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1. I N T R O D U C T I O N  

(a) R E G I O N A L  S E T T I N G  

THE island of Timor (Fig. 8), the largest of the Lesser Sunda Islands that form the south-eastern part of the 
Indonesian Archipelago, is about 365km long and 100km at its greatest width. It is divided politically 
between Portugal and Indonesia. Portuguese Timor consists of the eastern half of Timor, together with the 
enclave of Ocussi in western Timor, and the two small islands of Atauro and Jaco. This M e m o i r  deals with 
the eastern half of Timor and Jaco Island, an area of about 16 000 km 2. 

Timor is the largest island of the non-volcanic Outer Banda Arc, which comprises the islands of Roti, 
Timor, Left, Tanimbar, Kai, Ceram, Buru and Buton (Fig. 8). The south-eastern part of Celebes is some- 
times regarded as part of this major unit. 

The Banda Arcs are situated between the Sahul shelf of Australia and the Sunda shelf of south-east Asia. 
This region has been characterized by crustal instability since the end of the Cretaceous period. The present 
milieu of Timor, a mountainous island bordered by deep-sea troughs with strong gravity anomalies, augurs 
continuance of labile conditions. 

Since the end of Permian times most of the sedimentary rocks formed on the site of Timor have been 
limestones, relatively little terrigenous material having been transported into the area. This suggests 
separation by wide seas from the continents of Asia and Australia since the end of Permian times; there is 
no pre-Permian record available. 

(b) G E O G R A P H Y  

T O P O G R A P H Y  

There is wide diversity of topography within the eastern half of Timor. A central mountain range, which 
rises to over 3000m, is highly dissected owing to rapid elevation since Middle Miocene times. From the 
central range many side spurs and ridges are developed. Most of the rivers run north and south, and have 
short steep courses to the sea except where they cross a wide coastal plain in the south. 

V E G E T A T I O N  

Owing to the relatively low rainfall and exceptionally dry conditions between the monsoons, the vegetation 
is generally much lighter than would be expected in these latitudes. Its range, however, is wide, varying from 
semi-desert scrub to tropical rain forest. The coastal strip carries many mangrove swamps and some rain 
forest, but in the foothills rain forest is much less common. Most of the foothill zone is covered by either 
a park-like vegetation of grass with large stands of Eucalyptus and Cassurinas with little undergrowth, as 
occurs over most of the Tertiary rocks, or a mixture of thorny scrub and large trees, the latter being commonly 
found on the Viqueque Formation. Some higher parts of the foothills are covered by grassy slopes with a 
few small scattered trees and shrubs. This type of vegetation is characteristic of the Aitutu Formation and 
Wai Luli Formation. Many of the limestone mountains over 1300m support a dense forest of large trees. 

(c) H I S T O R Y  OF E X P L O R A T I O N  

Probably the first geological study of eastern Timor was made by Hirschi (1907), who made two traverses 
across the island. He recognized that the island was structurally complex, and found palaeontological 
evidence for the presence of Permian, Triassic and Jurassic as well as Tertiary strata. 
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The next investigator was F. Weber, who in 1910-11 made a reconnaissance for an oil company. He never 
published his findings, but some were later published by Umbgrove (1935) and Wanner (1956). 

In 1936 geologists of the Allied Mining Corporation made a geological reconnaissance and studied the 
mining prospects of eastern Timor under the direction of S. F. Wittouck. A geological report with a 
geological sketch-map and some detailed maps and sections were published privately by the Allied Mining 

Corporation (Wittouck 1937). 
A geological reconnaissance of the eastern part of eastern Timor was made during 1947-8 by E. P. Escher 

and H. R. Grunau on behalf of the Royal Dutch/Shell Group. A regional gravity survey of part of this 
area was made at the same time by G. de Snoo. Some geological results of this work have been published 
by Grunau (1953, 1956, 1957A, 1957B). The gravity data were discussed by Teixera (1952) in a paper on the 

stratigraphy and structure of Portuguese Timor. 
From May to November 1955 R. Gageonnet and M. Lemoine made a reconnaissance of Portuguese Timor 

for the Portuguese Government. They published their findings in a number of papers (Gageonnet & Lemoine 
1957A, 1957B, 1957C, 19570, 1958; Gageonnet, Lemoine & Trumpy 1959; Lemoine 1959). 

Timor Oil Ltd, under the direction of their geological consultant Dr W. F. Schneeberger, began to 
explore eastern Timor in 1958. The first important geological field-work was that of Mr I. B. Freytag, who 
in an unpublished report (dated 1959) dealing with his reconnaissance of part of central southern Portuguese 
Timor, proposed a revised Tertiary stratigraphy and doubted the presence of any major overthrusting in 
Portuguese Timor. This contradicted the concepts of earlier workers such as Grunau (1957A), Gageonnet & 
Lemoine (1957B, 1957C, 1958) and Lemoine (1959), who described complex overthrust tectonics and regarded 
Portuguese Timor as being largely composed of allochthonous formations in the form of greatly fragmented 

overthrust slices. 
The present memoir, which is a summary of part of the author's Ph.D. thesis submitted to the University 

of London in 1965, is based on the results of a comprehensive mapping programme of eastern Timor carried 
out by the author alone on behalf of Timor Oil Ltd; this work began early in 1959 and continued with 
interruptions until the end of 1961. The field-work, of some 28 months total duration, is supplemented and 
supported by many palaeontological reports, whose authors are listed in the acknowledgements. The 
petrography is based on a study of 3000 rock-samples representative of the whole exposed column. From 
these samples 700 thin sections were cut and studied in detail. Geochemical analyses of major and trace 
elements of some selected Cretaceous rocks were made; these are discussed elsewhere (Audley-Charles 

1965B, 1965c). 
The reliability of the field mapping is indicated in P1. 13, which shows the southern two-thirds of the region 

(i.e., the area covered by aerial photographs and with base topographic maps on a scale of 1:40 000) as 
mapped in some detail. The best base topographic maps available for the rest of the region are on a scale of 
1 : 100 000; this dictated the practical scale of mapping in this area as 1 : 100 000. 

Sub-surface data from Timor are scanty. In 1900 Elliott and Co. sunk a well in the Aliambata district to 
about 140m but no log or samples are known. In 1914 an Australian rig reached 170m in the Mete-Hou 
district; no geological record is available. In 1926-8 a well was drilled to 270m at Aliambata. No samples 
are available but a driller's log of little value was published by Allied Mining Corporation (Wittouck 
1937). 

Timor Oil Ltd in 1957 drilled Aliambata No. 1 well to 1355m, entirely in Mesozoic rocks. The other 
wells drilled by Timor Oil Ltd were all confined to Tertiary rocks; they are: Ossulari No. 1, which reached 
2249m; Ossulari No. 1A to 1533m; Matai No. 1 to 673m; Matai No. 2 to 845m; Matai No. 3 to 320m; 
Matai No. 4 to 567 m; Matai No. 5 to 1529 m. The positions of these wells are shown on P1. 13. The sections 
encountered in these wells are described later in dealing with the stratigraphy of the Tertiary formations. 
Apart from these eight wells, a portable drill provided useful information about several Tertiary formations 
from slim hole core-drilling in the areas about the Viqueque and the Matai anticlines. 

2 Mem. geol. Soc. Lond. no. 4 



GEOLOGY OF P O R T U G U E S E  TIMOR 

The most recent field-work in eastern Timor is that  of Leme (1963), who investigated part  of the area east 

of  Mt  Mata  Bia. Leme made use of the unpublished reports and maps of the author  (dated 1961 and 1962) 

which were available to him in Lisbon, and arrived at very similar conclusions. 

(d) P H O T O G E O L O G Y  

Vertical aerial photographs affording stereoscopic coverage of the southern two-thirds of eastern Timor 

(P1. 13) taken in 1957 for Timor Oil Ltd were used to prepare controlled planimetric maps on a scale of 

1 : 40 000 on stable film using a transverse Mercator  projection. 

Detailed photogeological study of Timor is difficult because the surface distribution of the rocks is 

complex, and in plan has a patchwork chaotic appearance. Other impediments are the general absence of 

marker-horizons,  the general absence of bedding-traces in the photographs,  and the fact that  several of  the 

formations lack well-developed photo-characters. The situation is aggravated by the complexity of the 

tectonics. Despite these difficulties, study of the photographs  did facilitate the geological mapping. 

The geological map (P1. 13) was prepared by first plotting on the aerial photographs all the field observa- 

tions. This information was subsequently transferred to the base planimetric maps. Photogeological maps 

were also produced on the same scale. Composite maps were finally produced before reduction to 1:250 000 
scale. 

(e) L I M E S T O N E  N O M E N C L A T U R E  

The classification applied to the limestones of eastern Timor is based largely on the system of Folk (1959) 

with modifications based mainly on suggestions of Wolf  (1961) and Stauffer (1962). 
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2. S T R A T I G R A P H Y  

THE oldest dated rocks in eastern Timor are of Lower Permian age, the metamorphic rocks of uncertain 
age being interpreted as probably pre-Permian. With the exception of two important breaks and a number of 
minor but widespread unconformities (affecting all eastern Timor) from Permian times onwards the strati- 
graphical record is fairly continuous to the Holocene. Some formations are entirely allochthonous in eastern 
Timor. 

The present work attempts a complete revision of the stratigraphical column. This entails the definition 
of many new formations, the revision of the limits of others, and their re-positioning in the time-sequence. 
All field mapping and stratigraphical subdivisions were based on lithostratigraphical units. Fossils collected 
from these various units and identified by specialists have provided the time-control. The recommendations 
of the Australian Code of Stratigraphic Nomenclature (4th edition, 1964) are followed as closely as possible. 

Grunau (1953) recognized that some rocks of eastern Timor were tectonically allochthonous and divided 
the formations into an autochthonous and allochthonous complex. Gageonnet & Lemoine (1958) followed 
Grunau in this procedure. The uncertainties of these and earlier workers over which formations are alloch- 
thonous are now d~spelled; most of the formations are now recognized as autochthonous. Four separate 
formations are recognized as completely allochthonous: the Lolotoi Complex, Aileu Formation, Maubisse 
Formation and Bobonaro Scaly Clay. Of these the Bobonaro Scaly Clay is distinct in that it was emplaced 
in Timor as a submarine gravity slide (Audley-Charles 1965A). Unlike all the other allochthonous formations 
it does not rest on a thrust-plane. The Bobonaro Scaly Clay is exposed over a larger area than any other 
formation, yet such is its peculiar nature that it was not recognized as a stratigraphical unit by Grunau 
(1953, 1956, 1957A, 1957B) or by Gageonnet & Lemoine (1958). It was failure to recognize this formation 
that led to the conception of multiple thrust-planes, the allochthonous 'Fatu Limestone', and the 'Bibiliu 
Series' by the earlier workers. 

The lithostratigraphical units are listed in Table 1. 
The biostratigraphical subdivision of the Tertiary is based on Foraminifera, and expressed in the letter 

classification of van der Vlerk & Umbgrove (1927), revised by van der Vlerk (1955). The subdivisions Ta, 
b, c, d, e, f, g, h are considered to be time-stratigraphical units. The problems of Tertiary stratigraphical 
correlation and the use of the letter classification have been discussed by Eames, Banner, Blow & Clarke 
(1962) and Adams (1965). 

A pronounced feature of all the formations of eastern Timor (especially the pre-Upper Miocene ones) is 
the remarkable uniformity of fades throughout eastern Timor. This strongly suggests that facies belts of all 
pre-Upper Miocene formations were parallel to the ~r strike of the island. 

(A) A U T O C H T H O N O U S  FORMATIONS 

(1) PERMIAN 

ATAHOC FORMATION 

The Atahoc Formation is the oldest exposed autochthonous stratigraphical unit in eastern Timor. Grunau 
(1953) first recognized autochthonous Permian rocks in eastern Timor in the Cribas and Loi Quero localities. 
Gageonnet & Lemoine (1958) followed Grunau (1956) in calling these rocks the Cribas Series, which they 
divided into an upper and a lower part. Each of these two parts is here elevated to the rank of a formation, 
the lower being named the Atahoc Formation and the upper the Cribas Formation. 

Type-locality and geographical distribution. Gageonnet & Lemoine described a type-section for their Cribas 
Series from the Cribas anitcline, and this section is taken as the type-locality for both the Atahoc and Cribas 
formations. The Atahoc Formation is exposed in the banks of the rivers Akraun (north of Atahoc village), 
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G E O L O G Y  OF P O R T U G U E S E  T I M O R  

Thickness. In both localities the exposed thickness of the formation is estimated to be about 600m. 

Stratigraphicalposition. In both the Cribas and the Loi Quero anticlines the base of the Atahoc Formation is 
not exposed and the formation is overlain conformably by the Cribas Formation. Its age is determined as 
Lower Permian on the basis of its sparse fauna, which has been studied by Grunau (1953, 1956) and 
Gageonnet & Lemoine (1958); the following have been recorded: 

Stachaeoceras cf. S. timorense (Haniel) 
Metalegoceras sp. 
Popanoceras timorense (Haniel) 
Parallegoceras sp. 
Phillipsia sp. 

This fauna has been compared by Grunau (1956) with that of the Somohole Beds in western Timor, whose 
age is Sakmarian. 

Environment. The rocks of the Atahoc Formation meet most of the requirements of flysch as defined by 
Kuenen (1958), Tercier (1947), Sujkowski (1957) and Trumpy (1960), although graded bedding is not 
commonly seen in them (cf. Kuenen). Tercier considered that flysch sedimentation is not restricted to any 
particular depth zone but could occur along any steep slopes from coastal environments to great depths. 

The sedimentary structures in these rocks, particularly the current ripple-laminations common in the 
arenites, have also been described from a wide range of modern sedimentary environments; e.g., deep sea 
(Menard 1952), tidal mud-fiats (van Straaten 1959) and rivers (Shantser 1951). They clearly indicate 
deposition under quiet traction conditions, as does the poor sorting of the non-carbonate arenites. The 
biomicarenites, which suggest shallow-water deposition, also point to weak traction currents. 

The fossils indicate little beyond a marine environment. The calcareous concretions common in the shales 
may indicate stagnant conditions (Weeks 1953), an idea that accords with the presence of black pyritic shales. 

CRIBAS FORMATION 

The Cribas Formation is the upper part of the Cribas Series of Grunau (1956) and Gageonnet & Lemoine 
(1958). These workers recognized these rocks only from the Cribas anticline and the Loi Quero inlier. They 
are now known from four other inliers (Fig. 1). 

Type-locality and geographical distribution. The type-locality is in the banks of the River Sumasse, where it 
cuts through the Cribas anticline, north of Cribas village. 

The Cribas Formation also crops out in the Bazol anticline, the Viqueque inlier, the Aliambata anticline, 
the Loi Quero anticline, and the Veru anticline. The composition of the formation in these areas is remark- 
ably similar to that in the type-section (P1. 1 c). 

Lithology. In the type-section the bulk of the succession is composed of shales and silty shales with common 
calcareous and clay-ironstone nodules. At the base are black and blue-grey shales, micaceous siltstones, and 
greenish fine quartz-sandstones. Some of the arenites are rich in Atomodesma. The overlying strata are 
mainly shales and micaceous shales, locally red and green. Bedded limestones are rare towards the base of 
the formation, but in the upper part of the type-section bedded biomicarenites and calcilutites become more 
common. Towards the top of the type-section calcareous nodules become less common and the non-carbonate 
arenites become rare (Fig. 2). 

Outside the type-locality the general succession is similar, but slumped horizons are more commonly seen 
in the Bazol anticline (P1. l b). Lavas and tufts, which are everywhere deeply weathered, make rare contri- 
butions to the Cribas Formation in most inliers. 

