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This chapter VII of Bibliography 7.0 contains 193 pages and >1200 titles on the deep basins of the Banda Sea 
region as well as the geology of the 'Lesser Sunda Islands', which include islands of the active East Sunda- Banda 
volcanic 'inner arc' (Flores, Sumbawa, etc.) and the non-volcanic 'outer arc' (Timor, Sumba, etc.).  It is subdivided 
into five chapters, VII.1- VII.5. 
 
The key elements of this southeastern part of Indonesia from the Banda Seas outward are: 
1. Neogene 'back-arc' marginal oceanic basins (North and South Banda Seas, Weber Deep); 
2. the East Sunda- Banda active volcanic arc, extending from Bali to Ambon; 
3. 'non-volcanic outer arc' islands Sumba, Timor, Roti, Leti, Tanimbar, etc. (forearc and accretionary prism); 
4. the Tanimbar- Timor Aru Trough outboard of the outer arc (eastern continuation if the Java Trench and now a 

fossil subduction trench). 
 

 
 

Figure VII.1. Main tectonic elements and some locality names of Banda Sea region. 
 
The outer arc islands are parts of a long fold-and-thrust belt, from Roti-Timor to Seram-Buru. Outcrops closest to 
the Timor- Tanimbar trench are parts an imbricated accretionary prism, composed of dominantly deep marine 
sediments scraped off subducted Indian Ocean floor sediments and cover of subducted continental crust of the 
distal NW Australian margin. Closer to the Banda Sea the islands also host volcanic, metamorphic, ophiolitic and 
sedimentary units that have no apparent relation to the NW Australian margin, but are elements of the forearc of 
the Banda Arc. 
 
Where Australian continental crust has arrived at the subduction zone (Roti-Timor and farther East), the collision 
zone includes uplifted parts of the forearc of the overriding Banda Arc plate ('Banda Terrane'). 
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  VII.1. Banda Sea, East Banda Arc (incl. Tanimbar, Kai, Aru, etc.) 
 

Sub-chapter VII.1 contains 162 references on the geology of the Banda Sea, as well as some of the non-
volcanic outer arc island groups like Tanimambar, Kai and Aru. 
 
The most prominent features in this area are the active Banda Arc, the deep Banda Sea marginal oceanic 
basins and the non-volcanic outer arc islands, from Sumba, Timor to the Tanimbar and Kai Islands (Figures 
VII.1.1, VII.1.3). 
 
Most or all of the Banda arc was built on oceanic crust, above the north-dipping Indian Ocean/ Cenotethys 
subduction zone. Oceanic crust has now been consumed completely from Sumba east to New Guinea. 
 

 
 

Figure VII.1.1. Bathymetric map showing North and South Banda Sea basins behind the curved volcanic Inner 
Banda Arc, and the Weber Deep basin between the volcanic arc and the non-volcanic Outer Banda Arc. Red 
triangles are active volcanoes. 

 
  North and South Banda Seas Neogene basins 
There have been several theories on the origin of the deep Banda Sea. Verbeek (1908) noticing major 
extensional features along the islands surrounding the Banda Sea, (correctly) saw it as a collapsed structure. 
Abendanon (1919), struck by the presence of crystalline schists in much of E Indonesia, saw it as a sunken 
part of a large old Paleozoic continent that he named Aequinocta.  
 
In the 1970's it was generally recognized that the North and South Banda Seas were underlain by oceanic 
crust (e.g. Curray et al. 1977), but age of this crust was unknown. A theory popular in the 1980's was that the 
Banda Sea represented a trapped piece of Indian Ocean plate, of Early Cretaceous age (Bowin et al. 1980, 
Lee and McCabe 1986, Hartono 1990). This idea was mostly driven by water depths down to 5000m in the 
South Banda basin, which is deeper than 'normal' Tertiary oceanic crust. 
 
Hamilton (1978) was the first to suggest formation of the Banda Sea by Neogene oceanic backarc spreading 
behind the Sunda- Banda Arc. This concept was accepted by Norvick (1979), Nishimura and Suparka (1990), 
Milsom (2000) and others (Figure VII.1.2). 
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Figure VII.1.2. Milsom (2000) model of opening of Banda Sea, based on observation that tectonostratigraphies 
of Sumba, allochthonous Banda Terrane of Timor and Buru-Seram all suggested they were part of the 
Sulawesi collisional belt before Neogene.  

 
The age of the Banda Sea basins seafloor is now generally viewed as Late Miocene- Early Pliocene, as 
documented by seafloor dredging and magnetic survey programs by French groups in the 1990's- early 2000's 
(Rehault et al. 1994, Hinschberger et al. 1998-2005, etc.). (Figure VII.1.3.). The driving force of the extension 
is rollback of old, N-ward subducting Indian Ocean slab (Milsom 1999, 2000, 2001, Hinschberger et al. 2003, 
2005, Harris 2006, Spakman and Hall 2010, Pownall et al. 2016). 
 
The crust below the Banda Sea seafloor is probably a mix of newly created Neogene oceanic crust, but with 
isolated remnants of extended older crust: (1) upper crustal blocks of continental and volcanic arc material 
(Banda Ridges) and (2) metamorphic core complexes of hyperextended lower crust.  
 
Part of the North Banda Sea basin may have been partly consumed already under the Tolo Thrust off East 
Sulawesi. 
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Figure VII.1.3. Banda Sea area (Hinschberger et al. 2005). Showing (1) Banda-Ambon volcanic arc(s), (2) 
back-arc North and South Banda basins with ocean floor magnetic lineations and interpreted Late Miocene- 
Early Pliocene (12- 3.5 Ma) ages, (3) very young and very deep Weber Trough. 

 
 
 Banda Ridges 
The North and South Banda Seas are sepaprated by a goup of submarine highs, known as the 'Banda 
Ridges'. They include the Lucipara, Sinta, Rama and Pisang Ridges (e.g. Hinschberger et al. 2003, 2005). 
 
Dredge samples yielded a variety of rocks, including metamorphic rocks, arc volcanics, Triassic and Oligocene 
limestones, etc., suggesting the Banda Ridges are: 
1. Remnants of small blocks of thinned continental crust rifted off East Sulawesi (Silver et al. 1985, Villeneuve 

et al. 1994, Cornee et al. 2002).  Sinta, Rama, Pisang Ridges); some with Late Triassic limestones); 
2. Relict Late Miocene- Early Pliocene-age volcanic arc (NEC- Lucipara volcanic arc), with K-Ar age around 6-

7 Ma (Silver et al. 1985)  (Figure VII.1.1). 
 
Upper Triassic reefal limestones were dredged from the Sinta Ridge (Villeneuve et al. 1994), mid-Oligocene 
reefal limestones from the Pisang Ridge (Cornee et al. 2002). 
 
Metamorphic rocks dredged from the ridges include phyllites and ampholites with K-Ar ages of 22 and 11 Ma 
(Silver et al. 1985). 
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  Banda Arc 
The active Banda Volcanic Arc is the inner of two rows ('arcs') of islands surrounding the Banda Sea; the 
'outer arc' mainly represent uplifted parts of the accretionary prism (.Figure VII.1.4). The present cycle of arc 
volcanism probably started in Late Miocene time, around 10-12 Ma (Abbot and Chamalaun 1981, Scotney et 
al. 2005, etc), but perhaps most active since ~4 Ma. The oldest dated volcanic rocks on Wetar are ~12 Ma old 
(Abbott and Chamalaun,1981). 
 

 
 

Figure VII.1.4. Active volcanoes (triangles) and extinct segment of Banda volcanic arc (Hutchison (1977). 
 
The Banda Arc is built mainly on oceanic crust, although the western Banda Arc- East Sunda Arc also have 
remnants of the latest Oligocene- Early Miocene 'Old Andesites' volcanic arc (south sides of islands of 
Sumbawa- Flores and islands further West). Seismic refraction work suggests Flores was probably built on 5-
10 km thick oceanic crust (Curray et al. 1977, Muraoka et al. 2002). 
 
Numerous papers have been published on geochemistry of its volcanic rocks  (see table and listing below). 
Helium isotopes suggest contamination of Australian continental crustal material in Quaternary arc volcanics 
as far West as Central Flores (Hilton et al. 1992). 
 
The size of the Banda arc volcanic islands appears to gradually diminish in an easterly direction, from the 
>3000m high volcanoes on Bali and Lombok to low-lying edifices in the eastern Banda Sea (e.g. Figure VII.1.4 
and front cover figure). Howevever, the volcanoes in the western part of the East Sunda- West Banda Arc are 
probably built on older mid-Tertiary arc crust, while volcanoes in the easternmost sector are built on >3000-
4000m deep ocean floor, so the volume and vertical relief of these 'small' volcanic edifices is actually similar to 
that of much taller volcanoes in the West. (e.g. Figure VII.1.5). 
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Figure VII.1.5. True-scale section (top) and schematic block diagram (bottom) of the active Gunung Api 
volcano in the Banda Sea, North of Wetar. The top of Gunung Api is only 282m above sea level, but 
measured from the surrounding ocean floor, the height of the volcano is >4000m (from Kuenen 1950). 

 
 
  Weber Deep 
The Weber Deep or Weber Trough is a highly unusual feature. It is an anomalously deep oceanic through, 
deeper than anything in the Indonesian region (down to ~7400m; Figure VII.1.6.). Unlike the Banda Sea 
basins, it is located in a forearc position, between the eastern Banda Arc (where Serua- Manuk- Banda 
volcanoes rise from 3000m deep seafloor), and the Tanimbar- Kai - Seram outer arc islands. 
 
Pownall et al. (2016) recently proposed a new model for the Weber Deep, suggesting it is a young 
hyperextensional basin, related to SE-ward rollback of the Australian- Indian Ocean subduction zone, leaving 
the 450km long low-angle detachment fault plane exposed on parts of the Weber Deep floor, showing a 
grooved surfaces like seen on the top of metamorphic core complexes. Slip along the fault must have been 
>120km.  This model suggests the Weber Deep may not be floored by new oceanic crust, but by 
hyperextended lower crust metamorphic rocks or by exhumed upper mantle ultramafic rocks.  
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Figure VII.1.6. Topography and bathymetry of Banda Sea region, looking East 
 
 
  Outer Arc (Tanimbar- Kai islands) 
The 'non-volcanic outer arc' also includes the small islands of Babar, Dai and the Tanimbar and Kai groups. 
These are relatively little studied. They are mainly a continuation of the forearc-accretionary system of Timor, 
with Triassic-Jurassic and younger sediments, folded and thrusted towards the Australian craton. On the 
islands closest to the Banda Sea metamorphic and ultrabasic rocks are common, a pattern similar to that seen 
on  the Banda Sea sides of Timor and Seram. 
 
The Kai Archipelago appear to represent three different geological provinces (cross-section of Figure VII.1.7): 
1. East (Kai Besar): rifted block off Australian continental margin (Kai Besar 1 well has >1300m of little 

deformed Middle- Jurassic- Cretaceous sediments characteristic of the NW Australia- West Papua margin). 
With large scale, young extensional faulting; 

2. Central province (Kai Kecil, Kai Dulah and Tayandu islands): continuation of the Banda Outer Arc 
accretionary prism,  

3. Western (small islands Kur, Fadol, Tibor, etc.): small islands with common allochthonous material, like 
ophiolites, metamorphics, Early Oligocene arc volcanics, etc..('Banda Terrane?; similar to Leti and North 
Timor further West) 
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Figure VII.1.7. Schematic cross-section across Kai islands: Kai Kecil is part of the Outer Banda Arc foldbelt/ 

accretionary prism, Kai Besar is part of a partly subducted continental block that rifted from the NW 
Australian margin (Union Texas 1997). 

 
 
 

 
 

Figure VII.1.8. Historic W-E cross-section through Kai Besar, showing weakly folded, mainly 10° W-dipping, 
Eocene marly limestone, overlain by Miocene and younger reefal limestone terraces (Verbeek 1908). 

 
The eastern zone of the Kai islands (Kai Besar) was not involved in thrusting. Instead, it appears to be a 
fragment of the Australian continental margin that experienced extensional faulting and underwent 2km of 
uplift in the last 10 My (Van Marle and De Smet, 1990). It looks like a rift shoulder at the W side of the Aru 
Trough, which is a very young and deep extensional basin. 
 
Kur Island is located West of the Kai Islands but East of the Weber Deep. It has a small core of foliated 
Mesozoic gneiss and schists, covered by Early-Middle Miocene sandy limestone and surrounded by six 
uplifted Quaternary reef terraces (Figure VII.1.9) (Weber in Umbgrove 1934). The metamorphic core gave 
Early Miocene cooling ages of 24-17 Ma (Honthaas et al. 1997). 
 
Possibly comparable situations suggesting a Late Oligocene- earliest Miocene exhumation event, and possible 
affiliation with the 'Banda Terrane' of Timor were observed in: 
1. dredge sampling site Dr 201 (4250-3663m), SSW of Kur, where micaschists/ gneiss is overlain by polymict 

conglomeratic sands with Early Miocene (Te4-Te5; with larger forams Spiroclypeus, Miogypsinoides 
dehaarti) (Honthaas et al. 1997).  
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2. Leti island NE of Timor, where  Brouwer and Molengraaff (1915) reported ultramafic and metamorphic rocks 
apparently overlain by latest Oligocene- earliest Miocene (Te4-Te5) limestones with Miogypsinoides and 
Spiroclypeus (see also VanGorsel 2012).  

 
 

 
 

Figure VII.1.9. Historic S-N cross-section through Kur Island (West of Kai islands), showing six Quaternary 
reef terraces up to 300m elevation, and core of dipping mica schist and ?Miocene micaceous sandstones 
(Verbeek 1908). 

 
 
 
  Suggested reading- Banda Sea- East Banda Arc  (not a complete listing of all relevant papers) 
 

Banda Sea region-General Umbgrove 1948, Bowin et al. 1980, 1981, Jongsma et al. 1989,  
    Hartono 1990, Burhanuddin et al. 1994, 1999, Rehault et al. 1994, 
    Villeneuve et al. 1994, Honthaas et al. 1998, Milsom 2000, 2001, 
    Hinschberger et al. 1998, 2000, 2001, 2003, 2005,  
    Cornee et al., 1998, 2002, Pownall et al. 2016. 
 

Banda Ridges   Silver et al. 1985, Villeneuve et al. 1994, Cornee et al.1997, 2002 
 

Circum-Banda Sea Islands: De Marez Oyens 1913, Brouwer 1923, Bursch 1947,  
   (outer arc)   Schluter and Fritsch 1985, De Smet et al. 1989, Burollet, and Salle 1985,  
    Van Marle and De Smet 1990, Charlton et al. 1991,  
    Milsom et al. 1996, Honthaas et al. 1997, Callomon and Rose 2000 
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  VII.2. East Sunda- West Banda Volcanic Arc (Lombok- Flores- Wetar) 
 

Sub-chapter VII.2 of Bibliography 7.0 contains 218 references on the geology of the volcanic arc islands East 
of Java.  
 
The islands of the East Sunda- West Banda 'inner arc' East of Bali represent a young, active volcanic arc 
system, mainly of latest Miocene- Recent ages (Figure VII.2.1).  The western part of this system is underlain 
by crust of continental thickness, but is thinning to the East; and most or all of the volcanic islands the Banda 
Arc East of Flores formed on oceanic crust (Curray et al. 1977). 
 

 
 

Figure VII.2.1. Regional setting of East Sunda- West Banda volcanic arc showing active and inactive 
segments of the Banda Arc (Silver 1983). 

 
The southern parts of Bali, Lombok, Sumbawa and Flores have outcrops with remnants of a Late Oligocene- 
Early Miocene volcanic arc (Nishimura et al. 1981, Barbieri et al. 1987, Sudijono 1997, Ratman and Agustin 
2005, Franchino et al. 2010, etc.). This arc probably formed on oceanic crust (e.g. Imai and Nagai 2009) and is 
the eastward continuation of the 'Old Andesites' arc of the Southern Mountains of Java and from here 
continues to West Sulawesi. 
 
The geochemistry of the Banda Arc Pliocene-Quaternary volcanics shows typical intra-oceanic arc volcanic 
products, but the volcanics locally contain apparent contamination from a subducted continental source. This 
either reflects subduction of Australian-margin derived sediments, or is evidence that extended Australian 
continental margin crust was subducted to ~100km below the Banda Arc (Poorter et al. 1991, Elburg et al. 
2004, 2005, Fichtner et al. 2010, Herrington et al. 2011, Nebel et al. 2011). 
 
 Alor- Wetar gap in active volcanism 
There is a gap in active volcanism in the Alor- Atauro- Wetar segment of the Banda Arc North of Timor, 
although large extinct volcanoes are present (Brouwer 1919, De Jong 1941; Figure VII.2.2). This lack of 
volcanism since ~3 Ma coincides with an absence of shallow earthquakes shallower than ~350 km in this 
segment (Figure VII.2.3). 
 
The most likely explanation is that the subduction zone was locked here after collision of the Australian 
continental margin and the Banda Arc, with possible slab breakoff (Ely et al. 2011).  This locking of the 
subduction zone probably is probably the reason for the formation of a belt of North-directed 'back-thrusting' 
immediately North of Alor-Wetar (see below). 
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Figure VII.2.2. Regional map showing active and inactive segments of the Banda Arc. The Alor-Wetar sector 
has been inactive for ~3 My after locking of the subduction zone at the Timor Trough. Active backarc 
thrusting North of the arc now accommodates part of the N-ward movement of the Australian plate. 

 

 
 

Figure VII.2.3. Earthquake distribution along the Banda Arc (Das 2004). A north-ward deepening, continuous 
plane of earthquake hypocenters, from ~50km North of the Timor Trough to >600km under the South Banda 
Sea, reflects movement of the subducting Indian Ocean- Australian plate. Note virtual absence of slab 
earthquakes <300km in Timor/ Alor-Weter segment, suggesting slab breakoff. 
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  Pliocene and younger uplift of Alor- Wetar sector islands 
The Alor, Atauro and Wetar islands have undergone significant young uplift, with Pleistocene reef terraces up 
to 700- 800m (De Jong 1941, Hantoro et al. 1994, Ely et al 2006, 2011). Hantoro et al. (1994) calcaulated 
580m of uplift of Alor in the last 500 kyrs. 
 
Pliocene stratiform sulfide-barite-gold deposits now in outcrop on Wetar island (Lerokis, Kali Kuning). These 
are interpreted to have formed on the flanks of a submarine volcano at ~2 km depth at around 4.8 Ma, 
suggesting several kilometers of late uplift  (Sewell and Wheatley 1994, Scotney et al. 2005). 
 
 
 Backarc thrusting North of the eastern Sunda Arc 
Active belts of north-directed thrusting have been identified from reflection seismic profiles and earthquakes in 
the backarc regions immediately North of Flores, Alor-Wetar, Flores, etc. (Figures VII.2.1, VII.2.2, VII.2.4) 
(Silver et al. 1983, McCaffrey and Nabelek 1984, 1986, 1987, Breen et al. 1989, Charlton 1997). 
 

