a range 

of exotic lithologies, has only been encountered within distinct structural zones, generally 

associated with transtensional faulting. 

The tectonic model of  Harris (2011) also does not take into account strike-slip faulting, either 

plate-boundary parallel or oblique to the orogen. Harris (2011) states that there is little evidence 

of strike-slip geomorphic features in the region and few strike-slip fault plane solutions. This 
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study has presented new data to support the existence of geomorphic features attributable to 

strike-slip deformation.  

5.5.2 Thick-skinned tectonic model 

Although thin-skinned tectonic models have dominated the literature on East Timor (e.g. 

Audley-Charles 1968; Barber et al. 1977; Audley-Charles 1986a; Charlton et al. 1991; Harris 

1991, 2006; Audley-Charles 2011), invoking large-scale decollements and significant material 

overthrust from the Asian side of the plate boundary, models such as those proposed by Grady 

(1975), Grady and Berry (1977) and Chamalaun and Grady (1978) have interpreted Timor 

Island as comprising entirely Australian affinity stratigraphy, with uplift occurring on basement 

involved faults - possibly as the result of isostatic rebound following detachment of the down-

going slab. Charlton (2002b) re-examined the evidence for basement involved thrusting in 

Timor, and concluded that there is a contrast in deformation style between West and East 

Timor. While a thin-skinned style of thrusting is dominant in West Timor, compression in East 

Timor was accommodated by the development of basement involved thrust structures and 

through the inversion of pre-collisional graben bounding faults. 

Charlton (2002b) based this model on an investigation of the stratigraphic relationships between 

the Lolotoi Metamorphic Complex and the Australian affinity stratigraphic succession. 

Although the Lolotoi Metamorphic Complex is generally interpreted as the basement rocks of 

the Banda Megasequence, equivalent to the Mutis Complex in West Timor (Audley-Charles 

1968; Barber & Audley-Charles 1976; Audley-Charles 1986a; Audley-Charles & Harris 1990; 

Harris 1991, 2006; Audley-Charles 2011), concluded that the Mutis and Lolotoi complexes may 

not be direct equivalents, and that the Lolotoi Metamorphic Complex that comprises the Lolotoi 

and Laclubar massifs most likely represents upthrust Australian continental basement. Charlton 

(2002b) mapped several stratigraphic contacts between the Lolotoi and overlying Australian 

affinity limestones, and used structural and stratigraphic relationships to interpret the bounding 

faults of the massifs in places to be high-angle reverse faults or listric normal faults, rather than 

low angle thrusts. Charlton (2002b) also presented seismic data which places the Lolotoi 



324 
 

Metamorphic Complex at more than 4 km below the subsurface near the south coast of Timor, a 

position more consistent with an Australian basement unit than a thrust sheet emplaced at the 

top of the structural pile. 

Charlton proposed that there were fundamental differences between the pre-collisional passive 

margin architecture of West and East Timor (Charlton 2002a; Charlton et al. 2002). Wheras 

West Timor formed a relatively unstructured basin, East Timor was higher and heavily 

structured with horsts and grabens formed during the breakup of Gondwana. During collision, 

the thick Permian to Jurassic basin fill and overlying passive margin sequence in West Timor 

accommodated shortening by development on a thin-skinned fold and thrust belt. However, 

shortening in East Timor was accommodated by the inversion of former basinal grabens 

between horst blocks, and the development of basement-involved thrusts, bringing basement 

rocks up to high structural positions where they are now exhumed at surface. 

The thick-skinned model of Charlton (2002b) predicts a large-scale fault architecture in East 

Timor dominated by steeply dipping, basement involved structures, rather than the shallow 

imbrication and large overthrust nappes proposed by the thin-skinned model Harris (2011). In 

this respect Charlton (2002b) is consistent with the detailed mapping of this study, which has 

documented extensive high-angle faulting throughout all field areas controlling the present-day 

juxtaposition of stratigraphic units, in many cases sourcing hot fluids and hydrocarbons from 

deep within the structural pile, together with a lack of observable thrust contacts. 

Charlton (2002b) suggests that the heavily structured and block-faulted pre-collisional margin in 

the location of East Timor had blocks shortened on basement involved thrusts during collision, 

in many cases re-activating formerly extensional basement faults that were parallel to the 

developing orogen. However, basin margins that were perpendicular or highly oblique to the 

collision zone retained their pre-collisional horst-graben structure without significant inversion. 

These orogen-oblique faults accommodate significant amounts of strike-slip, allowing 

differences in shortening between adjacent horsts and grabens. This is consistent with large-
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scale orogen-oblique strike-slip systems mapped by this study at the Maliana basin and the 

Matebian Range.  

 

 

Fig. 142. (a) The thick-skinned model of Charlton (2002b) proposes a pre-collisional horst and graben structure, 

shortened during collision by the development of large-scale basement involved thrusts and the inversion of original 

graben-bounding extensional faults. The lower cross-section illustrates a potential pre-collisional horst and graben 

configuration (figure from Charlton 2002b).  (b) Plan view of proposed pre-collisional horsts and grabens in East 

Timor. Graben-bounding faults parallel to the orogen would undergo significant inversion during shortening. 

However, graben-bounding faults that are highly oblique or perpendicular to the developing orogen would undergo 

significant amounts of strike-slip displacement as they accommodate differences in shortening between adjacent 

horsts and grabens (figure from Charlton 2002a). 
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The thick-skinned model of Charlton (2002b) is dependent on the premise that the Lolotoi 

Metamorphic Complex represents Australian basement rocks. However, detailed geochemistry 

by Standley and Harris (2009) show that the age and thermal history of the Lolotoi 

Metamorphic Complex is inconsistent with an origin on the Australian margin, and closely 

matches that of other metamorphic units from the Great Indonesian arc such as the Mutis 

Complex in West Timor. Furthermore, overlying igneous rocks have arc-related geochemical 

affinities, which demonstrate that the Lolotoi Metamorphic Complex was near, or part of, a 

volcanic arc during the Oligocene (Standley & Harris 2009). Therefore, the thick-skinned model 

of Charlton (2002b) is difficult to reconcile with geochemical data. 

5.5.3 Extrusion model 

Duffy et al. (2013) integrated observations of strike-slip faulting throughout East Timor with 

the tectonic model of Harris (2011). Duffy et al. (2013) identified a predominance of NW-SE 

oriented dextral-normal faults and NE-SW oriented sinistral-normal faults throughout the 

East Timor orogen, at scales ranging from outcrop to ~100 km. These faults are interpreted 

as non-Andersonian conjugate faults accommodating extrusion sub-parallel to the Banda 

Arc (Duffy et al. 2013). Extruded crust is bound by two interpreted orogen-parallel strike-

slip systems on the northern and southern sides of Timor Island, exhibiting normal-sinistral 

and normal-dextral kinematics, respectively. Orogen-oblique structures such as the 

Matebian Range fault are interpreted as high-angle Riedel shears between the two main 

fault zones, dipping towards their master faults and linking at depth, accommodating most 

of the extrusion (Duffy et al. 2013). Duffy et al. (2013) interpreted extrusion (and associated 

pervasive strike-slip structures) as a currently active process. This is supported by recent 

earthquake central-moment-tensor solutions which show that active thrusts are mostly 

confined to the deformation front south of Timor, whilst the remaining earthquakes under Timor 

Island are predominantly dominantly strike and normal slip (Duffy et al. 2013 fig. 14). 

Following the interpretation of Mount Mundo Perdido as a strike-slip structure (Benincasa et al. 

2012), Duffy et al. (2013) supports the findings of large-scale strike-slip deformation – both 
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orogen-parallel and orogen-oblique –throughout East Timor. The mapping of Duffy et al. 

(2013) (who mapped subsequently to Benincasa, in some of the same locations) also interprets 

the Matebian Range Fault as a major left-lateral fault, and the Marobo basin near Maliana as 

being bound by major transtensional structures accommodating up to several kilometres of 

vertical displacement. 

In other areas such as Mount Mundo Perdido, Duffy et al. (2013) interprets the fatu as a 

displaced horst block within a right-lateral strike-slip system, based on faults observed at two 

field locations, whereas Benincasa et al. (2012) interprets a restraining bend based on detailed 

mapping at a number of localities in and around the fatu over a period of several months. The 

difference in interpretation relates to the level of detail mapped. At Mount Mundo Perdido 

observed kinematic interpretations at single outcrops can be inconsistent as fault surfaces 

display striae of multiple orientations, both steep and gently dipping, indicating multiple phases 

of slip. Therefore, although dextral faults are present and were mapped by Duffy et al. (2013) 

and Benincasa et al. (2012), Benincasa et al. (2012) interpreted Mount Mundo Perdido as a left-

lateral structure based on correlations of fault architecture, asymmetries in morphology and 

geological distributions with left-lateral pop-up structures produced in analogue models of strike 

slip systems, and real world examples of left-lateral pop-up structures elsewhere in the world.  

In the extrusion model brittle surface extension is coupled to ductile extrusion at depth. This 

study has proposed a similar brittle-ductile transition as responsible for the unique morphology 

of the Maliana basin area (Chapter 4.5.5 Structural model), resulting from thick successions of 

Triassic and Jurassic mudstones within the structural pile. Duffy et al. (2013) compares the 

interpreted structural architecture of East Timor with extrusion documented at larger scales in 

the European Alps and Tibet. This model provides a unique perspective on the structural 

evolution of East Timor, and is consistent with this study in interpreting widespread, large-scale 

strike-slip faulting within the orogen that are most likely an integral part of the collision 

kinematics. 
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Fig. 143. (a,) Duffy et al. (2013) identified a predominance of strike-slip faulting throughout East Timor. (b, c, d) The 

extrusion model of Duffy et al. (2013) proposes that the Timor orogen is being extruded between two interpreted 

orogen-parallel strike-slip systems on the northern and southern sides of Timor Island. Riedel shears dip towards 

these fault systems, and create a series of fault-bounded blocks that are tilted back in the extrusion direction. (figures 

from Duffy et al. 2013). 