Thickness. The thickness in the type-section and other inliers is estimated to be about 500m. 
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A G E  
S T R U C T U R A L  

E V E N T  

T A B L E  1: L I T H O - S T R A T I G R A P H I C A L  U N I T S  I N  E A S T E R N  T I M O R  

Holocene 
and 
Pleistocene Soro uplift 

F O R M A T I O N  

N A M E  

L A T E R A L  

V A R I A T I O N  

A U T O C H T H O N O U S  UNITS  

L I T H O L O G Y  F A C I E S  

Gravels, sands, muds, and marls" interdigitated. 
Foraminifera, corals, and shelly fossils 

Hard, bedded algal limestone 

Littoral and epineritic 

Lacustrine 

Littoral 

T H I C K N E S S  

(m) 

Suai Formation 1000 

Poros Limestone 20 

Massive fringing coral reef, calcirudites, and 
calcarenites 

Baucau Limestone 100 

Pliocene-Holocene Ainaro Gravels 100 (?) Conglomerates, gravels, and sands Alluvial molasse 

Upper Pliocene (Th) Mataian folding 

Pebbly mudstone and interbedded marls. Neritic, submarine 
Upper Pliocene (Th) Seketo Block Clay 20 

Foraminifera slumps 

Cross-bedded conglomerates, sands, silts, and 
(Tgh) Dilor Conglomerate 300 Epineritic, marine delta 

to Soro uplift rare muds--lenticular. Foraminifera 

(Tg) Lari Guti Limestone 75 Fringing coral reefs, calcarenites Littoral 

Basal conglomerates, sandstones, siltstones, 
mudstones, marls, and chalks. Lenticular and 
graded bedding. Foraminifera 

Upper Miocene (Tgh) Viqueque Formation 800 

Aliambata Limestone 50 

Middle Miocene (Tf) 

Littoral and neritic 
molasse 

Infraneritic 

Bahamite 

Ramelauean orogeny 

Lower Miocene (Te) 

Lower Miocene (Te) Cablac Limestone 600 

Calcilutites rich in pelagic Foraminifera 

Calcirudites, calcarenites, and calcilutites. 
Foraminifera and calcareous algae 

Tel-4 (?) Matabian unconformity 

Dacitic and basic tufts, pumice, and basic lavas 
Oligocene (Tcd) Barique Formation 300 (pillows). Conglomerates Marine neritic 

Tb-Tc (?) Bariquean unconformity 

Middle and Upper 
Eocene (Tab) Dartollu Limestone 100 Biocalcarenites and calcareous algae. Foraminifera Off-reef 

Middle Eocene 
and Lower Cretaceous *Seical Formation 100 Radiolarites and calcarenites. Foraminifera Infraneritic 

Lower Eocene 
to Danian Timorean orogeny 

Maestrichtian to 
Campanian Borolalo Limestone 200 Calcilutites, biocalcarenites, and chert. Foraminifera Infraneritic 

Maestrichtian to Radiolarites, radiolarian shales, cherts, calcilutites, 
Aptian Wai Bua Formation 500 and manganese nodules. Foraminifera Infraneritic 

Aptian to Middle 
Betanean folding Jurassic 

P E T R O L E U M  P R O S P E C T S  

Possible source and reservoir beds 

Oil seeps. Source beds and reservoirs. 
Possible stratigraphical and anticlinal 
traps 

Oil seeps 

Oil and gas seeps. Bituminous shales, 
and porous arenites 

Oil and gas seeps. Bituminous limestones 
and shales. Dolomitization. Possible 
arenite reservoirs 

A G E  

Middle 
Miocene (Tf) 

Maestrichtian 
to Campanian 

Permian 

Probably 
Permian 

F O R M A T I O N  

A L L O C H T H O N O U S  U N I TS  

T I M E  O F  

N A M E  O V E R T H R U S T I N G  

T H I C K N E S S  

(m) 
L I T H O L O G Y  

Scaly bentonitic clay matrix 
with numerous exotic blocks. 
Foraminifera 

Calcilutites and biocalcarenites. 
Foraminifera 

Calcirudites, calcarenites, quartz- 
arenites, tufts, and lavas: rich 
reef fauna 

Mostly shale" with calcilutites, marls, silts, arenites, 
Middle Jurassic to Wai Luli Formation 1 0 0 0  calcarenites, and conglomerates. Red shales and Neritic 
Norian 

gypsum. Ammonites 

Norian to Ladinian Aitutu Formation 1 0 0 0  Mostly calcilutites with some shales and caicarenites Neritic 
locally. Halobia and rare ammonites 

Lower Triassic Bazolian movements 

Micaceous shales and siltstones with quartz-arenites, 
Upper Permian Cribas Formation 500 calcilutites, nodules. Pelecypods Neritic flysch 

Oil and gas seeps. Bituminous shales 
and porous arenites 

Probably 
pre-Permian 

Bobonaro Emplaced as submarine 
Scaly Clay gravity slide during 2000 ÷ 

Middle Miocene (Tf) 

Quartzites, black shales, silty shales, calcilutites, and 
Lower Permian Atahoc Formation 600 calcareous nodules. Ammonites Neritic flysch 

Borolalo 
Middle Miocene (Tf) 30 

Limestone 

Maubisse Middle Miocene (Tf) 900 
Formation 

Aileu Middle Miocene (Tf) 1000 ÷ 
Formation 

Lolotoi Lower Eocene (Ta) 1300 (?) 
Complex 

Shales, phyllites, slates, and 
meta-eruptive rocks 

Low-grade regionally metamor- 
phosed sedimentary and erup- 
tive rocks. No fauna 

F A C I E S  

Wildflysch 

Infraneritic 

Littoral and 
epineritic 

Infraneritic 
or bathyal 

Metamorphic 
complex 

* Possibly allochthonous 
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Sumasse (about Cribas village) and Tuquete (north of Tuquete village). The only other known occurrence 
is in the Loi Quero anticline (P1. 13). 

Lithology. In the type-section the bulk of the Atahoc Formation is composed of hard black shales, which 
are finely laminated and monotonous in appearance. The lowest exposed member is a hard, unfossiliferous, 
pink and grey massive quartz sandstone with some thin black shale intercalations. Large cliffs of this sand- 
stone are well exposed just north of Cribas village. 

_ 

Fit3.2. Stratigraphical columns of the Atahoc and Cribas formations. 

The overlying shales are mainly silty, with numerous calcareous and clay-ironstone nodules and some thin 
limestone beds that can be followed as marker-horizons. These limestones are beige, grey, and red coloured, 
usually fossiliferous with debris of crinoids, trilobites (rare), cephalopods, corals and Bryozoa. A few thin 
cherts are interbedded with the limestones, and thin beds of hard micaceous quartz sandstone and siltstone 
are also developed, particularly towards the top. 

The top of the Atahoc Formation is taken arbitrarily as the top of an amygdaloidal basalt that locally 
forms a good marker-horizon. It varies from 3 to 7m thick and is red and greenish in colour. Immediately 
below this basalt there are red shales and a red limestone bed containing the trilobite Phillipsia. 

In the vicinity of the Loi Quero village is a succession of hard grey slates, weathering to a rusty colour, and 
pink and grey hard massive quartz-sandstones showing traces of fine laminations and cross-bedding. No 
fossils have been found in these beds but lithologically they resemble the Atahoc Formation of the Cribas 
anticline, and they are overlain by the Cribas Formation with apparent conformity. Stratigraphical columns 
of the Atahoc and Cribas Formations are given in Fig. 2. In the Loi Quero region the boundary between the 
two formations is taken at the base of the lowest red shales. 

6 Mem. geol. Soc. Lond. no. 4 
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Stratigraphical position. In the type-section and in the Loi Quero inlier the Cribas Formation overlies the 
Atahoc Formation conformably; in the other inliers, where the Cribas Formation is exposed, its base is 
not seen. The age of the Cribas Formation has been determined as Upper Permian (probably lower Upper 
Permian) on the basis of the sparse fauna. 

In the type-locality the problem of the contact between the Cribas Formation and the overlying Ladinian 
Aitutu Formation is difficult to resolve because there is no clear lithological break. Tectonic dislocation in 
this region has been severe, so that in the absence of good index-fossils (only a few poorly preserved pelecypods 
are found in the upper part of the Cribas Formation) the boundary is taken at the first horizon that contains 
Halobia, which is the index-fossil for the Triassic System in Timor. Elsewhere the contact between the Cribas 
Formation and the overlying Aitutu Formation is well pronounced, and appears to be unconformable, with 
the whole of the Lower Triassic and probably the Middle Triassic missing. It must be admitted that in the 
Cribas anticline the Lower Triassic might be present unseen. 

All the inliers except the Bazol anticline and the Viqueque inlier have yielded Permian pelecypods, identified 
by J. M. Dickens & S. K. Skwarko (unpublished report, 1961): 

Atomodesma exerata Beyrich 

A tomodesma variabile Wanner. 

Grunau (1956, 1957A) reported another pelecypod from the Cribas anticline and the Loi Quero anticline: 

Merismopteria cf. M. macroptera (Morris) 

The Bazol anticline has yielded the following Permian Foraminifera identified by D. J. Belford (unpublished 
reports, 1960B, 1961A): 

Textularia sp. 
Trepilopsis sp. 
Geinitzina triangularis Chapman & Howchin 
Frondicularia sp. 
Nodosaria sp. 
Lagenidae. 

A similar limestone (an exotic block in the Bobonaro Scaly Clay) yielded the following Foraminifera, 
Radiolaria, etc. : 

Cornuspira sp. 

Dentalina sp. 

Frondicularia sp. aft. F. woodwardii Howchin 

Geinitzini triangularis Chapman & Howchin 

Nodosaria sp. aft. N. postcarbonica Spandel 
Radiolaria: 

Ostracoda: 

Cenosphaera sp. 

A canthosphaera sp. 

Dictyomitra sp. 

Rhapolodictyum sp. 

Bairdia spp. 

Other fossils that occur in the Cribas Formation are crinoids, brachiopods, gasteropods and Bryozoa, 
but they are all fragmentary and indeterminate. Cephalopods are notably absent from this formation. 

It is only in the Viqueque inlier where the age of Cribas Formation cannot be confirmed as Permian 
because the ostracods and Foraminifera found in these beds are not diagnostic. On the basis of comparable 
lithology the rocks in the River Cua section are correlated with the Cribas Formation (micaceous shales 
and silty shales, with thin siltstone and calcilutite beds). 
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Environment. The Cribas Formation also fits most definitions of flysch reasonably well (see p. 7 above). 
With the exception of the lignite and plant remains all the fossil material is of direct marine origin, and 
there is nothing to suggest that the whole formation was not deposited in a marine environment. The poorly 
sorted nature of the arenites together with the current ripple-marks, burrowing structures, the presence of 
lignite, plant remains, and the pelecypod Atomodesma, suggest that the environment of deposition was fairly 
shallow water not far from land. However, current ripple-laminations and burrowing structures of themselves 
do not indicate shallow-water or near-shore conditions; they have been described from a wide range of 
modern sedimentary environments (Menard 1952; van Straaten 1959; Shantser 1951). 

An important feature is the presence of large-scale sedimentary slump structures (P1. lb). It is well known 
that such slumping can occur in deep geosynclinal sediments. That it also occurs in shallow water on gentle 
submarine slopes was shown by Kuenen (1948) for the Carboniferous rocks of Pembrokeshire. Kuenen's 
description recalls many features of the Cribas Formation. It is tempting to suggest that the Cribas Formation 
(and Atahoc Formation) may represent pro-delta shelf deposits and delta slope beds, but Taylor (1963) has 
cautioned against interpreting ancient sediments as deltaic unless 'at least three of the four principal 
envirohments can be recognized'. 

As in the Atahoc Formation, there are also calcareous nodules in black, occasionally pyritic, shales which 
may indicate locally stagnant conditions. 

The angularity of the quartz grains and the presence of brilliantly fresh plagioclase in the arenites of the 
Cribas Formation suggest these sandstones are first-cycle deposits. The composition of these arenites suggests 
that they were derived from acid igneous rocks; furthermore, the freshness of the plagioclase grains suggests 
that they were eroded from their source under a rigorous climate (Barton 1916; Pettijohn 1957, p. 127). 
Palaeogeographical considerations suggest that the most likely source for much of the detritus of the Cribas 
Formation is to the south, that is, the area now occupied by the Sahul shelf. It is significant that the area 
from which the fresh plagioclase grains were probably derived was adjacent to a region known to have been 
glaciated during the Permian period (David 1950; Audley-Charles 1965E). 

(2) T R I A S S I C  

AITUTU FORMATION 

According to van Bemmelen (1949), the Triassic and Jurassic rocks of eastern Timor are mainly shales and 
sandstones of a flysch facies. Grunau (1953) reported about 2000m of 'autochthonous Triassic', which he 
described briefly as a radiolarian limestone facies with Halobia and Monotis, and a shale-sandstone facies. 
Gageonnet & Lemoine (1958) followed Grunau (1953) in recognizing two facies of their 'Complexe Triasico- 
Jurassique', namely a limestone facies with Halobia and a flysch facies of interbedded shales and sandstones. 
They also suggested a three-fold stratigraphical grouping into Lower Flysch, Limestone Series and Upper 
Flysch; they did not, however, map these three units separately but grouped them together as Mesozoic. It 
is important to note that large areas of eastern Timor were mapped by Grunau (1953) and by Gageonnet & 
Lemoine (1958) as 'autochthonous Mesozoic' that in reality are outcrops of a Miocene gravity-slide deposit, 
containing huge exotic blocks of Mesozoic and other rocks. This 'wildflysch' deposit has been defined and 
described elsewhere (Audley-Charles 1965A) as the Bobonaro Scaly Clay. Failure to distinguish between 
in situ Mesozoic rocks and exotic members of the Bobonaro Scaly Clay has caused much misunderstanding 
of the Mesozoic of Timor. 

Having distinguished the in situ Mesozoic rocks from the exotic blocks (not always an easy exercise), the 
next impediment is the exceptionally poor fauna of the Triassic strata. Halobia serves as the index-fossil for 
the Triassic, but it is relatively rare. Brachiopods are confined to a very few local occurrences. Ammonites 
are sporadic, rare, and generally too poorly preserved for identification. There is seldom any opportunity 
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to follow a particular horizon in the field because of the intense minor folding and faulting that has affected 
all the Mesozoic rocks of eastern Timor (P1.6b). The Triassic rocks do not lend themselves readily to detailed 
stratigraphical study, and it has not been possible to determine properly measured detailed sections, although 
the general succession has been worked out (P1. 9). 

Type-locality and geographical distribution. The type-section for the Aitutu Formation is the Aitutu anticline 
between Maubisse and Same (P1. 13). Here the formation is well exposed in the many creeks draining south- 
wards into the River Wai Luli. 

The distribution of the Aitutu Formation outside the type-locality is shown in Fig. 1. 

Lithology. The detailed succession in the type-locality has not been established because of the complicated 
minor tectonic structures. The stratigraphical columns (P1. 9) are generalized interpretations. In the type- 
locality the base of the formation is composed of a group of rocks distinguished as the Tallibelis Member 
(described below). The succession above the Tallibelis Member consists predominantly of dense, very fine- 
grained radiolarian calcilutites, with a wide variety of bedding thickness. Interbedded locally are thin develop- 
ments of shales and calcareous shales. It is quite common to find 50m of calcilutite without any interbedded 
shale (P1. 2a). 

With the exception of the highly fossiliferous basal conglomerates around Tutuala (P1. 7d), the character 
of the Aitutu Formation is consistent throughout eastern Timor, and is easily identified in the field. The 
hard radiolarian calcilutites, which form prominent rugged escarpments and generally support only a light 
vegetation (P1. 6a), dominate the lithology everywhere. 

The Aitutu Formation consists of about 80 per cent calcilutites, 15 per cent shales and calcareous shales, 
and about 5 per cent calcarenites, lumachelles, quartz-arenites, radiolarites and highly bituminous rocks 
(P1. 7b). 

An important feature of the calcilutites is the presence of burrowing structures. There are two main types 
responsible for the prominent mottling of some of the limestones and marls: one may be compared with 
Chondrites, having a fine branching tubular structure; the other possibly results from the activity of a larger 
organism, having tube diameters varying between 0-5cm and 1.5cm. Some examples of this larger type, 
which resembles Scalarituba Weller (in Hantzchel 1962), have branches; generally these tubes and their 
branches transect the bedding-planes perpendicularly or at very steep angles. Similar trace-fossils have been 
studied by Seilacher (1953), and the Chondrites structures have been discussed in detail by Simpson (1957). 
Hallam (1960, fig. 16, pl. 2) illustrated Chondrites from the Blue Lias Limestones and marls of Dorset that 
appear to be identical with those of the Aitutu Formation. These burrowing structures are always of darker 
colour than the surrounding matrix, whether calcilutite or marl; in thin section the dark spots are seen to be 
caused by finely disseminated carbonaceous matter, perhaps due to mucus or excreta. 

The calcarenites, which have a wide range of composition, are usually thin-bedded, with fine cross- 
laminations visible on their weathered surfaces. Freshly broken surfaces are mostly dark blue or black, and 
weather a light ochreous colour. 

Thickness. The thickness of the Aitutu Formation in the type-locality is estimated to be about 1000m. Minor 
tectonic structures obstruct precise measurement. The thickness in other parts of Timor appears to be similar. 

Stratigraphical position. Wherever the base of the Aitutu Formation or the Tallibelis Member (discussed 
below) is seen it appears to be unconformable on the Permian Cribas Formation. In most localities the lowest 
beds of the Aitutu Formation have yielded only Halobia-type pelecypods that indicate an Upper Triassic 
(Carnian-Norian) age. In the Cribas anticline, however, two localities have yielded Daonella cf. D. indica 
Bittner (Grunau 1956) and Daonella pichleri var. timorensis Krumbeck (Skwarko, personal communication, 
1961) that indicate a Ladinian age. The apparent absence of any Lower Triassic fauna (except in some exotic 
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blocks of limestone in the Bobonaro Scaly Clay), together with the basal unconformity suggest that the 
Lower Triassic is absent from eastern Timor. In western Timor the whole of the Lower Triassic is said to be 
only 2m thick (Umbgrove 1938), but these beds are probably allochthonous (cf. de Roever 1940). One of the 
problems in eastern Timor is to determine how much of the basal Aitutu Formation is Ladinian. The paucity 
of the fauna together with the paucity of outcrops of the basal part of the Aitutu Formation prevent a 
satisfactory solution. Locally at least the Ladinian is known to be absent, as for instance at Tutuala (P1. 13), 
where the fossiliferous basal conglomerate contains a rich ammonoid fauna of Carnian age. This conglomerate 
contains the following ammonoids, determined by Dr M. K. Howarth (personal communication, 1963): 

Placites meridianus (Welter) 
Pinacoceras sp. 
Parathisbites scaphitiformis (Hauer) 
Phormedites sp. 
Arcestes malayicus Welter 
Arcestes spp. 
Proarcestes hanieli Welter 
Tropites sp. 
Paratropites cf. P. sellai (Mojsisovics) 
Hoplotropites sp. 
Discophyllites sp. 
'Orthoceras' sp. 
Clydonautilus biangularis Mojsisovics. 

Also present in this Carnian conglomerate are brachiopods identified by Dr D. V. Ager (personal com- 
munication, 1964) as Austriellula pirum (Bittner); and the pelecypod Halobia cf. H. cassiana (Mojsisovics) 
identified by the late Dr L. R. Cox (personal communication, 1963). Grunau (1956) reported Lovcenipora sp. 
and Misolia from the same locality. The numerous gasteropods, bryozoans and Foraminifera in the 
conglomerate have not been studied. 

The presence of the pelecypods Halobia cf. H. comata Bittner and H. cassiana (Mojsisovics) through most 
of the Aitutu Formation indicates that most of it is Carnian-Norian in age. 

The top of the Aitutu Formation is everywhere conformable below the Wai Luli Formation, the base of 
which can be dated by ammonites as Lower Jurassic. Thus the maximum time-range of the Aitutu Formation 
is Ladinian to Norian inclusive. In a number of places the age of the top of the Aitutu Formation has been 
independently confirmed as Norian on the basis of ammonites. For example, in the Aitutu anticline, the top 
of the Aitutu Formation has yielded Halorites sp. and Arcestes sp. Grunau (1956) reported Arcestes sundaicus 
Welter from near Pualaca. Gageonnet & Lemoine (1958) reported Halorites sp. and Cladiscites sp., indicating 
a Carnian-Norian age, in loose boulders near Aliambata. 

In the Aliambata anticline brachiopods identified by Dr D. V. Ager (personal communication, 1964) as 
'Halorella' nimassica Krumbeck occur with Halobia cf. H. comata Bittner of Upper Triassic age. But Ager 
(1968) has shown that this is not in fact Halorella, and has made this species the type of a new genus, 
Timorhynchia. 