 
 

Figure VII.2.4. Interpreted N-S seismic profile 59 in South Banda Sea, crossing the Flores Thrust in the 
backarc at west end of Sumbawa Island (Silver al. 1983). 

 
This thrusting has been explained as an early stage of subduction polarity reversal, after collision between the 
Banda Arc and the Australian continental margin locked the subduction zone at the Timor Trough (Silver et al. 
1983). Remarkably, however, this belt of backarc thrusting may extends for ~2000km, as it can also be traced 
from Alor-Wetar west to North of Flores, Bali (McCaffrey and Nabelek 1987), then into southern Madura Straits 
and the Kendeng thrust zone of East Java, areas, where Indian Ocean subduction has not locked up yet by 
continent collision (e.g. Koulali et al. 2016). 
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Figure VII.2.4. Model of present relative slip at block boundaries south and north of the Sunda- Banda Arc, 
based on GPS data (Koulakov et al. 2016). Red arrows show motion of upper block/ hanging wall. 
Movement rates at Java Trench gradually diminish eastward into the now-locked subduction trench of the 
Timor Trough. The Kendeng- Flores- Wetar backarc thrust zone(s) are shown as a single, continuous block 
boundary, with slip motion increasing eastward from East Java to NE of Timor.  

 
 
 
  Sumbawa - Porphyry Cu-Au deposits 
Sumbawa island is part of the East Sunda- West Banda Arc system and is home to one of the largest volcanic 
eruptions in historic times (Tambora 1815). It is probably underlain by remnants of the Late Oligocene Early 
Miocene 'Old Andesites' volcanic arc and its overlying limestones (Barbieri et al. 1987, Idrus et al. 2007).  
 
The island is also home to several large, young porphyry copper-gold deposits, at Batu Hijau (1990 discovery) 
and Elang (Garwin 2000, 2012 ). These deposits are part of a porphyry metallogenic belt that extends from SE 
Java (Tumpangpitu/ Tujuh Bukit) to Sumbawa), a sector where the Roo Rise is subducting beneath the island 
arc, which may or may not be related (Maryono et al. 2018). 
 
Reported ages of mineralization include  ~7- 3.7 Ma (Garwin 2002), 6-3.7 Ma (Arif and Baker 2004), 3.7 Ma 
(Idrus et al. 2007), between 2-2.5 Ma (Maryono et al. 2018).  
 
Mineralization probably formed at ~5 km depth,These are now exploited in open surface mines, attesting to the 
large amount of young uplift. 
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  Suggested reading- East Sunda- West Banda Arc  (not a complete listing of significant papers) 
 

General and Tectonics  Nishimura et al. 1981, Abbott and Chamalaun 1981,  
    Silver et al. 1983, 1986, McCaffrey 1988,1989, Zen et al. 1992, 
    Van der Werff 1996, Elburg et al. 2005, Shulgin et al. 2009,  
    Planert et al. 2010, Luschen et al. 2011 
 

E Sunda- Banda volcanic arc Ehrat 1928, Kuenen 1935, Brouwer 1940-1954, De Jong 1941,  
    Heering 1942, Hutchison 1977, 1981, Jezek and Hutchison 1978,  
    Hendaryono 1998, Hoogewerff 1999, Hilton et al. 1989, 1992,  
    Poorter et al. 1991, Vroon et al. 1992, 1993, 1995, 1996, 2001, 
     Elburg et al. 2002, 2004, 2005,  Ratman and Agustin 2005, 
     Fichtner et al. 2010, Ely et al. 2011, Nebel et al. 2011 
 

Seismicity   McCaffrey et al. 1985, McCaffrey 1989, Das 2004 
 

Back-arc thrusting  Silver et al. 1983, 1986, McCaffrey and Nabelek 1984, 1986, 1987, 
    Breen et al.1989, Charlton 1997,  
 

Sumbawa porphyry Cu-Au Meldrum et al. 1994, Ali 1997, Gerteisen 1998, Arif and Baker 2004,  
  (Batu Hijau, Elang)  Garwin 2000, 2002, Idrus 2006, 2008, 2018, Aye et al. 2010, 2011, 
    Hoschke 2012, Kepli et al. 2014, Maryono et al. 2018, 
 

Wetar massive sulphide ores McKechnie et al. 1992, Sewell and Wheatley 1994,  
    Scotney 2002, Scotney et al. 2005, Farmer 2011, Seran and Farmer 2012 
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  VII.3. Sumba, Savu, Savu Sea basin 
 

Sub-chapter VII.3 of Bibliography 7.0 contains 92 references on the geology of Sumba and nearby islands in 
the Banda forearc West of Timor.  
 

 
 

Figure VII.3. Index map of areas discussed in Chapters VII.3 and VII.4. 
 
  Sumba 
Sumba island is part of a continental terrane located in the Banda forearc, between the Sumbawa- Flores 
sector of the Banda volcanic arc in the North, and the Java- Timor Trench/ accretionary prism in the South. No 
pre- Upper Cretaceous basement is known from Sumba, but gravity and seismic refraction data suggests 
Sumba is underlain by >24km thick, presumably continental crust (Chamalaun et al. 1981). 
 
The Sumba terrane is flanked by the deep Lombok and Savu basins in the West and East, both very young 
and underlain by basement with oceanic crust thickness and seismic velocities (Curray et al. 1977; Karig et 
al.1987). 
 
As first suggested by Hamilton (1977) Sumba is generally viewed as a micro-continental fragment that was 
detached from the SE Sundaland margin in Miocene time by the opening of the South Banda Sea, and moved 
South before the development of the present-day Banda volcanic arc (Hamilton 1979, Burollet and Salle 1982, 
Von der Borch et al. 1983, Audley Charles 1985, Djumhana and Rumlan 1992, Simandjuntak 1993, Wensink 
1994, 1997, Van der Werff et al. 1994, Lee and Lawver 1995, Abdullah et al. 1996, 2000, Soeria-Atmadja et al. 
1998, Satyana 2003, Prasetyadi et al. 2006, Satyana and Purwaningsih 2011, 2012, etc.).  The most likely 
place of origin was the Java Sea shelf near the present Flores Basin, where it was a southern continuation of 
the West Sulawesi Late Cretaceous- Paleogene volcanic arc (Hamilton 1979). 
 
However, not all authors viewed Sumba as a piece of Sundaland margin: 
- Audley-Charles (1975) and Chamalaun et al. tended to favor an origin from the NW Australian margin, 

although there are no similarities whatsoever between the stratigraphy and magmatic events of Sumba and 
NW Australia; 

- Rutherford et al. (2001) and Lytwyn et al. (2001) favored an origin of Sumba as part of the Late Cretaceous- 
Early Oligocene 'Great Indonesian Volcanic Arc' (which includes West Sulawesi), from which it separated at 
~16 Ma and ended up in present position at ~7 Ma. 
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Figure VII.3.1. Position of Sumba continental block in forearc between the Banda volcanic arc in North and the 
accretionary prism North of the Java Trench- Timor Trough in South (purple colors to SE) (Hamilton 1978).  

 
The Cretaceous- Neogene stratigraphic succession of Sumba is remarkably similar to that of SW Sulawesi 
(Late Cretaceous flysch, Paleo-Eocene island arc volcanics, Paleogene? granodiorites, mid-Oligocene 
unconformity within Middle Eocene- Early Miocene shallow marine carbonate-dominated section, etc.). There 
are also many similarities with the 'Banda Terrane' of Timor (Audley-Charles 1985), which was probably also 
derived from the Sundaland margin. 
 
  Volcanic history 
The Cretaceous-Paleogene igneous-volcanic history of Sumba is comparable to that of the Sundaland, and 
totally unlike NW Australia. Three episodes of arc volcanism were identified: Late Cretaceous (86-77 Ma), 
Maastrichtian- Thanetian (71-56 Ma) and Middle Eocene- Early Oligocene (42-31 Ma) (Abdullah 1994, 
Abdullah et al. 1996, 2000). The episodes led to andesitic volcanics and associated granodiorite intrusions. 
 
According to Abdullah et al. (op.cit) there is no evidence for Neogene volcanic activity, and all volcanic 
material in Miocene sediments may be reworked from older deposits. Burollet and Salle (1981) and Wensink 
and Van Bergen (1995) reported thick Early Miocene andesitic tuffs (Jawila Fm) in West Sumba , but rmore 
recent radiometric dating suggested a Late Eocene (37 Ma) age (Fortuin et al. 1997). 
 
  Structure 
Unlike nearby Timor, Sumba island is relatively undeformed, with broadly N-dipping, faulted but not folded 
Cretaceous beds, unconformably overlain by less deformed Tertiary-Quaternary deposits (Figure VII.3.2; Von 
der Borch et al. 1983). An earlier report by Laufer and Kraeff (1957) reported more intense folding of 
Cretaceous deposits, with NNW strike direction (.Figure VII.3.3). 
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Figure VII.3.2. S-N cross section of central E Sumba, showing broadly N-dipping Cretaceous, unconformably 
overlain by Tertiary sediments (Audley-Charles 1985, after Von der Borch et al. 1983). 

 

 

Figure VII.3.3. S-N cross sections of S Sumba island, showing more intensely folded Cretaceous, 
unconformably overlain by relatively undeformed Eocene-Miocene sediments, and intruded by granite 
(Laufer and Kraeff, 1957). 

 
Paleomagnetic work suggests a ~60° clockwise rotation of Sumba between Jurassic (should be Cretaceous) 
and Miocene (Otofuji et al. 1979, 1981, Nishimura et al. 1981). 
 
Wensink (1997), partly revising 1994 conclusions, suggested: (1) 53° CW rotation of the Sumba 
microcontinent between 78 and 65 Ma; (2) further CW rotation of 39° between 65 and 37 Ma (late Eocene 
Jawila volcanics); (3) 9° CW rotation between late Eocene and late Miocene, and (4) 4° CCW rotation since 
late Miocene- Early Pliocene. This suggests the >90° CW rotation of Sumba since Late Cretaceous was 
essentially completed by Late Eocene. 
 

 
 

Figure VII.3.4. Example of paleomagnetic study suggesting ~60° clockwise rotation since Jurassic- Cretaceous 
(Otofuji et al. 1979) (see also slightly different scenario of Wensink ,1997). 
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  Cretaceous- Paleogene Stratigraphy 
A commonly quoted occurrence of Jurassic sediments on Sumba has never been substantiated. It was based 
on a report of a presumably Jurassic Aegoceratid ammonite fragment and Inoceramus from West Sumba by 
Roggeveen (1928). However, the original identification and age of the ammonite are questionable, and no 
other Jurassic fossils have ever been found since then. These are more likely to be Upper Cretaceous fossils 
(Van Gorsel, 2012). 
 
Late Cretaceous flysch-type sediments of the Lasipu Fm are reportedly >1000m thick, rich in quartz and 
andesitic arc volcanic detritus and contain Globotruncana foraminifera and bivalve Inoceramus. Basal beds 
contain tropical Tethyan mollusc fauna (Exogyra, Nerinea, etc.). Turbidite flow directions suggest a paleoslope 
to the SW (Von der Borch et al. 1983), which if restored this for the ~60-90° post-Cretaceous clockwise 
rotation suggested by paleomafnetic data (Wensink 1994, 1997), would become a paleo slope dipping to the 
SE. These observations suggest deposition in a low-latitude setting, probably in the fore-arc of an active 
continental margin, on a slope dipping SE. Most likely this implies a Cretaceous paleo-position of Sumba at 
the SE margin of Sundaland, similar to shown in the reconstruction of Rangin et al. (1990). 
 
Cretaceous flysch deposits are overlain unconformably by Middle- Late Eocene Nummulites limestones with 
the 'Asian' low latitude foram genus Pellatispira (Caudri 1934). 
 
A mid-Oligocene(?) angular unconformity separates Late Eocene- earliest Oligocene (zone Tb-Tc) limestones 
with dips of ~30° from more horizontal earliest Miocene (Te5) and younger sediments (Caudri 1934). This is 
also observed in the 'Banda Terrane' of Timor, and in the mid-Oligocene faulting-erosional event in the Tonasa 
Limestone of SW Sulawesi (Wilson et al. 2000, etc.). 
 
   Middle Miocene deepening (= Sumba breakaway?) 
A dramatic early Middle Miocene deepening of depositional facies takes place from Early Miocene carbonate 
platform facies (with Miogypsina/ Miogypsinoides) to Middle Miocene- Early Pliocene e Waikabubak Fm deep 
marine marls, suggesting >4km of subsidence, probably between ~15-13 Ma (Fortuin et al. 1997). Some of the 
Middle- Late Miocene pelagic muds have undergone extensive carbonate dissolution, suggesting deposition 
below the Carbonate Compensation Depth (Fortuin et al. 1992, Roosmawat and Harris 2009). 
 
This Middle Miocene deepening is associated with extensional faulting (rifting), and a Serravallian- Early 
Tortonian peak in volcanoclastic supply (Fortuin et al. 1997). 
Common large-scale slumping in the Late Miocene pelagic- turbiditic series of East Sumba suggests 
deposition on a (tectonically induced?) steep slope (mainly in Tortonian section; Fortuin et al. 1992, 1994). The 
rapid deepening and oversteepening of slope deposits may reflect the rifting and detachment of Sumba from 
SE Sundaland in Middle-Late Miocene time (Simandjuntak 1993, Fortuin et al. 1994, 1997). 
 
 
  Post-Miocene uplift of Sumba island 
Post-Miocene uplift (possibly starting in Messinian/ latest Miocene), with N-NE tilting of Sumba island is 
suggested by: 
1. Late Miocene deep marine pelagic marls, deposited below 3500-4500m water depths, are now up to 1000m 

above sea level (Fortuin et al. 1991, 1997). The most rapid rate of uplift was probably after 2 Ma (2.3 mm/yr; 
Roosmawati and Harris 2009); 

2. Quaternary coral reef terraces of <1 My in age were raised up to ~600m above sea level, mainly along the 
north side of the island, suggesting recent uplift rates of 0.3-0.8 m/ 1000 years (Figures VII.3.5, VII.3.6) 
(Verbeek 1908, Jouannic et al. 1988, Hantoro 1993, Pirazzoli et al. 1993, Siregar and Setyagraha 1995, 
Bard et al. 1996, Nexer et al. 2015). 

 
The highest parts of the Sumba block probably did not emerge above sea level before ~3 Ma (Fortuin et al. 
(1997). Keep et al (2003) and Roosmawati and Harris (2009) suggested the uplift of the Sumba block was 
caused by the subduction of a relatively buoyant promontory of the NW Australian NW margin (Scott Plateau) 
after initial collision at ~6-8 Ma. 
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Figure VII.3.5.  Sketch of East part of Sumba island from Verbeek (1908) who already observed the prominent 
uplifted coral reef terraces 1-6 up to 470m elevation. 
 
 

 
 

Figure VII.3.6.. Profile at Cape Laundi, East Sumba, with six main Pleistocene coral reef terraces I-VI up to 
475m elevation. With radiometric ages and correlations to Oxygen isotope stages (29-1). Progressively 
younging towards coastline (Hantoro 1993). 

 
  Savu 
Relatively small Savu island is an uplifted part of the Savu- Roti Ridge, which is the continuation of the Outer 
Banda Arc accretionary prism WSW of Timor. In the Bibliography Savu references are grouped with Sumba, 
although there are no similarities with the geology of Sumba. 
 
Savu is composed mainly of thrust sheets of Late Triassic- Jurassic deep marine sediments (Reed 1985, 
Vorkink 2004, Harris et al. 2009), presumably distal NW Australian continental margin sediments. Remarkably, 
Cretaceous- Early Miocene sediments appear to be missing (Harris et al. 2009). 
 
The directions of trusting in the accretionary wedge are opposite along the North and South coasts of Savu: 
South-directed thrusting is domiant in most of island (as expected in accretionary prism above a north-dipping 
subduction zone); in the North of the island thrusting is mainly North-directed backthrusting, over the Savu 
forearc basin (Figures VII.3.7, VII.3.8). 
 
An up to 25m thick unit of pillow basalts is present in outcrops of the Jurassic Wai Luli Formation (Harris et al. 
2009). 
 
Relatively undeformed Pliocene- Early Pleistocene marls, comparable to the Batu Putih marls of Timor (in 
facies, not necessarily geologic setting), overlie the Upper Miocene scaly clay of the deformed section of Savu 
and have been uplifted probably ~3km in the last 2 million years (Reed 1985, Roosmawati and Harris 2009). 
 
The unsuccessful Savu 1 well drilled on North Savu in 1975 is the only oil exploration well in the region, and 
penetrated repeated thrust slices and melanges The well TD at 1227m is in Cretaceous clastics similar to 
those of Sumba, not NW Australia (Harris et al., 2009).  
 
Verbeek (1908) reported Permian coral limestones, presumably from mud volcanoes/ melange. Fragments of 
the Banda Terrane may be present on Savu and Rote (mentioned in Harris 2006) 
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Figure VII.3.7. Diagrammatic S-N regional cross-section, showing Savu as outcropping accretionary wedge 
above subducting Australian rifted margin, in front of Sumba continental block in Banda Arc forearc region 
(Fleury et al. 2009). 

 
 

 
 

Figure VII.3.8. Composite NNW-SSE section across Savu (Harris et al., 2009). 
 
 
  Young uplift Savu Island 
As for many islands in the Banda region, there is strong evidence for recent uplift of Savu island: 
- Quaternary reeal limestone terraces up to 300m above sea level; 
- foraminifera in the young marls of Savu suggest water depths over 3000m at ~4 Ma, 1-1.5 km at 1.8 Ma, and 

are now at several 100's of m above sea level (Vorkink 2004, Roosmawati and Harris 2009). 
 



Bibliography of Indonesia Geology, Ed. 7.0        www.vangorselslist.com      July 2018 21

  Savu Sea Basin 
The Savu Basin NW of Timor is a deep (>3km) and probably young basin in the forearc area North of Timor. It 
is underlain by by thin (12-14km) crust, possibly oceanic (Beiersdorf and Hinz, 1980, Reed 1985, Harris 2006, 
Fleury et al. 2009). Harris (2006) suggested it was probably part of the South Banda Sea Late Neogene 
extensional system. 
 
No wells were drilled in the basin, so all all studies of sedimentation are based on uncalibrated seismic lines, 
extrapolated to comparable units in the onshore stratigraphies of Sumba, Savu etc..  
 
Basin fill is generally thin (up to 4.8 km in thickest part) and relatively undeformed, unconformably on block-
faulted pre-Late Miocene basement (Van der Werff ?, Van Weering  ?, Toothill, and Lamb 2009, Rigg and Hall 
2012). 
 
The Savu basin may be subdivided into a Miocene? South Savu Basin and a deeper Pliocene-Recent active 
North Savu Basin (Van der Werff 1995). 
 