  

 

 



329 
 

5.6 Relationships with the adjacent Outer Banda Arc and the Australian North West 

Shelf 

5.6.1 North West Shelf 

The proposed collisional age of post 9.8 Ma favoured by this and other studies (Haig & 

McCartain 2007; Keep & Haig 2010; Haig 2012a) contrasts interpretations by other workers, 

and a full discussion of this issue can be found in Keep and Haig (2010). For the purposes of 

this study, the identification of late, high-angle strike slip faults dismembering the original 

collisional geometries supports the conclusions of Haig et al. (2008), Keep et al. (2009) and 

Keep and Haig (2010) of distinct phases of orogenesis, with late deformation identified in this 

study forming as part of a post 4.5 Ma phase of uplift and exhumation (Keep & Haig 2010).  

The overall NNE convergence direction of Australia with respect to the Pacific and Eurasian 

plates (Genrich et al. 1996) has produced strong left-lateral shear in Papua New Guinea (Ali & 

Hall 1995; Packham 1996). This prompted Veevers and Powell (1984) to first postulate that the 

oblique convergence would not only generate strong left-lateral shear along the northern 

Australian margin, but that it would also induce a torque on the Australian continent causing it 

to rotate in a counter clockwise direction. Later workers, using mainly seismic data from the 

North West Shelf petroleum provinces, agreed with the hypothesis that a strong left-lateral shear 

should occur along Australia’s northern margin as a consequence of oblique collision (e.g. 

Nelson 1993; Keep et al. 1998; Shuster et al. 1998), a hypothesis supported by the 1997 

Cockatoo Island M6.3 earthquake that generated strike-slip fault plane solutions (reported in 

Castillo et al. 2000). Nelson (1993) documented what he believed to wrench structures in the 

Bonaparte Basin, immediately to the south of Timor Island, using interpreted 2D seismic data 

(Fig. 144f). He further attributed young inversion of these structures to the collision of the 

Australian Plate with the Banda Arc and documents a number of reactivated flower structures 

that appear to breach the surface. Keep et al. (1998), also using 2D seismic data, provided 

examples of reactivation and inversion of pre-existing faults during Neogene deformation in the 

Bonaparte and Carnarvon basins. They correlated a number of important tectonic events across 

the region, defining a significant, region-wide (Papua New Guinea, Sumba, the North West 
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Shelf and the Ninetyeast Ridge) event at ~ 8 Ma, with the onset of strike-slip at 3 Ma. The 

timing of these events on the North West Shelf correlate extremely well with the timing of 

tectonic pulses on Timor, proposed as post 9.8 Ma collision with uplift commencing around 3.3 

Ma (Keep & Haig 2010). Further, Keep et al. (2000) document a 180 km-long strike-slip system 

in the Barcoo Sub-basin of the Browse Basin (Fig. 144g). This Barcoo Fault system (Keep et al. 

2000) includes both restraining and releasing bends. Reactivation and inversion during the 

Neogene to Recent has caused the seafloor to be uplifted and domed over this structure, 

indicating that deformation is extremely young. Keep et al. (2000) link this deformation to 

regional pulses of deformation coincident with stages of deformation in Timor. Shuster et al. 

(1998) inferred strike-slip pull-apart basins in Timor Sea (Bonaparte Basin), suggesting that 

both the Malita Graben and Cartier Trough represented pull-apart basins generated from left-

lateral motion on left-stepping en echelon faults (Fig. 144c), a conclusion also supported by de 

Ruig et al. (2000).  

Estimates of crustal shortening in the Timor Sea (Harrowfield et al. 2003) concluded that 

overall shortening across the Timor Sea was only in the region of 1%, and that strike-slip 

deformation of the North West Shelf in response to oblique convergence must be 

accommodated outboard of the margin in Timor.  

 

Fig. 144 → (a) Overview of the bathymetric and main physiographic elements of the North West Shelf of Australia 

and adjoining Banda Arc. Main basins are labelled, continent-ocean boundary shown as a white dashed line. White 

boxes represent locations where evidence for left-lateral strike slip deformation has been documented: 1. = Roti 

multibeam bathymetry survey of TGS Nopec; 2. = the northern Bonaparte, including the Malita Graben and Cartier 

Trough; 3. = Jamdena multibean survey of TGS Nopec; 4. = southern Bonaparte Basin including the Jabiru Field; 5. 

= Barcoo Sub-basin of the Browse Basin. Inset shows the overall plate tectonic setting of this region. (b) Detail from 

the Roti multibeam survey showing seafloor bathymetry of rhomboidal basins, with seismic line across this structure 

illustrating flower-type geometries (Holloway 2013). (c) left-lateral strike slip interpretation of Shuster et al. (1998) 

across the northern Bonaparte Basin. (d) Detail from the Jamdena multibeam survey, showing multiple rhomboidal 

basinal structures at the seafloor, and (e) seismic data across the structures indicating young reactivation and 

inversion (Auguston 2012). (f) Seismic image from Nelson (1993) showing interpreted flower structures from left-

lateral deformation near the Jabiru Field. (g) Lynher-Lombardina strike-slip system of the Barcoo Sub-basin, 

modified from Keep et al. (2000). 



33
1 

 



33
2 

 



333 
 

Left-lateral deformation in the Timor Sea was further documented by Bourget et al. (2012) who 

suggest that left-lateral strike-slip on this section of the margin continued into the Pliocene and 

Pleistocene, causing fault scarps on the sea floor. A deformation event at 2 Ma is also supported 

by Langhi et al. (2011) who document oblique extensional reactivation at this time.  

More recently, Auguston (2012) and Holloway (2013) used high resolution multibeam images 

of the seafloor to identify present-day deformation processes at the north-eastern (Jamdena, Fig. 

144d) and south-western (Roti, Fig. 144b) ends of the Timor Trough respectively. Seafloor 

multibeam images from both areas show rhomboidal structures, mainly basinal, consistent not 

only with pull-apart basin geometries in general, but also consistent with orientations seen in 

Timor, especially that of Lake Iralalaru. In the Jamdena data set (Auguston 2012), seismic data 

across the rhomboidal basins show the boundary lineaments to be faults, with deformation and 

uplift consistent with strike-slip deformation (Fig. 144d). Further, the faults bounding the 

rhomboidal basins appear heavily modified by pockmarks indicating fluid flow along these 

faults (Auguston 2012, fig. 17). Almost identical structures of the same orientations occur 

further to the southwest along the Timor Trough, adjacent to and south of Roti Island, off the 

south-western coast of Timor Island (Holloway 2013). Geometries include classic rhomboidal 

pull-apart shapes, as well as en-echelon faults and splay tips in map view (Fig. 144b). 

Accompanying seismic data across these structures shows flower structures at shallow crustal 

levels, reaching and offsetting the sea floor.  

Therefore, left-lateral strike-slip deformation has been documented from around not only the 

Timor Sea immediately south of Timor Island, but also to the northeast and southwest along the 

Timor Trough, from the Neogene to the present day. Earthquake focal mechanism solutions 

support the presence of strike-slip in the region (Castillo et al. 2000), with a recent study 

indicating that over 70% of present-day earthquakes recorded for the study display strike-slip or 

strongly oblique-slip focal mechanisms (Revets et al. 2009). It seems that the intensity of 

deformation decreases away from the central zone of deformation parallel to the strike of East 

Timor, with instances of strike-slip on the North West Shelf of smaller scale and more sparsely 

distributed than on Timor Island. 
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5.6.2 Outer Banda Arc 

The geology of Timor Island differs vastly from that of its counterparts both to the west and east 

along the Outer Banda Arc. To the west, the island of Sumba (Fig. 145) is recognised to occupy 

a unique position, representing an isolated sliver of probable continental (Abdullah et al. 2000) 

or arc crust (Lytwyn et al. 2001) occupying a forearc position (Audley-Charles 1985). 

Suggestions as to its origin include those who believe Sumba represents a sliver of Australian 

affinity (Audley-Charles 1975; Pigram & Panggabean 1984; Hartono 1990), and those that 

believe that it has Eurasian-Indonesian affinities and moved to its present position from the 

northeast (Hamilton 1979; van der Werff et al. 1994; Lee & Lawver 1995; Vroon et al. 1996; 

Rutherford et al. 2001). Authors agree that the forearc basement is non-oceanic (van der Werff 

et al. 1994), probably derived from arc sources  (Lytwyn et al. 2001) and possibly underplated 

by Australian continental crust during collision circa 8 Ma (Keep et al. 2003). Authors also 

seem to agree that Sumba appeared to move into its present position relatively quickly (Hall 

1996; Rutherford et al. 2001) and began to occupy its present position by approximately 7 Ma 

(Wensink & van Bergen 1995; Rutherford et al. 2001). Geologically the island hosts plutonic, 

volcanic and volcaniclastic rocks recording arc volcanism from ca 86 Ma to 31 Ma (Rutherford 

et al. 2001), and shows little internal deformation (van der Werff et al. 1994; Wensink & van 

Bergen 1995; Rutherford et al. 2001). Therefore both in terms of lithology, deformation and 

tectonic history, Sumba Island bears no resemblance at all to Timor Island. This is due largely 

to the fact that it did not form in place but was seemingly transported from elsewhere, probably 

from the northeast near present-day Alor and Wetar (Rutherford et al. 2001) and is not part of 

the orogenic system that formed Timor. 

To the east of Timor lie a number of small islands including Leti, Moa, Sermata, Dai, with 

Tanimbar forming the end of this chain as the Banda Arc begins to bend around the Weber 

Deep (Fig. 145). These islands, sometimes referred to as the Timor-Tanimbar islands, occur in 

the non-volcanic Outer Banda Arc and expose a very young, high P/T metamorphic belt 

(Kaneko et al. 2007). This metamorphic belt includes high P/T rocks both in West Timor 

(Sopaheluwakan 1990) and East Timor (Berry & McDougall 1986), all of which were formed 
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prior to collision (Kaneko et al. 2007). Geological mapping in the smaller islands (Leti, Moa, 

Sermata, Dai and Laibobar; Fig. 145) show them to be dominated by a combination of schistose 

metamorphic units, gabbros and peridotites, with a cover of Quaternary limestones. Only Leti 

Island preserves a sliver of unmetamorphsed continental shelf rocks (Kaneko et al. 2007).  