The quartz-arenites, particularly those with a clay-silt matrix, commonly contain Myalina sp., numerous 
plant fragments, pollen and spores. The following pollen and spores have been determined by Dr M. Muir 
(personal communication, 1965) from one sample: 

Simplicisporites virgatus Leschik 
Camerosporites sp. 
Alisporites sp. 
Illinites sp. 
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Lueckisporites sp. 
Platysaccus sp. 
Jugasporites (Pityosporites) sp. 
Podocarpoid pollen 
Granulatisporites sp. 
Calamospora tener 
cf. Ricciisporites. 

Dr Muir considered that the presence of these species suggests strongly that the age of this sample is 
Upper Triassic (probably Keuper). 

Environment. The microfauna and macrofauna leave no doubt that the Aitutu Formation is completely 
marine. The problems of environment are best considered in relation to each principal lithofacies. 

(i) The calcilutites and interbedded shales. These rocks account for about 95 per cent of the Aitutu Forma- 
tion, of which 80 per cent are calcilutites: since the formation is about 1000m thick the calcilutites thus 
amount to about 800m. For such a thickness of fine calcite (or aragonite) mud to have been deposited, 
conditions must have been quiet with an absence of strong bottom currents. The preservation of the delicate 
skeletons of Radiolaria that characterize these calcilutites supports this view (P1. 7a). The only common 
macrofossils are the thin-shelled pelecypods Halobia, which are usually found well preserved although 
their valves are generally separate (P1. 7b). Under high-energy conditions such thin shells would be rapidly 
broken up. 

The high purity of most of the calcilutites (less than 5 per cent insoluble material) indicates that little 
terrigenous material was entering the area, and accords with the absence of strong currents. 

The calcite mud may initially have been aragonite, by analogy with the formation today of calcium 
carbonate muds in the Persian Gulf (Wells & Illing 1964) and the Bahamas (Cloud 1962). Its origin may be 
ascribed to inorganic precipitation of calcium carbonate from sea-water through the activity of plankton. 
Prolific radiolarian and diatom biota are present in many of the calcilutites and form occasional thin beds 
of radiolarites, interbedded with shales, which may indicate that the muddying of the seas produced an 
unsuitable environment for the plankton. Hallam (1964) has suggested that the origin of the calcium 
carbonate muds that formed much of the Blue Lias (which in many respects is remarkably similar to the 
Aitutu Formation) was largely by precipitation as calcite by bacteria. This had been suggested for the muds 
of the central parts of the Black Sea (Archanguelsky 1927; Caspers 1957), and supported by the experiments 
of Lalou (1957). Hallam (1964) admitted the possibility that aragonite muds were formed in shallow water 
and swept into deeper water to add to calcium carbonate being deposited. The importance of bacteria as 
agents of calcium carbonate precipitation in the Aitutu Formation is unknown, but must not be overlooked; 
pyrite found throughout the Aitutu Formation may be associated with sulphate-reducing and the denitrifying 
bacteria that are said to precipitate calcium carbonate in the Black Sea. 

The macrofauna of the calcilutites of the Aitutu Formation is impoverished. Brachiopods have not been 
found in the calcilutites, ammonites are extremely rare, and crinoids are known only as isolated rare ossicles; 
Halobia alone is common, and this is thought by Jefferies & Minton (1965) to be a nektoplanktonic genus. 
The only indications of a benthos are the burrowing structures of 'Chondrites' and 'Scalarituba'. These 
observations suggest that conditions were unfavourable for benthonic organisms, particularly the shelled 
animals. One obvious explanation is that bottom conditions may have been stagnant. Support for this comes 
from the frequency of pyrite and the development of highly bituminous limestones at a number of horizons, 
demonstrating that anaerobic environments were established (cf. Bitterli 1963). Regional palaeogeographical 
studies (Audley-Charles 1966A) suggest that Timor occupied a central position in a closed basin (Fig. 10). 
In a closed stagnant basin like the Black Sea, anaerobic conditions on the bottom would prohibit the 
development of a shelly bottom fauna while permitting the development of planktonic organisms. 
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The depth of water in which these calcilutites were deposited is difficult to estimate in the absence of a 
benthos. It may be inferred, by analogy with the Bahama Banks (Illing 1954) and the Persian Gulf (Houboult, 
thesis, 1957), that the presence of interbedded calcarenites containing oolites, calcareous algae and other 
reef debris indicates that conditions were neritic and epineritic. 

(ii) Lumachelles. Most of the Aitutu lumachelles consist of closely packed disarticulated shells of Halobia, 
and form very thin units at master bedding-planes as well as the thicker more important shell-beds. Whether 
these shell-beds are the result of winnowing, the sudden death of the Halobia, or a reduced rate of sedi- 
mentation of calcium carbonate mud is uncertain. 

(iii) The quartz-arenites. Many of these sandstones and siltstones contain much plant material such as leaf 
cuticle, pollen and spores. They are finely laminated and contain Myalina and numerous large burrowing 
structures. The arenites have much in common with modern epineritic sediments. 

There is a fairly convincing pattern of evidence from the Aitutu Formation as a whole to indicate that it 
accumulated in a shallow marine environment. There is much to suggest that the bulk of the formation was 
formed in a closed basin in which bottom conditions were unfavourable for the development of shelly 
organisms, owing possibly to an anaerobic environment that was due to the absence of circulation and 
bottom currents (Audley-Charles 1966A). The development of the calcarenites suggests that, in the presence 
of high-energy waters, reef organisms flourished. The presence of the quartz-arenites possibly indicates minor 
disturbances of the basin margins. 

T A L L I B E L I S  MEMBER 

The Tallibelis Member is a distinct series of argillaceous beds found at the base of the Aitutu Formation in 
one region. 

Type-locality and geographical distribution. The type-section for the Tallibelis Member is in the upper reaches 
of I1 Belis Creek (6 km south-east of Bobonaro). Elsewhere it has been found only in two other near-by small 
creeks, Batzulor and Bele Teu, which drain the northern limb of the Bazol anticline (P1. 13). 

Lithology. In the type-section the Tallibelis Member consists of well-bedded purple and dark blue mudstones 
and marls with some thin calcilutites. The predominantly dark colours, absence of radiolarian limestones, 
and presence of shell-beds of poorly preserved mixed fossils characterize this member. Pyrite is notably 
disseminated in these rocks. 

Thickness. In the type-section and the other creeks where this member is exposed it is about 150m 
thick. 

Stratigraphicalposition. In the Bazol anticline the Tallibelis Member forms the base of the Aitutu Formation 
and overlies the Cribas Formation unconformably, although the actual contact is not exposed. The Tallibelis 
Member has been dated as Norian on the basis of Cochloceras sp. identified by Dr M. K. Howarth (personal 
communication, 1963) from the shell-beds in the I1 Belis Creek. 

Overlying the Tallibelis Member conformably are radiolarian limestones of the Aitutu Formation contain- 
ing Halobia sp., also dated as Norian. 

Environment. The presence of many pelecypods and gasteropods indicates a shallow marine environment, 
while the fine grain-size of the mudstones, marls and calcilutites suggests the absence of strong bottom 
currents. The abundance of pyrite may indicate anaerobic conditions. 
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(3) J U R A S S I C  

WAI LULI FORMATION 
Grunau (1953) and Gageonnet & Lemoine (1958) did not distinguish the Jurassic from the Triassic rocks on 
their maps, and mapped large areas as 'autochthonous Mesozoic' that are now known to be occupied by the 
Bobonaro Scaly Clay (Audley-Charles 1965A). 

Type-locality and geographical distribution. The type-locality is the valley of the Wai Luli where it follows the 
strike of the Aitutu anticline. The Wai Luli Formation is well exposed in the side of the valley; its distribution 
outside the type-locality is shown in Fig. 1. 

Lithology. The detailed succession has not been established because of the complicated minor tectonic 
structures. The stratigraphical columns (P1.9) are generalized. In the type-locality the base of the formation 
is composed of well-bedded, spotted blue-grey marls and calcilutites with ammonites (P1. 2b). The spots are 
characteristic, being much darker than the matrix, and represent burrowing structures like Chondrites and 
Scalarituba. Above the marls, micaceous shales and thin-bedded calcilutites occur. These limestones become 
less common up the section and give way to marls, shales and quartz-arenites. Towards the top of the 
exposed section coarse conglomerates containing pebbles (some well rounded) up to 25cm diameter occur. 
Most of the pebbles are either calcilutites or calcarenites closely resembling those of the Aitutu Formation; 
many of them are encrusted with blue-green thread algae. Other clasts in these conglomerates are algal 
pisolites, calcareous algal fragments, oolites, angular quartz grains (medium sand to silt grade) and altered 
feldspar. A sparry calcite cement forming a granular mosaic binds the various clasts together (P1. 7c). There 
is nothing to suggest that these conglomerates are slump deposits, and they are regarded as normally inter- 
bedded rudites. 

Outside the type-locality the general succession appears to be similar, the spotted marls and calcilutites 
being found at the base wherever the formation is seen. An important local development in the north flank 
of the Cribas anticline between Manatutu and Laleia is the presence of red and blue shales with beds of 
gypsum and rare salt pseudomorphs, which are found with calcilutites displaying an extreme degree of plastic 
deformation. The deformation of the calcilutites may probably be attributed to large volume changes in the 
original sediments caused by chemical reactions of the anhydrite-water-gypsum system. Associated with 
these rocks are calcarenites and quartz-arenites. 

Throughout eastern Timor shales probably form about 70 per cent of the Wai Luli Formation. In the 
shales and quartz-arenites plant remains, mainly leaf cuticle, pollen, and spores are common. Towards the 
top of the formation sequences of red shales are common. 

Thickness. The Wai Luli Formation is estimated to be about 800m thick in the type-locality. Elsewhere it 
probably reaches a thickness of about 1000 m. 

Stratigraphical position. The Wai Luli Formation is everywhere conformable upon the Aitutu Formation. 
It is overlain everywhere unconformably by rocks of Cretaceous or younger age. In the type-locality the lowest 
part of the Wai Luli Formation has yielded the Lower Jurassic ammonite Arnioceras sp. The marls in the 
southern limb of the Cribas anticline have yielded the Toarcian ammonite Dactylioceras cf. D. braunianum 
(d'Orbigny). Thus the base of the Wai Luli Formation is established as Lower Jurassic (Toarcian), at least 
locally. In other places, for example, in the northern limb of the Aliambata anticline and the northern limb 
of the Bazol anticline, the Wai Luli Formation contains Halobia, which suggests that here the Formation 
extends down into the Upper Triassic (Norian). 
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The upper part of the Wai Luli Formation is difficult to date precisely. The youngest fossils found so far 
are the belemnites from the Aliambata area (Belemnopsis sp.), which were identified by Dr M. K. Howarth 
(personal communication, 1964), who commented that they probably indicate Middle or Upper Jurassic 
age. Because of the unconformity at the top of the Wai Luli Formation and the absence of any definite 
Upper Jurassic fossils it seems probable that the youngest part of the formation is Middle Jurassic. 

Two ammonites reported from the South Laclo region by Grunau (1956) were Arietites sp. and ? Oxy- 
noticeras sp. Later, Grunau (1957A) reported Aucella sp. and Lima brouweri Krumbeck from the Aliambata 
region. 

Mr G. F. Elliott (personal communication, 1965) has identified 'myxophytes (blue-green thread algae)in 
two samples' from the Aitutu anticline; he comments that one sample 'is a little like Sphaerocodium', but 
this has no age-significance. 

One arenite sample rich in leaf cuticle was studied by Dr M. Muir (personal communication, 1965) who 
commented that the sample 'yielded abundant Ginkgoalean-type cuticles. The spores present were undiag- 
nostic bisaccate spores, but were sufficiently abundant for the absence of the characteristically Permo-Trias 
striate pollen grains to be significant. The sample is likely to be Jurassic in age from the presence of 
Allisporites sp., Pityosporites sp., Cycadopites sp. and cf. Exesipollenites sp.' Dr Muir regarded this leaf 
cuticle as drifted material. 

Other fossils found in the Wai Luli Formation include Pecten n. sp., Myalina sp. and Misolea sp. 

Environment. The Wai Luli Formation is entirely marine. The fauna is sparse, restricted, sporadically 
distributed and generally poorly preserved, and little can be said about the depth of water in which most of 
the formation accumulated. By analogy with modern deposits forming in the Bahamas (Illing 1954) and the 
Persian Gulf (Houboult, thesis, 1957), the presence of calcarenites with algal pisolites, oolites and skeletal 
sands indicates very shallow-water conditions. The coarse polymict conglomerates with well-rounded pebble 
clasts covered by algal growths also indicate shallow water with high-energy conditions. The increasing 
frequency with which these very shallow-water indicators appear towards the top of the formation may 
indicate that conditions became increasingly shallower. Other facts suggesting that the basin of deposition 
was shallow are the presence of gypsum, salt pseudomorphs, prolific plant remains, and possibly the red 
shales. The much-burrowed quartz-arenites, calcilutites and marls accord with, but do not prove, a shallow- 
water environment. An important indication of shallow water is the presence of calcareous algae (cf. 
Johnson 1961). 

The presence of gypsum does not prove that this was an evaporitic zone; gypsum can be precipitated in 
marine environments such as the mangrove swamps of New Caledonia (Avias 1953). 

The only common benthonic fossil remains are the burrowing structures of 'Chondrites" and 'Scalarituba'. 
The poverty of shelly fossils may be significant, especially in the presence of pyrite, bituminous horizons 
and gypsum, which may indicate anaerobic and highly saline bottom conditions. A closed stagnant basin 
seems a likely explanation of these sediments, and accords with regional palaeogeography (Audley-Charles 
1966A). 

It thus appears that the environment of deposition of the Wai Luli Formation may have been very similar 
to that of the Aitutu Formation. Yet the lithologies of the two formations are distinct, for while the Aitutu 
Formation is characterized by lack of terrigenous material, the Wai Luli is predominantly a clay formation. 
The basal marls of the Wai Luli Formation represent a transition from the 'pure' carbonate environment of 
the Aitutu to the clay shales of the Wai Luli. An important environmental factor is that both formations 
are composed of more than 80 per cent lutite-grade material, which suggests persistence of quiet water 
deposition, until towards the top of the Wai Luli Formation arenites become common and conglomerates 
appear, probably owing to considerable shallowing. 

Mem. geol. Sor Lond. no. 4 15 



M. G. A U D L E Y - C H A R L E S  

(4) C R E T A C E O U S  

WAI BUA FORMATION 
Grunau (1953) and Gageonnet & Lemoine (1958) placed the rocks of the Wai Bua Formation in the 'Bibiliu 
Series'. This was a 'sack' name, which recent work has shown to have included Cretaceous, Eocene and 
Miocene rocks of very different facies with three major unconformities. It is therefore proposed that the term 
Bibiliu Series be abandoned. The earlier workers did not differentiate between in situ Cretaceous rocks and 
the large exotic blocks of Cretaceous formations incorporated in the Bobonaro Scaly Clay (Audley-Charles 
1965A). Freytag (1959), in an unpublished report to Timor Oil Ltd, was the first to recognize that the rocks 

of the Wai Bua Formation formed an important unit. 

Type-locality and geographical distribution. The type-locality for the Wai Bua Formation is near the village 
of Wai Bua (5 km north of Betano), the type-sections being on the track from Betano to Wai Bua and in 

the near-by River Maran. 
Exposure is poor, and is almost confined to the hills north of Betano and the small creeks between the 

rivers Sui and South Laclo. A few good sections are found in the rivers Leto and Cela, and west of the Sui 

in an unnamed tributary of the Bisumata. 
Exotic blocks of this formation are common in the Bobonaro Scaly Clay. 

Lithology. The type-sections reveal a succession of brittle radiolarites, radiolarian marls and shales (P1. 2c). 
The elucidation of the detailed stratigraphical succession is hampered by the scattered distribution of out- 
crops, few of which expose more than 20m of section, and the intense folding and faulting. 

The principal rock-types are finely laminated radiolarian shales, multicoloured bedded cherts, brightly 
coloured brittle radiolarites (P1. 7e), biocalcarenites composed essentially of Foraminifera and Radiolaria 
with micrite matrix, and calcilutites. Graded polymict arenites, manganese nodules and bedded ferro- 
manganiferous rocks make rare contributions. The petrology and geochemistry of the ferromanganiferous 
rocks have been described elsewhere (Audley-Charles 1965B), as have the petrology and geochemistry of 

the cherts and radiolarites (Audley-Charles 1965c). 

Thickness. It is difficult to estimate the thickness of this formation, but field and photogeological evidence 
suggest that it is about 500m. 

Stratigraphicalposition. The base is never seen, but it seems most probable that the Wai Bua Formation rests 
unconformably upon Jurassic or Triassic strata. It is overlain unconformably by various Miocene sedimentary 

formations (Pls. 12, 13). 
The Foraminifera and Radiolaria indicate that the oldest strata exposed are of Aptian or Lower Albian 

age. The presence of microfossils indicating Cenomanian, Turonian, Senonian and Maestrichtian ages 
suggests, in the absence of any evidence to the contrary, that sedimentation continued at least until 
Maestrichtian times without serious interruption. The Cenomanian may be represented by a succession only 
15m thick, which implies a somewhat condensed sequence; but in view of the tectonic dislocations and 
absence of any detailed study this has yet to be confirmed. 

The following Radiolaria have been identified from a radiolarite of the Betano area by Dr I. Crespin and 
Dr D. J. Belford (unpublished report dated 1959): 

Cenosphaera cf. immanis Tan 
Dorysphaera sp. 
Spongotripus sp. 
Sphaerostylus sp. 
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Dictyomitra sp. A 
Dictyomitra sp. B 
Rapolastrum sp. 
Porodiscus sp. 
Cenellipsis sp. 
Ellpisoxphus cf. rugosus Tan 
Eyeritidrum cf. brouweri Tan 
Lithomitra cf. pseudopenguis Tan 
Cenosphaera sp. A. 

Crespin & Belford considered that this fauna indicates a Lower Cretaceous (Albian) age. Some of these 
forms are comparable with species from the Gearle Siltstone and Windalin Radiolarite of the Carnarvon 
basin, Western Australia. Crespin & Belford commented that 'it is most probable that these radiolarites of 
Portuguese Timor are equivalent in age to the Lower Cretaceous radiolarian beds of northern Australia, 
where the age has been determined by the presence of zonal Foraminifera and megafossils'. 