 
 
  Some suggested reading- Sumba, Savu  (not a complete listing of all relevant papers) 
 

Sumba General/ Tectonics Caudri 1934, Van Bemmelen 1949, Laufer and Kraef 1957,  
    Hamilton 1978, Burollet and Salle 1982, Effendi and Apandi 1982, 
    Chamalaun et al. 1982, Von der Borch 1983, Audley-Charles 1985,  
    Djumhana and Rumlan 1992, Simandjuntak 1993, 
    Wensink 1991, 1994, 1997, Fortuin et al. 1991, 1992, 1994, 1997, 
    Abdullah 1994, Abdullah et al. 1996, 2000, Soeria-Atmadja et al. 1998, 
    Lytwyn et al. 2001, Rutherford et al. 2001, Satyana 2003,  
    Keep et al. 2003, Fleury 2005, 2009, Satyana and Purwaningsih 2011, 2012 
 

Sumba paleomagnetic studies Otofuji et al. 1979, 1981, Nishimura et al. 1981,  
    Chamalaun and Sunata 1982, Wensink  et al. 1997 
 

Savu island   Verbeek 1908, Reed 1985, Vorkink 2004, Harris et al. 2009, 
    Roosmawati and Harris 2009 
 

Savu Sea Basin   Reed 1985, Reed et al. 1987, Kusnida 1992, Van Weering et al. 1989, 
    Van der Werff 1991, 1995, Fleury 2005, Fleury et al. 2009,  
    Toothill, and Lamb 2009, Tampubolon and Saamena 2009, 
    Rigg and Hall 2011.  
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  VII.4. Timor, Roti, Leti, Kisar 
 

Timor is a key area for unraveling and constraining the geodynamic history of Eastern Indonesia. Its complex 
geology and unique rock associations, as well as some unusually diverse Late Paleozoic- Mesozoic fossil 
assemblages have attracted numerous researchers since the early 1900's.  
 
This chapter of the bibliography lists >650 papers for the combined territories of Indonesian West Timor, Timor 
Leste, and the adjacent smaller islands like Roti, Kisar and Leti. This does not include all papers that discuss 
Timor in a larger regional context.  
 
Timor and surrounding islands are part of the Sunda-Banda 'non-volcanic outer arc', which contains both 
relatively undeformed parts of the Banda forearc (e.g. Sumba) and the intensely folded-thrusted collisional belt 
between the Banda Arc forearc and the subducting NW Australian continental margin (Figure VII.4.1). 
 
The fold-and-thrust belt can be traced all around the Banda Arc from the Java Trench accretionary prism in the 
West to Timor and futher East and NE to the islands of Babar, Tanimbar, Kai, and eventually Seram-Buru. 
 

 
 

Figure VII.4.1. N-S regional cross-section from marine geophysical data from Banda Sea- Banda Arc 
(Romang- Kisar) off NE Timor island (all part of upper plate)- Timor Trough to NW Australian margin. 
Showing North-dipping subducted oceanic crust, partly subducted NW Australian continental margin, the 
South Timor accretionary wedge and the newly forming Wetar backarc thrust zone (Jongsma et al. 1989). 
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Figure VII.4.2. 'Traditional' NW-SE regional cross-section from Savu Sea (oceanic)- Timor island- NW 
Australian continental margin, with observed free-air gravity profile (McBride and Karig 1987).  
  
Much of the pioneering work on West Timor island was by Dutch and German workers between 1912-1941 
(Molengraaff, Brouwer (1913-1942), Wanner (1909-1942), Tappenbeck (1940), De Roever (1940-1942). and 
later by De Waard (1954-1959). Notable subsequent work was by Barber (1976-1986), Charlton (1987-2017) 
and Harris and co-workers and others (1989-2011). 
 
The geology of Timor Leste became known mainly since the 1950's through the works of Grunau (1953, 1956, 
1957), Wanner (1956), Brunnschweiler (1978) and Audley-Charles (1965-2011). 
 
 
  Tectonics 
Timor island was first recognized as an Alpine style fold-and-thrust belt by Wanner (1913) and Molengraaff 
(1913, 1915). Although on an Indonesia-scale map the Timor 'foldbelt' may look small, the length of the island 
is ~500km, which makes it of similar size as the French and Swiss Alps combined. 
 
Two major issues surround the tectonics of Timor, both of which have been debated for about 100 years, and 
both are still not settled: 
1. how much of the Timor rock record represents the thrusted sedimentary cover of the northern Australian 

continental margin ('para-autochthonous') and how much represents nappes of Asian/ Banda forearc origin 
('allochthonous')? 

2. what was the main age of folding and thrusting on Timor: it is all young (Late Miocene- Present Banda Arc 
collision) or were there older deformational phases (Eocene or Oligocene)? 

 
Most of the authors that did the pioneering fieldwork in the 1910's- 1950's recognized that Timor island is an 
alpine-style thrust belt, with superposed units of different character, and that the timing of the main thrusting 
(including overthrusting of Banda Terrane) was pre-Miocene (Molengraaff 1912, 1913, Wanner 1913, 
Tappenbeck 1939, Brouwer 1942, Gageonnet and Lemoine 1957) or even as old as Middle-Late Eocene 
(Sopaheluwakan 1990, Reed et al.1996, Villeneuve et al. 2010, 2012) or 'Laramide' (end-Cretaceous) 
(Sartono 1992). 
 
These inferred deformational events are all well before the assumed (latest Miocene?-) Pliocene time of arrival 
of Australian continental margin at the Banda Arc trench, and, if correct, this shows these could not have taken 
place along the NW Australian passive margin. 
 
Miocene and younger structuring on Timor is primary normal and local strike-slip faulting, and major uplift, 
perhaps more in line with the forearc setting postulated by authors, rather than a collision zone. 
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Timor island includes outcrops of tectonostratigraphic units that are of different origins: 
1. unquestionable distal deep marine Mesozoic- Cenozoic deep marine deposits, that formed the cover of the 

subducted crust of the Australian plate margin  (Kolbano Complex accretionary prism along South coast); 
2. unquestionable Sundaland margin-derived units of the overriding Banda forearc (the structurally highest 

overthrust units of the 'Banda Terrane'). 
3. in-between units of more controversial tectonic position, whether part of the Banda forearc or derived from 

the subducted distal Australian margin (Maubisse terrane, 'Gondwana Sequence').  
 

 
 

Figure VII.4.3. SW-NE cross-section, showing widespread folding-thrusting in part of northern Central Timor 
(Marks, 1961). 'Upper Nappe' = Banda Terrane, Lower Nappe = Maubisse/ Sonnebait Terrane. 
 
Four to six major tectonostratigraphic units may be distinguished, from base to top (Figure VII.4.3): 
1. 'Para-autochthonous' so-called 'Gondwana sequence', mainly composed of folded-thrusted Permian and 

Triassic flysch-type clastics (Atahoc-Cribas, Kekneno, etc, formations), overlain by more calcareous Late 
Triassic and Jurassic pelagic deposits (Aitutu and Wai Luli formations).  Most of the current authors view 
these beds as folded and uplifted 'pre-breakup' section of the NW Australian margin, although sediment 
provenance studies, etc., do not appear support this. (see below) 

2. 'Allochthonous?' Maubisse/ Sonnebait Formation nappe (looks like remnants of an oceanic terrane with 
thick Permian pillow basalts and reddish pelagic deposits with well-preserved, relatively low-latitude Permian 
crinoid/fusulinid limestones and Triassic ammonoid limestones). 

3. 'Allochthonous' Banda Terrane nappe: a Sundaland-derived nappe with pre-mid-Cretaceous metamorphics, 
Upper Cretaceous and Eocene arc volcanics, etc. (see below); 

4. ?Middle- Late Miocene(?) melange: In many cases large blocks of this 'Maubisse' facies are in chaotic 
deposits of the widespread Bobonaro melange. Probably a mix of fault zone material and mud diapir 
deposits; 

5. 'Autochthonous' latest Miocene- Early Pleistocene 'Batu Putih/ Viqueque Formation deep marine pelagic 
marls of the Central Basin, overlying Bobonaro melange. These are deposits are the only deposits on Timor 
that are undisputably not tectonically displaced and clearly post-date the main deformational event on Timor. 

6. Kolbano Sequence of imbricated Jurassic- Cretaceous-Paleogene? deep marine pelagic deposits, forming 
fold-thrust belt along the south coast from Kolbano in West Timor to the Betano area in Timor Leste 
(accretionary prism of Australian continental margin material). 

 
 



Bibliography of Indonesia Geology, Ed. 7.0        www.vangorselslist.com      July 2018 25

 
 

Figure VII.4.4. Simplified geologic map of Timor, showing distribution of alleged Australian-affinity 
tectonostratigraphic units, overthrust from North by Asian-affinity nappes ('Banda Terrane'), and separated 
by 'Banda Melange' (= part of Bobonaro melange) (Harris (2011). 

 

 
 

Figure VII.4.5. Interpreted NW-SE cross-section of Timor, showing most of Timor as imbricated Australian 
margin material (Harris 2011). 

 
 
  Tectonic model(s) of the Timor region 
Several different models have been proposed for Timor island. Two end-members   
1. Timor= mainly recently deformed Australian margin material (e.g. Figure VII.4.5). Many of the current 
authors appear to accept this relatively in-place formation model for Timor, and view units like the 'Gondwana 
Sequence and Maubisse complex as the imbricated (duplexed) and uplifted external parts of the NW 
Australian margin sediment cover (Hamilton 1979, Charlton, Harris and Haig, op.div., Sawyer et al. 1993, 
Audley-Charles 2011, Tate et al, 2014). This model works better if the subduction zone of the Banda Arc was 
located North of the island, and if the Timor Trough/trench is viewed as 'merely a thrust front'. 
 
2. Timor = mainly forearc of the Banda Arc.This more dynamic view is that most of Timor island (not including 
the Kolbano Range accretionary prism along the South coast) represents part of the Banda forearc that was 
relatively undeformed during the collision with the Australian continental margin in mid-Pliocene. The most 
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intense thrusting and emplacement of Banda Terrane and other allochthonous units took place during pre-
Miocene collision(s), probably at the Sundaland margin (Barber 1979, 1981, Bowen et al. 1981, Johnston and 
Bowin 1981, Jacobson et al. 1981, Harsolumakso and Villeneuve 1993, Villeneuve et al. 2005, 2013, Van 
Gorsel 2014) 
 
 

 
 
Figure VII.4.6. N-S cross-section of West Timor (Hartono 1978) 
 
 1. 'Para-autochthonous' Gondwana Sequence 
This sequence is the tectonically lowest unit on Timor, and is mainly composed of folded-thrusted Permian- 
Early Triassic flysch-type clastics (Cribas, Kekneno series, etc, formations), overlain by more calcareous and 
argillaceous Late Triassic- Jurassic pelagic beds (Babulu, Wai Luli, formations) and possibly younger pelagic 
deposits. are uplifted to elevations of almost 3000m. 
 
Views on the paleotectonic setting of this unit still vary widely, from: 
(1) imbricated NW Australian margin sediments (majority of current workers, incl. Charlton, Harris, Haig, Tate, 

implicitly also R. Hall by not showing any Timor allochthonous units in his classic reconstructions);  
(2) part of a terrane that rifted in Permian and broke off the Australia or New Guinea margin in Triassic time, 

went through a long pelagic drift stage from Late Triassic to Paleogene (?) and collided with an intra-oceanic 
arc ('Banda Terrane') around Late Eocene- Early Oligocene time (Villeneuve et al. 2010, etc.).  

 
The composition and provenance indicators of the Permian-Triassic 'Gondwana Sequence' sandstones of 
Timor do not look like distal equivalents of same-age sediments on the Australian margin: 
1. they are relatively immature, lithics-rich sandstones much less mature than the age-equivalent quartz-rich 

sediments on the Australian NW Shelf (Brouwer 1942).  
2. Lithics are mainly metamorphic and volcanic rocks, not what would be expected for NW Australian 'old 

continent' provenance (unless somehow drainage from the East Australian active margin can be 
demonstrated);  

3. paleocurrent directions of Permian sandstones on Timor are predominantly to the WSW, suggesting a 
source area to the North or East (Bird 1987, Cook et al. 1989, Bird and Cook 1991); 

4. detrital zircon age distributions show greater similarities with rocks on the New Guinea-derived Birds Head 
and Sula Spur than with rocks in the NW Australia drainage system (Zobell 2007, Ely et al. 2014, 
Zimmermann and Hall 2014, 2016, Spencer et al. 2016). 

 
Structural interpretions also become a lot more simple if the central and northern parts of Timor island are 
viewed as parts of the colliding 'upper plate' Banda forearc: 
1. it makes the Kolbano thrust belt a classic accretionary prism of imbricated distal margin sediments, of which 

it shows all the usual characteristics, and  
2. it does not require the rather unrealistic stacking of 10 or 10's of kilometers thick imbricate stacks of margin 

sediments to fill the space between outcrop and the top of the subducting plate (as shown in Figs. VII.4.5). 
 
  2. Maubisse/ Sonnebait 'nappe'? 
Another possible 'suspect terrane' is the Maubisse/ Sonnebait series of authors. Like the Banda terrane it was 
viewed one of the higher 'nappes' and contains Permian- Cretaceous rocks and faunas that are very different 
from the Australian NW Shelf. De Waard et al. (1954, 1955, 1957) viewed the 'Sonnebait nappe' as the highest 
structural unit on Timor, Harris interprets it as a unit that is structurally below the Banda Terrane. 
 
The Permian in Maubisse terrane or facies is composed of marls and reddish limestones interbedded with 
pillow basalts. Limestones are very rich in crinoids, blastoids and solitary corals of much higher diversity and 
more tropical aspect than nearby NW Shelf Permian. Fusulinid foraminifera are present as well, which are 
unknown from Australia. This already led Gerth (  ), Audley-Charles (1968), Brown et al. 1968 to assume these 
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rocks originated thousands of kilometers North of Northern Australia which was peri-glacial in Early Permian 
time. 
 
Permian limestones are presumably overlain by thin, condensed, Triassic cephalopod limestones of 'Tethyan' 
affinity (generally found as loose blocks) and by Jurassic- Cretaceous deep sea clays and pelagic marls. It 
may be viewed as an oceanic seamount assemblage that formed during a Permian breakup event, then drifted 
in oceanic setting until Cretaceous or Eocene collision with a subduction complex. 
 
Some authors claim stratigraphic transitions between 'Maubisse' limestones and Permian Atahoc shales of the 
'Gondwana sequence' and view the limestones and clastics as interfingering and lateral facies (e.g. Reed et al. 
1996, Charlton et al. 2002). 
 
  3. Banda Terrane 
Scattered across the central zone of W Timor and E Timor are 15 complexes of the so-called 'Banda Terrane', 
name coined by Audley-Charles and Harris 1990, Harris 2006, etc.. These metamorphic- volcanic- 
sedimentary complexes are remnants of an apparently 'allochthonous' thrust complex, that often overlies 
intensely deformed Permian- Triassic siliciclastics (Figure VII.4.7).  
 
Older names for Banda Terrane units include ‘Schist-Palelo complex’ (Tappenbeck 1939, De Roever 1940, 
Brouwer 1942, etc.), ‘Mutis Unit’ (De Waard 1957, Marks 1961) and Lolotoi Complex (Audley Charles, 1965). 
 
 
 

 
 

Figure VII.4.7. Diagrammatic N-S cross-section across Banda Terrane thrusted unit at the Mollo complex of 
West Timor. Thick Mutis Complex metamorphics overlain by Palelo Group Upper Cretaceous-Paleogene 
flysch and arc volcanics (Audley-Charles 1985; after ??). 
 
Banda Terrane tectonostratigraphy reflects a Late Cretaceous- Paleogene 'active margin' setting and can not 
be correlated to any rocks or events on the NW Australian margin. There are, however, many similarities to the 
stratigraphy of SW Sulawesi and SE Kalimantan (Meratus) and also Sumba Island. These complexes have 
therefore been recognized as 'allochtonous nappes' of Sundaland origin since before the 1930's. (see also 
Earle 1981, Barber 1981, Audley Charles and Harris 1990,  
 
These are outcrops of metamorphic rocks (Mutis, Boi, Mollo, Lolotoi, etc. complexes) often associated with 
ultramafic ophiolitic rocks, and stratigraphically overlain by 'Palelo Group' Upper Cretaceous and Eocene arc 
volcanics and 'flysch-type' sediments. There are also Eocene shallow water carbonates with SE Asian 
Pellatispira forams, unconformably overlain by latest Oligocene- Early Miocene shallow water Cablac 
Limestone. 
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Figure VII.4.8. Diagrammatic stratigraphy of 'Mutis Overthrust Unit (= Banda terrane) of West Timor from 
Marks (1961)  (Palelo units now known to be of Cretaceous age)) 

 
Banda terrane stratigraphy suggests the oldest rocks were affected by mid-Cretaceous metamorphism in a 
subduction zone (Sopaheluwakan 1990), presumably at the SE Sundaland margin, followed by mid-
Cretaceous exhumation in a deep marine environment (Lower Palelo mid-Cretaceous radiolarian cherts), 
followed by Late Cretaceous marine turbiditic sedimentation. 
 
The Banda Terrane blocks of Timor probably formed part of the active Sundaland margin, with Late 
Cretaceous and Eocene arc volcanics of the 'Great Indonesian volcanic arc' of Harris (2006). It was affected 
by an Oligocene folding-uplift event during a period of carbonate deposition (also seen on Sumba and SW 
Sulawesi), and must have broken away from the Sundaland margin in Miocene-Pliocene time, to end up in the 
Banda forearc after opening of the S Banda Sea (see also Barber 1979, 1981, Earle 1979, 1983, etc.). 
 
   Eocene metamorphic cooling age 
It may be noted that radiometric ages of the Banda Terrane metamorphics vary widely. Some are Early 
Cretaceous, which is in line with the stratigraphic position below Late Cretaceous sediments, and the 87 Ma 
age for the youngest detrital zircon age in Lolotoi complex metasediments (Standley and Harris 2009). 
  
Reported Middle- Late Eocene ages (~35-45 Ma) and some even younger, radiometric ages are clearly too 
young to be the original metamorphic cooling age, and may reflect a Late Eocene heating/cooling event from 
associated arc volcanism, or, as suggested by Sopaheluwakan et al. (1989) may reflect the timing of thrust 
emplacement of the Banda Terrane over a (detached?) part of the Australian continental margin. 
 
Whichever of these ages age is favored, this metamorphism and younger thermal overprint are all much older 
than the Pliocene- Recent Australia- Banda Arc collision and could not have taken place along the NW Shelf 
passive margin. 
 
  Banda Terrane uplift-  Oligocene unconformity 
In the Banda Terrane of Timor Late Eocene limestones with Pellatispira are unconformably overlain by 
relatively undeformed latest Oligocene - Early Miocene Cablac Limestone. The basal conglomerate contains 
clasts of schists and Cretaceous sediments, suggesting a significant Oligocene folding-uplift event 
(Tappenbeck?  ).  
 
Tappenbeck (1939) interpreted this stratigraphic unconformity to represent the age of major thrusting on 
Timor. The oldest age of the post-thrust Cablac Limestone is well constrained by the presence of latest 
Oligocene larger foraminifera Miogypsinoides complanata and Spiroclypeus (Te4) in the basal conglomeratic 
beds of the Cablac-equivalent limestone (Marks 1954). 
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Remarkably, a similar unconformity at the base of earliest Miocene limestone is also known Sumba (Caudri 
1934) and from SE Sulawesi, where Miogypsina-bearing limestones contain also reworked clasts of Upper 
Cretaceous Globobotruncana pelagic limestone and serpentine (Van der Vlerk and Dozy 1934). 
 