Estimates of 1 km thickness of crystalline rocks are thought to have been extruded as a thin 

sheet during collision, sandwiched between underlying continental shelf sediments and 

overlying ophiolites (Kaneko et al. 2007). Whilst Kaneko et al. (2007) present a subduction 

origin and subsequent emplacement of this metamorphic belt, their pre-collision ages and the 

absence of any significant unmetamorphosed Australian-derived rocks, fatus or recognised 

high-angle faults make comparisons of the deformation presented in this study with deformation 

on any of these easterly adjacent islands extremely difficult. 

 

 

Fig. 145. Location map illustrating the tectonic setting of Timor Island and the main physiographic elements of the 

region, showing the locations of the main islands of the Outer Banda Arc. Lt = Leti, M = Moa, S = Sermata, D = Dai, 

L = Laibobar, T = Tanimbar, W = the Weber Deep.  
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Seram Island occupies a tectonic position to the northeast of Timor, almost at the cessation of 

curvature of the Banda Arc, and to the north of the Weber Deep (Fig. 145). Often portrayed as 

Timor’s ‘mirror-image’ (Audley-Charles et al. 1979) the island in fact exposes granulite facies 

metamorphism, volcanism and anatexis (Pownall et al. 2013), indicating that the tectonic 

evolution of the Banda Arc is not symmetrical, and inferring that Seram has a tectonic history 

that diverges from that of Timor. 

Similarities exist between Timor and Seram in terms of size, shape and overall elevation (Fig. 

146) (Pairault et al. 2003) and in aspects of the geology, however this is somewhat confused by 

the large number of stratigraphic schemes (at least 10) proposed for Seram, and the changing 

names of equivalent formations (see Pownall et al. 2013 for an overview). One of the most 

striking differences in geology is that Seram preserves granulites, representing the youngest 

ultrahigh-temperature granulites in the world (Pownall et al. 2014). This granulite complex 

includes lithologies such as widespread peridotites (spinel lherzolites) not documented on 

Timor, which are thought to represent a migmatitic-ultramafic core complex exhumed on low-

angle detachments (Pownall et al. 2014). Above metamorphic basement, Lower Triassic to 

Middle Jurassic shallow water carbonates and shales (of various names, including the Manusela 

Formation and Asinipe Limestone) occupy the 300 m-high Mansuela Mountains, which form a 

prominent west-northwest trending ridge along the centre of Seram (Pownall et al. 2013, fig. 3). 

Valley fill adjacent to the Mansuela Mountains comprises Triassic to Jurassic dark-grey, deep-

water clays, silts and micaceous sandstones (e.g. Tjokrosapoetro & Budhitrisna 1982; de Smet 

& Barber 1992). Whilst the ages and lithologies correlate well with some mapped units on 

Timor (e.g. the Late Triassic Babulu Group and Bandeira Group)  the confusion in terminology 

and complications from differences in interpretation of some units (for example, the 

allochthonous/autochthonous designations applied by Audley-Charles et al. 1979), and the 

interpretation of coeval facies (Tjokrosapoetro & Budhitrisna 1982; de Smet & Barber 1992) as 

different terranes (Audley-Charles et al. 1979), make direct comparison difficult. A detailed 

correlation is beyond the scope of this study.  
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Fig. 146. (a) Digital elevation model of Seram, from Pownall et al. (2013) (b) Structural map of Seram from Pownall 

et al. (2013), showing detachment faults (green), high-angle normal faults (blue), strike-slip faults (red), and faults 

within the Kobipoto Mountains strike-slip pop-up structure (magenta). A major left-lateral strike-slip system is 

extensive throughout eastern and central Seram, generating pop-up structures in Triassic carbonates to form the 

central mountain ranges. (c) Digital elevation model of East Timor, at the same scale, showing the left-lateral strike-

slip systems identified by this study. 
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However, the most striking resemblance between Timor and Seram is the identification of an 

extensive, strike-parallel (120°), left-lateral strike-slip system, the Kawa Fault system, that 

occupies eastern and central Seram, and bounds the highest mountain ranges (3000 m plus) that 

contain Lower Triassic to Middle Jurassic shallow water carbonates and shales. A number of 

smaller, strike-parallel faults occur within this zone (Pownall et al. 2013), which juxtaposes 

metamorphic basement  against fault gouges and breccias to the north, and is interpreted to be a 

major lithospheric feature of immense significance in the recent tectonic evolution of Seram. 

This left-lateral system has generated a number of pop-up structures that form topographically 

high areas, much like those documented in this study.  Pownall et al. (2013) attribute left-lateral 

strike slip to a combination of slab rollback and Riedel shearing in response to extension, which 

they believe exposes the core complexes of granulite material. Absolute ages are not presented 

in Pownall et al. (2013), although they refer to the age of the Kawa Fault System as “recent”, 

assisting in exposing the world’s youngest (Pliocene) ultrahigh-temperature rocks. 

5.7 Summary 

The re-interpretation of all of the fatus of East Timor as containing Australian-derived 

lithologies, and the documentation of a number of high-angle faults with restraining and 

releasing geometries, changes our understanding of the tectonic evolution of Timor. This study 

found limited evidence for original thrust geometries, and instead asserts that young strike-slip 

deformation has dismembered pre-existing thrust stacks, creating the chain of high limestone 

fatus across East Timor. Further, the change in interpreted age of the limestones comprising 

these fatus  from Miocene to largely Triassic-Jurassic means that tectonic interpretations that 

attribute the fatu limestones to the over-riding plate, as part of an extensive Banda thrust sheet, 

must also be examined. This change in interpretation also means that the extent of any 

previously postulated Banda thrust sheet has diminished considerably, as many of the 

lithologies have been shown to be of Australian derivation. 

Interpretations of young strike-slip in East Timor correlate well with reports of young, left-

lateral reactivation deformation across the Timor Sea and Browse Basin of the southerly 

adjacent North West Shelf of Australia, with intensity of deformation decreasing to the south. 
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Along strike the notion of strike-slip deformation in East Timor cannot readily be compared to 

either Sumba or the Timor-Tanimbar islands to the east, but significant similarities in 

deformation style occur in both Timor and Seram. However, the older geological and tectonic 

histories of these islands must have differed to produce the markedly different lithologies found 

on Seram to those on Timor. The significance of slab-rollback as proposed for Seram has not 

yet been tested for Timor, and will require significant additional work, especially on the 

Australian-derived metamorphic complexes. 
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6. Conclusions and recommendations for further work 

6.1 Conclusions 

The main conclusions of this study are: 

1) The fatus of East Timor, previously widely interpreted as containing Miocene-age 

limestones, have been shown to contain mainly Triassic and Jurassic lithologies of the 

Australian-derived Gondwana and Australian Margin megasequences. This finding 

alone significantly changes any tectonic interpretations that attributed these limestones 

to a Banda nappe; 

2) Late, high-angle faults dominate the topography of East Timor and bound all of the 

fatus, which themselves represent some of the highest topography in Timor.  These 

faults display multiple oblique-slip fault striae, and fault orientations and directions of 

slip are consistent in all cases with left-lateral strike-slip fault zones creating restraining 

and releasing bends; 

3) This late, left-lateral shear on Timor Island represents a recent deformation event, 

creating the fatus as pop-up structures and some of the larger basinal areas as pull-apart 

structures in an overall system comprised of Riedel orientations relative to a main 

deformation zone; 

4) Interpretations of strike-slip in East Timor correlate well with both the southerly-

adjacent North West Shelf, and with Seram. 

6.2 Recommendations for further work 

The reinterpretation of significant extents of the stratigraphy of East Timor, along with the 

identification of extensive strike-slip deformation throughout the half-island, raises questions 

about the stratigraphy and recent structural history of other islands in the Outer Banda Arc. 

However, modern, detailed biostratigraphic ages for use in stratigraphic correlation are needed, 

particularly in West Timor and Seram. As these islands have been mapped at different times by 

different workers there is a lack of coherency to the stratigraphic frameworks, leading to 

confusion and controversy (see discussion in Pownall et al. 2013 for an example from Seram). 
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For this study (and others, for example Haig et al. 2008) to identify supposedly Miocene-age 

limestones as predominantly Triassic in age illustrates how a lack of robust biostratigraphy and 

an over-reliance on lithostratigraphic schemes for correlations can be problematic. Given the 

discrepancies in the previous lithostratigraphic schemes of East Timor identified by this study 

and others (e.g. Haig & McCartain 2007; Haig et al. 2008; Keep & Haig 2010; Haig 2012a), it 

is likely that stratigraphic interpretations and ages in other parts of the Outer Banda Arc may 

require revision. 

As our understanding of tectonic mechanisms becomes more sophisticated and we appreciate 

the complicated interactions between different tectonic elements, a robust stratigraphic 

framework will be crucial to ‘ground-truthing’ elements of the geology in the field. For 

example, the slab-rollback model proposed for Seram (Pownall et al. 2013) may have regional 

significance throughout the Outer Banda Arc, including East Timor. However, once again 

detailed biostratigraphy is necessary to constrain the ages of detachment faulting, exhumation, 

extension, and strike-slip events, as Pownall et al. (2013) fail to provide ages for the 

deformation events they propose. It is also of note that significant slab-rollback throughout the 

arc (e.g. Spakman & Hall 2010; Pownall et al. 2013) may be incompatible with certain tectonic 

models proposed for East Timor (e.g. the extrusion model of Duffy et al. 2013).  

The tectonics of Southeast Asia, and the complex interplay between various tectonics elements, 

has been the source of many decades of research, and will continue to be so for a long time to 

come. Hopefully this thesis provides the necessary constraints to anchor tectonic models for at 

least a small part of the system. 
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Appendix II

Structural observations
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A restraining bend in a young collisional margin: 

Mount Mundo Perdido, East Timor

A. Benincasa, M. Keep & D. W. Haig (2012): A restraining bend in a young collisional margin: 

Mount Mundo Perdido, East Timor, Australian Journal of Earth Sciences: An International 

Geoscience Journal of the Geological Society of Australia, 59:6, 859-876

Including:

Mundo Perdido paper Appendix A - Lithostratigraphic units and age diagnostic fossils 
recognised at Mount Mundo Perdido

Mundo Perdido paper Appendix B - XRF analysis of volcanic and metamorphic samples.

Candidates contribution: This paper was written by the candidate based on field work 

completed by the candidate. Myra Keep assisted with editing the paper and David Haig assisted 

with foraminiferal identification and age determinations.