The following micropalaeontologists have identified foraminiferal assemblages indicating that Cenomanian, 
Turonian and Senonian (up to Maestrichtian) stages are probably represented: Dr I. Crespin and Dr D. J. 
Belford (unpublished report dated 1959), Dr F. T. Banner (personal communication, 1963) and Mr D. J. 
Carter (personal communication, 1964). The Foraminifera identified are: 

Rotalipora brotzeni (Sigal) 
Planomalina buxtorfi (Gandolfi) 
Rotalipora eushmani (Morrow) 
Rotalipora reicheli (Mornod) 
Praeglobotruncana stephani stephani (Gandolfi) 
Globotruncana lapparanti lapparanti Bolli 
Globotruneana lapparanti subsp, nov. 
Globotruneana sp. 
Pseudogumbelina sp. cf. P. striata (Ehrenberg) 
? Pseudotextularia sp. 
Rotalipora sp. of. R. appenninica (Renz) 
Rugoglobigerina rugosa rugosa Plummer 
Rugoglobigerina rugosa cf. R. rotundata Bronniman 
Globotruncana contusa patelliformis Gandolfi 
HedbergeIla spp. 
Heterohelix globulosa (Ehrenberg) 
Gublerina sp. 
Globotruneana spinea Kikoine 
Globotruncana rosetta (Carsey) 
Globotruncana stuarti (De Lapparent). 

Environment. The fauna implies deposition in an open sea, but does not help much in defining the bathymetry. 
There is a reasonable likelihood that conditions were those of an open basin about 200m or more deep. 

The frequency of microbedding, the absence of coarse clastic deposits (except in graded sequences, where 
they suggest the agency of turbidity currents), and the presence of manganese nodules and pyrolusite-rich 
shales all suggest a bathyal environment far from a land mass. Petrographic and chemical evidence (Audley- 
Charles 1965B, 1965C), suggest that little detrital material of terrigenous origin entered the basin, that there 
was no important contribution from volcanic material, and that the cherts and radiolarites originated as 
radiolarian ooze. These conclusions accord with a bathyal environment far from land. 
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Ericson, Ewing, Wollin & Heezen (1961, p. 205), in discussing sediments deposited far from land, 
quoted with approval from the work of Arrhenius (1952, p. 86) in the East Pacific: Arrhenius considered 
that 'the occurrence of digging structures, more or less visible, may thus be taken as a characteristic of 
normal pelagic deposits. The lack of such structures indicates abnormal conditions, probably a very high 
rate of deposition'. If this conclusion is valid it can be applied to the Wai Bua Formation in which no digging 
or burrowing structures have been observed and which is abnormally thick for a pelagic deposit. 

The presence in the succession of beds of limestone argues (by analogy with modern seas) against conditions 
having been abyssal. However, as Bezrukov (1963) pointed out, dissolution of calcium carbonate in the deep 
sea is principally due to the action of cold waters rich in carbon dioxide. Such waters result from the presence 
of polar ice-caps, which are generally believed not to have existed in Cretaceous times. In the absence of such 
cold waters rich in carbon dioxide circulating on the ocean floors, calcium carbonate would perhaps be stable 
at greater depths. 

In western (formerly Dutch) Timor the Cretaceous rocks have been studied by Molengraaff (1916, 1922) 
and Brouwer (1925). Red clay-shales, with manganese nodules, sharks' teeth, fish remains and other bones, 
have been reported. Radiolarian shales and limestones rich in Globotruncana are also described. The 
chemistry of the red clay-shales and manganese nodules was studied by Molengraaff (1922) and E1 Wakeel & 
Riley (1961A), who agree in considering these rocks analogous to modern bathyal and abyssal deposits' 

BOROLALO LIMESTONE 
Previous workers (Grunau 1953; Gageonnet & Lemoine 1958) included the limestones of Upper Cretaceous 
age in a 'sack' group called the Fatu Limestones, which included limestones of Cretaceous, Eocene and 
Lower Miocene age, all supposedly allochthonous. Several factors misled these workers into regarding these 
limestones as allochthonous, but one was their failure to distinguish in situ Cretaceous strata from exotic 
blocks in the Bobonaro Scaly Clay. The various members of this 'Fatu '  group of limestones of various ages 
are here redefined, and the term Fatu Limestone should now be abandoned. 

It should be noted that the Borolalo Limestone occurs in both an autochthonous and allochthonous 
situation. The character and field relations of the allochthonous Borolalo Limestone are dealt with later. 

Type-locality and geographical distribution. The type-locality of the Borolalo Limestone is the hill called 
Borolalo, north of the beach at Aliambata. The section is exposed along a track that leads up the escarpment. 

Outside the type-locality the formation is found only in the Iliomar region, where it forms rugged hills 
with good exposure. 

Lithology. The bulk of the type-section is composed of massive or thickly bedded calcilutites. Generally they 
are pink with chocolate-coloured stylolites. Cream and pale-chocolate-coloured calcilutites, in which large 
Foraminifera are visible in hand specimen, form minor varieties. A pale-yellow radiolarian calcilutite with a 
subconchoidal fracture and manganese staining, usually dendritic, is a distinct and rare variety. 

Cherts occur as black and red nodules, and less commonly as veins cutting bedding-planes indiscriminately. 
The nodules are usually confined to particular horizons and vary in size from microscopic to 50cm diameter. 
An interesting variety is a Pteria (Avicula) coquina cemented by chert. It is pale pink with black pyrolusite- 
rich layers. 

In the Iliomar region the formation is remarkably similar, although thin developments of calcareous shales 
are found there. 

Thickness. The type-section is estimated to be about 200m thick. In the Iliomar district the thickness is 
similar. 
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Stratigraphical position. In the type-section the Borolalo Limestone is seen to rest unconformably on the 
Middle Jurassic shales of the Wai Luli Formation. In the Iliomar district the Borolalo Limestone is uncon- 
formable on the Upper Triassic Aitutu Formation. 

The base of the Borolalo Limestone in the type-locality has been dated as Upper Senonian on the basis 
of Foraminifera. There is some suggestion that the youngest part of the succession may be Danian, although 
no conclusive evidence for this has been found. 

The Aliambata No. 1 well, drilled immediately north of the beach and below the escarpment of the type- 
section, reached 1355m before being abandoned. It was so beset with technical difficulties that no reliable 
record of the stratigraphy or palaeontology is available. Dr W. F. Schneeberger (unpublished report dated 
1961) considered that most of the section drilled was in highly fractured Borolalo Limestone. Multiple 
faulting is probably responsible for the surprisingly large thickness. 

In the type-section, the Borolalo Limestone is overlain unconformably by the Lower Miocene Aliambata 
Limestone or, in places, by the Middle Miocene Bobonaro Scaly Clay. In the Iliomar district the Borolalo 
Limestone is overlain unconformably by the Bobonaro Scaly Clay. 

The following Foraminifera from the type-section and Iliomar have been identified by Mr D. J. Carter 
(personal communication, 1964), who considered that they probably indicate an Upper Senonian age: 

Globotruncana spinea Kikoine 
Globotruncana stuarti (De Lapparent) 
Globotruncana rosetta (Carsey) 
Globigerina sp. 
Hedbergella spp. 
Heterohelix globulosa (Ehrenberg) 

Environment. The fauna of the Borolalo Limestone is essentially pelagic. The very low proportion of clay and 
other land-derived detritus indicates deposition far from land. Palaeogeographical evidence from Australasia 
supports the view that during the Upper Cretaceous Timor was distant from any land-area (Audley-Charles 
1966A). 

The bathymetry of the Borolalo Limestone is difficult to estimate. The increase in the proportion of lime- 
stones in the Wai Bua Formation during the Senonian, together with the development of Senonian Borolalo 
Limestone farther east, suggests that the sea covering the Timor region became shallower towards the end 
of the Cretaceous period. The presence of neritic limestones of Middle Eocene age in eastern Timor accords 
with this hypothesis. 

The origin of the calcilutites (precipitated as a calcite or aragonite mud) presents a problem. Perhaps the 
calcium carbonate was precipitated over shallow banks (Upper Cretaceous neritic limestones are reported 
from Misool by van Bemmelen [1949]), and then swept off the banks by ocean currents into the deeper 
water of the Timor region, where it settled. 

The absence of any pre-Senonian Cretaceous rocks below the Borolalo Limestone does not necessarily 
mean that this area was one of denudation during the Cretaceous period until Senonian times. Areas of 
non-deposition, such as current-swept floors, are commonly found in modern bathyal seas. 

SEICAL FORMATION 
Grunau (1953) and Gageonnet & Lemoine (1958) mapped these rocks as part of the Bibiliu Series, a name 
which it is now proposed to discard (see p. 16 above). 

Type-locality and geographical distribution. The Seical Formation is exposed only in a small area about the 
mouth of the River Seical, which serves as the type-locality. 
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Lithology. The exceptional disorder of the beds of this formation prevents determination of the detailed 
stratigraphical succession. 

The Seical Formation is similar lithologically to the Wai Bua Formation. It consists mainly of Cretaceous 
radiolarites, radiolarian shales, cherts and marls, and some Eocene ferromanganiferous foraminiferal 
limestones and arenites. 

The radiolarites, typically pastel-coloured with a brittle fracture, are composed predominantly of the 
skeletons of Radiolaria with admixtures of Foraminifera and clay. 

The laminated brittle radiolarian shales are similar to those of the Wai Bua Formation. The pale cream 
and black thinly bedded cherts are rich in Radiolaria and are composed of chalcedonic silica. 

The Eocene strata are thinly laminated and are composed of the tests of Foraminifera with small angular 
quartz grains, and a cement of limonite and pyrolusite. The composition of the cement of adjacent laminae 
displays considerable changes which are reflected in various shades of reddish-brown and black. The 
chemistry of these rocks has been discussed elsewhere (Audley-Charles 1965B). 

One feature of this formation is the finely cross-laminated and generally graded bedded arenites. These 
arenites, like the ferromanganiferous limestones, are Eocene in age and contain reworked Upper Cretaceous 
Foraminifera. The arenites are largely composed of quartz, Foraminifera, fragments of molluscs and 
echinoids, rare spores and some lithic grains (P1. 7f). 

Thickness. The Seical Formation is estimated to have an exposed thickness of about 100m. 

Stratigraphical position. It is not certain whether this formation is autochthonous or allochthonous. There 
is some evidence to suggest that it may consist of several large exotic blocks (more than 500m long) of the 
Wai Bua Formation that are part of the Bobonaro Scaly Clay. The principal evidence pointing to this is 
the chaotic distribution of outcrops, the close spatial association with the Bobonaro Scaly Clay (P1.13), and the 
apparent diastem from the Albian to the Danian. However, because the base of the Seical Formation is not 
exposed, it is also possible that this formation is tectonically allochthonous, having been overthrust to its 
present position during the mid-Miocene (Tf) orogeny and then overlain by the Bobonaro Scaly Clay. In 
the absence of unequivocal evidence this formation is tentatively considered in situ. 

The age of the radiolarites and interbedded radiolarian shales and cherts has been determined as 'probably 
top Lower Cretaceous', i.e., Upper Albian, by Dr I. Crespin (unpublished report dated 1961) on the basis 
of comparable assemblage of radiolarians of that age in the Lower Gearle Siltstone, Carnarvon basin, 
Western Australia. The Radiolaria in the Seical Formation have been identified as: 

Acanthosphaera sp. 
Astrophacus sp. 
Cenosphaera cf. immanis Tan 
Eusyringium cf. pseudopenguis Tan 
Lithostrobus sp. 
Melitosphaera sp. aft. M. diversipora (Tan) 
Sphaerophyle cf. nova Tan 
Stylocapsa spp. 
Stylosphaera sp. 
cf. Stauralastrum sp. 
Trigonactura ( Trigonastinum) sp. 

The ferromanganiferous limestones and arenites have been dated as Eocene, and one sample as Ta (Middle 
Eocene) on the basis of the Foraminifera. Reworked Foraminifera of Upper Cretaceous (Cenomanian- 
Turonian) age are present in these limestones. The following have been determined by Dr C. G. Adams 
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(personal communication, 1964): 
? Aktinocyclina sp. 
Alveolina sp. 
Discocyclina sp. 
Nummulites cf. javanus Verbeek. 
Globigerina sp. 
Globorotalia sp. 
Rotalids, and a small orbitoid. 

The following derived Upper Cretaceous forms have also been determined: 
Globotruncana appeninica Renz 
G. helvetica Bolli 
G. lapparenti Brotzen. 

Environment. The lithology and fauna of the Cretaceous radiolarites, radiolarian shales, and cherts of this 
formation are so similar to those of the Wai Bua Formation that it may be reasonably supposed that these 
rocks were deposited under similar conditions, namely, a sea of bathyal proportions far from land. 

The Eocene graded arenites are interpreted as indicating either a shallowing of the environment, or as 
representing a mixture of pelagic and neritic material brought about by turbidite-like flow of shallow-water 
material into the deeper-water zone farther from land. 

The Eocene ferromanganiferous foraminiferal limestones are similar to modern calcareous manganiferous 
mud in the Easter Island Rise in the Pacific described by E1 Wakeel & Riley (1961B). The similarity in the 
behaviour of the ferromanganiferous cement that coats the inside and outside of the foraminiferal tests 
that make up most of the rock and the similar chemical composition (Audley-Charles 1965B) of the two 
deposits are so striking as to suggest possibly similar environments of deposition. 

(5) E O C E N E  

DARTOLLU LIMESTONE 

Gageonnet & Lemoine (1958) grouped together under the name Sdrie de Samd shallow-water marine lime- 
stones of Eocene age and eruptive rocks of uncertain age. The eruptive rocks are now known to overlie the 
Eocene limestones with strong unconformity, and the two units are here separated as distinct formations: 
the Eocene Dartollu Limestone and the Oligocene Barique Formation. It is recommended that the term Sdrie 
de Samd should now be abandoned. 

Gageonnet & Lemoine (1958) considered their Srrie de Sam6 to have been overthrust to its present position 
and therefore to be part of their Complexe Charrir. They were influenced in this view by their failure to 
distinguish the in situ volcanic rocks of the Barique Formation from the allochthonous eruptive rocks of the 
Lolotoi Complex (described later). Detailed mapping has now revealed that in the Sam6 area the Dartollu 
Limestone rests unconformably on the Aitutu and Wai Luli Formations and without any intervening 
tectonic slices. Elsewhere in eastern Timor the Dartollu Limestone rests unconformably on the Lolotoi 
Complex, but Gageonnet & Lemoine do not appear to have seen these other outcrops. Thus the Dartollu 
Limestone is now recognized as an in situ formation. 

Type-locality and geographical distribution. In the type-locality the Dartollu Limestone forms a low terrace 
about the village of Dartollu (P1. 13). Outside the type-locality the formation crops out in only two areas. 
One is north of the village of Samr, where it forms a number of small remnant outliers, usually having steep 
cliffs; the other is farther east in the valley of the La Mara, near the village of Fehuc Reen. 

Exotic blocks of this formation are common in the Bobonaro Scaly Clay. 
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Lithology. The Dartollu Limestone consists mainly of a variety of thickly bedded, honey-brown-coloured 
biocalcarenites. They are composed almost entirely of allochems of calcareous skeletal fragments in a micrite 
matrix. There are two main types: those that contain calcareous algae and Foraminifera, and those that 
contain Foraminifera and echinoderm fragments but no calcareous algae. The limestones without algae are 
the A lveolina-limestones (P1. 8a). 

Thickness. In the type-section the formation is estimated to be about lOOm thick; elsewhere it is considerably 
less. 

Stratigraphicalposition. The age of the Dartollu Limestone has been determined as Tab (Middle and Upper 
Eocene) on the basis of Foraminifera. No sample older than Ta (Lower-Middle Eocene) has been found, 
and very few Tb (Upper Eocene) outcrops are known; most of the formation seems to be of Middle Eocene 
age. 

In the type-locality and the La Mara outlier the Dartollu Limestone overlies the Lolotoi Complex uncon- 
formably, and is itself overlain unconformably by the Barique Formation. In the outliers north of Sam6 
the Dartollu Limestone rests unconformably on the Aitutu and Wai Luli Formations, but is itself uncovered. 
It is clear from its age and stratigraphical position that the Dartollu Limestone was deposited after the 
emplacement of the Lolotoi Complex by overthrusting, and before the eruption and deposition of the 
Barique Formation. 

The following Foraminifera from near Dartollu were identified by Dr I. Crespin (unpublished report, 
1956): 

Aktinocyclina cf. A. aster Woodring 
Biplanispira absurda Umbgrove 
Crespinella sp. nov. 
Discocyclina dispansa (Sow.) var. minor Rutton 
Discocyclina cf. D. pratti (Michelin) 
Eorupertia sp. 
Globigerina sp. 
Operculinoides sp. 
Pellatispira orbitoidea (Provale) 
Pellatispira rutteni Umbgrove 
Rotorbinella sp. 
Cymbalopora cf. C. cushmani Cole 
Pellatispira madarassi Hantken. 

Dr C. G. Adams (personal communication, 1965) commented that this fauna indicates an undoubtedly Tb 
(Upper Eocene) age. 

The following Foraminifera from the outcrops north of Sam6 have been identified by Dr D. J. Belford 
(unpublished report, 1961): 

Alveolina sp. aft. A. subpyrenaica 
Alveolina sp. aft. A. oblonga 
Operculina sp. 

Dr C. G. Adams (personal communication, 1965) commented that 'on the evidence of the Foraminifera I 
would place this sample as Ta (Lower-Middle Eocene)'. 

The following Foraminifera from near Fehuc Reen have been identified by Dr D. J. Belford (unpublished 
report, 1960): 

Nummulites sp. 
Alveolina sp. 
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Hantkenina alabamensis Cushman 
Globigerina yequaensis Weinzierl & Applin 
Globorotalia centralis Cushman & Bermudez 
G. sp. cf. G. acuta Toulmin 
G. spinulosa Cushman 
Truncorotaloides sp. cf. T. topilensis 
Vulvulina advena Cushman 
Uvigerina dumblei Cushman & Applin. 

Dr C. G. Adams (personal communication, 1965) commented that if this fauna contains true Alveolina then 
it is of Middle rather than Upper Eocene age. 

Dr C. G. Adams (personal communication, 1964) has identified the following Foraminifera from north 
of Sam6, which indicate a Ta age: 

Alveolina sp. (cf. A. timorensis Verbeck sensu Henrici) 
Nummulites sp. 
Alveolina cf. A. celebensis Bakx. 
Alveolina cf. A. ovicula Nuttall 

Opertorbitolites cf. O. douvillei Nuttall 

Discocyclina sp. 