 5.  'Autochthonous'  deep marine Pliocene Batu Putih/ Viqueque Formation, Central Basin  
The 'autochthonous' latest Miocene- Early Pleistocene deep marine pelagic marls ('Globigerina Limestone') of 
the Batu Putih/ Viqueque Formation are exposed mainly in the Central Basin of both West and East Timor. 
This formation is the only deposit on Timor that is undisputably not tectonically displaced. Total thickness is 
probably up to ~800m (Hartono et al. 1978). 
 
The deposition of the relatively undeformed deep water Batu Putih/ Viqueque pelagic marls above the 
Bobonaro melange/olistostrome and older intensely deformed older rocks shows: 
1. the main folding-thrusting event(s) and melange formation on Timor happened before Late Miocene time; 
2. paleobathymetry of ~1000- 1500m of the lower units suggests a major Late Miocene or slightly older 

subsidence event (De Smet et al. 1990)  This possibly reflects the rifting/ breakup of North and Central 
Timor from the SW Sundaland margin druring the opening of the South Banda Sea.  

 
The age of the Batu Putih/ Viqueque Formation is primarily Pliocene, but a late Middle Miocene- Early 
Pleistocene (N15-N22) range was suggested by Kenyon (1974) and Hartono et al (1978). Several more recent 
studies did not identify any beds older than latest Miocene (zone ~N18; Roosmawati and Harris 2009, Tate et 
al. 2014). 
 
Paleogeography interpretations by Kenyon (1974) show an uplifted area North of the Central Basin, and deep 
marine sediment transport to the South for the later parts of the Viqueque Formation.  The first recorded influx 
of turbiditic clastic sediments in the Pliocene pelagic deposits ranges from ~2.2 Ma in West Timor (De Smet et 
al. 1990),  ~3-4 Ma  (Harris  ) 
This is thought to reflect the first uplift above sealevel and erosion in northern Timor. 
 
Another key observation to be explained is the basement lithologies in Suai explaration wells in the SW part of 
Timor Leste. These wells show ~ xxx m of Viqueque Formation marls above relatively thick Bobanaro 
olistostrome/ melange, above Eocene Pellatispira Limestone and/or Lolotoi metamorphics (Cockroft et al. 
2005). These rocks only occur in the 'Banda Terrane'. If correctly described and described this 'kills' the 
interpretation of Figure VII.4.4, and the notion of Gondwana Sequence' as imbricated sediments of the current 
Australian margin. 
 
The Batu Putih pelagic marls grade upward into turbiditic sediments and record the rapid Late Pliocene- 
Pleistocene uplift and emergence of Timor island above sea level:  
- uplift from ~1000- 1400m water depth to present elevations of >500m above sea level after  0.2 Ma (Late 
Pleistocene; De Smet et al. 1990, Van Marle 1991); 
- . 
 
  6. Kolbano Sequence Australian Margin sequence/ Ofu series ' 
A belt of imbricated, north-dipping thrust slices along the South coast of Timor  can be followed from the 
Kolbano area in West Timor to Betano area in Timor Leste. It also continues southward offshore as an 
imbricated package all the way to the Timor Sea trench (e.g. Poynter et al. 2013, Keep ?)). Thrust slices are 
composed mainly of deep water Triassic- Early Tertiary sediments. These were named Ofu series by Dutch 
workers in the 1930's- 1950's.  
 
Unlike the tectonostratigraphic units of more questionable origin discussed above, these may safely be 
interpreted as distal slope sediments scraped off the N-ward subducting Australian continental margin, as an 
accretionary prism system. Stratigraphy has been described in detail by Charlton (  ) 
 
Structural restorations by Sani et al. (1995) suggest shortening of ~45 km in the onshore Kolbano thrust belt, 
mainly between 2.2- and 1.6 Ma, after which the main deformation migrated South (offshore) to the present-
day Timor Trough. Total shortening, excluding shortening under Timor Trough, probably >200 km. The onset 
of collision was probably at ~3.7 Ma; subduction at the Timor Trough locked up at ~1.6 Ma. 
 
The Cretaceous in this unit with its reddish claystones and radiolarian cherts and locally common manganese 
nodules and laminae and partly dissolved shark teeth, was already recognized by Molengraaff (1915?).as very 
deep-sea clays, deposited in several 1000's of meters of water, below the Carbonate Compensation Depth.  
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Mesozoic radiolaria were studied by Tan Sin Hok (), Munasri,  Recently there has been a sharp increase in 
small-scale mining of Cretaceous manganese deposits by local villagers in the Niki-Niki area (Idrus et al. 2012, 
2013). 
 
The Triassic- Cretaceous deep marine deposits of Rote island are probably equivalent of Kolbano complex of 
Timor. 
 
 7. North Timor to Tanimbar Ophiolite- Aileu metamorphics belt  
Along the North coast of Timor Island are large bodies of a relatively young ophiolite complex (Atapupu- 
Manatato peridotites). These ultramafic rocks are underlain by a metamorphic sole of Aileu Complex schists, 
composed of amphibolites, quartzite, etc. A gradual increase in metamorphic grade from Permo-Triassic 
clastics towards schists at the ophiolite body was described in NE West Timor by Barber et al. (1977). 
 
The Aileu metamorphic complex appears to be mainly from metamorphosed 'Maubisse complex' Permian 
sediments and basic volcanics (Molengraaf and Brouwer 1915, Barber and Audley Charles 1977). 
 
Similar Aileu-type ophiolite-metamorphic rocks are found farther East on many islands of the innermost parts 
of the Outer Banda Arc, from Kisar to Leti, Moa, Sermata, West Tanimbar, and probably all the way to Seram 
(Figure VII.4.9).  
 

 
 

Figure VII.4.9. Distribution of young ophiolite-metamorphic rocks from North Timor to East (in black) (Kaneko 
et al. 2007) 

 
The ultrabasic complex was described by a.o. Molengraaf and Brouwer (1915; Leti), Berry and Grady (1981), 
Berry and McDougall (1986) (Late Miocene cooling ages ~8-6 Ma), Harris (1991) and Kaneko et al. (2007). 
 
Middle-Late Miocene radiometric ages (cooling/uplift ages?) suggest the North Timor Aileu metamorphic- 
ophiolite complex is considerably younger than similar Cretaceous rocks of the Banda terrane of the central 
zone, but appear to predate the collision between the Timor- Tanimbar sector of the Banda fore-arc and the 
NW Australian continental margin. 
 
 Reported radiometric cooling ages of metamorphics vary from: 
- 12- 18 Ma (AFT data from Kisar; Standley and Harris 2009); 
- 10-11 Ma (K-Ar ages from Leti; Kaneko et al, 2007); 
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- ~8 Ma (Ar/Ar of hornblende from North Timor; Berry and McDougall, 1986); 
 
The young 'Aileu ophiolite- High-P metamorphic complex' can be traced East through the innermost Banda 
Outer Arc islands Leti, Moa, Sermata, etc. to Laibobar West of Tanimbar (Figure VII.4.9; Molengraaff and 
Brouwer 1915, Brouwer 1921, Kaye 1989, Kaneko et al. 2007), etc.. From there it continues north via the 
islands of Tidor, Kasiui, Watubela and Manawoko, where serpentinites, amphibolites and schists were 
reported by Verbeek (1908) and Wichmann (1925), all the way around to the ophiolite-metamorphic 
complexes of Seram. 
 
The surface geology of Leti island was described in remarkable detail by Molengraaff and Brouwer (1915; 
reviewed in Van Gorsel 2012; Figure VII.4.10). They describe what appears to be a metamorphic sole under a 
serpentinite thrust, formed from increasingly higher-grade metamorphic Permian clastics, very similar to the 
Aileu Formation described from NE West Timor by Barber et al. (1997). 
 
 

 
 

Figure VII.4.10. Geologic map of Leti Island (Molengraaf and Brouwer 1915), describing a 'metamorphic sole' 
under and ophiolite body. Map shows N-dipping non-metamorphic Permian sediments in South (brown), 
gradually grading into high-metamorphic schists in N direction, where it abuts a serpentinite body (light 
green). Entire island surrounded by >300m thick uplifted Pleistocene coral terraces (yellow) 

 
 
  Subduction at the Timor Trough 
By 1975, in the early days of plate tectonics interpretation in the Indonesian region, geologists interpreted the 
Timor Trough as the eastern extension of the Java-Sunda Trench subduction zone, where the axis of the 
Trough marks the surface trace of a subduction zone, but here with downwarping of continental crust into the 
subduction zone instead of oceanic crust (e.g. Figure VII.4.1).  This is still presumeably a correct 
interpretation, but in the mid-1970's this was a topic of heated debate between Mike Audley Charles (Imperial 
College, London) and Warren Hamilton (US Geological Survey).  
 
Audley-Charles and Milsom (1974) argued that the Timor Trough is 'merely a downbuckle in continental crust' 
and that the actual trace of the subduction zone is north of Timor island. This view was disputed by Fitch and 
Hamilton (1974), Katili (1975), Hamilton (1979), Jacobson et al. (1979), Bowin et al. (1980), etc, but it still 
appears to persist today among some workers (Audley-Charles 2011, Baillie et al. 2013, 2014). 
 



Bibliography of Indonesia Geology, Ed. 7.0        www.vangorselslist.com      July 2018 32

The traditional interpretation of the Timor Trough as subduction trench (e.g. Hamilton 1978) still makes the 
most sense. The obvious uninterrupted bathymetric deep that continues East from the Java Trench into the 
Timor Trough and father East is closely parallel to the axis of negative gravity anomalies, that had been known 
since the marine geophysical surveys of Vening Meinesz (1930). The location of the Java Trench and Timor 
Trough immediately south of a belt of imbricated sediments became even clearer after early seismic reflection 
surveys by Shell in the early 1970's (e.g. Beck and Lehner 1974). This thus became the 'text-book' trench- 
accretionary prism complex of the Banda subduction zone. 
 

 
 

Figure VII.4.11. Block diagram showing 'traditional' view of Timor Trench as the continuation of the Java 
subduction trench (Beck and Lehner 1974) (a continuous bathymetric deep in front of imbricated 
accretionary wedge) 

 
The Timor Trough/ Trench has all the characteristics of a subduction trench, although it is now mostly inactive: 
1. a wide belt of imbricated distal Australian margin sediments runs along the south coast of Timor, both 

onshore and offshore. This accretionary prism represents 100's, if not 1000's, of kilometers of shortening in 
ocean floor and distal continental margin sediment cover, and this magnitude of shortening can only be 
accounted for by subduction; 

2. downward buckling of the Australian continental shelf towards the Timor Trough: the present-day slope of 
the Australian margin at the Timor Trough is not a depositional slope, but the result of post Middle Pliocene 
(2.4 Ma) downward flexing of Australian crust that was formerly at shelfal depths (DSDP Site 262; Veevers 
et al. 1978); 

3. There is clear bathymetric link between the Timor Trough and the Javan Trench, which is the 'holotype' of 
subduction trenches. 

4. Seismic tomography images of the downgoing plate shows the cool subducting plate below Timor surfacing 
at the Timor Trough. Seismic activity and GPS measurement suggests there is little or no active subduction 
at the Timor Trench today (Kreemer et al. 2000), as the arrival of Australian continental blocks terminated 
subduction at this sector. 
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Figure VII.4.12. Cross-section from Australian NW Shelf (Bonaparte Basin) to Timor (Powell and Mills 1978). 
 
 

 
 

Figure VII.4.13. The Banda arc subduction zone trench can be followed from the Java Trench, through the axis 
of the Timor and Tanimbar Troughs to Seram- Buru  (Fitch and Hamilton, 1974). 
 
 
  Paleomagnetic studies 
Several paleomagnetic studies provide interesting constraints on the paleoposition of the various 
tectonostratigraphic terranes of Timor.  
 
  Permian Maubisse- Cribas Formation 
1. Wensink and Hartosukohardjo (1990a) placed the Permian Maubisse limestones at paleolatitude of ~39° 

with 55° clockwise rotation since then; 
2.. Panjaitan and Hutubessy (1997, 2004) placed the Permian Maubisse and Cribas Formations at ~25-48° in 

the northern Hemisphere, along the southern margin of Eurasia, questioning the prevalent 'Gondwana 
Sequence' interpretation. 

 
  Mid-Cretaceous Nakfunu Formation oceanic sediments 
Wensink et al. (1987) placed the mid-Cretaceous Nakfunu Fm bathyal red clays in the Kolbano accretionary 
prism at paleolatitude of ~20°, probably in Southern Hemisphere, which was probably well North of the NW 
Australian margin at that time (presumably at 30-40° S). Today it is at 10°S. If correct, this suggests (a) 
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sediments moved ~1200 km North since deposition in an oceanic environment, and (b) the Kolbano fold-thrust 
belt/ accretionary prism may contain the off-scraped sedimentary cover of several 1000's of kilometers of 
subducted oceanic and distal continental margin crust!  
 
   Eocene Metan Formation arc volcanics of Banda Terrane 
Wensink and Hartosukohardjo (1990b) placed the Eocene Metan volcanics from the Mutis Massif of West 
Timor (= allochthonous Banda Terrane) at ~17°N. These volcanics were presumably part of the SE Asia 
Eocene magmatic arc system that continued East from the Sundaland margin. 
 
 
  Young uplift of Timor and surrounding islands 
Late Miocene and younger tectonics on Timor include normal faulting, strike slip faulting and significant Late 
Pliocene- Recent uplift. Except for the Kolbano/ accretionary wedge on-an offshore of the South coast of Timor 
there are no compressional/ collisional folding ot thrusting. 
 
Timor and most of the surrounding islands show evidence of up to several kilometers young uplift, in the form 
of uplifted Pleistocene coral terraces, uplifted Late Miocene- Pleistocene deep marine deposits and 
thermochronologic data suggesting several kilometers of uplift.  
 
Pleistocene reef terraces (Soe Formation) form belts of limestone around the coasts, that are unconformable 
over all older rocks. 
 
Elevations of Pleistocene reefs on Timor and nearby islands include (see also Figure VII.4.15):  
- 1280m or more  (Molengraaff 1912) 
- Kisar   (185m; Kuenen 1933, Standley and Harris 2009),  
- Aitaro   (700m; Ely et al. 2011),  
- Dai   (650m; Kaneko et al. 2007),  
- Sermata   (400m; Brouwer 1921, Kaneko et al 2007),  
- Babar   (650m; Verbeek 1908),  
- Kai Besar   (340m; Verbeek 1908),  
- Sumba   (475m; Jouannic et al. 1988, Pirazzoli et al. 1993), etc.  
 
 
 

 
 
 

Figure VII.4.14. Kisar Island, N of Timor, showing core of metamorphic rocks, surrounded by four or more well-
developed uplifted Pleistocene coral terraces (Kuenen 1933) 
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Figure VII.4.15. Compilation of elevations of uplifted Pleistocene reefal limestones in the Outer Banda Arc 
(Kaneko et al. 2007). Young uplift here is generally tied to isostatic rebound after slab breakoff. 

 
Thermochronologcal analyses by suggest an increase in amount of Late Pliocene- Recent uplift and erosion in 
Timor Leste (~1-2 km in the Kolbano foldbelt in South Timor to 3-5 km in the Aileu slate belt in the North since 
~1.8 Ma; Tate et al. (2014). 
 

 
 
Figure VII.4.16. Many of the smaller outer arc islands East of Timor are largely covered by Pleistocene coral 
reef terraces, Examples from Babar (from E-NE), Dai (from East) and Dawera (from South) with up to 16 
terraces up to 830m elevation (Verbeek, 1908).  
 



Bibliography of Indonesia Geology, Ed. 7.0        www.vangorselslist.com      July 2018 36

This young and probably still ongoing uplift of Timor and surrounding islands is probably best explained as 
isostatic rebound after slab breakoff (Figure VII.4.17; Kaneko et al. 2007). 
 

 
 

Figure VII.4.17. The most likely explanation for late uplift of Timor (especially in North) and adjacent Banda 
outer arc islands is isostatic rebound of buoyant subducted Australian continental crust after slab breakoff, 
as depicted in this cross-section of Kaneko et al. (2007).  

 
 
  Paleontology of Timor 
Timor has been famous for over 100 years for its rich Permian- Triassic marine macrofossils. The West Timor 
expeditions of Wanner (1909, 1910-1911), Molengraaff (1910-1912) and Jonker (1915) were largely aimed at 
fossil collecting. Most of these collections are now in Naturalis Museum in Leiden, The Netherlands. 
 
Early classic paleontological studies were mostly carried out or commisioned by German paleontologist 
Johannes Wanner between 1907 and 1942.  
 
Many beautifully illustrated paleontological monographs were produced in 16 volumes of the Wanner-edited 
series 'Palaontologie von Timor', published in Stuttgart, Germany. These include those on ammonites (Welter 
1922, Diener 1922), corals (Gerth 1921), crinoids and blastoids (Wanner 1916-1949), brachiopods (Broili 
1916), molluscs (Krumbeck 1921), etc.. Much of this work on Paleozoic and Mesozoic paleontology of Timor 
was summarized in Van Gorsel (2014a,b). 
 
Unfortunately, most of this classic fossil material was not collected in stratigraphic context, but came from 
displaced blocks in 'Bobonaro melange' or was obtained from local villagers. 
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  Oil and gas seeps and exploration 
Oil and gas seeps are relatively common on Timor island, but no commercial hydrocarbon fields have been 
discovered here, despite: 
- five phases of oil-gas exploration in Timor Leste since 1893 (Cockroft et al. 2005, Charlton and Gandara 

2014, Charlton et al. 2017) 
-  >20 onshore wells drilled in Timor Leste by Timor Oil between 1914 and 1975 found small non-commercial 

oil and gas accumulations only. 
- onshore exploration in West Timor by Amoseas in early 1990's (Banli 1 well; Sawyer et al. 1993, Sani et al. 

1995))  
- nearby offshore wells by BOCAL/Woodside in the 1970's (e.g. Mola 1, Savu 1 wells).  
 
Large offshore oil-gas fields South of the Timor Trough are not in 'Timor geology', but are in the Jurassic 
'Plover sandstone play' of the Australian NW continental margin (Bayu Undan and Sunset-Troubadour fields in 
the Timor Leste Joint Operating Zone; Abadi field in Indonesian waters 
 
Over 30 oil and gas seeps have been documented on Timor, mainly along the south coast of Timor Leste 
(Figure VII.4.18; Charlton 2002). These seeps have been tied to Upper Triassic bituminous marine limestones 
of the Aitutu Formation, which may contain up to 23% TOC. 
 
More recently thin, organic-rich 'paper shales' from West Timor, presumably Permian lacustrine deposits, were 
described as potential hydrocarbon source rocks by Lelono et al. (2016, 2017). 
 