This article was downloaded by: [University of Western Australia]
On: 30 July 2012, At: 02:14
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-41
Mortimer Street, London W1T 3JH, UK

Australian Journal of Earth Sciences: An International
Geoscience Journal of the Geological Society of Australia
Publication details, including instructions for authors and subscription information:
http://www.tandfonline.com/loi/taje20

A restraining bend in a young collisional margin: Mount
Mundo Perdido, East Timor
A. Benincasa a , M. Keep a & D. W. Haig a
a School of Earth and Environment, University of Western Australia, Perth, 6009, Australia

Version of record first published: 30 Jul 2012

To cite this article: A. Benincasa, M. Keep & D. W. Haig (2012): A restraining bend in a young collisional margin: Mount Mundo Perdido,
East Timor, Australian Journal of Earth Sciences: An International Geoscience Journal of the Geological Society of Australia, 59:6,
859-876

To link to this article:  http://dx.doi.org/10.1080/08120099.2012.686453

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-and-conditions

This article may be used for research, teaching, and private study purposes. Any substantial or systematic reproduction,
redistribution, reselling, loan, sub-licensing, systematic supply, or distribution in any form to anyone is expressly
forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents will be
complete or accurate or up to date. The accuracy of any instructions, formulae, and drug doses should be independently
verified with primary sources. The publisher shall not be liable for any loss, actions, claims, proceedings, demand, or
costs or damages whatsoever or howsoever caused arising directly or indirectly in connection with or arising out of the
use of this material.





A restraining bend in a young collisional margin: Mount
Mundo Perdido, East Timor

A. BENINCASA*, M. KEEP AND D. W. HAIG

School of Earth and Environment, University of Western Australia, Perth, 6009, Australia.

Mount Mundo Perdido, a 1750 m-high, steep-sided massif situated in the Viqueque district of East Timor,
comprises approximately 30 km2 of complexly juxtaposed rocks deriving from both sides of the
collisional plate boundary between the Australian Plate and the Banda Arc. Lithologies include Triassic–
Jurassic interior-rift basin deposits, Cretaceous–Oligocene pelagites of Australian passive margin origin,
neritic Oligocene–Miocene limestones and volcanics of Asiatic affinity, and Pliocene–Pleistocene
synorogenic deposits. Detailed structural mapping shows Mount Mundo Perdido to be dominated by
recent, high angle, oblique-slip and strike-slip faults that have been active into the Pleistocene and
control the present-day topography. The fault architecture and stratigraphic distribution in the study
area are comparable to pop-up structures developed at restraining bends, in this case within an east–
west oriented zone of sinistral strike-slip. Our observations, supported by comparisons to scaled sandbox
models and to similar pop-up structures developed in strike-slip systems elsewhere in the world, suggest
that plate boundary-parallel strike-slip deformation is an integral part of the kinematics within the
collisional zone between the Australian and Eurasian/Pacific plates in the Timor region.

KEY WORDS: Mount Mundo Perdido, Timor, collision, strike-slip, restraining bend, high-angle faults,
biostratigraphy.

INTRODUCTION

Timor Island, formed at the collisional front between the

northern edge of the Australian Plate and the Banda Arc

(Figure 1), provides an ideal setting to study the

processes of recent orogenesis (e.g. Hall & Wilson 2000;

Milsom 2000; Audley-Charles 2004; Harris 2006; Keep &

Haig 2010). Collisional shortening juxtaposes rocks of

the Australian continental margin against remnants of

the pre-collisional arc and synorogenic deposits (Aud-

ley-Charles 2004; Harris 2006) (Figure 2). Despite the

resulting orogenic pile being described as ‘tectonic

chaos’ (Fitch & Hamilton 1974; Hamilton 1979), biostrati-

graphic analyses (e.g. Haig & McCartain 2007; Haig et al.

2007, 2008; Haig 2012) have allowed documentation of

three distinct orogenic phases (Keep & Haig 2010). These

include initial shortening with associated diapirism

(9.8–5.7 Ma), a tectonic quiet interval possibly represent-

ing the time of locking of the subduction zone (5.7–4.5

Ma) and a post-4.5 Ma phase of uplift, unroofing and

additional diapirism (Keep & Haig 2010; Haig 2012).

Structures developed through early thrusting during

phase 1 (e.g. Carter et al. 1976; Harris & Audley-Charles

1987) have since been overprinted by later high-angle

faulting during phase 3 (Chamalaun & Grady 1978;

Charlton et al. 1991; Keep & Haig 2010).

Across Timor Island, a strike-parallel chain of steep-

sided limestone massifs, known locally as ‘fatus’ (Figure

2), form high peaks (e.g. 2495 m, Cablac Mountain Range)

in both East and West Timor (e.g. Wanner 1913; De

Roever 1940; Simons 1940; Tappenbeck 1940; van West

1941; Brouwer 1942; De Waard 1957; Audley-Charles

1968). Bahaman facies oolitic wackestones, packstones

and grainstones, that were originally interpreted as

shallow water Miocene deposits (Audley-Charles 1968,

pp. 25–27) and included in the ‘Cablac Limestone,’

dominate the fatus and have been variably assigned to

allochthonous thrust sheets of Asiatic affinity (Audley-

Charles 2004; Harris 2006), carbonate buildups on the

outer Australian continental margin (Charlton 2002), or

in situ patch reefs formed after collision but before

orogenesis (Audley-Charles & Carter 1972). More recent

detailed field mapping (Haig et al. 2007, 2008; Keep et al.

2009) documented a Late Triassic–Early Jurassic (i.e. not

Miocene) age for the Bahaman facies at CablacMountain

Range, one of the largest fatus and site of the ‘Cablac

Limestone’ type locality (Audley-Charles 1968, p. 26). To

avoid confusion over the use of the term ‘Cablac Lime-

stone’ or ‘Cablac Formation,’ which also includes upper-

most Oligocene and lowest Miocene limestones referred

to by Haig et al. (2008, p. 375) as the ‘Booi limestone’ (here

referred to as the ‘Booi beds’), we designate the Late

Triassic–Early Jurassic Bahaman-facies rocks seen at

Cablac Mountain and at all other limestone fatus,

including Mount Mundo Perdido, as the Perdido Group

with the Mount Mundo Perdido exposures taken as the

*Corresponding author: benina01@student.uwa.edu.au
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type area (see Appendix 1 for a list of localities typical of

the Group). Further work may subdivide the highly

deformed Perdido Group into formations.

The revised mapping of Cablac Mountain prompted

examination of other fatus in East Timor, in order to

assess their age and structural relationships. This

paper presents the results of detailed field mapping at

Mount Mundo Perdido, a fatu situated 1 km

northwest of the town of Ossu (Figure 2) and directly

along strike to the east of Cablac Mountain. The

morphology of the mountain, with a roughly rhombic

outline, steep-sided flanks and a long axis in an east–

west orientation, mimics that of Cablac Mountain and

other fatus, which all lie in a strike-parallel chain

across East Timor. Investigating the development of

this fatu, as well as others in the structural chain,

may provide insights into the structural evolution of

the island.

Figure 2 Schematic geological map of Timor Island, illustrating the generalised distribution of the main megasequences and

terranes in East and West Timor, modified from Haig et al. (2008). The location of the study area containing Mount Mundo

Perdido and the town of Ossu is shown (1), along with other massifs originally mapped as Cablac Limestone: Mt Laritame (2),

the Matebian Range (3), the Builo Range (4), Mt Bibileo (5), the Cablac Mountain Range (6), Mt Taroman (7), and Mt Loelako

(8). The outline of Lake Iralalaru is shown at the eastern tip of the island.

Figure 1 Location map illustrating the tectonic setting of Timor Island and the main physiographic elements of the region,

modified from Keep et al. 2003. The dashed line around the Outer Banda Arc estimates the position of underthrust Australian

continental crust in this region.

860 A. Benincasa et al.
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REGIONAL GEOLOGY

Collision between Australian continental crust and the

Banda Arc commenced at approximately 25 Ma in the

New Guinea region (collision with the Pacific and

Caroline plates) and continued diachronously west-

wards (Hall 2002; Keep et al. 2003). The age for collision

in the Timor region has been reviewed by Keep & Haig

(2010), Spakman & Hall (2010), Audley-Charles (2011),

Hall (2011) and Haig (2012). Detailed stratigraphic

evidence (Haig & McCartain 2007; Keep & Haig 2010;

Haig 2012) suggests that continental crust, likely an

outlying continental plateau (Timor Plateau) resem-

bling present-day Exmouth Plateau, entered the subduc-

tion zone in the Timor region during the Late Miocene,

between 9.8 Ma and 5.7 Ma, causing disruption in Timor

and eventual jamming of the subduction zone at

approximately 5.7 Ma. Collision caused subduction to

cease, evidenced by a present lack of deep seismic

activity and a cessation of volcanism in the arc

immediately north of Timor (Chamalaun & Grady

1978; with timing issues discussed by Ely et al. 2011, p.

492). Whilst this age for collision, after 9.8 Ma but before

5.7 Ma (Haig & McCartain 2007; Keep & Haig 2010; Haig

2012) is older than some other estimates (e.g. 4 to 2 Ma,

Audley-Charles 2004, 2011; Spakman & Hall 2010; Hall

2011), it is consistent with other evidence for a regional

event at approximately 8 Ma from both Timor and the

adjacent Australian North West Shelf (e.g. Reed 1985;

McCaffrey et al. 1985; Berry & McDougall 1986; van der

Werff et al. 1994; Fortuin et al. 1994, 1997; Richardson &

Blundell 1996; Charlton 2000; Rutherford et al. 2001; Keep

et al. 2002, 2003).

Since collision, Timor Island has undergone uplift

and exhumation in excess of 5 km (Keep & Haig 2010)

through processes of crustal thickening (Richardson &

Blundell 1996) and isostatic rebound following a possible

detachment of the down-going slab (Price & Audley-

Charles 1987; Audley-Charles 2004; Ely et al. 2011). Its

emergence possibly had begun by 5.7 Ma (Haig 2012) and

the island continues to undergo uplift of around 1.5 mm/

year (Audley-Charles 1986).