Nummulites cf. N. javanus Verbeck. A and B forms 

Carpentaria cf. C. proteiformis Goes 

Orbitolites cf. O. complanata Lamarck. 

The following red calcareous algae from Dartollu and Sam6 have been identified by Mr G. F. Elliott (personal 
communication, 1963): 

Archaeolithothamnium saipanense Johnson 

Corallina matansa Johnson 

Jania sp. 

Dermatolithon nitida Johnson 

Lithoporella melobesioides Foslie 

Lithothamnium cf. L. cymbicrusta Johnson 

Lithophyllum sp. 

Mr Elliott commented that this microflora is like that of the Pacific Upper Eocene described by Johnson 
(1961) from Saipan. 

Two echinoid specimens from north of Sam6 were determined by Dr R. P. S. Jefferies (personal com- 
munication, 1964) as" Echinolampas sindensis d'Archiac. 'This is a new record for Indonesia; it is known 
previously from the Khirthar Series of Sind (i.e., Middle Eocene)'. 

Environment. The algal limestones contain only red algae of the reef and reef crevices, and probably accumu- 
lated in shallow water adjacent to the reef. Although the water was shallow, the presence of a micrite matrix 
and the absence of a sparry calcite cement may indicate the absence of strong bottom currents. The foramini- 
feral limestones indicate slightly deeper fore-reef conditions. 

In Lower Eocene times the great thrust-sheets of the Lolotoi Complex were emplaced. During the Middle 
and Upper Eocene, shallow-water marine conditions in which algae and Foraminifera flourished were 
probably extensive throughout much of Timor. It seems likely that the Dartollu Limestone was originally 
far more extensive than is suggested by the few scattered outcrops that exist today. The formation was probably 
much reduced by erosion before the Upper Miocene. 
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(6) O L I G O C E N E  

BARIQUE FORMATION 

Grunau (1953, 1956, 1957A) and Gageonnet & Lemoine (1958) did not distinguish this formation, but grouped 
part of it with the Dartollu Limestone (their S6rie de Sam6), part with the overthrust rocks of Permian age 
(Maubisse Formation in this Memoir), part with the overthrust crystalline rocks (Lolotoi Complex in this 
Memoir), and part with what are now recognized as exotic blocks in the Bobonaro Scaly Clay (Audley- 
Charles 1965A). In all instances they regarded these eruptive rocks as allochthonous. The stratigraphical 
unity of these rocks was first recognized by I. B. Freytag (unpublished report dated 1959) in central eastern 
Timor, who called them the Barique Volcanics, and showed that they were autochthonous. The author has 
found Freytag's interpretation to be correct throughout eastern Timor. 

Type-locality and geographical distribution. The type-locality for the Barique Formation is in the banks of 
the River Quique south of Barique village. Outside the type-locality this formation is widely distributed, 
from Mt Mata Bia in the east to Mt Taroman on the frontier with Indonesia in the west. 

Lithology. Near Fehuc Reen, and in the River Cai Dilla Laly (9km north-east of Aliambata), massive 
unsorted and unstratified boulder-conglomerates are found at the base of the Formation. The boulders vary 
from angular to rounded (P1. 3a). The composition of the larger clastic particles is variable, and includes 
Eocene limestones that can be matched locally as well as eruptive rocks resembling those found at higher 
levels in the Barique Formation. The matrix of the basal conglomerates is tuffaceous. 

The type-section is composed of a series of tufts with an occasional lava. Basic tufts predominate and 
consist largely of fragments of basalts and serpentinites; zeolites are common. The acid (possibly mostly 
dacitic) tufts are composed mainly of feldspar laths with quartz, pumice and glass, which is usually con- 
siderably altered. Some tufts contain Foraminifera, and some contain large rounded quartz grains probably 
derived from sedimentary non-volcanic rocks. A few crystal tufts have been found (P1. 8b). 

Interbedded with the tufts are some foraminiferal quartz-sandstones containing less than 25 per cent of 
igneous rock-fragments. The greatest development of sandstones is found south of Mt Cablac, where they 
are about 20m thick. 

The principal lavas in the type-locality are basalts varying in composition and texture. Alteration has 
usually been severe, producing mainly chlorites and carbonate minerals. Albite is common and much of it 
appears to be secondary. Andesites, many with zoned feldspars, are among the least altered of the igneous 
rocks of this formation. Occasional well-developed pillow-structures are seen (P1. 3b), which suggests that 
the majority or all of the non-tuffaceous igneous rocks may be lavas. 

Serpentinites occur in the type-locality (and also in the River Dilor, north of Mt Bibiliu and near Mt 
Cablac). They are massive, tough, dark greenish-black, and veined. In thin section the degree of serpentiniza- 
tion is seen to be variable; some contain large clear crystals of olivine, some have large crystals of feldspar. 

Outside the type-locality the formation is similar; pryoclastic rocks everywhere predominate. 

Thickness. The formation is estimated to be about 300m thick in the type-locality, elsewhere it is less. 

Stratigraphical position. In the type-locality the formation is faulted near the base, which is not exposed. 
North-east of the type-locality, around Lacluta village, the Barique Formation is unconformable on the 
Lolotoi Complex, which was overthrust to its present position during the Lower Eocene. The youngest 
rocks on which the Barique Formation rests are the Middle and Upper Eocene Dartollu Limestone near 
Fehuc Reen, where the contact is unconformable. The base of this formation is everywhere unconformable 
and generally rests on the Dartollu Limestone or the Lolotoi Complex, but in places it rests on the Aitutu 
Formation or the Wai Luli Formation. 
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The Barique Formation is usually overlain unconformably by the Lower Miocene Cablac Limestone, but 
in places is overlain by younger formations. Thus, from its stratigraphical relations the Barique Formation 
must have been erupted and deposited during the time-interval between late Tb (Upper Eocene) and early 
Te (Lower Miocene). 

Evidence for the refinement of this dating comes from the basal conglomerates. These contain boulders of 
the Dartollu Limestone, the youngest Foraminifera of which have been dated as Tb (Upper Eocene). The 
strong unconformity at the base of the Barique Formation, together with the scattered preservation of a few 
erosional remnants of the Dartollu Limestone, and the presence of boulders of the Dartollu Limestone in 
the basal conglomerates of the Barique Formation, suggest there was an important period of erosion after 
the deposition of the Dartollu Limestone and before the eruption and deposition of the Barique Formation. 
According to van Bemmelen (1949) there was a phase of moderate folding in the near-by island of Sumba 
between the Eocene and the Oligocene. It thus appears most likely that the base of the Barique Formation is 
Oligocene. 

As there is a strong unconformity between the top of the Barique Formation and the overlying Te (Lower 
Miocene) Cablac Limestone, it seems probable the Barique Formation is pre-Te rather than early Te in age. 
It can only be concluded, therefore, that the age of the Barique Formation is Tcd (Oligocene). 

The Foraminifera found in the tufts and sandstones of the Barique Formation are regrettably not diagnostic 
of any stage of the Tertiary. They are badly preserved, and the only recognized forms are Globigerinidae. 

Environment. The conglomerates, tufts, and sandstones with Foraminifera indicate that the environment 
was marine. The well-developed pillow-structures of some of the lavas indicate they were submarine 
extrusions (P1. 3b). 

The Dartollu Limestone below the Barique Formation, and the Cablac Limestone above the Barique 
Formation were both deposited in very shallow water (fore-reef environments). It therefore seems probable 
that the rocks of the Barique Formation were also deposited in a shallow or very shallow sea. The presence 
of Foraminifera in the Barique Formation suggests that had this region not received the effusive products 
of volcanism during the Oligocene, it would probably have been the site of shallow-water carbonate deposition 
by organisms such as Foraminifera, corals, and calcareous algae, as it was in the Middle and Upper Eocene 
and in the Lower Miocene. 

No volcanic necks, nor possible feeder-dykes, which could have served as vents for the extrusion of the 
lavas and tufts of the Barique Formation, have been found in eastern Timor. It is possible that the volcanic 
material was derived from either the present site of the volcanic Inner Arc (islands of Wetar and Alor 
especially), or else the region between the present Inner Arc and Timor (i.e., the area now occupied by the 
Wetar Strait). 

Brouwer (1962), who had earlier (1942) studied the Tertiary volcanic rocks of western Timor, argued that 
during early and mid-Tertiary times the active volcanic zone was close to the present north coast of Timor, 
and that during the Cainozoic it migrated northwards. The evidence from eastern Timor seems to support 
Brouwer's theory. 

(7) L O W E R  M I O C E N E  

CABLAC LIMESTONE 

Grunau (1953) and Gageonnet & Lemoine (1958) grouped the Lower Miocene limestones with those of 
Eocene and Cretaceous age under the 'sack' term Fatu Limestone. Since the constituent members of this 
group have in this Memoir been assigned to various formations, it has been suggested that the term Fatu 
Limestone should be abandoned. 
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Type-locality and geographical distribution. The type-locality for this formation is Mt Cablac in the central 
range. The present distribution of this formation is closely associated with the principal watershed, which 
strikes ENE-WSW forming the mountainous spine of eastern Timor. Here the Cablac Limestone occurs as 
isolated remnant bodies forming steep-walled cappings to mountains whose peaks are mostly between 
2400m and 1500m (P1. 3c). 

Lithology. The Cablac Limestone is composed entirely of hard, massive limestones with few bedding-planes. 
The detailed lithological succession has not been determined, but in the type-locality and elsewhere five 
main types of limestone have been recognized: calcilutites, oolitic limestones, calcarenites and intra- 
formational conglomerates of two very different kinds. The weathered appearance of most of the limestones 
is a distinctive soft grey colour with a spiky surface. The freshly broken surface is usually white, pale yellow 
or pink. Weathering emphasizes the nature of the conglomerates. 

In thin section a large number of microfacies can be identified (P1.8c), and a variety of diagenetic processes 
recognized. Pressure solution in the conglomerates has been important, and dolomitization, dedolomitization, 
silicification and desilicification are widespread in the other facies. 

On aerial photographs the Cablac Limestone is readily identified by the characteristic precipitous escarp- 
ments, lack of bedding, and heavy growth of large trees. 

Thickness. The thickness of the formation is difficult to estimate because its attitude is not easily gauged in 
the absence of bedding-planes. In the type-locality it is probably about 400m thick; in Mt Mata Bia it may 
reach more than 600m. 

Stratigraphical position. With one exception the Cablac Limestone everywhere rests unconformably either 
on the Oligocene Barique Formation or on the Lolotoi Complex. Locally, as in the type-locality, there is a 
basal conglomerate. The exception is near Soibada, where two small outliers of Cablac Limestone rest 
unconformably on the Upper Triassic Aitutu Formation. 

Situated as it is on mountain-tops this formation is seldom overlain by another, except locally in the east 
where the Middle Miocene Bobonaro Scaly Clay rests on it unconformably. In a few instances the Upper 
Miocene Viqueque Formation sits unconformably on the Cablac Limestone. 

The Cablac Limestone has been dated on the basis of its microfauna as Te (Lower Miocene). The following 
Foraminifera have been identified by Dr D. J. Belford (unpublished report, 1960) and by Mr D. J. Carter 
(personal communication, 1963): 

Spiroclypeus sp. 
Eulepidina sp. 
Cycloclypeus sp. 
Miogypsina sp. 
Lepidocyclina sp. 
Nephrolepidina sp. 
Pararotalia sp. 
Amphistegina sp. 
Planorbulina sp. 
Textularia sp. 
Globigerina sp. 

The following calcareous algae have been identified by Mr G. F. Elliott (personal communication, 1963): 
Calliarthron antiquum Johnson 
Lithoporella melobesioides (Foslie) Foslie 
Dermatolithon cf. D. nitida Johnson 
Melobesia sp. 
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Lithophyllum glangeaudi Lemoine 
Lithothamnium sp. cf. L. bourcarti Lemoine 
Corallina sp. 
? Halimeda fragments 
Corallina cf. C. neuschelorum Johnson. 

Environment. The presence of coralline and melobesioid fragments of calcareous algae indicates a shallow 
or very shallow marine environment (cf. Johnson 1961). Mr G. F. Elliott (personal communication, 1963) 
described the microflora as 'off-reef accumulations'. Mr D. J. Carter (personal communication, 1963) 
considered that the foraminiferal assemblage represented 'fore-reef material'. Other indicators of shallow 
water are intraclasts, grapestones, oolites and pellets. The presence in some rocks of a texture typical of 
beach-rock (cf. Ginsberg 1953), if correctly interpreted, is evidence of a littoral environment. 

There is no hesitation in comparing the environment of the Cablac Limestone with that of the present 
Bahama Banks (cf. Illing 1954; Newell 1955; Cloud 1962). 

The presence at several horizons in the Cablac Limestone of conglomerates (polymict intracalcirudites) 
may have resulted from several changes in sea-level during the Lower Miocene in which Timor was rapidly 
uplifted owing to epeirogenic movements. These conglomerates have been discussed elsewhere (Audley-Charles 
1967B). 

One Cablac rock-type not represented in the Bahama Banks is the polymict intracalcirudite microfacies. 
The presence in these conglomerates of terrigenous clasts of Triassic, Cretaceous and Eocene age as well as 
eruptive clasts probably derived from the underlying Oligocene tufts and lavas demonstrates that the deposi- 
tion of Bahaman-type limestones on shallow banks and shoals was accompanied by erosion of older forma- 
tions that probably formed island cores to the shallow banks. 

The scattered outcrop of the formation as steep-walled mountain caps probably represents some of the 
many isolated shoals that were originally formed on the site of Timor. 

ALIAMBATA LIMZSTONE 
Grunau (1953) and Gageonnet & Lemoine (1958) did not distinguish these rocks, which they mapped as 
part of their 'Fatu Limestone' group. 

Type-locality and geographical distribution. The type-locality for the Aliambata Limestone is the uppermost 
100m of the hill called Borolalo, just north of Aliambata. The lower part of this hill is the type-locality for 
the Upper Cretaceous Borolalo Limestone. Outside the type-locality the Aliambata Limestone has not been 
found. 

Lithology. The Aliambata Limestone is a pale-yellow poorly bedded limestone in which numerous large 
Foraminifera are visible in hand-specimen. Two kinds of limestone are distinguished: biomicarenites and 
biomicrites. The biomicarenites consist largely of the tests of pelagic Foraminifera with a small variable 
amount of micrite matrix. Plate 8d illustrates this type of limestone, which may be regarded as a fossil 
' G lobigerina-ooze'. 

The biomicrites are distinguished from the biomicarenites by consisting of more than 90 per cent micrite 
in which a few pelagic Foraminifera are found. 

Thickness. The Aliambata Limestone in the type-locality is about 50m thick. 

Stratigraphical position. The Aliambata Limestone rests on the Upper Cretaceous Borolalo Limestone, and 
although the contact is obscured by scree it must be unconformable. The Aliambata Limestone occupies a 
hill-top and consequently is not overlain by any other formation. 
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The Aliambata Limestone has been dated as probably Te (Lower Miocene) on the basis of Foraminifera, 
of which the following have been identified by Mr D. J. Carter (personal communication, 1963): 

Globorotalia sp. 
Turborotalia sp. 
Pararotalia sp. 
Globigerina sp. 
Sphaeroidinella sp. 
Globigerinoides sp. 
Sphaeroidina sp. 

Environment. The environment indicated by the microfauna is that of a fairly deep open basin. The occurrence 
of fossil ooze indicates that relatively little terrigenous detritus entered the basin. 

The carbonate mud in these rocks was probably formed over the near-by shallow banks, where the Cablac 
Limestone was deposited contemporaneously. This mud was probably subsequently swept off these banks 
into the deeper water to the south (P1. 13), where it settled. 

(8) U P P E R  M I O C E N E  

VIQUEQUE FORMATION 
The recognition of these rocks as a stratigraphical unit was first made by Grunau (1953), who called them the 
Plio-Pleistocene Series; later Grunau (1956) renamed them the Viqueque Series. Gageonnet & Lemoine (1958) 
followed Grunau (1956). These workers did not define a type-locality and dealt with these rocks only in a 
brief and general manner. 

Grunau (1953, 1956) considered the age of this formation to be Plio-Pleistocene; Gageonnet & Lemoine 
(1958) thought it ranged from Upper Miocene (Tf~) into the lower Pleistocene. It is here shown that the 
Viqueque Formation is most probably Tg and Th (Upper Miocene to Upper Pliocene) in age. The earlier 
workers thought that the formation extended into the Pleistocene because they did not distinguish between 
reef limestones of Upper Miocene age and those of Pleistocene age. Lithologically these raised reefs are 
extremely similar but their microfauna indicates they range from Tg (Upper Miocene) to Holocene. Because 
there is a strong unconformity at the top of the Pliocene it is essential to separate them stratigraphically. 

In this Memoir the Upper Miocene reef limestones are distinguished as the Lari Guti Limestone, and 
are described after the Viqueque Formation. 

Type-locality and geographical distribution. The type-locality for the Viqueque Formation is the hilly country 
immediately about Viqueque village. The formation is well exposed in the banks of the River Cua where it 
cuts through the Viqueque anticline north of Viqueque village. The rocks are highly characteristic and readily 
identifiable, so much so that they are distinguished by the native people, who call them Fatu Luca (meaning 
rocks of Luca) after the village of that name near Viqueque village, where they are well exposed. 

The present surface distribution of the Viqueque Formation is shown on the map (P1. 13). The surface and 
subsurface distribution of the Viqueque Formation may be seen in Figs. 3 and 7. As the distribution map 
(Fig. 3) suggests, the Viqueque Formation may be considered to be distributed in three separate 'basins', 
termed the central basin, southern basin and north-eastern basin. 

Lithology. In the type-locality the basal 130m consists of massive white marls and grey claystones inter- 
bedded with a few chalky limestones (P1.8f) and two beds of vitric tuff. These rocks pass up into a succession 
that is well bedded and becomes gradually more silty and sandy. Silty marls and silty claystones, siltstones, 
and sandstones predominate in the upper part of the formation (P1. 8e). 
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Its highly characteristic appearance makes this formation readily identifiable in the field and on aerial 
photographs, where it is light-toned and has well-defined ridges. Most of the rocks weather white, and, with 
the exception of the yellowish sandstones, form a white puggy soil. In the type-locality the formation has a 
rugged relief owing to deeply dissected valleys. 