 
 

Figure VII.4.18. Oil and gas seeps on Timor. (Charlton 2002) 
 
Due to the structural complexity of Mesozoic rocks in the imbricated thrust belt of South Timor island 
accumulation of significant commercial hydrocarbon deposits is perhaps unlikely, and exploration would be 
extremely challenging. However, the presence of deeper, more simple inversion structures in both West Timor 
and Timor Leste has been suggested by Charlton (2002, 2004 and others). 
 
 
  Mud volcanoes and Bobonaro melange 
Mud volcanoes/ diapirs are common across Timor island, with more than 15 fields mapped in West Timor by 
Tjokosapoetro (1978), mainly associated with the young Central Basin or with the Kolbano Complex 
accretionary prism (Figure VII.4.19). Some are associated with older beds, probably in wrench fault zones 
(Barber et al. 1986). 
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Figure VII.4.19. Mud volcanoes (black triangles) are present on most islands of the Outer Banda Arc accretion/ 
collision complex (Barber and Brown 1988).  

 
Mud diapirism is triggered by overpressured shales, and forms chaotic surface deposits with large blocks in a 
clay matrix. Some mud volcanoes produce saline water, others have flammable gas. 
 

 
 

Figure VII.4.20. Crater of 'mud volcano' on Pulau Kambing island, off SW Timor (from S. Muller, 1857). 
 
Most of the 'Bobonaro scaly clay' melange with large blocks on Timor may actually have been generated by 
mud diapirs, sourced from the underlying Late Triassic- Jurassic marine shale-dominated section, rather than 
as sedimentary olistostromes or tectonic overthrusting (Barber et al. 1986, Barber and Brown 1988, Barber 
2013). 
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Seismic profiles and outcrops of islands like Savu, Roti, show that mud diapirism is particularly common in the 
frontal parts of accretionary overthrust complexes. (e.g. Ware and Ichram 1997, Harris et al. 2009). 
 
 
  Roti (Rote) Island 
Roti (Rotti, Rote) is a relatively small island SW of Timor, and an exposed part of the 'Savu-Roti Ridge'.  Its 
geology was first observed by Wichmann (1892), who, in 1889 discovered the first Jurassic fossils in Eastern 
Indonesia (described by Rothpletz (1891, 1892). Significant later work was done by Verbeek (1908), Brouwer 
(1914, 1921), Hasibuan (2007) and Roosmawati and Harris (2009). 
  

 
 

Figure VII.4.21. Early geologic map of Roti by Brouwer (1921). Most of island is folded Permian- Eocene 
successions, largely covered by young marls and Quaternary reef limestones. Varous 'windows' in young 
cover yielded Permian (p), Triassic (t), Jurassic (j), Cretaceous (k)  and Eocene (e) fossils 

 
The geology of Roti appears to be a continuation of the Kolbano thrust-belt/ accretionary prism of South Timor. 
It is composed mainly of folded and commonly steeply dipping Mesozoic- Tertiary deep marine sediments, 
with some mud volcanoes and associated 'melange' deposits, unconconformably overlain by thin Neogene 
marls (equivalent of Batuputih Formation of Timor?) and widespread uplifted Quaternary coral reef terraces. 
The Geological Survey map of Rosidi et al. (1979, 1996) shows Roti island as Tertiary melange overlain by 
Quaternary limestone, which does not adequately characterize the nature and geologic complexity of Roti. 
 
The stratigraphic succession can be summarized as: 
1. Triassic sandstones ('Babulu-equivalent'?), overlain by Late Triassic limestones ('Aitutu-equivalent'?) with 

molluscs Daonella, Halobia and Monotis salinaria (recognized to be virtually identical to Norian facies in the 
European Alps by Rothpletz (1892);  

2. Jurassic is known from two settings (a) folded Wai Luli Fm-equivalent very deep marine reddish marly 
limestones and calcareous shale with radiolaria, chert and manganese nodules (Brouwer 1921), and (b) 
Jurassic ammonites from mud volcano deposits (see below); 

3. relatively thin Cretaceous pelagic shales, limestones and chert with Globotruncana, etc. (equivalent of 
Nakfunu and Borolalo Formations of Timor; 

4. Tertiary Ofu Formation-equivalent pelagic limestones;; 
5. Pliocene- Early Pleistocene deep marine marls ('synorogenic' Batu Putih facies), 37-237m thick, in 

discontinuous patches along the South coast. Roosmawati and Harris 2009). 
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  Mud volcanoes 
Several mud volcanoes and assumed mud volcano deposits were described by Wichmann (1892), Verbeek 
(1908), Brouwer (1921) and others. Roosmawati and Harris (2009) interpreted these deposits as equivalent of 
the Bobonaro melange of Timor. 
 
Blocks and clasts in the mud volcano/ melange include: 
(1) Early and Middle Jurassic ammonites and belemnites. Ammonites and rock similar to mud volcano 

ammonites from Yamdena (Wanner and Jaworski 1931); 
(2) blocks of reddish fossiliferous Permian limestones, shales and porphyric rock, with Timorites ammonite (= 

'Maubisse facies' of Timor) 
(3) rare crystalline schists. 
 
  Young uplift 
As for Timor, young upift of Roti island is demonstrated by: 
1. the extensive Pleistocene coral limestone terraces that are now uplifted up to 210m above sea level 

(Brouwer 1921). Merrits et al. (1998) suggst Roti island uplifted 170m in the last ~125,000 years. 
2. Pliocene- Early Pleistocene deep marine marls deposited in ~3000m water depth are now exposed in 

outcrop, suggesting ~3km of uplift in the last 2 million years (= ~1.5mm/year; Roosmawati 2005, 
Roosmawati and Harris 2009) 

 
 

 
 

Figure VII.4.22. The first Jurassic ammonites from East Indonesia were found on Roti island by Wichmann in 
1899. The species figured above are Early Jurassic Arietites were described as A longicellus and A. rotticus 
n.sp. by Rothpletz (1892). 

 
  Paleontology 
A bit like 'big sister' Timor, the island of Roti has been a source of much paleontologic interest: 
- Permian brachiopods were described by Broili (1922), corals by ? 
- Late Triassic macrofaunas were described by Rothpletz (1892), Wanner (1907), Renz (1909) and Krumbeck 

(1921), including 'Tethyan' bivalve molluscs Monotis salinaria, Daonella. Late Triassic ammonites by Wanner 
(1911), Triassic belemnites by Von Bulow (1915). 

- Early and Middle Jurassic ammonites by Rothpletz (1892), Boehm (1908), Krumbeck (1922) and Jaworski 
(1933). Mainly Early Jurassic (Dactylioceras spp., Arietites spp., Arnioceras, etc.) also some Middle Jurassic 
(Macrocephalites). Of North Tethyan affinities? (Meister 2007). 

- Jurassic belemnites by Stolley (1929), Stevens (1964?)  
- Middle Jurassic 'low-latitude' radiolaria by Sashida et al (1999); 
- Late Jurassic calcisphere limestones described by Brouwer (1921) and Wanner (1940); 
- Cretaceous radiolaria in the pioneering study of Tan Sin Hok (1927), using samples collected by Molengraaff 

and Brouwer. Tan's assumption that his radiolarian-rich samples from Roti were of Neogene age was proven 
to be wrong by Riedel and Sanfilippo (1974; Albian-Turonian ages) and others. 

- Late Miocene and younger calcareous nannofossils first studied by Tan Sin Hok (1927) and re-studied by 
Kamptner (1955) and Jafar (1975). A chalk sample from Bebelain belongs to Late Miocene zone upper NN9 
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(Discoaster hamatus zone; early Tortonian, ~10 Ma), but also contains common reworked Early Cretaceous- 
Early Miocene nannoplankton (Jafar 1975).) 

 

  
 

Figure VII.4.23. Thin sections of pelagic sediments from Sua Lain area, N coast Roti. Left: Upper Jurassic  
marl rich in radiolaria and calcispheres; Right: Upper Cretaceous deep marine limestone with keeled 
Globotruncana and other planktonics (Brouwer, 1921). 
 
A final 'oddity' on Roti island, given the deep water nature of the Jurassic- Paleogene section, is the presence 
of thin (Middle?) Eocene limestone on the Landu Peninsula of NE Roti. It reportedly is folded in with the 
Mesozoic sediment series and contains common with common Nummulites and other shallow marine larger 
foraminifera (Discocyclina, Asterocyclina; Brouwer 1921, Douville 1923). This is most likely a calciturbidite in 
deeper marine facies.  
 
A similar-age Eocene shallow marine limestone with Nummulites javanus, Discocyclina and Alveolina was 
reported from the island Raijuwa (Renjuwa) SW of Savu by Verbeek (1908). Here it is unconformably overlain 
by Early Miocene Lepidoocyclina Limestone, which suggests it exhibits more Sumba-like geology. 
 
 
  Timor area plate reconstructions 
The presence of both clearly allochthonous (Banda Terrane) and clearly autochthonous Australian margin 
units (Kolbano thrust belt) of Timor is well established, but, as discussed above, there are still different 
opinions on some of the intermediate units.  
 
Plate reconstructions are a useful tool to visualize the various possible scenarios suggested by interpretations 
of tectonostratigraphies and structural styles. Somwhat remarkable are Hall   reconstructions ??... 
 
One reconstruction scenario that probably best honors the different tectonostratigraphies is shown in Figure 
VII.4.24 (Villeneuve et al. 2010). It shows: 
1. in Eocene- Early Oligocene time the Timor Banda Terrane (Tm) was part of a magmatic arc system, 

together with Sumba and West and North Sulawesi. 
2. This magmatic arc was built on a continental sliver that had just separated from the East Kalimantan/ SE 

Sundaland margin by Middle-Late Eocene opening of the Makassar Straits- Celebes Sea marginal backarc 
basin. This changed the Sumba- Banda Terrane- West/North Sulawesi arc from a Late Cretaceous- 
Paleogene continental margin arc to an intra-oceanic arc; 

3. Collision of microcontinental plates(s) around Early or Middle Oligocene time with one or more microplates: 
Kolonodale Block (5 on Figure VII.4.24) with the West Sulawesi part of the arc, and (2) 'Timor-para-
autochthonous'/'Gondwana Sequence' (4 on Figure VII.4.24) with the Timor Banda Terrane. Comparable 
Mesozoic stratigraphies of the colliding plates suggest (a) these two colliding microcontinental blocks may 
actually have been a single block; (b) the onset of pelagic sedimentation suggests they separated from the 
Gondwana margin in Triassic time, and (c) Permian- Early Triassic sandstone provenance suggests these 
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plates morely likely originated from near the Tasmanide active margin of New Guinea than from the NW 
Australia margin.  

4. Plates that will collide with East Sulawesi in Miocene time (Banggai-Sula, etc.) are shown as still 'on hold' in 
the Indian Ocean Realm, but not necessarily in the position shown in Figure VII.4.24. 

5. Late Miocene- Pliocene opening of the South Banda Sea separates Sumba and Timor from the area South 
of its former neighbour Sulawesi. 

 

 
 

Figure VII.4.24. Schematic plate reconstruction Early Oligocene, showing Banda Terrane of Timor (Tm) as 
part of the same Eocene arc system as Sumba (Su) and West and North Sulawesi (WSul, NSul) 
(Villeneuve et al. 2010). For more explanation see text. 

 
  Suggested reading- Timor  (not a complete listing of all relevant papers) 
 

Timor General, Tectonics:   Wanner 1913, Brouwer 1942, De Waard 1954-1957, Grunau 1957 
    Audley Charles 1965, 1968, 2011, Carter et al. 1976,  
    Brunnschweiler 1978, Hamilton 1979, Barber 1981, Bowin et al. 1981, 
    Charlton 1989, 2002, 2012, 2013, Audley Charles and Harris 1990, 
    Sawyer et al. 1993, Reed et al. 1996, Milsom et al. 1996, 2001, 
    Harahap 2003, Harris et al. 2000, Villeneuve et al. 1998, 2005, 2010,  
    Harris 2006, 2011, Kaneko et al. 2007, Zobell 2007, Keep et al. 2009, 
    Keep and Haig 2010, Haig 2012, Benincasa et al. 2012, 
    Duffy et al. 2013, 2017, Tate 2014, Tate et al. 2014, 2015, 2017 
 

Permian- Mesozoic stratigraphy and faunas:  
    many historic papers summarized in Charlton et al. (2002-Permian  
    and 2009- Triassic), Kristan-Tollmann 1987, 1988,  
    Bird et al. 1989, Bird and Cook 1991, Haig et al. 2007, 2010,  
    2014, 2017, Davydov et al. 2013, Haig and Bandini (2013). 
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Banda terrane/ metamorphic complexes:  Molengraaff and Brouwer 1915, De Roever 1939, 1940,  
    Tappenbeck 1940, De Waard 1954, 1957, Berry and Grady 1981, 
    Earle 1981, 1983, 2008, Sopaheluwakan 1990,Sopaheluwakan et al. 1989, 
    Audley Charles and Harris 1990, Harris 1991, 2006, 2011, 
    Kaneko et al. 2007, Standley and Harris 2009 
 

Ophiolite complexes:  Harris 1989, 1992, Helmers et al. 1989, Sopaheluwakan 1990,  
    Harris and Long 2000, Ishikawa et al. 2007, Kaneko et al. 2007 
 

Permian- Triassic sst provenance  Bird 1987, Bird and Cook 1991, Zobell 2007, Permana et al. 2013 
    Ely et al. 2014, Zimmermann and Hall 2014, 2016, Kwon et al. 2014, 
    Spencer et al. 2016  
 

Kolbano fold-thrust belt (Australian margin accretionary prism along South coast): 
    Charlton 1987, 1989, Charlton and Suharsono 1990, 
    Harsolumakso et al. 1995, Sani et al. 1995, Keep et al. 2005 
 

Post- orogenic Batu Putih/ Viqueque   Kenyon 1974, De Smet et al. 1990, Van Marle 1991, 
    Haig and McCartain 2007, Roosmawati and Harris 2009, Haig 2012, 
     Tate et al. 2014 
 

Roti:     Wichmann 1892, Brouwer 1922, Krumbeck 1922, Hasibuan 2007, 
    Roosmawati and Harris 2009 
 

Leti and nearby islands  Molengraaff and Brouwer 1915, Brouwer 1921, Kaneko et al. 2007, 
    Kadarusman et al. 2010, Van Gorsel 2012 
 

Savu    Verbeek 1908, Harris et al. 2009 
 

Post-orogenic uplift  Kuenen 1933, Chappell and Veeh 1978, Tjokrosapoetro 1978, 
    Vita-Finzi and Hidayat 1991, Roosmawati and Harris 2009 
 

Timor paleomagnetic studies Chamalaun 1977ab, Wensink and Hartosukohardjo 1987 1990ab, 
    Panjaitan and Hutubessy 1997, 2004 
 

Oil and Gas   Sawyer 1993, Cockroft et al. 2005, Charlton and Gandara 2014,  
    Charlton et al. 2017. 
 
 
  VII.5. Indonesian Timor Sea, Sahul Platform 
 

This sub-chapter contains 78 references to the geology of the Timor Trough/ Timor Sea, which is in the 
domain of the NW Australian continental margin, south of the Timor- Tanimbar islands. It comprises the 
offshore South Timor accretionary prism (the onshore part is the Kolbano fold-thrust bust of South Timor), the 
Timor Trench and the distal NW Australian continental margin.  
 
Parts of the Australian continental margin are within the Indonesian Economic Zone and in the Timor Leste- 
Australia ZOCA joint operating zone. Significant gas fields are present in Middle- Late Jurassic and basal 
Cretaceous reservoir sands (Abadi, Bayu-Undan, Sunrise, Troubadour fields), similar to the 'Plover play' 
elsewhere in the Bonaparte Basin of the Australian NW Shelf. 
 
The downwards flexing of the downgoing Australian plate caused widespread Late Miocene- Pliocene) normal 
faulting (Harrowfield et al. 2003, Keep et al. 2007). 
 
  Suggested reading- Timor Sea  (not a complete listing of all relevant papers) 
 

General, Tectonics:    Nagura et al. 2003, Seggie et al. 2003, Barber et al. 2004. 
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VII. REFERENCES BANDA SEA- LESSER SUNDA ISLANDS 
  

VII.1. Banda Sea, East Banda Arc (incl. Tanimbar, Kai, Aru) 
 

Abimanyu, R., J. Bates, J. Boast et al. (1996)- Tanimbar Basin. In: Pertamina/BPPKA (ed.) Petroleum geology 
of Indonesian Basins IX, p. 1-32. 
 
Achdan, A. & T. Turkandi (1982)- Geologic map of the Kai and Tayandu Islands, Maluku, Quadrangle 2810, 
2910, scale 1:250,000. Geol. Res. Dev. Centre Indonesia, Bandung. 
(Second edition of 1982 map. ?Pre-Cambrian metamorphic rocks on Kur and Fadol Islands (biotite schist and 
granitic gneiss). Oldest rocks on Kai M Eocene Yamtimur Fm marls with planktonic foraminifera and 700m 
thick M-U Eocene Elat Fm limestones with Lacazinella wichmanni, Discocyclina, Nummulites, Alveolina; 
unconformably overlain by Late Oligocene Tamingil Lst and Oligocene- M Miocene Meduar Lst) 
 
Agustiyanto, D.A, M. Suparman, E. Partoyo & D. Sukarna (1994)- Geological map of the Moa, Damar and 
Bandanaira sheets, Maluku, Quadrangles 2607, 2707, 2708, scale 1:250.000. Geol. Res. Dev. Center, Bandung. 
(Geology of outer arc islands E of Timor: Kisar, Leti, Moa. Also active Banda Sea volcanoes Damar, Serua, 
Nila. South Leti with Permian sandstones; most of island Permian? metamorphics and ultrabasics) 
 
Agustiyanto, D.A, M. Suparman, E. Partoyo & D. Sukarna (1994)- Geological map of the Babar sheet, 
Southeast Maluku, scale 1:250.000. Geol. Res. Dev. Center, Bandung.  
(Most of Babar island Mio-Pliocene melange with blocks of ?Permian metamorphics, Permo-Triassic 
limestone, Jurassic shales, ophiolite (equivalent of Bobonaro Complex of Timor). Also minor Jurassic shales 
with ammonites and belemnites) (equivalent of Wailuli Fm of Timor). Sermata Island with ?Permian 
metamorphic rocks only) 
 
Bowin, C., G.M. Purdy, C. Johnston, G. Shor, L. Lawver, H.M.S. Hartono & P. Jezek (1980)- Arc-continent 
collision in Banda Sea region. American Assoc. Petrol. Geol. (AAPG) Bull. 64, p. 868-915. 
(Elaborate, key paper on E Indonesia tectonic history. The Banda Outer Arc of Timor, etc., contains fragments 
of Australian crust that probably rifted off in Jurassic time, collided with Sulawesi and split off and collided 
with Australian continental margin in last 3 My. Water depths of 5km and low heatflow values (1.1. HFU 
average) suggest ages of Banda Sea basins >60 Ma) 
 
Bowin, C. & C. Johnston (1981)- Arc-continent collision in Banda Sea region: reply. American Assoc. Petrol. 
Geol. (AAPG) Bull. 65, p. 867. 
(Response to Crostella (1981). Reiterate they regard all Timor rocks N of Kolbano thrust belt as originally part 
of pre-collision Banda Arc outer arc ridge) 
 
Brouwer, H.A. (1923)- Geologische onderzoekingen op de Tenimbar eilanden. Jaarboek Mijnwezen 
Nederlandsch Oost-Indie 50 (1921), Verhandelingen, p. 117-142. 
(‘Geological investigations on the Tanimbar Islands’) 
 
Brouwer, H. (1923)- Bijdrage tot de geologie van Groot Kei en de kleine eilanden tussen Ceram en de Kei-
eilanden. Jaarboek Mijnwezen Nederlandsch Oost-Indie 50 (1921), Verhandelingen 2, p. 143-168. 
(‘Contribution to the geology of Kai Besar and small islands between Ceram and the Kai islands’). 
 