The tectonostratigraphic framework of Timor in-

cludes the Permian to Middle Jurassic Gondwana

Megasequence deposited within interior basins of the

East Gondwanan rift system (Harris et al. 1998; Harris

2006; Haig & McCartain 2007, 2010); Late Jurassic to

early Late Miocene Australian Margin Megasequence

deposited on the passive margin that, in the vicinity of

Timor, subsided to middle bathyal water depths during

the Early Cretaceous to form the ‘Timor Plateau’ (Haig

& McCartain 2007; Keep & Haig 2010); Jurassic to Early

Miocene Banda Terrane of Asian affinity (Audley-

Charles & Harris 1990, Harris 2006, Haig et al. 2008);

and the Synorogenic Megasequence (Haig & McCartain

2007; Roosmawati & Harris 2009; Haig 2012). The

Bobonaro Melange (¼Synorogenic Melange) recognised

by Harris et al. (1998), Haig & McCartain (2007) and Haig

et al. (2008) is no longer considered a coherent strati-

graphic unit. It includes structural melange zones

probably caused by diapirism (Barber et al. 1986; Harris

et al. 1998) generated within Triassic clay units (Haig &

McCartain 2010; see also Brunnschweiler 1978). How-

ever, in many areas, incipient diapirism has resulted in

‘broken-formation’ deformation (Harris et al. 1998)

within units that can be identified as particular forma-

tions (e.g. much of the Babulu Formation recognised

here).

MATERIALS AND METHODS

This study is based on two months of field mapping

completed in 2009. A field laboratory was set up in Ossu

with equipment for cutting limestones, disaggregation

of mudstones and making acetate peels, enabling initial

tectonostratigraphic determinations in the field. Addi-

tional peels and thin-sections were made at the Uni-

versity of Western Australia, enabling biostratigraphic

age determinations of 148 samples (Appendix 1). Thin-

sections were made of all volcanic and metamorphic

samples, with the least weathered samples selected for

XRF analysis (Appendix 2).

Samples of the original rock, along with acetate peels,

thin-sections and processed residues, are housed in the

collection of the Edward de Courcy Clarke Earth

Science Museum at the University of Western Australia.

Duplicates of each sample are stored in the Geological

Laboratory of the Secretary of Energy and Natural

Resources at Hera, East Timor.

THE MUNDO PERDIDO AREA

Mount Mundo Perdido forms an elongate massif (ap-

proximately 10 km6 3 km), with its highest peak reach-

ing 1752 m (Figure 3). Early descriptions of high

limestone peaks in Timor as ‘fatus’ (Molengraaf 1912)

included the term ‘Fatukalke’ (Fatu Limestone) in West

Timor (Wanner 1913), with Wittouck (1937) describing

Mount Mundo Perdido as a ‘Fatu type of topography.’

Grunau (1953) and Gageonnet & Lemoine (1958) also

classified the rocks of Mount Mundo Perdido as ‘Fatu

Limestone’ forming a topographic high of stark relief,

terminated by near-vertical cliffs, and lacking strati-

graphic continuity with surrounding areas (Gageonnet

& Lemoine 1958; Romariz & Leme 1967) (Figure 3c, d).

Early work interpreted the Mount Mundo Perdido fatu

as an erosional limestone remnant or klippe, despite

the absence of any observed thrust contacts (Grunau

1953, Gageonnet & Lemoine 1958), while recording

evidence of a complex tectonic history including sub-

vertical faults and differential vertical movements

(Romariz & Leme 1967). Upper Cretaceous and Oligo-

cene ages were determined from the presence of the

foraminifera Globotruncana and Spiroclypeus respec-

tively (Grunau 1953; Romariz & Leme 1967). Romariz &

Leme (1967) suggested that the fatus developed as

isolated coral reefs on an ancient submarine relief

during the Cenozoic, whilst also noting the presence of

older, Cretaceous very fine-grained carbonates at

Mount Mundo Perdido. Similarly Audley-Charles

(1968) interpreted Mount Mundo Perdido to be an

internally coherent block of his ‘Miocene Cablac

Limestone’ (see above) deposited unconformably in

parts on ‘Oligocene’ volcanics (the Barique Formation

Mount Mundo Perdido, East Timor 861
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of Audley-Charles 1968, p. 24), overlain by small

klippen of Cretaceous limestone.

From stratigraphic re-evaluation during the present

study (Table 1) and mapping of the stratigraphy, Mount

MundoPerdido displays a broadly anticlinal distribution

of stratigraphic units (Figure 4). Triassic–Jurassic Gond-

wana Megasequence limestones dominate the structu-

rally highest, central regions, with younger, Cretaceous

to Oligocene limestones of the Australian Margin Mega-

sequence forming the high cliffs on the northern and

southern flanks. Banda Terrane units occupy the foot-

hills and lower cliffs, extending up into higher levels only

on the eastern side. Therefore, Banda Terrane units now

occur only at lower topographic levels at Mount Mundo

Perdido. High-angle, oblique-slip faults juxtapose the

Banda Terrane rocks against the older Australian-

affinity rocks in the higher, central regions of the

mountain (Figure 4) and form the sheer-sided limestone

cliffs that dominate the topography (e.g. Figure 3c, d). The

youngest units in the study area, Pliocene–Pleistocene

limestones and mudstones of the Synorogenic Megase-

quence, abut the massif on its northern flank.

In the study region, there is a difference in structural

style between the more highly deformed Gondwana- and

Australian Margin Megasequence units and the Booi

beds (Banda Terrane). The former generally have

steeply inclined bedding of variable strike that in many

places are folded and disrupted by small-scale faulting

and fracturing. The less deformed Booi beds show more

consistency in bedding, commonly dipping between 20

and 508 towards the south (Figures 4a, 5a, b), and are less

internally deformed. The focus of this paper is to present

an analysis of larger-scale structures on the mountain

and its surrounds.

REGIONAL- TO OUTCROP-SCALE DEFORMATION

At the regional scale, late, high-angle faults dominate

the topography of Mount Mundo Perdido. These faults

obscure structures associated with early shortening,

which is now evidenced at Mount Mundo Perdido by the

juxtaposition of rocks of the Gondwana- and Australian

Margin megasequences against those of the Banda

Terrane. These high-angle faults produce near vertical

cliffs extending up to several hundred metres in height

and up to several kilometres in length for some fault

strands (Grunau 1953; Gageonnet & Lemoine 1958;

Romariz & Leme 1967) (Figure 3c, d). These striking,

near-vertical cliffs, which were mapped both in the field

and also from aerial photography, occur along three

dominant trends, including a 1208–1408 trend, a 1108
trend and a 0308–0408 trend, with a subordinate fourth

trend of 0608–0808 (Figure 4). The lateral extent of the

Figure 3 (a) Schematic geological map of East Timor showing the generalised distribution of megasequences and fatus, and

outline of the location map (b). (b) Schematic geological map of the Baucau-Ossu region showing the fatus of Mount Mundo

Perdido, Mt Laritame and the Builo Range. The geology of Mount Mundo Perdido is based on the present study, with the

geology of the surrounding area modified from Partoyo et al. (1995). The main road, which runs south from Baucau to Ossu,

skirts the eastern side of Mount Mundo Perdido. From here, tracks run west to Builale and Liaruca providing four wheel

drive access to the base of Mundo Perdido’s northern and southern flanks. Black dots represent sample locations. (c, d) The

steep sided, blocky profiles of Mount Mundo Perdido (c, facing W) and Mt Laritame (d, facing ENE).
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Table 1 Lithostratigraphic units recognised at Mundo Perdido. Additional details on lithology and age-diagnostic fossils are provided

in Supplementary Appendix 1.

Unit Main rock types Age Facies

Synorogenic Megasequence

Baucau Limestone (Aud-

ley-Charles 1968)

Medium to thick-bedded, yellow

to white porous vuggy packstone

and grainstone with corals,

coralline algae, and larger

rotaliid benthonic foraminifera

as main bioclasts

Pleistocene Neritic carbonate

platform associated with

coral reefs

Viqueque Formation

including Lari Guti

Member (Grunau 1956;

Gageonnet & Lemoine

1958; Audley-Charles 1968;

Haig & McCartain 2007)

Grey mud and sandy mud

containing abundant planktonic

foraminifera. Lari Guti Member:

thin to thick-bedded yellow to

white vuggy foraminiferal

packstone and grainstone

(including planktonic

foraminiferal grainstone) with

thick beds of coral rudstone in

cut and fill channels.

Latest Pliocene to Early

Pleistocene in this area

(planktonic foraminiferal zones

N21–N22). Lari Guti Member:

Early Pleistocene (planktonic

foraminiferal zone N22). Note:

the base of the Viqueque

Formation has not been observed

in the mapped area.

Middle to Upper Bathyal

zone. Lari Guti Member is

composed of bioclastic

debris-slide deposits that

accumulated at water

depths of 500–1000 m.

Banda Terrane

Booi beds (Haig et al.

2008—as Booi limestone)

(Figure 5a, b)

Medium to thick-bedded white to

pale grey packstone and

wackestone. Larger benthonic

rotaliid foraminifera, coralline

algae and corals are the main

bioclasts. Thinly bedded grey

mudstones with, in places, thin

sandstone interbeds. Mudstones

contain abundant planktonic and

benthonic foraminifera.

Latest Oligocene–earliest

Miocene (Upper Te Letter Stage

and ?P22–N4–?N5 planktonic

foraminiferal zones)

Limestones are neritic;

mudstones are outer

neritic to upper bathyal

Barique Formation

(Audley-Charles 1968)

(Figure 5a, b)

Undifferentiated volcanic

sandstone and breccia,

associated red mudstone, schist,

and gabbro. Sandstone contains

lithic fragments in a matrix of

angular plagioclase crystals and

glass, and in places displays flow

layering.

No age determinations made of

volcanic and igneous rocks in

map area. Red mudstone is late

Middle Eocene (within

planktonic foraminiferal zones

E11–E13) Lithostratigraphic

correlation to Barique

Formation in its type area

(Quique River, 20 km southeast

of map area) where it is

associated with Middle Eocene

limestone.

Basaltic to intermediate

calc-alkaline plutonic and

volcanic rocks of island

arc affinity; mudstone is

upper bathyal

Australian-Margin Megasequence

Kolbano Beds (Kolbano

facies of Audley-Charles &

Carter 1972)

Pink to white carbonate pelagite,

grey wackestones with, in places,

chert nodules aligned to bedding.