Outside the type-locality the general succession is the same. Summarily this consists of a lower part, mainly 
composed of claystones and marls, and an upper part in which siltstones and sandstones become increasingly 
important upwards. 

F i o. 3. Sketch-map of the distribution of the Viqueque Formation in eastern Timor and its probable equivalent in 
western Timor (after Audley-Charles 1967A). 

Basal conglomerates occur only locally, for instance at the foot of Mt Suru Lau, between the villages of 
Ainaro and Sam& Here the River Wai Luli exposes massive, unsorted, uncemented, friable, cross-bedded 
conglomerates. On the basis of Folk's (1954) classification these rocks are classified as cobble conglomerates- 
submature greywacke. They contain cobbles as large as 50 cm diameter with much smaller particles of gravel, 
sand and silt grade. Most of the clastic material is of local derivation, and consists of fragments of eruptive 
and metamorphic rocks. Some fragments of calcilutites are present. Mineral grains identified include pre- 
dominant quartz with amphiboles, chlorite and epidote. 

The lower part of the Viqueque Formation in the southern basin contains two and possibly more vitric 
tuff beds. These are about 3m thick and are composed of about 90 per cent volcanic glass and devitrified 
glass. Some clay minerals and calcite are present. These pumice tufts are soft, white, porous, and light. 
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The upper part of the Viqueque Formation is transitional to the lower part, there being no break. The 
upper part is characterized by three features: (i) the appearance of siltstones and sandstones that become 
increasingly important up the section; (ii) the presence of graded bedding that dominates the sedimentary 
structures together with numerous sedimentary slump-structures (Pls. 4b, 5b); (iii) the extreme lenticularity, 
which renders it seldom possible to trace a particular bed for more than 300m in any direction. Consequently 
no useful marker-horizon has been found in the upper part of the formation. The rapid change in facies 
occurs vertically and laterally. Because of this the stratigraphical columns (P1. 10) are generalized. 

The detailed petrology of some beds in the Viqueque Formation has been described elsewhere (Audley- 
Charles 1967A). 

Thickness. In the type-locality the lower part of the formation is 130m and the upper part about 370m 
thick, making a total of 500m. The maximum thickness is probably about 800m under the wide coastal 
plain of the southern basin (P1. 11). The north-eastern basin contains a much reduced thickness of about 
100m, because the upper part of the formation is missing. The central basin is really the eastern end of a 
much larger structure in western Timor (Fig. 3), which van Bemmelen (1949) called the Central Basin of 
Timor; it is 140km long and 20km wide. 

Stratigraphical position. The base of the Viqueque Formation is everywhere unconformable. The Viqueque 
Formation generally rests on the Middle Miocene Bobonaro Scaly Clay, but locally it rests with angular 
unconformity on older formations. The Viqueque Formation is overlain with apparent conformity by the 
Seketo Block Clay and the Dilor Conglomerate. These two formations and the Viqueque Formation itself 
are overlain with angular unconformity by both the Baucau Limestone and the Suai Formation, both of 
which are Pleistocene to Holocene in age. 

The Viqueque Formation has been dated as Upper Miocene to Pliocene (Tgh) on the basis of its extremely 
rich microfauna. This is in accord with its stratigraphical position between the Bobonaro Scaly Clay (Tf) 
below and the Pleistocene to Holocene deposits above. The following Foraminifera have been identified by 
Dr I. Crespin (unpublished report, 1956), Dr D. J. Belford (unpublished reports, 1960, 1961), Mr A. R. Lloyd 
(unpublished report, 1962) and Mr D. J. Carter (personal communication, 1963): 

Globigerina rubra (d'Orbigny) 
G. bulloides d'Orbigny 
G. subcretacea Lomnicki 
G. mayeri (Cushman & Ellisor) 
Globigerinoides sacculiferous (Brady) 
G. trilobus (d'Orbigny) 
G. quadrilobatus trilobus (Reuss) 
G. quadrilobatus immaturus Le Roy 
G. quadrilobatus irregularus Le Roy 
G. quadrilobatus sacculifer (Brady) 
G. ruber (d'Orbigny) 
G. conglobatus (Brady) 
G. obliquus Bolli 
G. bollii (d'Orbigny) 
G. triloba triloba (Reuss) 
G. triloba sacculifera (Brady) 
Globorotalia mendardii (Parker & Jones) 
G. tumida (Brady) 
G. truncatulinoides (d'Orbigny) 
G. scitula (Brady) 
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G. menardii menardii (d'Orbigny) 
Orbulina universa (d'Orbigny) 
Sphaeroidinella dehiscens (Parker & Jones) 
Globoquadrina altispira (Cushman & Jarvis) 
G. venezuelana (Hedberg) 
Hastigerina aequilateralis (Brady) 
Sphaeroidinellopsis seminulina (Schwager) 
Pulleniatina obliquilocata (Parker & Jones) 
Pleurostomella brevis (Schwager) 
P. alternans Schwager 
Robulus sp. 
Siphonodosaria lepidula (Schwager) 
Uvigerina hispida (Schwager) 
U. schwageri Brady 
U. peregrina Cushman 
U. proboscidea Schwager 
U. gemmaeformis Schwager 
Anomalina balthica (Gmelin) 
Bulimina inflata Perner 
B. aculcata d'Orbigny 
B. rostrata (Brady) 
Planulina wuellerstorfi (Schwager) 
Sphaeroidina bulloides d'Orbigny 
Eponides umbonatus (Reuss) 
E. praecinctus (Karrer) 
Nonion pompiloides (Fichtel & Moll) 
Cassidulina subglobosa Brady 
C. sp. nov. 
Bolivinita quadrilatera (Schwager) 
Ceratobulimina pac~lqca Cushman & Harris 
Ehrenbergina serrata Reuss 
Siphogenerina indica Le Roy 
S. striata (Schwager) 
S. dimorpha (Parker & Jones) 
Stilostomella lepidula (Schwager) 
S. insecta (Schwager) 
Loxostomum karrerianum (Brady) 
Cibicides pseudoungerianus (Cushman) 
Hogulundina elegans (d'Orbigny) 
Pullenia bulloides (d'Orbigny) 
Gyroidinoides soldanii (d'Orbigny) 
Nodosaria longiscata d'Orbigny 
N. sp. cf. N. perversa Schwager 
Spiroloculina circularis Cushman 
Schenckiella sp. 
Eggerella bradyi (Cushman) 
Laticarinina pauperata (Parker & Jones). 
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Radiolaria are common in the finer-grained rocks of the Viqueque Formation; the following have been 
identified by Dr I. Crespin (unpublished report, 1956): 

Acanthosphaera sp. 
Porodiscus sp. 
Rhapolodictyum sp. 

An extremely rich but poorly preserved molluscan fauna is present in local pockets. In particular, a coarse 
friable gravelly sandstone interbedded with clayey marls in the tiny creek called Hebor (north-west of Hatu 
Udo, in the southern basin) is remarkable for its molluscan fauna. The following molluscs from the Hebor 
Creek have been identified by Mr C. P. Nuttall (personal communication, 1964): 

Gasteropoda: 
? Patella or Acmaea sp. 
Fissurella sp. 
Trochus sp. 
Turbo cf. petholatus (Linn6) 
Strombus spp. 
Naticids 
Bursid 
Thais cf. carinifera (Lamarck) 
Buccinid 
Nassarius sp. 
Oliva sp. 
Neritids of three or four species 
Cypraea belonging to several species 
Conus belonging to several species 

Scaphapoda: 
? Dentalium sp. 

Bivalvia: 
Barbatia sp. 
Glycymeris sp. 
Chlamys cf. senatoria (Gmelin) 
Ostrea sp. 
Anomia sp. 
Cardita aft. variegata Brugui6re 
Mioeardia cf. vulgaris (Reeve) 
Chama sp. 
Lucina sp. 
Cardium spp. 
Hemicardium sp. 
Lamelliconcha of. philippinarum (Hanley) ? var. molengraaffi (Tesch) 
Lamelliconcha cf. martini Tesch 
Veneriids 
Corbula cf. erythrodon Lamarck. 

Environment. The fauna of the Viqueque Formation is entirely marine. The composition and textural 
immaturity of the silty and sandy rocks, which probably make up more than half of the formation, indicate 
rapid deposition. The prevalence of graded bedding and graded cycles, the scarcity of current-bedding, 
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together with the frequency of sedimentary slump structures all indicate a molasse type of sedimentation 
(cf. Kuenen & Carozzi 1953). 

Immediately preceding the deposition of the Viqueque Formation (i.e., during Tf or mid-Miocene time) 
there was an orogenic climax in Timor marked by the overthrusting of great sheets of Permian strata from 
the north on to Timor (Fig. 4), and the emplacement in Timor of a huge gravity-slide deposit called the 
Bobonaro Scaly Clay (Audley-Charles 1965A). The Viqueque Formation is therefore an immediately post- 
orogenic deposit. 

The lithological succession of the Viqueque Formation with its coarsening of grain-size both upwards 
and towards the centre of the island, together with the progressively off-lapping facies, make it palpably 
evident that it is a regressive formation deposited during the emergence of Timor as an island. 

When Viqueque sedimentation commenced (during Tg times) Timor was totally submerged and covered 
by the Bobonaro Scaly Clay (Audley-Charles 1965A). As the island began to emerge, the soft Bobonaro 
Scaly Clay was eroded to form the basal clays and marls of the Viqueque Formation. Further emergence of 
Timor led to the uncovering and erosion of hard rocks below the Bobonaro Scaly Clay, particularly the 
eruptive and metamorphic rocks that provided most of the detritus of the Viqueque siltstones and sandstones. 
As the island continued to rise, the erosional area increased and the shore-lines moved outwards, so that in 
any one vertical section the sediments tend to increase in general coarseness upwards. 

The graded bedding and slump-structures can be readily understood in terms of periodic phases of uplift 
of the island, resulting in instability of recently deposited sediments with turbidite production. 

The elevation of the island during the time of the deposition of the Viqueque Formation was rapid (about 
2500m between Upper Miocene Tg and the end of the Pliocene, i.e., in about six million years). Wherever 
shore-lines of the Viqueque sea have been preserved, there is every indication that the shores were steep and 
rocky. It is extremely unlikely that any coastal plains were developed over which rivers could sort their load. 
Great torrents of boulders, pebbles, gravels, sands, silts and clays must have poured into the sea during the 
rainy seasons. 

The development of the limestones, marls and finer-grained rocks suggests that they must have been 
deposited some distance from the shore-lines, probably during periods when there was little detritus coming 
off the island. Such periods could have occurred during a temporary pause in the uplift, or when heavy rains 
were absent from the region. Today along the coasts of Timor after heavy rains brown muddy waters dis- 
gorged by the ephemeral rivers spread out over the surface of the sea for up to five miles from the shore; 
during the dry seasons the present-day coastal waters are clear. 

The presence of vitric tufts in the lower part of the Viqueque Formation, and the occurrence of volcanic 
ash in various rocks of the formation, indicate that the mid-Miocene volcanic quiescence of the Inner Arc 
(van Bemmelen 1949), which accompanied the orogenic climax, was over. Presumably with the waning of 
compressive forces the volcanoes were regenerated. 

LARI  GUTI  LIMESTONE 

Type-locality and geographical distribution. The type-locality for this formation is the series of cliffs on the 
west side of the Lari Guti Pass between the mountains Lari Guti and Wai Neff. This formation has no known 
representative outside the type-locality. It was probably deposited over only a limited area, but erosion must 
have reduced it considerably. 

Lithology. This formation consists of an alternating series of calcarenites and thin coral bioherms. 
The biolithites consist of in situ growths of colonial corals and calcareous algae that form beds about 5 m 

thick. Intimately associated with these reefs are small banks of molluscan shells loosely and patchily cemented 
together by calcite. 
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The calcarenites are a honey-yellow Colour and well bedded, with individual beds varying from 1 to 3m 
thick. In the field these beds of calcarenite have a similar appearance. Thin sections reveal that their texture 
and cementation are similar but that there is a wide variety of allochems and terrigenous clasts. Some of these 
calcarenites consist of little but foraminiferal sands with a sparry calcite cement. Others contain a much 
wider spectrum of allochems, such as coral fragments, bryozoans, Foraminifera, calcareous algae, echino- 
derms, molluscan debris, quartz grains and various rock fragments. The terrigenous clasts are always of 
minor importance., 

Thickness. The total thickness of this formation is about 75m. 

Stratigraphical position. The Lari Guti Limestone rests with angular unconformity on the Middle Miocene 
Bobonaro Scaly Clay and older formations. The Lari Guti Limestone is uncovered. It has been dated as 
Upper Miocene (Tgh) on the basis of its microfauna. 

The following Foraminifera have been identified by Mr A. R. Lloyd (unpublished report, 1962): 
Orbulina universa d'Orbigny 
Globigerina mayeri (Cushman & Ellisor) 
Globorotalia menardii menardii (d'Orbigny) 
Sphaeroidinella dehiscens (Parker & Jones) 
Pulleniatina obliquiloculata (Parker & Jones). 

Dr C. G. Adams (personal communication, 1964) has identified the following Foraminifera from Lari Guti: 
Slumbergerella floresiana (Slumberger) 
Slumbergerella neotetraedra (Tobler). 

The following calcareous algae have been identified by Mr G. F. Elliott (personal communication, 1963): 
Halimeda sp. 
Amphiroa cf. A. fragillissima (Linnr) Lamx. 
Lithothamnium cf. L. engelhardtii Foslie 
Lithothamnium sp. 

The following molluscs have been identified by Mr C. P. Nuttall (personal communication, 1964): 
Gasteropoda: 

Trochus sp. 
Turbo cf. petholatus (Linnr) 
Turbo (Marmarostoma) cf. ticaonicus (Reeve) 
Vermetus sp. 
Strombus sp. 
Trivia sp. 
'Amphiperas' sp. 
Cypraea (Erosaria) cf. erosa Linn6 
Cypraea (Cribraria) aft. teres Gmelin 
Cypraea indet, belonging to several species 
Mammila sp. 
Naticid 
Lampusia cf. pileare (Linnr) 
Cymatiids or Bursids indet. 
? Peristernia sp. 
Conus lividus Brugui~re 
Conus spp. 
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Bivalvia: 
Barbatia sp. A 
Barbatia sp. B 
Glycymeris pectunculus (Linn6) 
Lithophaga sp. 
Spondylus sp. A 
Spondylus sp. B 
Lima cf. lima (Linn6) 
Plicatula cf. australis Lamarck 
Gloripallium pallium (Linn6) 
Rectinid indet. 
Ostrea sp. A 
Ostrea sp. B 
Cardita aft. variegata Brugui6re 
Miocardia cf. vulgaris (Reeve) 
Trapozium aft. oblongum (Linn6) 
Chama sp. 
Nemocardium (? Lyrocardium) bechei (Reeve) 
Vasticardium sp. 
? Pitar sp. 
Dosinia sp. 

Echinoids from this formation have been identified as |arge clypeasteroids by Dr R. P. S. Jefferies (personal 
communication, 1964). 

Environment. The rocks of this formation represent a shore facies of beach sands, fringing coral and calcareous 
algal reefs with shell banks. Conditions must have been much like those of today around the rocky beaches 
of Timor, with shallow, clear, warm water. From the position of these rocks in relation to the Cablac 
Limestone and Barique Formation, it is apparent that the Lari Guti Limestone formed a fringing beach 
and reef to a number of small islands composed of older limestones and volcanic rocks. 

The alternation of calcarenites with reef growths in a vertical section probably reflects the phases of 
uplift of the emerging island, the reefs representing the more stable periods, and the sands resulting from the 
elevation of the reefs with concomitant erosion. 

It is probable that while this formation was being deposited the clays and marls of the lower part of the 
Viqueque Formation were accumulating in the deeper seas to the north and south of the central topographic 
axis where the Lari Guti Limestone is found today. 

(9) P L I O C E N E  

D I L O R  CONGLOMERATE 

Type-locality and geographical distribution. The type-locality for this formation is the axis of the Dilor 
syncline immediately south-east of Dilor village (P1. 13). The Dilor Conglomerate has a wide distribution 
along the southern part of eastern Timor (the southern basin), between the River Luca and the South Laclo 
River, a distance of about 30km. It has not been mapped outside the southern basin, but a similar facies 
is developed locally in both the other Upper Tertiary 'basins' of eastern Timor. 

Lithology. In the type-locality, and north-west of the village, poorly sorted conglomerates with coarse 
unsorted sands form small hills. The grain-size of these clastic deposits ranges from large boulders to silt. 
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Lenticles of sand and silt are found in the conglomerates. There is a wide range of composition, but most 
of the detritus has been derived from the Lolotoi Complex, particularly from the quartzites. 

Graded bedding is seldom seen, and in contrast to the Viqueque Formation cross-bedding is widespread. 
There are many local unconformities. There is a strong increase in sorting in a southerly direction. In the 
type-locality and elsewhere this formation has a dark-red lateritic cover 1 to 2m thick. 

Outside the type-locality the Dilor Conglomerate is similar in composition, but displays a wide range of 
thickness. 

Thickness. In the type-section this formation is about 300m thick; elsewhere it is generally less. 

Radiolaria: Cenosphaera sp. 
Dr I. Crespin. 

Stratigraphical position. In the type-locality this formation overlies the Viqueque Formation with a slight 
disconformity. Elsewhere, where it does not overly the Viqueque Formation, the Dilor Conglomerate is 
found to be unconformable upon the Bobonaro Scaly Clay (Tf), the Cablac Limestone (Te) or the Barique 
Formation (Tcd). The Dilor Conglomerate is commonly overlain unconformably by the Pleistocene Baucau 
Limestone, or the Pleistocene Suai Formation. On the basis of the microfauna contained in sand and mud 
lenses within the Dilor Conglomerate it has been dated as Pliocene. This accords with its field relations 
with other formations. 