Brown, B.J., R.D. Muller, C. Gaina, H.I.M. Struckmeyer, H.M.J. Stagg & P.A. Symonds (2003)- Formation and 
evolution of Australian passive margins: implications for locating the boundary between continental and 
oceanic crust. Geol. Soc. America (GSA) Spec. Paper 372, p. 223-243. 
 
Burhanuddin, S. (1994)- Geologie des bassins de la Mer de Banda (Indonesie). Ph.D. Thesis, Universite de 
Bretagne Occidentale, Brest, p. 1-197.  (Unpublished) 
(‘Geology of the Banda Sea basins’. Grab samples from North Banda Basin seafloor suggest crust of NE Banda 
Basin is oceanic to transitional, and is a Late Miocene backarc basin dated as 7-10 Ma. Exact age of South 
Banda Basin remains unknown. Triassic platform carbonate and island arc volcanics sampled from the N part 
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of Banda Ridges. Volcanic arc remnants successively younger in southern direction. Banda Sea domain 
currently under compression) 
 
Burhanuddin, S., J.A. Malod, Ulva R., F. Hinschberger & Sultan (1999)- A new morphology and discovery of 
sea mount in the basin between Ambon and Buru islands: result of Image IV Expedition. In: I. Busono & H. 
Alam (eds.) Developments in Indonesian tectonics and structural geology, Proc. 28th Ann. Conv. Indon. Assoc. 
Geol. (IAGI), Jakarta, 1, p. 43-49. 
(New submarine volcano between Buru and Ambon in small 4000m deep E Buru basin. Seamount water depth 
range from -3600m- -200m. Dredge samples andesitic volcanics. Part of Pliocene- Quaternary Ambelau-
Ambon volcanic arc of Honthaas et al. 1998) 
 
Burhanuddin, S., L. Sarmili, J.P. Rehault, J.A. Malod, R.C. Maury, H. Bellon, Y. Anantasena & Syaefuddin 
(1994)- Cekungan Laut Banda Utara (Indonesia Timur): suatu sketsa baru punggungan Tampomas dan batuan 
dasar samuderanya. Proc. 23rd Ann. Conv. Indon. Assoc. Geol. (IAGI), Jakarta, 1, p. 509-519. 
('The North Banda Sea Basin (E Indonesia): a new sketch of the Tampomas ridge and oceanic basement'. New 
bathymetric map confirms oceanic nature of North Banda Sea. Main morphological feature in N Banda Sea is 
NW-SE trending Tampomas Ridge, SW of Buru, interpreted as remnant strike-slip fault. Pillow lavas dredged 
from E flank indicate Late Miocene (9 ±3Ma) back-arc basin floor (cross-section looks like big rotated fault 
block with 2 sec of relief; JTvG)) 
 
Burollet, P.F. & C.L. Salle (1985)- Tectonic significance of the Banda Sea. Proc. 14th Ann. Conv. Indon. 
Petroleum Assoc. (IPA), Jakarta, 2, p. 477-490. 
(Geological reconnaissances in Kai and Tanimbar Archipelagoes show E-W succession of: (1) folded 
Paleogene-Miocene of Australian borderland and accretionary wedges; (2) Neogene basins with overpressured 
shales and mud volcanoes; (3) melange olistolites or nappes overthrusting part of Neogene basins; (4) Pre-
Tertiary basement terranes in W part. Banda Sea represents stretched internal sea) 
 
Bursch, J.G. (1947)- Mikropalaontologische Untersuchungen des Tertiars von Gross Kei (Molukken). 
Schweizerische Palaontol. Abhandl., 65, 3, p. 1-69. 
(‘Micropaleontological investigations of the Tertiary of Kai Besar’. Well-illustrated descriptions of limestones 
with Eocene (incl. Lacazina; should be Lacazinella; JTvG) and Early Miocene larger forams) 
 
Callomon, J.H. & G. Rose (2000)- Middle Jurassic ammonites from the island of Babar in the southern 
Moluccan forearc, Indonesia. Revue Paleobiologie, Geneve, Spec. Vol. 8, p. 53-64. 
(M Jurassic ammonites from outcrops on Babar. Fauna dominated by Satoceras satoi (=Macrocephalites 
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Charlton, T.R., M.E.M. de Smet, H. Samodra & S.J. Kaye (1991)- The stratigraphic and structural evolution of 
the Tanimbar islands, eastern Indonesia. J. Southeast Asian Earth Sci. 6, 3-4, p. 343-358. 
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normal outcrop is Ungar Fm sandstone of probable Late Jurassic-E Cretaceous age. Major unconformity cut 
out Late Cretaceous-Paleogene. Miocene siliciclastic Tangustabun Fm and succeeding carbonate clastic 
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Charlton, T.R., S.J. Kaye, H. Samodra & Sardjono (1991)- Geology of the Kai Islands: implications for the 
evolution of the Aru Trough and Weber Basin, Banda Arc, Indonesia. Marine Petroleum Geol. 8, 1, p. 62-69. 
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(E Kai islands dominated by normal faults, downthrowing to Aru Trough, with no sign of earlier compressive 
forearc deformation. Aru Trough extensional feature, in direct bathymetric continuity with compressional 
Timor-Tanimbar Trough. Banda Arc thrust front steps W-ward as result of extension in Aru Trough. Thrust 
front runs N-S through Kai group, separating inactive accretionary complex to W from active extension in E. 
Weber Basin results from E-W extension, with pre-existing thrust faults probably reactivated in extension as 
low-angle normal faults. Both compressional and extensional deformation since Pliocene) 
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platform in the Rama Ridge (Banda Sea, Indonesia). Geo-Marine Letters 18, p. 34-39. 
(Early Miocene reefal carbonate with Lepidocyclina (N) dredged from Rama Ridge, indicating Banda Sea 
ridges were present in Early Miocene, with major tectonic subsidence between M Miocene and E Pliocene. 
(Age assignment may be questioned; could also be Late Oligocene or Middle-Late Miocene; JTvG)) 
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Pisang Ridge and the origin of the Lucipara Block (Banda Sea, Eastern Indonesia). Geo-Mar Letters 22, p. 66-
74. 
(M-L Oligocene reefal deposits with Pararotalia mecatepecensis and pelagic E Pliocene muds dredged from 
Pisang Ridge in Banda Sea, confirming it is part of continental/ continental arc Lucipara Block (incl. Tukang 
Besi, Lucipara and Rama ridges). Lucipara Block drifted from N Irian Jaya in M Miocene and collided with 
Kolonodale Block in Late Miocene. A late Early Oligocene volcanic arc developed in Weber Trough area, then 
uplifted to shallow-water position at Early-Late Oligocene boundary in Pisang Ridge. Late Oligocene- E 
Miocene metamorphism subsequently developed, prior to deposition of E Miocene coral reefs in Rama Ridge. 
Locally, Late Miocene metamorphism identified in Lucipara Ridge, prior to latest Miocene-Pliocene drowning 
and splitting of Lucipara Block into several small blocks throughout Banda Sea region) 
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(Sumba island fragment of continental crust. Structure rel. simple. Seismic data suggest continuity with N part 
of Timor, from which it separated in M-L Miocene (11-10 Ma) and rotated 60° CW)) 
 
Effendi, A.C. & T. Apandi (1994)- Geology of the Waikabubak and Waingapu sheets, Nusatenggara. Geol. Res. 
Dev. Centre (GRDC), Bandung. 
(1:250,000 geologic map of Sumba Island, originally completed in 1981. Oldest rocks recognized in outcrops is 
>1000m thick series of Upper Cretaceous deep marine flysch/greywacke with Globotruncana, associated with 
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sedimentation. Miocene paleogeography shows E-W oriented platform- basin configuration. Currently Sumba 
is extensional regime. Savu Basin is marine extension of Sumba structure. Internal part is little deformed and 
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Waikabukak and Padedewatu, 2km N of Padedewatu) 
 
Hantoro, W.S. (1993)- Neotektonik dan kurva variasi paras muka laut Pleistosen: studi teras terumbu koral 
terangkat di Pulau Sumba, Nusa Tenggara Timur, Indonesia. Proc.22nd Ann. Conv. Indon. Assoc. Geol. (IAGI), 
Bandung, 1, p. 159-180. 



Bibliography of Indonesia Geology, Ed. 7.0        www.vangorselslist.com      July 2018 94

('Neotectonics and Pleistocene sea level variation curve: study of uplifted coral reef terraces on Sumba Island, 
East Nusa Tenggara, Indonesia'. NE Sumba island with 6 main uplifted Pleistocene reef terraces up to 475m 
elevation. Radiometric dating and correlation to oxygen isotope curves suggest ages up to ~1.0 Ma) 
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(Report thick, intensely folded Pre-Tertiary (Cretaceous of later authors) flysch-type slates and quartzites with 
possible NNW strike in S mountains of W Sumba. Cut by pre-Eocene basalt and gabbros and probably also 
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crests of ridges, with material re-deposited along Savu Thrust and Sumba Basin (mainly as muddy contourites/ 
drifts). Triassic limestones on Savu with Monotis salinaria, Halobia and radiolaria. U Jurassic with blocks of 
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(Savu Basin records M Miocene initiation of subduction of Banda oceanic embayment, subsequent arc 
volcanism and Pliocene- Recent collision of Australian continent and Banda forearc. Four Neogene units: Unit 
1 underlain by continental crust and Cretaceous-Paleogene arc rocks, capped by Oligocene- Lower Miocene 
shallow water carbonates. Subduction rollback-induced extension in M Miocene caused subsidence to depths of 
several km. Units 2-4 include M Miocene-Pliocene arc-derived volcaniclastic turbidites and deep water 
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(‘Jurassic on Sumba Island’. Dutch version of paper below) 
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lithosphere, probable evidence for slab pull of subducting plate) 
 
Toothill, S. & D. Lamb (2009)- Hydrocarbon prospectivity of the Savu Sea Basin. Proc. 33rd Ann. Conv. Indon. 
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Basin origin complex: four to five phases of rifting and uplift and erosion in region, and overprinted in recent 
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arc-continent collision zone in E. Extent of Sumba basement suggests either common (Late Jurassic) rift/drift 
history for Sumba and N Timor or (E Miocene) magmatic welding of two continental fragments of different 
origin, resulting in structural continuity between two microplates) 
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Early Miocene arc volcanics on Sumba suggest island arc and imply older arc S of modern arc (= same as Java 
‘Old Andesites’?; JTvG), or was within E Sunda arc between Sumbawa and E Flores and drifted S. (NB: 
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('Uplift rates of Timor island in the Quaternary') 
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with the emplacement of large overthrusts. Proposed to call it Bobonaro Scaly Clay) 
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Audley-Charles, M.G. (1967)- Petrology of a Lower Miocene polymict intracalcirudite from Timor. 
Sedimentary Geology 1, p. 247-257. 
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Audley-Charles, M.G., A.J. Barber & D.J. Carter (1979)- Geosynclines and plate tectonics in Banda Arcs, 
Eastern Indonesia: Discussion American Assoc. Petrol. Geol. (AAPG) Bull. 63, p. 249-252. 
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Audley-Charles, M.G. & R. Harris (1990)- Allochthonous terranes of the Southwest Pacific and Indonesia. 
Philos. Trans. Royal Soc. London A331, p. 571-587. 
(Mainly on Timor island. Deformed Australian margin, overridden by three allochthonous nappes) 
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age from Triassic, Mesozoic and Late Cretacous. Generated in multiple ways: mainly sedimentary olistostrome, 
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Bachri, S. & A.K. Permana (2015)- Tektonostratigrafi cekungan Timor di bagian barat Pulau Timor. J. Geologi 
Sumberdaya Mineral 16, 2, p. 79-91. 
(online at: http://jgsm.geologi.esdm.go.id/index.php/JGSM/article/view/43) 
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melanges in accretionary complexes, Eastern Indonesia. American Assoc. Petrol. Geol. (AAPG) Bull. 70, p. 
1729-1741. 
(Timor mud volcanoes. Bobonaro scaly clay commonly interpeted as melange or olistostrome, but more likely 
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Belford, D.J. (1960)- Micropalaeontology of samples from Portuguese Timor. Bureau Mineral Res., Canberra, 
Record 1960/98, p. 1-6. 
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but not sure if in situ. Sample gap between 1040-1300', and no microfossils observed between 1300-2000') 
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associated with gabbros and schists, and Plio-Pleistocene synorogenic(?) deposits. Dominant structures late 
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De Waard, D. (1956)- Contributions to the geology of Timor, IX. Geology of a N-S across Western Timor. 
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(W Indonesian Timor northern and southern zones of overthrust structures, separated by central basin with 
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Overthrusting completed in Early Miocene. Orogenic movements continued with faulting, tilting of blocks, and 
formation of central depression. Position of Tertiary volcanic rocks along N coast not yet clear) 
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Assemblages from blocks very rich in well preserved ammonites, resembling ‘Halstatt Limestones’ in Alps, with 
species of both Alpine-Mediterranean and Himalayan affinities. Dominated by Haloritids. Different blocks 
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('Study of metamorphic rocks in the study of geological evolution (case study in the area of the Miomaffo-
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(Discussion of skull of Eocene anthracothere Anthracothema/ Anthracotherium verhoeveni (= ancestral 
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mudstone-rich synorogenic melange, which overlies and surrounds Banda Terrane. After 3.2 Ma, sedimentation 
dominated by hard rock lithologies of Banda Terrane, and accompanied by rapid uplift) 
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Palelo Group radiolarian cherts (E-M Cretaceous) and Eocene and Miocene carbonates. Regional foliation E-
W strike, S dip. Boi and Lalan Asu massifs part of larger metamorphic overthrust sheet, emplaced from N)  
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Ma, 860-1180 Ma and 1460-1870 Ma, favoring sediment source from E Malaya- Indochina and maximum 
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started by at least ~12 Ma. Metamorphism attributed to arc setting rather than collision of Australian continent 
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(Detrital zircons from metasediments of Permian Aileu Complex of N Timor Leste have major U-Pb age modes 
at 275-440 Ma (peak at 290 Ma, reflecting nearby E Permian magmatism?), 860-1240 Ma and 1460-1870 Ma, 
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(Geochemistry of Hili Manu peridotite on N coast E Timor similar to Oecussi peridotite of N coast of W Timor, 
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subcontinental lithosphere. This supports interpretation that Miocene collision between Banda Arc and 
Australian continental margin produced widespread ‘Cordilleran’-style ophiolites on Timor) 
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(‘Late Tertiary and Quaternary anthozoans from Timor and Obi- part 1. Mainly taxonomic descriptions of 
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Pliocene- Pleistocene molluscs and corals from Timor and Obi) 
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(Stratigraphic succession of Triassic Aitutu Fm and associated units in Sahem River near Soibada, Timor Leste. 
Eight lithostratigraphic units, mainly basinal facies marls, radiolarian wackestone, bedded wackestone with 
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Gageonnet, R. & M. Lemoine (1958)- Contribution a la connaissance de la geologie de la province Portuguese 
de Timor. Junta Investig. Ultramar, Lisboa, 134p. 
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Neogene age, thick and rel. little deformed. Timor numerous oil and gas shows tied to Permian- Mesozoic 
geosynclinal series, that underwent alpine nappe tectonics in Miocene, complicating the presence of reservoirs 
and commercial traps) 
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('Timorella permica, new genus, new species, a new lithistid from the Permian of Timor'. New sponge species 
from Permian crinoid limestone and shale, collected by Verbeek at Ajer Mati river near Kupang) 
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Over 1000 specimens collected by Wanner and Molengraaff expeditions, mainly from Bihati (near Baung, 
Amarassi), some from Nifoekoko near Niki Niki. Appear to be restricted to blocks of pelagic, deep water 
'Halstatt' cephalopod facies with Norian ammonites. Some layers composed exclusively of heterastrids, covered 
with black iron-manganese coating) 
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Expeditie 1910-1912, Jaarboek Mijnwezen Nederlandsch Oost-Indie 49 (1920), Verhandelingen III, 1, p. 1-30. 
('The paleontological character of the Permian coral fauna of Timor'. Dominated by solitary corals 
(Timorphyllum wanneri, Verbeekiella, Carcinophyllum from Artinskian- Roadian of Bitauni, Basleo). New 
colonial corals Lonsdaleia timorica n.sp. (= Ipciphyllum timoricum) from Fatu Oinino on road to Nenas and 
Favosites permica from Basleo) 



Bibliography of Indonesia Geology, Ed. 7.0        www.vangorselslist.com      July 2018 130

 
Gerth, H. (1926)- Die Korallenfauna des Perm von Timor und die Permische Vereisung. Leidsche Geol. 
Mededelingen 2, 1, p. 7-14. 
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(‘The coral fauna of the Permian of Timor and the Permian glaciation’. Timor Permian marine fauna rich in 
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hydrozoan described as Heterastridium (Stoliczkaria) rugosum from Noil Boewan, presumably from Triassic 
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(('The sponges from the Permian of Timor'. At least 25 species of siliceous sponges in Permian, collected by 
Molengraaf, Wanner and Jonker Timor across W Timor, mainly Basleo near Niki-Niki and Nifoetassi near Sufa. 
Sponges not as abundant and diverse as some other fossil groups. 25 species identified, most of them new. 
Timorella, Hindia spp., Pemmatites timorensis, etc. Rather endemic assemblage of lithistids) 
 
Gerth, H. (1929)- Die Spongien aus dem Perm von Timor. In: H.A. Brouwer (ed.) 2e Nederlandsche Timor-
Expeditie VI, Jaarboek Mijnwezen Nederlandsch-Indie 55 (1926), Verhandelingen 1, p. 93-132. 
('The sponges from the Permian of Timor'. At least 25 species of siliceous sponges in Permian. 25 species, most 
of them new. Rather endemic assemblage of lithistids. Same paper as Gerth (1929)) 
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(online at: http://www.dwc.knaw.nl/DL/publications/PU00016941.pdf) 
(Crinoid Dinocrinus cornutu, described from E Permian of Timor by Wanner, probably junior synonym of 
Calceolispongia hindei Etheridge known from W Australia  (not from India, but Netherlands Indies; JTvG)) 
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202. 
('Shapes and mode of living of the Heterastrids of Timor'. On Late Triassic hydrozoan fossil Heterastridium 
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associated with Norian fauna) 
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('A new species of the sponge genus Mortieria from the Belgian Carboniferous from the Permian of Timor'. 
Mortieria permica from Tai Wei near Basleo) 
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Gliederung der Perm-Formationen. Neues Jahrbuch Mineral. Geol. Palaont., Abhandl. B, 91, 2, p. 233-320. 
(‘The ammonoids from the Permian of Timor and significance for zonation of Permian formations’. Key paper 
on Timor Permian ammonite zonation and correlations with Sumatra, China, Japan, Alps, etc. Five ammonoid 
zones in Permian, from old to young: Properrinites (Sakmarian), Perrinites (Artinskian), Waagenoceras (Sosio 
stage), Timorites (Basleo stage) and Cyclolobus (Chidru stage)) 
 