Most samples contain abundant

planktonic foraminifera. Oldest

unit lacks planktonic

foraminifera, but has

calpionellids, inoceramid

prisms, and rare belemnite

guards.

Ages determined:

(1) latest Jurassic or earliest

Cretaceous; (2) Early Cretaceous

(late Aptian or early Albian; (3)

Late Cretaceous (?Cenomanian,

Turonian, Campanian or early

Maastrichtian); Paleogene (Late

Paleocene or earliest Eocene,

?Late Eocene, Oligocene)

Latest Jurassic or earliest

Cretaceous beds: upper

bathyal. Aptian and

younger units: Middle

Bathyal to Abyssal

(within 500–3000 m water

depth)

Gondwana Megasequence

Perdido Group Massive grey oolitic, oncoidal,

peloidal, and intraclastic

grainstone, packstone and

wackestone. Main bioclasts

include carbonate-cemented

agglutinated foraminifera,

dasycladale algae and

thaumatoporellacean algae

(including cryptoendolithic

types—following Schlagintweit &

Velić 2012).

Early Jurassic (? Late Triassic).

Where the unit can be dated with

precision it is Sinemurian–

Pleinsbachian.

Inner neritic carbonate

platform with restricted

marine conditions

including higher than

normal salinities

(Bahaman facies)

(continued)
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largest faults was mapped from aerial photographs, the

resolution of which did not allow determination of

accurate dip directions. However, traces of these

structures cut across topography, indicating steep dips,

which are verified by field observations of sub-vertical

fault planes. Where the lower reaches of these vertical

faults were accessible, fault orientations and striae were

measured directly on these fault planes (Table 2). The

surfaces yielded fault striae, often with multiple orien-

tations, including both gently and steeply plunging,

indicating multiple phases of slip on these surfaces, all

of which are oblique to dip, indicating some component

of strike-slip (Table 2).

At the outcrop scale we identified 111 fault surfaces

from smaller-scale faults that displayed both steep and

shallow dips (Table 3). Fault striae (Figure 6a, b) enabled

slip direction interpretations on 77 of the 111 observed

fault surfaces, with fault steps and other kinematic

indicators allowing kinematic interpretations on an

additional 37 faults (Table 3). The majority of faults at

both outcrop- and map-scale indicate mainly oblique-

slip movement (Tables 2, 3). We therefore have slip

data from over 100 regional- and outcrop-scale fault

surfaces in the study area, indicating a strong strike-slip

component to the faulting, for multiple slip events, both

on steeply and shallowly dipping fault surfaces. Further,

these strike-slip indicators indicate a change in move-

ment sense between the highest and lowest structural

levels of Mount Mundo Perdido. The highest mapped

fault structure, at *1350 m above sea-level (the highest

sample was at *1760 m above sea-level), indicated

reverse-oblique movement (Figure 4). Map-scale drag

folds developed in the Lari Guti Member and Baucau

Limestone on the northern side of the massif (Figure 4)

adjacent to the bounding faults of the massif (Figure 7a,

b) are consistent with interpreted reverse-oblique move-

ment. At the lower structural levels, *600 m above sea-

level, motion was interpreted to be normal-oblique, in

the southeast part of the area (Figure 4). Given the

relatively young age of deformation, as evidenced by the

fault-controlled present-day topography, the *700 m

elevation difference equates to an equivalent structural

thickness.

In addition, dip domains identified in fault attitude

data indicate that at lower structural levels (i.e. in the

foothills of Mount Mundo Perdido, *600 m above sea-

level) faults generally dip away from the elongate east–

west axis of the mountain, whereas at higher structural

levels (*1350 m to *1760 m above sea-level), faults dip

towards the axis of elongation (Figure 4).

The strike-slip interpretations from striae on both

regional- and outcrop-scale fault surfaces are supported

by the discovery of a multi-domainal strike-slip fault at

outcrop scale (Figure 8). This structure, approximately

3 m in height by 5 m in width, shows several domains.

The top of the outcrop preserves a positive flower

structure, indicating a reverse-oblique sense of displa-

cement. In middle of the structure the multiple strands

of the flower merge into a single dominant strand, with a

near-vertical dip. Towards the base of the structure, the

single strand splays out into a number of smaller faults,

with overall net normal displacement, becoming a

single steep strand again at the base of the outcrop.

The finely bedded nature of the rocks and the numerous

contrasting marker layers accentuate the sense of slip at

both the upper- and lower-levels of this structure. The

reverse-oblique motion at higher structural levels there-

fore contrasts the net normal (normal-oblique) sense of

displacement at the lowest structural levels of the

outcrop, separated by a domain of a single-strand,

high-angle fault (Figure 8). Movement senses in this

outcrop-scale strike-slip fault mimic relationships de-

scribed above at a larger scale, with faults at high

structural levels showing indication of reverse-oblique

motion, contrasting interpreted normal-oblique motion

at significantly lower structural levels. The presence of

these relationships at both scales within the study area,

coupled with the hundreds of fault striae measurements,

suggest strike-slip has dominated movement on these

young faults at all scales.

Minor outcrop-scale folding includes open, upright-

to-inclined folds within pelagites of the Australian

Margin Megasequence (Figure 8c–f). Axial plane strikes

vary and include strikes of 0058, 0308 and 0908, with dips

ranging from moderate to steep, and plunges ranging

from shallow to moderate (Table 4). From their limited

exposure it is not clear whether these small-scale folds

are related to early (phase 1) contraction or are coeval

with strike-slip. Zones of tectonic mélange (Figure 5d)

are restricted to areas proximal to extensional/transten-

Table 1 (Continued).

Unit Main rock types Age Facies

Aitutu Formation (Audley-

Charles 1968)

Note: this formation is

present only in isolated

outcrop closely associated

with the Perdido Group

limestone and is not

mapped separately.

Dark grey radiolarian-rich

bioturbated wackestone. In

places with ‘lenses’ of reworked

pedoidal grainstone. In other

outcrop, pelagic bivalve

‘filaments’ are abundant.

Late Triassic or Early Jurassic.

Elsewhere in Timor, the

formation has a ?Anisian,

Ladinian to Early Jurassic age

(Haig & McCartain 2010)

Basinal facies (outer

neritic or upper bathyal in

rift-basin setting)

Babulu Formation (in map

area: mud-dominated

facies with ‘broken-

formation’ deformation

(Figure 5c) (Bird & Cook

1991)

In map area: mainly mudstone

incorporating, in places, small

blocks, up to *2 m thick, of

laminated fine to medium quartz

sandstone (with swaley and

hummocky bedding)

In map area: Late Triassic

(probably lowest Minutosaccus

crenulatus Zone, Norian).

Mudstone and sandstone yields

similar palynomorph

assemblage.

Prodelta facies (in shallow

rift-basin setting)
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Figure 4 (a) Interpreted geological map of Mount Mundo Perdido, showing the distribution of lithologies, bedding and main

geological structures. Legend ages are as determined for samples collected at Mundo Perdido (see Table 1); greater age ranges

are recorded for the Viqueque Formation and Kolbano Beds elsewhere in Timor (see Haig & McCartain 2007). Faults shown

in solid red have been observed in the field, and show dip directions where measured. Faults shown in dashed red have been

interpreted from aerial photographs. (b) Arrows indicate fault striae where observed and measured on major faults.

Confirmed compressional faults (white, showing dip direction) are most common in the centre of the massif at high

structural levels, where they dip towards the central east–west axis of the mountain range. Confirmed extensional faults

(green, showing dip direction) are most common at lower structural levels, where they dip away from the central axis. Inset

shows detail of striae recording multiple directions of oblique slip on extensional faults in the southeast corner of the massif.

(c) Geological map draped over a Google Earth digital elevation model, looking west-southwest over the massif, showing

confirmed extensional and compressional faults..
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sional structures in the southwest corner of Mount

Mundo Perdido (Figure 4).

The lack of thrust structures or stratigraphic repeti-

tion (Grunau 1953; Gageonnet & Lemoine 1958) that are

seen further to the west in Timor (e.g. at Mt Cablac as

interpreted by Keep et al. 2009; and in the Maliana region

by Audley-Charles 1968), and the dominance of steep,

high-angle, oblique-slip faults throughout the Mount

Mundo Perdido area suggests that younger high-angle

deformationmayoverprint earlier shortening in the area

(Keep & Haig 2010). The distribution of mapped units,

with the oldest rocks (Gondwana- and Australia Margin

Megasequence) at the centre of the structure at the

highest structural levels and topographic elevations,

and the younger rocks (Banda Terrane) around the

perimeter of the structure at the lowest structural levels

and topographic elevations, suggests differential uplift of

the Gondwana and Australian Margin Megasequence

rocks relative to the Banda Terrane. Bedding, most often

measured within the Booi beds and Australian Margin

Megasequence, generally dips away from the central

east–west axis of the massif (Figure 4).

The distribution of stratigraphy (Figure 4), along

with the pattern of net normal (normal-oblique) faults at

lower structural levels, contrasting reverse-oblique

faults at higher structural levels, and the presence of

flower structures in outcrop, suggests a strike-slip

mechanism, possibly a restraining bend, may account

for the present-day geological distributions at Mount

Mundo Perdido.

A STRIKE-SLIP/RESTRAINING BEND MODEL

Structures at Mount Mundo Perdido strongly mimic

those from both analogue models of restraining bends

(Dooley et al. 1999; McClay & Bonora 2001), and those

from restraining bends in documented active and

ancient strike-slip fault systems (Mann 2007).

Analogue models for both pure strike-slip faulting

above a double basement fault (Schellart & Nieuwland

2003) and for restraining bends (Dooley et al. 1999;

McClay & Bonora 2001) generate rhomboidal or lozenge

shaped uplifts or pop-ups, bounded by oblique-slip

Figure 5 (a, b) Looking south, from high on the southern flank of the massif, over southern exposures of Banda Terrane. Field

relationships, most commonly in the northwest and southwest of the study area, often have blocks of Booi beds (highlighted

in red on the right) subhorizontally overlying mafic volcanics of the Barique Formation, which may be a stratigraphic

contact. (c) A faulted and broken sandstone bed within the Babulu Formation, on the south side of Mount Mundo Perdido.