The following Foraminifera have been identified by Dr I. Crespin (unpublished report, 1959): 
Globigerina subcretacea Lomnicki 
Globigerinoides rubra (d'Orbigny) 
G. trilobus (Reuss) 
Globorotalia menardii (d'Orbigny) 
G. sp. 
Orbulina universa d'Orbigny 
Amphistegina lessonii d'Orbigny 
Bulimina marginata d'Orbigny 
B. ovata d'Orbigny 
B. striata d'Orbigny 
Cassidulina pacifica Cushman 
Ceratobulimina pacifica Cushman & Harris 
Eponides praecinctus (Karrer) 
Elphidium macellum (Fichtel & Moll) 
Planorbulinella larvata (Parker & Jones) 
Rotalia schroeteriana Parker & Jones 
Uvigerina hispida Schwager 
Ammodiscus sp. 
Cyclammina sp. 
Glomospira aft. G. charoides (Jones & Parker) 
Pullenia sp. 
Rectoglandulina comata (Brady) 
Operculina sp. 
and Carposphaera sp. and indeterminate Ostracods were also recorded by 

Environment. The textural immaturity of the boulder-beds and sands, the strong cross-bedding, the absence 
of graded bedding, and the lenticular bodies of sand and mud containing the microfauna all suggest that 
this formation represents a marine deltaic deposit. The deltas formed along the southern side of the rising 
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island when crustal movements rapidly regenerated the subaerial topography and folded the Viqueque 
Formation towards the end of the Pliocene. 

Like the underlying Viqueque Formation, the Dilor Conglomerate is a regressive facies. 

SEKETO BLOCK CLAY 
Type-locality and geographical distribution. The type-locality is in the banks of the Seketo River (P1. 13) 
south of the Builo Range, in the axis of the Bibiliu syncline. Outside the type-locality this formation is 
found in a number of isolated pockets in the southern basin. 

Lithology. In the type-section the Seketo Block Clay consists of a white and pale grey clayey marl matrix in 
which a variety of unsorted, angular and subangular blocks of older rocks (particularly of the Viqueque 
Formation itself) are scattered. It may be classified as a pebbly mudstone type of deposit as defined by 
Crowell (1957). In this respect it may be compared with the Bobonaro Scaly Clay, but it does not have the 
scaly, fissile clay matrix so characteristic of that formation (Audley-Charles 19650). There is no difficulty 
in distinguishing the two deposits. The Seketo Block Clay consists of a number of pebbly mudstones inter- 
bedded with typical Viqueque marls rich in large Foraminifera. 

Outside the type-locality the Seketo Block Clay is similar. 

Thickness. In the type-section the maximum thickness is about 20m; elsewhere it is less. 

Stratigraphical position. The Seketo Block Clay everywhere overlies the upper part of the Viqueque Forma- 
tion, and is in some places overlain by the Dilor Conglomerate. The marls of this formation have been 
dated as Pliocene on the basis of their microfauna. 

Environment. Pebbly mudstones of this kind are usually formed as submarine gravity slides of unstable 
clay masses (Crowell 1957). Sedimentary slump-structures of various kinds are also common in the upper 
part of the Viqueque Formation. Such structures reflect the instability of the environment. 

(10) P O S T - P L I O C E N E  

Four separate formations representing three very different environments (marine, lacustrine and alluvial) 
are recognized. They were all deposited after the folding of the Viqueque Formation that took place in late 
Pliocene times, and they all reflect the continued emergence of Timor as an island. 

Van Bemmelen (1949), Grunau (1953, 1956), Gageonnet & Lemoine (1958) and Leme (1963), while 
recognizing some or all of the post-Pliocene facies described here, did not define formations but dealt with 
them only in a general way. 

BAUCAU LIMESTONE 
Type-locality and geographical distribution. The type-locality for the Baucau Limestone is the series of 
terraced reef limestones that crop out about the town of Baucau. The formation is widespread, and is 
particularly well developed in the eastern part of Timor. It forms two prominent topographical features, the 
Baucau plateau and the Lautem plateau. Between these two plateaux there is an almost continuous outcrop 
along the north coast. In the southern foothills the Baucau Limestone forms scattered remnant outcrops, 
some of which are extensive. 

Lithology. In the type-locality the formation is composed of a hard, vuggy, cavernous, massive, white 
coral-reef limestone, which weathers to a pale grey colour. The top of the plateau is characterized by karst 
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topography and a dark reddish soil. In the type-locality and elsewhere four main lithologies are recog- 
nized: 

(i) Coral-reef limestones. These are massive, dense in situ growths of coral with subordinate amounts of 
calcareous algae. 

(ii) Caleirudites. Massive, poorly bedded conglomerates, composed of reef debris cemented by micrite 
and sparry calcite form lenticles with the in situ coral limestones (P1. 4c). 

(iii) Calearenites. These are interbedded with the in situ reefs and calcirudites. They consist almost entirely 
of sand grains composed of the fragments of corals, bryozoans, Foraminifera, calcareous algae, molluscs and 
echinoderms. Usually less than 10 per cent of the grains are terrigenous; mainly quartz and eruptive rock 
fragments. Many of the calcarenites contain pebbles and gravel of terrigenous composition. 

There is a strongly marked rhythmic succession, with in situ reefs alternating with the calcirudites and 
calcarenites. 

(iv) Submature greywacke-pebbly sandstone. These rocks are exposed in the cliffs that run parallel to the 
coast between the two plateaux, and in the region west of the Baucau plateau. They are essentially poorly 
sorted gravels, sands, and silts; all are submature greywackes (Folk 1954). They are composed mainly 
of quartz, with lesser amounts of eruptive rock and limestone fragments. The pebbles are rounded; the finer- 
grade particles are angular or subangular. These rocks are interbedded with calcirudites and calcarenites. 

Thickness. The thickness of the formation is difficult to estimate because it is composed of a series of terraces 
that are either horizontal or dip at about 2 ~ The terraces rise from sea-level to about 500m on the top 
of the plateau. The maximum thickness based on the maximum separation of two terraces is about 
100m. 

Earlier workers reported much greater elevations for these reefs; for example, Umbgrove (1938) quoted 
600m, Gageonnet & Lemoine (1958) about 1000m, Leme (1963) mentioned reefs at 1300m. These reefs 
referred to above 500m are now known to be Upper Miocene and Pliocene in age and belong stratigraphically 
to the Lari Guti Limestone. 

Stratigraphical position. The Baucau Limestone is everywhere unconformable at the base. Generally it 
overlies the Viqueque Formation, but locally it is found on older formations. Its base transgresses the 
eroded late Pliocene folds of the Viqueque Formation, so that it is reasonable to regard the base of the 
highest (and therefore oldest) terrace as Pleistocene. The terraces can be traced at decreasing elevations 
outwards towards the present shore-line. Thus the formation probably ranges in age from lower Pleistocene 
to Holocene. 

Most of the fauna of this formation has not been studied, but the following molluscs have been determined 
by Mr C. P. Nuttall (personal communication, 1964): 

Trochus sp. 
Turbo cf. petholatus (Linn6) 
Cypraea (at least two species) 
Manupecten aft. tigris (Lamarck). 

Environment. The composition of the cliffs of Baucau Limestone along the north coast is so commonly a 
mirror-image of the sediments forming today in the sea at the foot of the cliffs that it is immediately evident 
that the Baucau Limestone is a series of raised beaches. The terraces mark the stages of uplift of Timor 
during the Pleistocene and Holocene. The alternation of in situ coral reefs with beds of reef debris and 
calcarenites reflects the shifts in sea-level due to epeirogenic uplift of Timor, and to a lesser extent to the 
phases of glaciation at higher latitudes. 
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POROS LIMESTONE 

Type-locality and geographical distribution. The type-locality is about the village of Poros, near the centre 
of the Lautem plateau. This limestone was first distinguished by Leme (1963), who referred to it as the 
Lacustrine Limestone. The formation is confined to the central part of the Lautem plateau (P1. 13). 

Lithology. The limestone is a pale-brown and cream colour when fresh; it weathers to a grey that renders it 
superficially similar to the Baucau Limestone. It is hard, thinly bedded, and rich in gasteropods and algae. 
Locally it is vuggy because the gasteropods tend to be more easily weathered. When freshly broken the 
limestone often has a strong foetid odour. On the aerial photographs this formation can be distinguished 
from the Baucau Limestone by differences in vegetation. 

Thickness. It is difficult to estimate the thickness of the Poros Limestone because it is poorly exposed and 
horizontal, but it is probably about 20m. 

Stratigraphicalposition. The base of the Poros Limestone is not exposed, but there must be a diastem between 
it and the underlying Baucau Limestone. The Poros Limestone, which is now about 400m above sea-level, 
is covered only by a soil and in places by a lake. 

As the Poros Limestone is a lacustrine limestone it must have been deposited after the Baucau Limestone 
on which it rests had been elevated above sea-level. It seems unlikely therefore that the Poros Limestone can 
be older than middle Pleistocene, and may well be considerably younger. 

The following non-marine molluscs have been determined by Dr M. P. Kerney (personal communication, 
1965): Melaniidae; Planorbidae. 

Environment. The molluscan fauna indicates that the Poros Limestone is a lacustrine deposit. A closely 
similar deposit seems to be forming today beneath Lake Surubeco, which has withdrawn to the southern 
part of the Lautem plateau. 

SUAI FORMATION 
Type-locality and geographical distribution. The type-locality is the coastal plain around Suai village. The 
formation is developed in the wide coastal plain that extends from Aliambata in the east to the frontier 
with Indonesia in the west. This plain is seriously interrupted only in the Betano area. The Suai Formation 
is poorly exposed: the terrain is without relief, and the beds are either horizontal or have a very low dip to 
the south. The outcrop is mostly covered by a dense jungle vegetation. 

Lithology. No detailed study was made of this formation, which is made accessible only by drilling. Slim-hole 
drilling and the well Matai No. 5 north of Suai village have revealed that most of the sediments are rudites 
and arenites ranging from pebbly gravels to fine silts, often rich in Foraminifera, and largely unconsolidated. 
One horizon consisting mainly of 50 m of uncemented Foraminifera was penetrated in Matai No. 5 well. 

The Suai Formation is similar to the upper part of the Viqueque Formation except that consolidated 
sediments are absent from the Suai Formation. 

Thickness. The Suai Formation in Matai No. 5 well is about 600m thick. The base is difficult to define 
accurately on the information available, and the first marls encountered in Matai No. 5 were taken to be the 
top of the Viqueque Formation. 

The Suai Formation, like the Viqueque Formation, probably thickens rapidly to the south, reaching a 
maximum off shore. The maximum thickness attained within the present limit of Timor is probably under 
the plain between Betano and Aliambata (Pls. 11, 13), where it may be about 1000m. 
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Stratigraphical position. The Suai Formation overlies the Viqueque Formation and the Dilor Conglomerate. 
Because the Viqueque Formation was folded in late Pliocene times it seems likely that there may be a 
diastem of varying local importance at the base of the Suai Formation. 

The fauna of the Suai Formation has not been studied, but it is expected that the base will be found to be 
of late Pliocene age, and that it will range up through the Quaternary. 

Environment. The presence of Foraminifera throughout most of the section penetrated by Matai No. 5 well 
indicates that the Suai Formation is marine. Like the upper part of the Viqueque Formation, the Suai 
Formation may be considered to be a molasse deposit, a regressive facies formed during the emergence of 
Timor. 

A I N A R O  GRAVELS 

Type-locality and geographical distribution. The type-locality is the terrace, now about 800m above sea-level, 
on which Ainaro village stands (P1. 13). This is the highest of a series of river terraces decreasing in elevation 
downstream (southward). 

Outside the type-locality similar alluvial terraces left stranded above present river beds are found at 
Laclubar, Cribas, Sam6, Aileu and Railaco. A huge terrace immediately east of the River Lois forms the 
eastern end of the great Central Basin of Timor (van Bemmelen 1949). 

Lithology. All these terraces are composed of typical alluvium: boulder and pebble gravels, sands and silts, 
all lenticular and strongly cross-bedded. Generally the Ainaro Gravels are friable, but locally a calcite or 
dark red lateritic cement has produced a tough conglomerate. The terraces are usually capped by such 
lateritic conglomerates. 

Thickness. In the type-section the river has cut a gorge that is now about 60m below the top of the highest 
terrace, but the individual terraces are not more than 15 m thick. 

Stratigraphical position. These alluvial terraces rest with strong unconformity on various formations whose 
ages range from Permian to Pliocene (Th). The oldest terraces (the highest) are in the central mountain 
spine, and must be contemporaneous with the Upper Miocene Viqueque Formation. The youngest (lowest) 
terraces overlie the Viqueque Formation unconformably in the Sam6 region and must be post-Pliocene. 

Environment. The Ainaro Gravels are ancient river terraces. Locally they can be seen filling huge valleys, 
and must have been deposited very rapidly. 

(B) A L L O C H T H O N O U S  F O R M A T I O N S  

(1) P R E - P E R M I A N  

L O L O T O I  COMPLEX 

Van Bemmelen (1949) called these rocks the North Coast Schists and the Manufai Diabase. Grunau (1953, 
1956) referred to them as the Crystalline Schists and Ophiolites. Gageonnet & Lemoine (1958) called them the 
Crystalline Schists. All these workers grouped together the rocks of the allochthonous Lolotoi Complex 
with those of the autochthonous Barique Formation. 

Type-locality and geographical distribution. The type-locality for the Lolotoi Complex is in the banks of the 
River Foho Ra south of Lolotoi village. Good sections are exposed in this river and in the other rivers that 
cut through the large klippe that extends westwards to the Indonesian border (P1. 13). 

The distribution of the four klippen of Lolotoi Complex in eastern Timor is shown in Fig. 5. 
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Lithology. In the type-section, and in the other klippen, the Lolotoi Complex is composed of a series of 
sedimentary and eruptive rocks that have suffered a low grade of regional metamorphism. The type-section 
consists predominantly of phyllites, schists and metagabbros that have been isoclinally folded. The most 
characteristic rocks are quartz-mica-phyllites, quartz-mica-schists, a black sericite-chlorite-schist with white 
quartz stringers, and an apple-green epidote-feldspar-quartz-gneiss, together with a suite of metamorphosed 
basic and ultrabasic eruptive rocks in which gabbroic and doleritic types predominate. 

The other three klippen are characterized by the same lithologies but locally a higher grade of metamorphism 
is recorded by the presence of garnet-mica-schists and quartz-mica-feldspar-garnet-gneisses. These rocks 
are well exposed north-east of Fatu Berliu village and in the area north-west of Mt Bibiliu. 

Thickness. The thickness of the succession of metamorphosed sedimentary and eruptive rocks in the klippen 
has not been determined because of the isoclinal folding. The maximum thickness of the overthrust sheet, 
from sole to the highest peak in the largest klippe, between Laclubar and Sam6, is estimated to be about 
1300 m. 

Stratigraphical position. The Lolotoi Complex is allochthonous everywhere in eastern Timor, as the fol- 
lowing observations demonstrate. 

(i) In the Laclubar-Sam6 area the topographical relationship between the Lolotoi Complex and the 
autochthonous pre-Eocene rocks (Aitutu and Wai Luli formations) of the Mac Fahic anticline and Pualaca 
syncline clearly reveals the superposition of the Lolotoi Complex (P1. 11). Similar, but less spectacular, 
topographical relationships, may be seen 7km east of Lolotoi village (Pls. l a, 12, 13), and 4km north of 
Lolotoi village, where the type-klippe overlies the Cribas and Aitutu formations of the deeply eroded Bazol 
anticline. On the southern flank of the Aitutu anticline (Pls. 12, 13) the Lolotoi Complex is perhaps most 
obviously seen to overlie the autochthonous Wai Luli Formation. 

(ii) Because the superposition of the Lolotoi Complex on the Cribas, Aitutu and Wai Luli formations 
can be seen and demonstrated in the field, and because the Lolotoi Complex has been metamorphosed to 
schists and gneisses while the Cribas, Aitutu and Wai Luli formations remain unmetamorphosed, the 
Lolotoi Complex must have been overthrust to its present position. 

(iii) The contact between the Lolotoi Complex and the underlying pre-Eocene autochthonous rocks is 
clearly unrelated to the formation boundaries and structures in the autochthonous rocks. The relationship 
between the Cribas anticline and the Lolotoi Complex (Pls. 11, 13) is particularly significant. 

(iv) Nowhere in eastern Timor are the autochthonous pre-Eocene rocks found superimposed on the 
Lolotoi Complex. 

Age of the original sedimentary and eruptive rocks of the Lototoi Complex. No fossils have been found in 
these rocks, and it is not known where these thrust-sheets came from. Their configuration and disposition 
suggests that they came from the north, and in view of the fact that this was the direction of thrusting of 
Permian strata during a later orogeny, their derivation from the north seems most likely. 

Gageonnet & Lemoine (1958) suggested that the crystalline schists may be Permian in age. They based 
this suggestion on the work of Molengraaff (1915) in the island of Leti, where fossiliferous Permian beds 
overlie crystalline schists, the contact being regarded as a transition. In view of the isoclinal folding and 
degree of metamorphism suffered by these rocks a major orogeny must be involved. If they are Permian 
such an orogeny would have occurred between the end of the Permian and the early Cretaceous. Regional 
geology offers no support for such an event, and considerable evidence to contradict it (van Bemmelen 1949; 
Audley-Charles 1966a). On available evidence a pre-Permian age seems more probable. 

Tappenbeck (1940) considered that the crystalline schists of the Mollo region of western Timor were 
possibly pre-Carboniferous, on the basis of similarities with schists in Celebes. 
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(2) P E R M I A N  

A I L E U  F O R M A T I O N  

Van Bemmelen 0949) grouped these rocks with the Lolotoi Complex as the North Coast Schists. Grunau 
(1953, 1956) followed van Bemmelen. Gageonnet & Lemoine (1958) were the first to distinguish the rocks 
of this formation. They referred them to the lower part of their Maubisse Series, but did not differentiate 
them on their sketch-map. 

Type-locality and geographical distribution. The type-locality for the Aileu Formation is the hilly country 
about Aileu (P1.13); here in the bluffs and creeks exposures are good. Outside the type-locality the formation 
is widely distributed (P1. 13 and Fig. 4). It occupies most of the north-west of Portuguese Timor and crops 
out along the north coast from Manatutu to the Indonesian border. Inland it extends to a line passing roughly 
through Aileu and Emera. 

F1G. 4. Sketch-map of the distribution of the Bobonaro Scaly Clay and the strata overthrust during the Ramelauean 
orogeny. 

Lithology. In the type-locality and elsewhere the Aileu Formation consists of a series of shales, phyllites, 
slates and occasional low-grade metamorphosed eruptive rocks. In the type-locality the succession is a 
monotonous series of light-coloured shales that weather to a deep red. Locally blocky blue-grey and light- 
purple-coloured slates are developed, some of which are well cleaved. In places quartz-phyllites are inter- 
bedded. They display lustrous surfaces owing to the presence of chlorite and mica. 
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Around Emera, metamorphosed eruptive rocks become important. Along the north coast metamorphism 
has been much more severe, producing quartz-mica-schists and feldspathic amphibolites. 