Gheyselinck, R. (1934)- Zur Systematik der Aulacoceraten. Proc. Kon. Nederl. Akademie Wetenschappen, 
Amsterdam, 37, 3, p. 173-180. 
(online at: www.dwc.knaw.nl/DL/publications/PU00016371.pdf) 
('On the systematics of the aulacocerates'. Study of >3000 specimens of ribbed belemnite Aulacoceras from 
Triassic of W Timor (probably Late Triassic 'Halstatter facies'-equivalent), collected by Jonker Timor 
expedition. Timorese aulacocerates, originally described as Asteroconites savuticus (Boehm) 1907 and 
Aulacoceras timorense Wanner 1911, may be varieties of alpine species Aulacoceras sulcatum Von Hauer) 
 
Gheyselinck, R.F.C.R. (1937)- Permian trilobites from Timor and Sicily. Doct. Thesis University of 
Amsterdam, Scheltema & Holkema, Amsterdam, p. 1-108.   (Unpublished) 
(Comprehensive study of (generally rare) trilobites from Permian of Timor. About 100 specimens, 7 species, 
mainly from Basleo. Most common species is Neoproetus indicus Tesch. No locality maps or stratigraphic info) 
 
Giani, L. (1971)- The geology of the Belu District of Indonesian Timor. Masters Thesis, Imperial College, 
University of London, p. 1-122.  
(online at: https://spiral.imperial.ac.uk/handle/10044/1/35410) 
(Reconnaissance study of easternmost district of Indonesian Timor. Stratigraphy-structure similar to adjacent 
TimorLeste: (1) highly deformed Autochthonous units (Permian Cribas Fm turbidites with plant material, 
Triassic Aitutu Fm radiolarian calcilutite with Halobia and thin bituminous shales (no benthic fauna) and 
younger? Babulu Mb siliciclastic flysch; possible Jurassic Wai Luli Fm); (2) three overthrust allochthonous 
units (klippen of Maubisse Fm Permian crinoid limestones with thin chert layers and olivine pillow basalts, 
Aileu Fm metamorphosed Permian, Lolotoi quartz-mica schists). Emplacement of overthrust sheets during 
Ramelauean orogeny, dated as M Miocene in E Timor. Lolotoi Complex was emplaced before arrival of 
Maubisse Fm?. (3) Fatu Mondeo is E Miocene Cablac Limestone (Miogypsina, Spiroclypeus); (4) All deformed 
autochthonous and overthrust units overlain unconformably by Bobonaro olistostrome of exotic blocks in scaly 
(slickenside) clay matrix with Permian-Pliocene? foraminifera; (5) Olistostrome overlain by little deformed 
Late Miocene- Quaternary Viqueque Fm; (6) Quaternary coral reef terraces uplifted to 300m. With mud 
volcanoes, Oetfo gas seep and small Roti Mutin oil seep.) 
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Marine Geol. 28, p. 51-64.  
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stratigraphic column and >42% of nodules are from Pleistocene. Onset of high ocean bottom current velocities 
at ~3.5 Ma may have favored nodule growth through much of Pacific Ocean. Manganese nodules from pelagic 
red clay on Timor formed in Cretaceous when Antarctic circumpolar current was deflected N of Australia) 
 
Glenister, B.F. & W.M. Furnish (1987)- New Permian representatives of ammonoid superfamilies 
Marathonitaceae and Cyclolobaceae. J. Paleontology 61, 5, p. 982-998. 
(New species Eohyattoceras gerthi and Cardiella martodjojoi from late Early Permian (Roadian) of Basleo and 
Bitauni, Timor. Demarezites oyensi (Gerth, 1950 from Tae Wei, Basleo) and D. lidacensis (de Roever, 1940, 
from Lidak district), formerly assigned to Waagenoceras, ancestral to Waagenoceras-Cyclolobus lineage, 
redescribed from Roadian of Timor) 
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Amarassian beds at Kuafeu, Baun area, Timor) 
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collections from W Australia, Timor and Oman. Names Paralegoceras sundaicum form. evoluta and form. 
involuta replaced by genera Metalegoceras and Pseudoschistoceras. Descriptions of Sakmarian Juresanites 
somoholense (Haniel) and J. hanieli (Smith) (both formerly Gastrioceras). Australian species M. clarkei Miller 
conspecific with senior Indonesian synonym, M. australe (Smith). Metalegoceratidae are distinctive element of 
Lower Permian 'Boreal' ammonoid realm) 
 
Grady, A.E. (1975)- A reinvestigation of thrusting in Portuguese Timor. J. Geol. Soc. Australia 22, p. 223-228. 
(Field relations from Maubisse region of Portuguese Timor fail to support hypothesis of S-ward overthrusting 
of Permian rocks or postulate that Maubisse Fm represents a mid-Tethys island group (This ‘autochthonous’ 
model has been widely criticized in other papers; JTvG)) 
 
Grady, A.E. & R.F. Berry (1977)- Some Palaeozoic-Mesozoic stratigraphic-structural relationships in East 
Timor and their significance in the tectonics of Timor. J. Geol. Soc. Australia 24, p. 203-214. 
(‘Autochthonous’ model suggested for development of Timor, with essentially no allochthonous pre-Cenozoic 
material) 
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Grunau, H.R. (1953)- Geologie von Portugiesisch Osttimor. Eine kurze Ubersicht. Eclogae Geol. Helvetiae 46, 
1, p. 29-37. 
(online at: http://dx.doi.org/10.5169/seals-161692) 
(‘Geology of Portuguese East Timor: a brief overview’. Two tectonic complexes in East Timor (1) essentially 
autochthonous unit of Permian, Triassic, Jurassic and Upper Cretaceous- Tertiary geosynclinal sediments, and 
(2) overthrust complex with crystalline schists, diabases and spilites, Permian crinoidal and massive limestones 
and Fatu limestones. Main period of nappe emplacement probably post-Aquitanian) 
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Bern, N.F. 13, p. 11-18. 
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(online at: http://dx.doi.org/10.5169/seals-162207) 
(‘New data on the geology of Portuguese Timor’. Aspects of East Portuguese Timor geology based on 
observations of 1947-1948 oil company fieldwork with Escher, mainly in southern part. With 10 cross sections. 
'Autochthonous' flysch-type Permian clastics similar to Kekneno series of W Timor. Ophiolites common in 
nappe complex, usually associated with thin Permian crinoid/ fusulinid limestones, believed to be of Cretaceous 
age, similar to E Sulawesi ophiolites. Triassic in multiple facies: flysch, radiolarian limestone and Fatu 
limestone with Lovcenipora and Misolia. Jurassic Chondrites marls and marls with Aucella malayomaorica. 
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Upper Cretaceous limestones with Globotruncana. E Miocene Te limestones with Spiroclypeus, probably same 
time as main thrusting. Timor good example of mountain building by gravitational gliding) 
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(‘Geology of the eastern part of Portuguese Timor’. Portuguese translation of Grunau 1953 paper) 
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Hefte C 304, p. 39-49. 
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('The oil and gas seepages in West Timor'. Many oil and gas seeps in W Timor, generally associated with mud 
volcanoes. Gas seeps in all mud volcanoes in W Timor; oil seeps only at mud volcanoes in S part of W Timor. 
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Permian age. Tasmanites blooms interpreted as lake supplied with meltwater from surrounding glaciers. 
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forming the type area of the Wailuli Formation. B.Sc. Thesis University of Western Australia, p.  (Unpublished) 
(Abstract in PESA Newsletter 73, 2004, p. 29. Wai Luli Fm type area clastics range in age from Late Permian- 
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of thrust slices resting ultimately on continental basement) 
 
Minato, M. & M. Kato (1965)- Waagenophyllidae. J. Faculty Science Hokkaido University, Sapporo, ser. 4, 12, 
3-4, p. 1-241. 
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oolitic limestone, but also Permian crinoid limestone, serpentinite, Tertiary orbitoidal limestone or igneous 
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('Manganese nodules in Mesozoic deep-sea deposits of Dutch Timor, etc.. Dutch version of Molengraaff (1921)) 
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(online at: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4465186/) 
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Geothermobarometry from exsolution lamellae of pyroxenes indicate peridotite formed at 1190°C and 8.5 kb 
(850 MPa). Rocks mylonitized at 964- 1092°C and 4.9-5.7 kb (490-570 MPa). Metamorphism of underlying 
Permian Aileu Fm increases toward base of peridotite; sole metamorphism during peridotite emplacement) 
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Main deformation phase between Late Eocene- earliest Miocene. 21 wells drilled in E Timor, Metai 1 and Taci 
with minor oil tests. Various source formations present, but reservoir quality may be poor) 
 
Munasri (1998)- Early Cretaceous radiolarian biostratigraphy of the Nakfunu Formation, the Kolbano area, 
West Timor, Indonesia. Ph.D. Thesis, University of Tsukuba, Japan, No. 1869, p.    (Unpublished) 
(Berriasian-Aptian cherts and mudstone from Kolbano area of SW Timor contain radiolarians from two 
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Pliocene uplift rates of 0.5-0.6 mm/yr increased to 2-5 mm/yr in latest Pliocene) 
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Timor, based on 490 specimens collected by Ehrat in 1927, and mainly building on work of Gerth (1921) and 
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Bibliography of Indonesia Geology, Ed. 7.0        www.vangorselslist.com      July 2018 156
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Malaysia, Timor and Japan. Conodonts from Timor from samples collected by Nakazawa of ammonoid-bearing 
limestone of Lacon River, Manatuto District, Timor Leste, mainly Middle Triassic age. Includes description of 
new species Gondolella timorensis (now assigned to Chiosella; JTvG), a worldwide marker species for Lower 
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andesite with mixed MORB-oceanic arc affinities. Metapelite schist mostly metasedimentary units with volcanic 
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pelagic Globotruncana limestones and radiolarian cherts. Young Tertiary Globigerina limestones and tuffs 
unconformable over all older formations. Large overhrusts formed in pre-Miocene time, with mountain-
building forces peaking in Oligocene, but fault deformation continuing to recent time) 
 
Van West, F.P. (1941)- Geological investigations in the Miomaffo Region, Netherlands Timor. In: H.A. 
Brouwer (ed.) Geological expedition of the University of Amsterdam to the Lesser Sunda Islands in the 
easternpart of the Netherlands East Indies 1937, III, p. 1-131. 
(Same as Van West (1941) above) 
 
Villeneuve, M., H. Bellon, R. Martini, A. Harsolumakso & J.J. Cornee (2013)- West Timor: a key for the 
eastern Indonesian geodynamic evolution. Bull. Soc. Geologique France 184, 6, p. 569-582. 
(W Timor not simple accretionary prism, but five superimposed structural units. Present-day structure result of 
three main tectonic events in Late Oligocene, Late E Pliocene and Late Pliocene-E Pleistocene.Geodynamic 
evolution: (1) block detached from Gondwana (unit 2) and drifted to Asiatic margin until Late Oligocene when 
it collided with Asiatic active margin (unit 3); (2) New block formed by units 2 and 3 drifted S in Miocene- E 
Pliocene until collision with Australian margin in Late E Pliocene; (3) Australian and Timor blocks moved 
together to NNE in Late Pliocene until collision with Banda fore-arc (unit 4; (5) In Pleistocene Timor island 
capped by 'autochthon' (unit 5) and (5) Quaternary? N thrusting of Banda volcanic arc over S Banda basin. 
Timor key area for building this geodynamical scenario of Indonesia) 
 
Villeneuve, M., J.J. Cornee, A. Harsolumakso, R. Martini & L. Zaninetti (2005)- Revision stratigraphique de 
l'Ile de Timor (Indonesie orientale). Eclogae Geol. Helvetiae 98, 2, p. 297-310. 
(online at: https://www.e-periodica.ch/digbib/view?pid=egh-001:2005:98#316) 
('Stratigraphic revision of Timor island'; in French. Many stratigraphic scales proposed for Timor due to 
tectonic complexity and facies variability. Timor comprises 6 units, linked to episodes of geological history. 
Evolution starts with Jurassic break-up of block from Gondwana (para-allochthonous unit), followed by Oligo-
Miocene collision with Asian volcanic arc (allochthonous and sub-autochthonous units). By Late Miocene this 
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assemblage of blocks separated from Asia during S Banda Sea opening (sub-autochthonous unit), then collided 
with N Australian margin in M Pliocene (Australian platform and Kolbano Group). Since then Timor Island 
part of Australian N margin). 
 
Villeneuve, M., J.J. Cornee, R. Martini & L. Zaninetti (2004)- Nouvelle hypothese sur l'origine des formations 
geologiques de l'ile de Timor (Sud-Est Asiatique). Comptes Rendus Geoscience 336, 16, p. 1511-1520. 
(Stratigraphy/ tectonics suggest Timor and S Sulawesi part of same continental block. Main deformation on 
Timor and Sulawesi is Oligocene. Timor separated in Late Miocene during opening of S Banda Basin and 
became part of Late Miocene arc that collided with Australia at end of E Pliocene, 3.5 Ma) 
 
Villeneuve, M., A.H. Harsolumakso, J.J. Cornee & H. Bellon (1999)- Structure of West Timor (East Indonesia) 
along a north-south cross section. Geologie Mediterraneenne 26, p. 127-142. 
(Structural transect of C part of W Timor suggests tow main tectonic events: (1) Oligocene thrusting of 
allochton units over Australian continental margin; (2) E Pliocene collision between Banda island arc and 
previous Timor forerc units, and responsible for present imbricated structures. Two extensional periods: Late 
Oligocene or earliest Miocena and Late Pliocene) 
 
Vinassa de Regny, P. (1915)- Triadische Algen, Spongien, Anthozoen und Bryozoen aus Timor. Palaontologie 
von Timor, Schweizerbart, Stuttgart, 4, 8, p. 75-118. 
(Late Triassic algae (Solenopora), sponges (Molengraaffia regularis, Steinmannia), corals (incl. species of 
Thecosmilia, Isastraea, Montlivaltia), pachyporidae (Lovcenipora), calcareous algae (Solenopora triasina = 
Parachaetes according to Flugel 1975), stromatoporidae (Stromatoporidium) and bryozoa, mainly from reefal 
‘Fatu Limestones’ from westernmost Timor and Pualaca area, E Timor (Nine coral species in common with 
alpine Zlambachschichten; Diener 1916 (=Rhaetian; JTvG)) 
 
Vita-Finzi, C. & S. Hidayat (1991)- Holocene uplift in West Timor. J. Southeast Asian Earth Sci. 6, 3-4, p. 387-
393. 
(Holocene uplift rates <0.3mm/yr, i.e. much lower than Late Pliocene rates, suggesting rapid, but short-lived 
uplift of Timor in Late Pliocene) 
 
Von Arthaber, G. (1926)- Ammonoidea leiostraca aus der oberen Trias von Timor. Jaarboek Mijnwezen 
Nederlandsch-Indie 55 (1926), Verhandelingen 2, p. 1-173. 
('Leiostraca ammonites from the Upper Triassic of Timor'.110 species of Carnian- Norian ammonites described 
from Timor (66% endemic, 57 species in common with Mediterranean/ Tethys bioprovince). Mainly collected by 
Jonker 1916 expedition) 
 
Von Bulow, E. (1915)- Orthoceren und Belemnitiden der Trias von Timor. In: J. Wanner (ed.) Palaontologie 
von Timor 4, 7, Schweizerbart, Stuttgart, p. 1-72. 
(’Orthocerids and belemnites from the Triassic of Timor’. Mainly on taxonomy of straight nautiloids 
(Orthoceras spp.) and belemnites (Carnian-Norian Aulacoceras, Atractites spp. and Dictyoconites spp.) from 
Molengraaff, Wanner 1909-1911 expeditions. Triassic belemnites known from Timor, Savu and Roti. Carnian-
Norian belemnites in bright limestones, commonly with manganese coating) 
 
Von Huene, E. (1935)- Mosasaurier-Zahne von Timor. Zentralblatt Mineral. Geol. Palaont., B, 10, p. 412-416. 
('Mosasaurus teeth from Timor'. U Cretaceous Mosasaurus teeth Globidens? timorensis n.sp. from red clays 
above Triassic Halobia Limestone in Noil Tobe near Nikiniki (collected by Wanner) and Oe Batok II near 
Baoen (Baung, SW Timor (from Jonker 1916 Expedition collection Delft; not sure if correct; Oe Batok II is ~2m 
large block of Triassic cephalopod/ heterastrid limestone). Both from 'Niki Niki- Baung zone' of Wanner (1913). 
The only known Mosasaurus teeth from Indonesia) 
 
Von Huene, E. (1936)- Ichthyosaurierreste aus Timor. Zentralblatt Mineral. Geol. Palaont., B 8, p. 327-334. 
('Ichthyosaur remains from Timor'. Description of ichthyosaur marine reptile remains from E-M Triassic of 
Noil Bunu, W Timor (possibly Cymbospondylus; Sander & Mazin 1993)) 
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Von Huene, F. (1931)- Ichthyosaurier von Seran und Timor. Neues Jahrbuch Mineral. Geol. Palaont., Beilage 
Band 66, B, p. 211-214. 
(Triassic or Jurassic Ichthyosaurus vertebrae from Bula, E Seram, and Basleo, W Timor) 
 
Von Koenigswald, G.H.R. (1967)- An Upper Eocene mammal of the family Anthracotheriidae from the island 
of Timor. Proc. Kon. Nederl. Akademie Wetenschappen B70, 5, p. 529-533. 
(Description of Eocene Hippopotamus-like skull fragment and upper molar from W of Laharus, W Timor, 
named Anthracothema verhoeveni n. sp.. Genus also known from Eocene of Birma, S China and W Borneo and 
is first indication of Eocene mammalian fauna in E Indonesia. (Belongs in genus Anthracotherium; Ducrocq 
1996). It is of Asian affinity, not Australian, suggesting proximity of this part of Timor to SE Asia/Sundaland in 
Eocene) 
 
Von Schouppe, A. & P. Stacul (1955)- Die Genera Verbeekiella Penecke, Timorphyllum Gerth, 
Wannerophyllum n. gen., Lophophyllidium Grabau aus dem Perm von Timor. Palaeontographica Suppl. IV, 
Beitr. Geologie Niederlandisch-Indien 5, 3, p. 95-196. 
(Descriptions of Permian solitary corals, mainly from Basleo area, W Timor, from where 12,000 specimens 
were collected in 1927. Distinguished 17 species, 10 of which new (Assemblages now generally regarded as M 
Permian, deeper water and cooler climate 'Cyathaxonia faunas' or 'Lytvolasma faunas'; JTvG)) 
 