Within the study area, the Babulu Formation is found at most localities originally mapped as ‘Bobonaro Scaly Clay’ (Audley-

Charles 1968), and is distinguished by this study from (d) tectonic melange from within fault zones. Note the chaotic

assortment of exotic blocks at this locality from a fault zone in the southwest corner of Mundo Perdido: clasts consist of

limestones, mudstones, and mafic volcanics 2 mm to 1 m in size
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reverse faults, with their upper surfaces dissected by

synthetic and antithetic oblique-slip and strike-slip

faults (Figure 9a). Narrow positive flower structures in

cross-section view broaden and become asymmetric

towards the centre of the structure, with the asymmetry

switching on either side of the central region. In

addition, three distinct sets of faults including bounding

faults, faults sub-parallel to the axis of strike-slip, and

antithetic through-going faults occur with similar

orientation in both the sandbox models and the geolo-

gical map (Figure 9). The stratigraphic distribution in

plan views of sandbox models of restraining bends

shows striking similarity to that mapped at Mount

Mundo Perdido (Figure 9c). The oldest rock units are

found at the centre, with a succession of progressively

younger strata exposed moving out towards the edges of

the pop-up structure (Figure 9b). Bedding dips away

from the centre of the structure, and rotation occurs

within some fault-bounded blocks (McClay & Bonora

2001). Both of these models, either the double basement

strike-slip fault or the strike-slip restraining bend, could

explain the overall geometry of the structure at Mount

Mundo Perdido. However, the rhomboidal morphology

seen at Mount Mundo Perdido most closely mimics

that generated in restraining bend analogue models

(McClay & Bonora 2001), rather than the highly elongate

structures developed over double basement strike-slip

faults (Schellart & Nieuwland 2003).

Cross-sectional views of analogue models of both

double basement strike-slip faults and restraining bends

(McClay & Bonora 2001; Schellart & Nieuwland 2003)

clearly show the pop-up or flower structure at the

surface, merging into a narrow fault zone at depth.

However, the models do not go any deeper than the

narrow fault zone, constrained by the thick sand pack

and edge effects from the deformation apparatus. The

models therefore only generate structures that would be

equivalent to those in the upper part of the structural

section at Mount Mundo Perdido–lower structural level

structures, such as our domains of normal-oblique offset,

are not generated. These models therefore do not fully

generate the types of multi-domainal strike-slip faults

that occur in outcrop atMountMundo Perdido (Figure 8).

We believe this may be due to the very young nature of

the faults at Mount Mundo Perdido, perhaps preserving

stages of deformation that are not preserved in older

faults that have undergone additional slip. In addition,

episodes of inversion (transpression) on faults within

the structure, known to affect mainly the upper parts of

structures, could preserve net normal slip on reactivated

pre-existing structures that have not exceeded the null

point (e.g. Deeks & Thomas 1995; Holford et al. 2009;

Withjack et al. 2010). Therefore, both cross-sectional and

map view comparisons of analogue models of strike-slip

systems to the structure at Mount Mundo Perdido

indicate that strike-slip is a likely mechanism for

deformation. A schematic block model of Mount Mundo

Perdido, with cross-sections based on the geometries of

mapped flower structures, shows the distribution and

orientation of mapped stratigraphy and faults in the

upper part of the structural section (Figure 10).

We believe that deformation at Mount Mundo

Perdido results from uplift in a strike-slip fault zone,

likely as part of a restraining bend in that system.

Asymmetries in morphology and orientation of domi-

nant fault trends suggest a left-lateral movement sense

Table 3 Classification of all measured fault surfaces in outcrop at Mount Mundo Perdido. Fault striae indicate a movement direction

on 77 of the measured fault surfaces. Kinematic indicators allow a shear sense to be determined on a further 37; indicators included

steps and crescentic fractures on limestone fault surfaces, asymmetric deformed clasts within fault zones, and s-c type shear fabrics

developed within mudstones. Faults are classified as oblique slip when striae indicate a movement vector with an obliquity greater

than 10� from pure strike-slip or pure dip-slip.

Total Movement

indicators

Dip-slip Strike-slip Oblique-slip

Striae Kinematic

indicators

Normal Reverse Dextral Sinistral Dextral

Normal

Sinistral

Reverse

Dextral

Reverse

Sinistral

Normal

111 77 37 8 2 31 36

3 1 0 1 8 11 7 6

Table 2 Classification of major, mappable faults at Mound Mundo Perdido. Fault striae indicate a movement direction on 23 of the

measured fault surfaces. Kinematic indicators allow a shear sense to be determined on a further 12; indicators included steps and

crescentic fractures on limestone fault surfaces, asymmetric deformed clasts within fault zones, and s–c type shear fabrics developed

within mudstones. Faults are classified as oblique slip when striae indicate a movement vector with an obliquity greater than 10�

from pure strike-slip or pure dip-slip.

Total Movement

indicators

Dip-slip Strike-slip Oblique-slip

Striae Kinematic

indicators

Normal Reverse Dextral Sinistral Dextral

Normal

Sinistral

Reverse

Dextral

Reverse

Sinistral

Normal

45 23 12 5 2 9 7

3 1 0 1 2 3 1 1
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(Figure 9). Left-lateral oblique-slip and strike-slip faults

have also been observed and measured at Mt Laritame,

Mt Taroman, Mt Loelako and around the Maliana basin

(Figure 2). The presence of coral-debris slides in the

Early Pleistocene Lari Guti Member (Table 1) and fault

juxtaposition and drag folds involving the Lari Guti

Member and overlying Baucau Limestone (Figure 7)

indicates that the uplift was active likely during the

Early and Middle Pleistocene.

DISCUSSION

Strike-slip faults in Timor have previously been in-

ferred from shallow-focus earthquakes (Audley-Charles

1985) or extrapolated from smaller structures (2 km-

long, northeast-striking wrench faults) in West Timor

(Charlton et al. 1991). The Mount Mundo Perdido

structure documented herein represents the first evi-

dence for large-scale strike-slip faulting documented in

East Timor. The length of any principal deformation

zone/strike-slip faults in the Mount Mundo Perdido area

must logically exceed the approximate 10 km length of

the pop-up/flower structure, indicating that the fault

zone is of considerable size. This is supported by

outcrops of fault gouge along the road near Ossu

(documented in Keep & Haig 2010), where fault gouge

structural thicknesses of up to 30 m indicate significant

fault slip, possibly many tens of metres. No direct

measurements of potential fault offset were possible

owing to the nature of the terrain and the high erosion

rate.

Other examples of potential strike-slip structures

occur along strike from Mount Mundo Perdido and may

represent the often anastomosing or braided nature of

large-scale strike-slip systems (Woodcock & Fischer

1986; Mann 2007). For example, a deformation zone with

potential strike-slip geometry occurs at Lake Iralalaru,

between Los Palos and Tutuala (Figures 2, 11a). Lake

Iralalaru, approximately 90 km along strike from Mount

Mundo Perdido, forms a rhomboidal east-northeast-

striking basin within Pleistocene Baucau Limestone

(Figure 11a) which strongly resembles pull-apart struc-

tures developed at releasing bends in analogue models

(Dooley & McClay 1997) and documented strip-slip fault

systems (Mann 2007). The lake level varies seasonally

and during the dry season exhibits an elongate spindle

shape, the trend of which parallels one set of faults

mapped at Mount Mundo Perdido. The geometry and

orientation of Lake Iralalaru, and its proximity to the

strike-slip at Mount Mundo Perdido, suggest that

young strike-slip faulting is likely extensive, continu-

ing for over 90 km of strike in East Timor. Lake

Iralalaru is consistent with a sinistral pull-apart

structure/releasing bend in a related fault strand,

and it merits further investigation as part of a larger

strike-slip system.

Steep topography forming anomalously high peaks,

a feature common to restraining bends in both active

and ancient strike-slip systems (Mann 2007), may

explain the location, elevation and morphology of the

chain of ‘fatu’ limestones that extends across East

Timor (Figure 2). Pop-up structures often represent

transitory features within the larger fault zone, with

slip eventually bypassing or being transferred across

them as restraining bends or step-overs impede

continued slip along major strike-slip fault systems

(Brown et al. 1991). As fault displacement increases,

bends or step-overs tend to be smoothed out as

through-going faults develop that transect the pop-up

structures and link the principal zones of deformation

(McClay & Bonora 2001). In this way, segments of

early-formed uplifted areas may be dissected and

transported along the major strike slip zone as a

fragmented pop-up (McClay & Bonora 2001). This

mechanism may explain the variation in size and

orientation of fatu limestones in East Timor, from the

extensive Matabian Range of eastern East Timor to

the north-trending and smaller Mt Loelako near

Maliana (Figure 2).

Figure 6 (a) Well-defined fault striae recording oblique movement within limestone of the Booi beds, which forms the lower

cliffs at the eastern end of the massif. (b) Fault striae and steps on the hanging wall surface of an oblique-reverse fault

developed within Australian Margin Megasequence foraminiferal wackestones, on the northern flank of Mount Mundo

Perdido.
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We believe Mount Mundo Perdido resembles a pop-up

structure developed within a sharp restraining bend

following the classification of Mann (2007); these form at

discrete fault step-overs and produce localised rhomboi-

dal topographic uplift aligned along the general trend of

major strike-slip faults (Mann 2007; Figure 1c). Given

that fault separations at sharp restraining bends are

generally less than 15 km (Mann 2007) similar strike-slip

Figure 7 Facing west, uninterpreted (a) and interpreted (b) images of the northern edge of Mundo Perdido show Triassic–

Jurassic Gondwana Megasequence limestones of the massif in the top left corner of the frame. They are faulted against

volcanics of the Banda Terrane (occupying the gully), which are in turn faulted against much younger Pliocene–Pleistocene

synorogenic limestones of the Baucau Limestone (right of frame). Dashed red lines show the interpreted surface traces of the

faults on either side of the gully. The measured change in the dip of bedding in the synorogenic units moving north from the

fault trace describes a drag fold (white). These large drag folds form a series of small hills that parallel the northern edge of

the mountain. Uninterpreted (c) and interpreted (d) images of open, upright folding within an outcrop of Turonian

Australian Margin Megasequence pelagite at 144821. Of note is the ‘M’ fold developed in the fold hinge within the cherty bed

at the base of outcrop. Uninterpreted (e) and interpreted (f) images of open, moderately inclined, moderately plunging folding

within an outcrop of similar pelagite at 144814. Folding is well defined within cherty layers.