Von Schouppe, A. & P. Stacul (1959)- Saulchenlose Pterocorallia aus dem Perm von Indonesisch Timor (mit 
Ausnahme der Polycoelidae). Eine morphogenetische und taxonomische Untersuchung. Palaeontographica 
Suppl. IV, Beitr. Geologie Niederlandisch-Indien 5, 4, p. 197-359. 
(Paleontological descriptions of Timor Permian solitary corals) 
 
Wahyudiono, J., I. Safri, A. Sudradjat & H. Panggabean (2016)- Geokimi batuan gunungapi di Pulau Timor 
bagian Barat dan implikasi tektonikya. J. Geologi Sumberdaya Mineral 17, 4, p. 241-252. 
(online at: http://jgsm.geologi.esdm.go.id/index.php/JGSM/article/view/24/21) 
('Geochemistry of the volcanic rocks of West Timor and its tectonic implications'. Geochemistry of basaltic 
rocks from Fatu River (interfinger with Permian Maubisse Fm limestone) suggests Oceanic Island Basalt. 
Oligo-Miocene metabasalt from Mutis Complex calk-alkaline, island arc volcanics. Metan River and Atauro 
Island (Banda Arc) subalkaline/ tholeitic volcanics) 
 
Wang, H.C. (1947)- Notes on some Permian rugose corals from Timor. Geol. Magazine 84, 6, p. 334-344. 
(Description of Permian solitary corals from 4 W Timor localities (Soempek, Neoepantoekak, Toenioen Eno, 
Basleo) in collection of British Museum of Natural History (Lytvolasma, Amplexicarina, Timorphyllum, 
Lophophyllidium, Verbeekiella, etc.) Excellent preservation. Mainly review of works of Gerth, Koker, 
Schindewolf) 
 
Wanner, C. (1922)- Die Gastropoden und Lamellibranchiaten der Dyas von Timor. In: J. Wanner (ed.) 
Palaeontologie von Timor, Stuttgart, 11, 18, p. 1-82. 
(‘The gastropods and bivalves from the Permian of Timor’. Description of Permian bivalve material collected 
by Wanner and Molengraaff in 1909-1911, mainly from Basleo area. High diversity faunas (61 gastropod, 25 
bivalve species), but low abundance compared to other fossil groups. Timor richest in Capulids of all known 
Permian faunas. Includes presence of Atomodesma spp. from various localities (genus often regarded as cold-
water 'Gondwanan'; JTvG)) 
 
Wanner, C. (1940)- Neue Permische Lamellibranchiaten von Timor. In: H.A. Brouwer (ed.) Geological 
Expedition of the University of Amsterdam to the Lesser Sunda Islands 1937, 2, Noord Hollandsche Publ. Co., 
Amsterdam, p. 369-395. 
(‘New Permian bivalves from Timor’. Addendum to 1922 paper, based on new material collected by Ehrat in 
1927 and Brouwer/ De Roever 1937 expedition, mainly from Basleo area, W Timor. Incl. Atomodesma in flysch 
W of Kasleo in Kekneno area) 
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Wanner, C. (1942)- Neue Beitrage zur Gastropoden fauna des Perm von Timor. In: H.A. Brouwer (ed.) 
Geological Expedition of the University of Amsterdam to the Lesser Sunda Islands, etc., 1937, 4, Noord 
Hollandsche Publ. Co., Amsterdam, p. 137-203. 
(Permian gastropods from Timor 70 species, one of richest in world. Almost all new species, only 3 species 
known from elsewhere (Pakistan, Sicily, China)) 
 
Wanner, J. (1907)- Triaspetrefakten der Molukken und des Timorarchipels. Neues Jahrbuch Mineral. Geol. 
Palaont., Beilage Band 24, p. 159-220. 
(’Triassic fossils from the Moluccas and Timor Archipelago’. Late Triassic molluscs, corals, ammonites faunas 
from Misool, Seram and Timor-Roti-Savu (generally deeper water facies, but potentially similar ‘alpine’ 
character with mainly Halobia, Daonella, but also ‘Pacific’ mollusc Pseudomonotis ochotica). Timor/Roti/ 
Savu Triassic reminiscent of N Sumatra Upper Triassic described by Volz, 1899. First author to recognize 
Alpine/ Tethyan affinities of the Late Triassic bivalves and ammonites of Seram and Timor) 
 
Wanner, J. (1910)- Uber eine merkwurdige Echinodermenform aus dem Perm von Timor. Zeitschrift Induktive 
Abstammungs Vererbungslehre 4, p. 123-142. 
('On a remarkable echinoderm from the Permian of Timor'. Detailed description of anatomy of Permian 
blastoids Timorechinus spp. from E of Nikiniki and comparison to Schizoblastus permicus) 
 
Wanner, J. (1911)- Triascephalopoden von Timor und Rotti. Neues Jahrbuch Mineral. Geol. Palaont., Beilage 
Band 32, p. 177-196. 
(‘Triassic cephalopods from Timor and Roti’. Early paper on Upper Triassic ammonites (Meekoceras 
indoaustralicum n.sp., M. timorensis n.sp., Flemingites timorensis n.sp., Cladiscites) and ribbed belemnite 
Aulacoceras (A. timorense n.sp.)) 
 
Wanner, J. (1912)- Timorocrinus nov. gen. aus dem Perm von Timor. Zentralblatt Mineral. Geol. Palaont. 19, p. 
599-605. 
('Timorocrinus new genus from the Permian of Timor'. New genus name for Timorechinus miriabilis from 
Molengraaff collection. No locality information, presumably Basleo) 
 
Wanner, J. (1913)- Geologie von West Timor. Geol. Rundschau 4, 2, p. 136-150. 
(online at: https://www.digizeitschriften.de/dms/img/?PID=GDZPPN000450677) 
(First overview of geology and stratigraphy of western part of West Timor, based on Wanner, Welter and 
Haniel 1909 fieldwork. Probably first paper to suggest large-scale, Alpine-type overthrusting on Timor 
(Molengraaff idea around same time)) 
 
Wanner, J. (ed.) (1914-1929)- Palaontologie von Timor. Schweizerbart Verlag, Stuttgart, 16 vols. 
(‘Paleontology of Timor’. Series of beautifully illustrated paleontological monographs on Timor fossils by 
German paleontologists, published over 15 year period. Some issues still available from original publisher) 
 
Wanner, J. (1916)- Die permischen Echinodermen von Timor I. In: J. Wanner (ed.) Palaontologie von Timor 6, 
11, Schweizerbart, Stuttgart, p. 1-329. 
(‘The Permian echinoderms from Timor-1’. Major monograph on crinoids of Timor, collected in 1909 and 
1911. Total 123 species (105 new) of 44 genera (28 new)) 
 
Wanner, J. (1920)- Ueber armlose Krinoiden aus dem jungeren Palaeozoikum. Verhandelingen Geologisch-
Mijnbouwkundig Genootschap Nederland Kol., Geol. Serie 5, 2, p. 21-36. 
('On arm-less crinoids from the Late Paleozoic'. Among rich Permian crinoid assemblages of Timor are 
'armless' forms like Indocrinus, Sundacrinus, Embryocrinus, Hypocrinus, etc.. Also one-armed species 
Monobrachiocrinusgranulatus n.sp.)) 
 
Wanner, J. (1920)- Ueber einige palaeozoische Seeigelstacheln (Timorocidaris gen. nov. und Bolboporites 
Pander). Proc. Kon. Nederl. Akademie Wetenschappen, Amsterdam, 22, 7-8, p. 696-712. 
(online at: www.dwc.knaw.nl/DL/publications/PU00012020.pdf) 
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('On some Paleozoic sea urchin spines (Timorocidaris gen. nov. and Bolboporites Pander)'. In German. 
Timorocidaris material from Permian of Basleo, Timor) 
 
Wanner, J. (1923)- Die permischen Krinoiden von Timor. In: H.A. Brouwer (ed.) 2e Nederlandsche Timor-
Expeditie 1916, II, Jaarboek Mijnwezen Nederlandsch Oost-Indie 50 (1921), Verhandelingen 3, p. 1-348. 
(‘The Permian crinoids of Timor’. Second of Wanner's major monographs on Timor crinoids. Number of 
species increased to 239 in 75 genera. Half of all crinoid species are poteriocrinids, with dominant genera 
Timorocrinus, Ceriocrinus, Parabursacrinus, etc. Most Timor crinoids are from reddish marls and red brown 
tuffs and interbedded limestones (=Maubisse Fm), with richest occurrences in M Permian of Basleo area near 
Niki-Niki. Different assemblages in Amarassi region of SW Timor suggesting slightly younger age) 
 
Wanner, J. (1924)- Die permischen Echinodermen von Timor-II. Palaeontologie von Timor 14, 23, p. 1-81. 
(‘The Permian echinoderms of Timor- II’. Monograph of Permian blastoids) 
 
Wanner, J. (1924)- Die permischen Blastoiden von Timor. Jaarboek Mijnwezen Nederlandsch Oost-Indie 51 
(1922), Verhandelingen 1, p. 163-233. 
('The Permian blastoids of Timor'. Timor Permian blastoid faunas richest in world, both in species and 
numbers, with many species unknown elsewhere. Many localities, probably representing different stages of 
Permian. Character of faunas more European (Tethys) than American (NB: taxonomy of blastoids revised by 
Breimer & Macurda (1972); JTvG)) 
 
Wanner, J. (1926)- Die marine Permfauna von Timor. Geol. Rundschau 17a, Sonderband (Steinmann 
Festschrift), p. 20-48. 
('The marine Permian fauna of Timor'. Timor Permian faunas richest of all known marine Permian faunas 
(~600 species) and of Tethyan affinity. Crinoids (191 species) and blastoids (32 species) particularly common. 
Corals dominated by solitary taxa (Timorphyllum, Verbeekiella), with rel. rare colonial taxa (Lonsdaleia, 
Zaphrentis, Polycoelia, Amplexus, Pachypora). Ammonites (37 species, incl. Agathiceras, Paralegoceras, 
Popanoceras) and brachiopods (49 species, incl. Productus, Spirigera, Retzia, Chonetes, Camarophoria, 
Lyttonia) mostly genera already known from elsewhere. Gastropods 60 species, bivalves 20 species, incl. 
Atomodesma. Four species of fusulinids, but no complicated types. Most of Permian faunas from red-brown 
crinoid limestones interbedded with diabase volcanic. No signs of Permian glaciations in faunas or sediments) 
 
Wanner, J. (1929)- Neue Beitrage zur Kenntnis der Permischen Echinodermen von Timor. I. Allagecrinus, II. 
Hypocrinites. Dienst Mijnbouw Nederlandsch-Indie, Wetenschappelijke Mededeelingen 11, p. 1-116. 
(‘New contributions to the knowledge of Permian echinoderms from Timor, I. Allagecrinus and II. 
Hypocrinites’. New crinoid species, mainly based on material from Basleo. First of long series; in German) 
 
Wanner, J. (1930)- Neue Beitrage zur Kenntnis der Permischen Echinodermen von Timor, III. Hypocrininae, 
Paracatillocrinus und Allagecrinus. Dienst Mijnbouw Nederlandsch-Indie, Wetenschappelijke Mededeelingen 
13, p. 1-31. 
(‘New contributions to the knowledge of Permian echinoderms of Timor 3- Hypocrininae, Paracatillocrinus and 
Allagecrinus’. New crinoid species from Ehrat collection from Basleo and Niki-Niki) 
 
Wanner, J. (1930)- Neue Beitrage zur Kenntnis der Permischen Echinodermen Von Timor, IV. Flexibilia. 
Dienst Mijnbouw Nederlandsch-Indie, Bandung, Wetenschappelijke Mededeelingen 14, p. 1-61. 
(‘New contributions to the knowledge of Permian echinoderms of Timor 4- Flexibilia’. New 'flexibilia'-group 
crinoid descriptions and species. In German) 
 
Wanner, J. (1931)- Das Alter der permischen Basleo-Schichten von Timor. Zentralblatt Mineral. Geol. Palaont., 
B, p. 539-549. 
(‘The age of the Permian Basleo beds of Timor’. Basleo beds believed to be Upper Permian (later authors more 
commonly view Basleo fauna as ~Mid Permian; JTvG). With map of fossil localities) 
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Wanner, J. (1931)- Neue Beitrage zur Kenntnis der permischen Echinodermen von Timor, V. Poteriocrinidae, 
Pt. 1, VI. Blastoidea. Dienst Mijnbouw Nederlandsch-Indie, Wetenschappelijke Mededeelingen 16, p. 1-77. 
(‘New contributions to the knowledge of Permian echinoderms of Timor 5- Poteriocrinidae part 1') 
 
Wanner, J. (1931)- Neue Beitrage zur Kenntnis der Permischen Echinodermen von Timor. VII. Die Anomalien 
der Schizoblasten. Dienst Mijnbouw Nederlandsch-Indie, Wetenschappelijke Mededeelingen 20, p. 5-37. 
('New contributions to the knowledge of the Permian echinoderms of Timor- VII. The anomalies of the 
Schizoblasts') 
 
Wanner, J. (1932)- Zur Kenntnis der permischen Ammonoideen-fauna von Timor. Beitrage Palaeontologie des 
Ostindischen Archipels III, Neues Jahrbuch Mineral. Geol. Palaont., Beilage Band 67, B, p. 257-278. 
('On the knowledge of the Permian ammonoid fauna from Timor. Descriptions of Permian ammonites from 
Basleo, W Timor, collected by Ehrat, Molengraaff, etc. No stratigraphy, biogeography) 
 
Wanner, J. (1932)- Anisische Monophylliten von Timor. Beitrage Palaeontologie des ostindischen Archipels 
IV, Neues Jahrbuch Mineral. Geol. Palaont., Beilage Band 67, B, p. 279-286. 
('Anisian Monophyllites from Timor'. New species of M Triassic ammonite Monophyllites from Oe Masih, 
Basleo area, from Ehrat collection) 
 
Wanner, J. (1937)- Neue Beitrage zur Kenntniss der permischen Echinodermen von Timor VIII- XIII. 
Palaeontographica, Suppl. IV, Beitr. Geologie Niederl.-Indien IV, 2, p. 57-212. 
(‘New contributions to the knowledge of Permian echinoderms of Timor 8-13’. Systematic descriptions of 19 
new genera and 43 new species of crinoids)  
 
Wanner, J. (1940)- Neue Beitrage zur Kenntnis der permischen Echinodermen von Timor XIV. Poteriocrinidae, 
3 Teil. Palaeontographica, Suppl. 4, Beitr. zur Geologie Niederl.-Indien IV, 3, p. 213-242. 
(‘New contributions to the knowledge of Permian echinoderms of Timor 14’. More systematic descriptions of 
new species of crinoids) 
 
Wanner, J. (1940)- Neue Blastoideen aus dem Perm von Timor, mit einem Beitrag zur Systematik der 
Blastoiden. In: H.A. Brouwer (ed.) Geological Expedition of the University of Amsterdam to the Lesser Sunda 
Islands, etc., 1937, 1, Noord Hollandsche Publ. Co., Amsterdam, p. 215-277. 
(‘New blastoids from the Permian of Timor, with a contribution to the systematics of the blastoids'. New 
Permian blastoid species, mainly from De Marez Oyens and Brouwer 1937 collections from Basleo, W Timor. 
Basleo area contains commeon microblastoids and microcrinoids. Of the 13 Permian blastoid genera known 
from Timor only two or three (Schizoblastus, Orbitremites) also occur outside Timor (But: Timoroblastus and 
Deltoblastus also in North Oman; Webster 2007; JTvG) 
 
Wanner, J. (1940)- Neue Permische Lamellibranchiaten von Timor. In: H.A. Brouwer (ed.) Geological 
Expedition of the University of Amsterdam to the Lesser Sunda Islands, etc., 1937, 2, Noord Hollandsche Publ. 
Co., Amsterdam, p. 370-395. 
(Permian bivalves collected by Ehrat in 1927 and Brouwer1937 expedition. Most from Basleo area, and are 
species of Atomodesma, already known from earlier Timor papers) 
 
Wanner, J. (1941)- Neue Beitrage zur Kenntnis der permischen Echinodermen von Timor XV. Echinoidea. 
Palaeontographica, Suppl. 4, Beitr. Geologie Niederl.-Indien IV, 5, p. 295-314. 
(‘New contributions to the knowledge of the Permian echinoderms of Timor 15- echinoids') 
 
Wanner, J. (1941)- Neue Beitrage zur Kenntnis der permischen Echinodermen von Timor XVI. Poteriocrinidae 
4 Teil. Palaeontographica, Suppl. 4, Beitr. Geologie Niederl.-Indien V, 1, p. 297-314. 
(‘New contributions to the knowledge of the Permian echinoderms of Timor 16- Poteriocrinidae part 4') 
 
Wanner, J. (1942)- Beitrage zur Palaontologie des Ostindischen Archipels XIX, Die Crinoidengattung 
Paradoxocrinus aus dem Perm von Timor. Zentralblatt Mineral. Geol. Palaont., B, 7, p. 201-214. 
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(‘Contributions to the paleontology of the East Indies Archipelago 19- The crinoid genus Paradoxocrinus from 
the Permian of Timor'. In German) 
 
Wanner, J. (1951)- Uber die Crinoidengattung Timorocidaris. Neues Jahrbuch Geol. Palaont., Monatshefte 
1950, 12, p. 360-370. 
('On the crinoid genus Timorocidaris') 
 
Wanner, J. (with F. Weber) (1956)- Zur Stratigraphie vom Portuguesisch Timor. Zeitschrift Deutsche Geol. 
Ges. 108, p. 109-140. 
(‘On the stratigraphy of Portuguese Timor’. Comprehensive discussion of Permian and Triassic facies in 
'pseudoautochthonous’(flysch facies) and in nappe complexes (limestones, basic volcanics) of Timor Leste. 
Jurassic marine marls and limestones (with Buchia malayomaorica in nappe complex?).) 
 
Wanner, J. & H. Sieverts (1935)- Zur Kenntnis der permischen Brachiopoden von Timor. 1. Lyttoniidae und 
ihre biologische und stammesgeschichtliche Bedeutung. Beitrage Palaeontologie des ostindischen Archipels 12, 
Neues Jahrbuch Mineral. Geol. Palaont., Beilage Band 74, B, p. 201-281. 
('On the knowledge of the Permian brachiopods of Timor: 1. Lyttoniidae and their biological and evolutionary 
significance'. Descriptions of Lyttoniidae (incl. Leptodus, Oldhaminella, Poikilosakos) from Permian of Timor 
(mainly Basleo), and reconstruction of lifestyle (mostly attached to other fossils, like crinoid stems, etc.). With 
Lyttonia catenata n.sp., Paralyttonia transiens n.gen., n.sp., P. permica n.sp, Paralyttonia girtyi, etc.)) 
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