Mount Mundo Perdido, East Timor 869

D
ow

nl
oa

de
d 

by
 [U

ni
ve

rs
ity

 o
f W

es
te

rn
 A

us
tra

lia
] a

t 0
2:

14
 3

0 
Ju

ly
 2

01
2 



displacement could be expected at Mount Mundo Perdi-

do, although this may represent only a small part of total

movement along a larger fault zone within East Timor.

The Mount Mundo Perdido structure is of similar size

and geometry to other known structures along active

strike-slip faults. These include the Villa Vasquez bend

in Hispaniola (14 km 6 2 km; Mann et al. 1999), the

Ocotillo Badlands bend in southern California (8 km 6
1.5 km; Brown et al. 1991; Lutz et al. 2006) and the Cerro

de la Mica structure in Chile (McClay & Bonora 2001)

(Figure 11b). These structures compare favourably in

size and morphology to the 10 km 6 3 km structure of

Mount Mundo Perdido. Shortening and uplift within the

Ocotillo Badlands accommodates approximately 15 km

of fault displacement (Lutz et al. 2006).

The Cerro de la Mica structure forms a pop-up

structure at a restraining bend adjacent to the

Atacama Fault in Chile, and comprises a short,

isolated range of uplifted Paleozoic volcanic and

sedimentary rocks (McClay & Bonora 2001). The

structure displays a remarkable similarity in morphol-

ogy, fault architecture and distribution of stratigraphy

Figure 8 Uninterpreted (a) and interpreted (b) figures of a large, asymmetric flower structure at location 144878, produced by

strike-slip movement within grey Banda Terrane mudstones with thin sandstone interbeds. Note the large number of steeply

dipping, upwardly diverging fault splays at high structural levels. Corresponding bed-sets have been marked on the outcrop

with faults highlighted in red; following bed-sets through the fault zone allows fault movement to be determined. Reverse

movement is observed on fault splays at higher structural levels, forming a pop-up structure, while normal movement is

observed around the main fault strand at lower structural levels. Drag folds formed against the fault splays in outcrop (b) are

replicated at map scale (Figure 7a, b) where the Synorogenic Megasequence is faulted against the older rocks of the massif.

Figure 9 (a) Plan view of a pop-up structure, which has formed in a sandbox model of a restraining bend within a strike slip

zone, after 10 cm of sinistral displacement (modified from Dooley et al. 1999). This structure shows three distinct sets of faults:

bounding faults (red), faults subparallel to the axis of strike-slip (yellow), and antithetic through going faults which dissect

the pop-up (black). A schematic geological map of Mount Mundo Perdido (c), exhibits very similar fault architecture, with the

same three distinct sets of faults also evident in both the map and contoured stereonet fault plot (points represent poles to

fault planes). Green arrows show the interpreted sinistral direction of movement around the main structure. (b) An

interpreted horizontal section through a sandbox model of a restraining bend within a sinistral strike slip zone, taken from

1 cm below the surface (modified from McClay & Bonora 2001). This modelled ‘erosion’ has exposed a successive progression

of older to younger units, moving outwards from the centre of the structure. The schematic geological map of Mount Mundo

Perdido (c) shows a very similar distribution of stratigraphy. The oldest Triassic–Jurassic limestones that occupy the highest

peaks in the centre of the mountain (dark blue) are surrounded by, younger, Cretaceous to Oligocene pelagites on the

mountain’s southern and northern flanks (light blue). A rim of Banda Terrane units (pink), originally at the top of the

structural pile, forms the foothills and lower cliffs surrounding the mountain. Bedding generally dips away from the central

east–west axis of the structure.
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to Mount Mundo Perdido (Figure 11b). Both are

rhomboidal and asymmetrical, of comparable scale

and height, and they share complex internal struc-

tures displaying faults both parallel and oblique to

their long axes. Both have similar stratigraphic

distributions, and steep bounding faults separate both

from the surrounding geology.

Despite their modest size, all of these examples, the

Villa Vasquez structure that is part of the Septentrional

fault zone (Mann et al. 1999), the Ocotillo Badlands

structure that is part of the San Jacinto fault zone–San

Andreas fault system (Brown et al. 1991; Lutz et al. 2006)

and the Cerro de la Mica structure (McClay & Bonora

2001), occur within crustal-scale fault systems. In fact,

Figure 10 Simplified schematic model of a possible NNE–SSW cross-section through Mount Mundo Perdido, showing the

western half of the massif, with subsurface fault architecture based in part on geometries observed in outcrop. The eastern

half of the massif (including main extensional faults) has been removed to illustrate the cross-section. Circle signifies

movement out of the page, and X signifies movement into the page. The resulting structure exposes the Triassic–Jurassic

Cablac Limestone at its centre. Moving north and south towards the edges there is exposed a differential progression through

successively younger units separated by high-angle, mostly reverse-oblique faults. Drag folds are visible within the

Synorogenic Megasequence along the northern edge of the massif. A layer-cake megasequence stratigraphy is modelled for

simplicity, but at Mount Mundo Perdido stratigraphy is likely complicated by earlier episodes of thrusting.

Table 4 Description of folding observed at three locations on Mount Mundo Perdido. All folds are upright, with the exception of one

fold at AB145, which has its axial plane inclined. Note the large variation in dip direction of the fold axial planes. The fold axis was

not measured at AB240.

Site no. Approximate

fold axial plane

Approximate

fold axis

Interlimb

angle

Symmetry Fold Style Formation Megasequence

Dip Dip Dir Plunge Trend

AB145 50 88 50 80 Open Symmetric Parallel Kolbano beds Australian Margin

Megasequence

AB145 81 275 34 195 Open Weakly

asymmetric

Parallel Kolbano beds Australian Margin

Megasequence

AB158 85 300 10 215 Open Symmetric Parallel Kolbano beds Australian Margin

Megasequence

AB240 90 0 – – Open Symmetric Parallel Kolbano beds Australian Margin

Megasequence
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most of the 49 restraining bends catalogued by Mann

(2007) associated with pop-up structures of comparable

scale to Mount Mundo Perdido are part of crustal-scale

strike-slip fault systems. The possibility of a similar

crustal-scale structure in East Timor therefore needs to

be investigated. Plate-boundary parallel strike-slip

faults of this scale occur adjacent to subduction zones

(Beck 1986; Jarrard 1986) owing to coupling between the

plates, and do not necessarily require strong obliquity

(Jarrard 1986). Near-orthogonal collision produced the

Figure 11 (a) Composite aerial photograph of Lake Iralalaru during the wet season, which exhibits the rhomboidal geometry

characteristic of pull-apart basins. The dashed outline represents the elongate, spindle-shaped extent of the lake during the

dry season. The basin is situated along strike from Mount Mundo Perdido, is of similar scale, and would require a similar

sinistral displacement sense to create its rhomboidal geometry as a pull-apart structure. (b) Cerro de la Mica, a pop-up

structure developed at a sinistral restraining bend on the north–south-trending Atacama fault zone, Chile (modified from

McClay & Bonora 2001). Rotating the Cerro de la Mica map 908 clockwise so that its north–south fault axis is oriented east–

west, it bears a strong resemblance to the interpreted pop-up structure at Mount Mundo Perdido. Both structures have

comparable scale, morphology, fault architecture and distribution of stratigraphy.
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1100 km-long, sinistral Atacama fault zone in northern

Chile (Jarrard 1986; Mann 2007).

In East Timor, the transition from subduction to

collision and the locking of the subduction zone (Keep &

Haig 2010) created a strongly coupled system in which

large-scale strike slip deformation may be expected

(Jarrard 1986; Mann 2007), as the oblique component of

collision is partitioned into zones of plate-boundary

parallel strike-slip, as in the Atacama Fault Zone des-

cribed above. The overall NNE convergence direction of

Australia with respect to the Pacific and Eurasian plates

(Genrich et al. 1996) has long been thought to have

generated strike-slip motion at the plate boundary

(Nelson 1993; Keep et al. 1998; Shuster et al. 1998; Ains-

worth et al. 2000; deRuig et al. 2000;Harrowfield et al. 2003;

Harrowfield & Keep, 2005; Bourget et al. 2012). However,

occurrences of strike-slip on the Australian part of the

margin are limited to local structures (Ainsworth et al.

2000; deRuig et al. 2000; Keep et al. 2000),with themajority

of strike-slip thought to be accommodated in Timor

(Harrowfield et al. 2003). The structure at Mount Mundo

Perdido documented here and the comparison to other

similar structures, which commonly form as parts of

crustal-scale strike-slip faults, indicate that local-scale

strike slip, and possibly more regional-scale strike-slip,

has occurred in East Timor.

CONCLUSIONS

Mount Mundo Perdido comprises a complex assortment

of rock types of differing ages and tectonostratigraphic

affinities, including Triassic–Jurassic interior rift basin

deposits of Gondwanan affinity, Cretaceous–Oligocene

pelagites deposited on the Australian passive margin,

limestones and island arc volcanics of Asiatic affinity,

and Pliocene–Pleistocene synorogenic deposits. The

dominant structures include numerous late stage,

high-angle, oblique-slip faults, which control the uplift

and create prominent drag folds, including within

synorogenic limestones where they are faulted against

the older rocks of the Mundo Perdido massif. Based on

the age of these synorogenic units, deformation at

Mount Mundo Perdido is interpreted as Pleistocene.

Fault architecture and stratigraphic distribution

support the interpretation of Mount Mundo Perdido as

a pop-up structure formed within a strike-slip fault zone,

possibly at a restraining bend or step-over in an east–

west-striking zone of sinistral strike-slip. This inter-

pretation, supported by similarities to both analogue

models and real world examples of sinistral pop-up

structures, suggests that large-scale strike-slip deforma-

tion may be an integral part of the collision kinematics.
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Documentos Ministério do Ultramar Junta de Investigações do

Ultramar 48, 7–134.

GENRICH J., BOCK V., MCCAFFREY R., CALIAS E. & STEVENS C. 1996.

Accretion of the southern Banda Arc to the Australian plate

margin determined by Global Positioning System measure-

ments. Tectonics 15, 288–295.

GRUNAU H. R. 1953. Geologie von Portugiesisch Ost-Timor. Eine
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