Thickness. The thickness of the Aileu Formation is difficult to estimate because nothing is known of the 
folds and faults within the klippe itself. From its general field relationships it appears to be at least 1000m 

thick. 

Stratigraphical position. Gageonnet & Lemoine (1958) found poorly preserved pelecypods similar to those 
of the autochthonous Permian Cribas Formation in the Aileu Formation near Maubisse. They therefore 
suggested that the rocks of the Aileu Formation are probably Permian in age. Further they drew an analogy 
between the Aileu Formation and the epimetamorphosed Permian strata in the island of Leti (Molengraaff 
1915). The tentative correlation by Gageonnet & Lemoine is attractive but needs further field study for 

confirmation. 
On the western side of the valley of the Laclo, west of Manatutu, the Aileu Formation can be seen to 

overlie the Wai Luli Formation. Because the Aileu Formation has been metamorphosed to amphibolites 
and schists in this region, and the underlying Wai Luli shales are quite unmetamorphosed, the Aileu 
Formation may be confidently regarded as allochthonous. About 10km farther south the Aileu Formation 

rests on the Lolotoi Complex. 
The thrust-planes that carry the Aileu Formation can be seen to dip to the north, and the formation can 

be seen dipping steeply north under the sea of the Wetar Strait (Fig. 9). These observations, together with the 
rapid decline in metamorphism of the Aileu Formation southwards from the north coast, demonstrate that 
it was overthrust from the north. 

Environment. The original sediments of the Aileu Formation must have formed a monotonous thick sequence 
of shales and sandstones. The almost total absence of a benthonic fauna from this deep pile of flysch suggests 
it may have been deposited in a deep basinal or geosynclinal environment. Regional considerations suggest 
that the Aileu Formation was deposited in the axial zone of the Westralian geosyncline (Audley-Charles 
1965E). 

MAUBISSE FORMATION 
Van Bemmelen (1949) mentioned these rocks briefly and included them in the Fatu Limestone group. 
Grunau (1953, 1956) followed van Bemmelen. Gageonnet & Lemoine (1958) described these rocks as forming 
the upper part of their Maubisse Series, which they distinguished from the Fatu Limestone. Leme (1963) 
described briefly the rocks of this formation that occur in Mt Legumau. 

Type-locality and geographical distribution. The type-locality is the large cliffs south-west of Maubisse village. 
The Maubisse Formation is widely distributed in eastern Timor as a number of klippen of very different 

size (Pls. 5c, 13; Fig. 4), the largest of which is more than 50km long. 

Lithology. In the type-locality the lower part of the formation consists of a series of well-bedded dense 
limestones and some more massive reefs. They are mostly coloured red and pink, with white and grey varieties. 
Most of the limestones are biocalcarenites with a sparry calcite cement. The limestones are exceptionally 
rich in reef fauna and debris: corals, crinoids, bryozoans, calcareous algae, brachiopods and cephalopods. 
Some coarse conglomerates with many clasts of eruptive rocks, together with tufts and eruptive rocks, are 
interbedded in this sequence. Higher up in the section, on the slopes of Mt Ramelau, is a sequence of at least 
500m of basic eruptive rocks. 
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Outside the type-locality, these same two major divisions are developed in other klippen. Shales everywhere 
form a minor proportion of this formation. Usually the shales are calcareous and confined to thin develop- 
ments between the limestones. 

Everywhere the formation has a highly characteristic appearance. The limestones weather to a deep red 
and are rich in crinoidal and bryozoan debris, while the eruptive rocks are usually brightly coloured and 
porphyritic or vesicular. The limestones are marmorized in places. 

The rocks of this formation make an important contribution to the Bobonaro Scaly Clay as exotic blocks, 
some of which are very large; one 0.5 km long has been mapped. 

Thickness. In the type-locality the lower part of the formation is about 400m thick, and the upper part 
about 500m thick. Elsewhere thicknesses are less. 

Stratigraphical position. The Maubisse Formation is allochthonous everywhere in eastern Timor. It is seen 
to rest tectonically on the autochthonous Aitutu and Wai Luli formations in many places and occasionally 
on the allochthonous Lolotoi Complex. The presence of Permian limestones resting on Triassic and Jurassic 
strata provides clear evidence of its allochthonous nature (Pls. 5c, 12, 13). 

The age of the limestones and interbedded eruptive rocks of this formation is readily determined from the 
rich fauna as ranging from Lower to Upper Permian. 

Nogami (1963) described four fusulinids collected from klippen of the Maubisse Formation: 
Codonofusiella weberi (Schubert) 
Triticites sp. 
Schwagerina nakazawae sp. nov. 
Parafusulina sp. 

These fusulinids are said to indicate a probable Lower Permian age. 
The following ammonoid was determined by Dr M. K. Howarth (personal communication, 1963): 

Metalegoceras sundaicum (Haniel). 
Another ammonoid from this Formation was reported by Grunau (1953), namely: 

Propinacoceras simile Haniel. 
These ammonoids indicate a Middle Permian age. 

The following brachiopods have been determined by Dr H. M. Muir-Wood (personal communication, 
1963): 

Schizophoria ? indicaeformis (Hamlet) 
Waagenoconcha waageni (Rothpletz) 
Krotovia ? opuntia (Waagen) 
Marginifera transversa Waagen 
Marginifera sp ? 
Reticulatia sp. 
Stenoscisma cf. purdoni (Davidson) 
Stenoscisma globosa (Tschernyshew) 
Stenoscisma gigantea (Diener) 
'Rhynchonella' cf. wynnei Waagen 
'Spirifer' oldhamianus Waagen 
Spirifer tibetanus (Diener) 
Spiriferinellina sp. cf. insculpta (Schlotheim) 
Martinia nucula Rothpletz 
Neophricodothyris indica (Waagen) 
Eumetria cf. grandicosta (Davidson) 
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Cleiothyridina subexpansa (Waagen) 
'Athyris' globulina Waagen 
Dielasma biplex Waagen 
Dielasma nummulus Waagen. 

Dr Muir-Wood commented that the specimens appeared to be nearer to those of the Middle and Upper 
Productus Limestones of the Salt Range described by Waagen rather than to the brachiopods described from 
the Permian of Dutch Timor. 

The following echinoderms have been identified by Dr R. P. S. Jefferies (personal communication, 1962): 
Neoschisma verrucosum Wanner 
Delocrinus depressus Wanner 
Spiraculata. 

Dr R. Birenheide (personal communication, 1965) has identified the following corals, which he considers 
probably represent an Upper Permian fauna: 

Amplexocarinia bitauniensis Schouppe & Stacul 
A. sp. nov. 
Duplophyllum sp. 
Lophophyllidium spinosum (Martin) 
L. sp. 
Pentaphyllum ( Tachylasma) gracile Schindewolf 
P. (Tachylasma) variabile Schindewolf 
Polycoelia cf. compressa (Ludwig) 
Verbeekiella cf. gerhti Schouppe & Stacul 
Wannerophyllum cristatum (Gerth). 

Environment. The limestones and their fauna evince beyond doubt that they were deposited in a shallow 
shelf sea with warm clear water in which reef organisms flourished. At intervals volcanoes were active. The 
sea in which these rocks were deposited must have been swept by currents. The many intraformational 
conglomerates in this formation suggest at least a mild degree of instability in the depositional area. 

The question of where these allochthonous limestones and eruptive rocks were first deposited is of 
considerable regional interest. Several workers have noted the paradox of Permian glacial deposits in 
northern Australia (David 1950; Veevers & Wells 1961) and reef limestones of the same age in Timor (Gerth 
1952; Schwarzbach 1963). Today these deposits are separated by less than 1000km. The thrust-planes that 
carry the Maubisse Formation dip north, and the configuration of the klippen suggest a derivation from the 
north. It has been shown elsewhere (Audley-Charles 1965A) that the Bobonaro Scaly Clay, which was 
emplaced in Timor at the same time as the Maubisse and Aileu formations, was derived from the north, 
so that there is no doubt that the Maubisse Formation was overthrust from the north on to Timor. 

The author (Audley-Charles 1965E) has suggested that the shelf on which the Maubisse Formation was 
originally deposited was situated in the region of the Celebes and southern Borneo, and that it formed the 
northern margin of the Westralian geosyncline. 

(3) U P P E R  C R E T A C E O U S  

BOROLALO LIMESTONE 
As has been discussed above, the main occurrence of this formation is in an autochthonous position. A 
number of small klippen of this formation have been found. Grunau (1956) was the first to find truly 
allochthonous Borolalo Limestone. 
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The lithology and fauna of the allochthonous Borolalo Limestone appear to be the same as the 
autochthonous rocks. 

The Borolalo Limestone klippen have been found in Mt Mata Bia and Mt Wai Nete, and Grunau (1956) 
reported klippe from the Builo Range. 

Thickness. The maximum thickness of a Borolalo klippe is about 30m (Mt Mata Bia). 

Stratigraphical position. All the Borolalo klippen have been found resting on Cablac Limestone. The super- 
position of the Borolalo Limestone on the Lower Miocene Cablac Limestone, when considered in the context 
of the tectonic and geological history of Timor (discussed later), can be interpreted only in terms of their 
having been overthrust during the mid-Miocene (Tf) orogeny with the Maubisse and Aileu formations. 

Environment. The presence of these klippen, which must have been derived from the north together with the 
Aileu and Maubisse formations, provides a valuable indication of the widespread extent and uniformity of 
the Borolalo Limestone. This accords with the interpretation of the environment of deposition as a deep sea 
far from a landmass (discussed above and in Audley-Charles 1966A). 

(4) M I D D L E  M I O C E N E  

BOBONARO SCALY CLAY 
Grunau (1953) grouped together under the name Bibiliu Series a variety of rocks that he considered ranged 
in age from Upper Cretaceous to Pliocene. The few small areas he mapped as Bibiliu Series are now known 
to be occupied by either the Seical Formation or the Bobonaro Scaly Clay (Audley-Charles 1965A). 
Gageonnet & Lemoine (1958) followed Grunau (1953) in using the term Bibiliu Series to group together 
rocks that they considered were of Cretaceous and Eocene age. None of these workers appears to have 
recognized the enormous spread of the Bobonaro Scaly Clay, containing a wide variety of large exotic 
blocks. Gageonnet & Lemoine (1958) mapped large areas as Mesozoic 'Complexe Triassico-Jurassique' 
that are undoubtedly occupied by the Bobonaro Scaly Clay containing much exotic Mesozoic material. 
However, included in some of the areas they mapped as Bibiliu Series are exposures of Bobonaro Scaly Clay. 
Similarly Grunau (1953) mapped large areas as Mesozoic 'Triassic-Jurassic' which are occupied by the Bobo- 
naro Scaly Clay. 

I. B. Freytag (unpublished report dated 1959) was the first to recognize the unity of this formation in 
central eastern Timor; he called it the Tuca River Block Clay. The term block clay has been dropped here in 
favour of scaly clay because while exotic blocks are not everywhere present, all the clay is scaly. 

Type-locality and geographical distribution. The type-locality for this formation as defined by the author 
(Audley-Charles 1965A) is beside the River Lomea, east of Bobonaro village. Here steep cliffs provide an 
almost continuous outcrop for about 8 km. The Bobonaro Scaly Clay is more widespread and crops out 
over a larger area than any other formation in eastern Timor. Its distribution is shown in Fig. 4. 

Lithology. Lithologically the Bobonaro Scaly Clay has two principal constituents: (a) a scaly clay matrix, 
and (b) a wide variety of unsorted, angular, and subangular exotic blocks derived from older formations. 

(i) The scaly clay matrix. This is remarkably uniform in character, being always soft, scaly, and variegated. 
The clay is generally dark reddish-brown, but a green (particularly a dark olive-green) variety is common. 
Black, grey, yellow and bright red clays also occur. Contorted divisions of these contrasting clays indicate 
plasticity and flowing movement. Lines of towage and slickensiding are particularly common around the 
exotic blocks; since these features surround the blocks they can probably be attributed to compaction after 
emplacement. It is most unlikely that they were caused by blocks falling into soft mud. 
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The composition of this clay matrix is complex. Montmorillonite is the predominant clay mineral, forming 
up to 35 per cent of the whole, with lesser amounts of sepiolite and another mineral that is probably 
palygorskite. The quartz content is noteworthy, being about 10 per cent, and calcite is a variable constituent 
(P1. 4a). 

(ii) The exotic material. The exotic blocks and smaller fragments vary in age from pre-Permian to Lower 
Miocene, the most common material being Permian. More than 90 per cent of the exotic material seemsto  
have been derived from the same formations that crop out in eastern Timor. The size of the exotic material 
varies from blocks more than 0-5km long down to silt-grade particles. Most of the exotic material is angular 
or subangular, but a few huge blocks show a remarkable degree of rounding (P1. 5a). The exotic material 
within the clay matrix is chaotically distributed and has random orientation. The only pattern that can be 
discerned in the distribution is that locally exotic material of a particular formation is much more abundant 
than elsewhere. For example, in the type-locality there are two adjacent cliffs, in one of which the exotic 
material consists predominantly of Upper Triassic limestones and shales, while the other cliff is characterized 
by red crinoidal Permian limestone. 

Where the exotic material is relatively easily eroded (for example, blocks of soft shales), the scaly clay 
matrix commonly takes on the colour of these shales owing to the presence in the clay matrix of fine-grade 
fragments of them. 

(iii) Texture and structure. The quantity of exotic material mixed with the scaly clay matrix is highly 
variable. Many areas are known where the Bobonaro Scaly Clay is exposed as cliffs without exotic material 
of any grade being found. Elsewhere the amount of exotic material forms a considerable proportion of the 
whole. 

The erosion of this formation under tropical conditions, during the rapid elevation of the island since the 
beginning of the Pliocene, has been severe. It gives rise to a characteristic topography of deep gullies, land- 
slips, and rugged, nobbly hillsides where the much more resistant blocks of hard rocks protrude above the 
soft clay matrix. 

The high proportion of montmorillonite (bentonite) in the scaly clay gives it a waxy appearance when 
fresh. After it has weathered it develops what Grim (1953) described as the 'characteristic "jigsaw puzzle" 
set of fractures' due to shrinking on drying. 

The problem of deciding whether a large block of hard rock that protrudes through the mantle of scaly 
clay is an exotic block or a buried topographic peak (inlier) is commonly encountered. The evidence is 
always equivocal wherever the base of the hard rock is not discernible. 

Thickness. Since the Bobonaro Scaly Clay is unstratified and no marker-horizons have been recognized, an 
accurate determination of its thickness is not possible. The base of the formation is a highly irregular 
unconformity. Locally it can be seen to thin out rapidly, while the greatest known thickness is 1906m in the 
well Ossulari No. 1. It seems possible that beneath the south coastal plains the thickness may locally exceed 
3000m, and that in general the formation increases in thickness from north to south across the island. 

Stratigraphical position. The base of the formation is an irregular unconformity that locally is very rugged. 
The Bobonaro Scaly Clay forms a blanket that rests somewhere on every older formation. 

Microfossils varying in age from Permian to Upper Miocene are found in the scaly clay part of this 
formation. The individual exotic blocks have been found to contain both microfossils and macrofossils 
whose ages vary from Permian to Lower Miocene. Since the evidence is clear that the exotic material arrived 
in its present position at the same time as the clay matrix, two dates are pertinent: the time of deposition of 
the clay, and the age of its emplacement in its present position. 

The fact that the clay matrix contains Foraminifera ranging in age from Permian to Upper Miocene means 
that its age can be stated only in terms of its youngest fossils, namely, Upper Miocene. Since the youngest 
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rocks on which the formation rests (unconformably) are Lower Miocene (Te), and the oldest rocks that overlie 
(unconformably) the Bobonaro Scaly Clay belong to the Viqueque Formation of the Upper Miocene (Tg), 
then the Bobonaro Scaly Clay clearly must have been emplaced in its present position between the late 
Te and early Tg stages. There is no evidence to suggest that it was anywhere emplaced outside this Tf time- 
interval. However, it is not certain whether the whole formation achieved its present position as a single 
event, or by a succession of small emplacements. Part of the clay matrix (perhaps a large part) must be 
Upper Miocene in age since the indigenous microfauna is Upper Miocene. Because it is Tf in age it is referred 
to the Middle Miocene. 

The following Foraminifera, indicating an Upper Miocene age, have been determined from the clay 
matrix of this formation by Dr D. J. Belford (unpublished reports dated 1960A and 1961B): 

G lobigerinoides quadrilobatus quadrilobatus (d'Orbigny) 
G. quadrilobatus immaturus Le Roy 
G. quadrilobatus trilobus (Reuss) 
G. quadrilobatus irregularus Le Roy 
G. ruber (d'Orbigny) 
Globigerina bulloides (d'Orbigny) 
G. subcretacea Lomnicki 
Globorotalia cultrata (d'Orbigny) 
G. scitula (Brady) 
G. truncatulinoides (d'Orbigny) 
Pulleniatina obliquilocata (Parker & Jones) 
Sphaeroidinella dehiscens (Parker & Jones) 
Bolivinita quadrilatera (Schwager) 
Pullenia bulloides (d'Orbigny) 
Nonion pompiloides (Fichtel & Moll) 
Cassidulina laevigata (d'Orbigny) 
Caratobulimina pac~ca Cushman & Harris 
Uvigerina sp. 
Stilostomella lepidula (Schwager) 
Bulimina aculeata d'Orbigny 
Astrononion sp. 
Hyalinea balthica (Schroeter) 
Sphaeroidina bulloides (d'Orbigny) 
Bulimina inflata Seguenza 
Bolivina robusta (Brady) 
Laticarinina pauperata (Parker & Jones) 
Hoglundina elegans (d'Orbigny). 

Origin. The origin of the formation has been discussed elsewhere (Audley-Charles 1965A, 1965D). The 
conclusion was reached that the Bobonaro Scaly Clay was emplaced in its present position by sliding or 
slumping, and is therefore an allochthonous formation. The whole formation is similar to the Argille scagliosa 
of the northern Apennines of Italy as described by Merla (1951). The nature and distribution of the exotic 
material suggests comparison with the wildflysch of the Swiss Alps. There is, however, a major difference 
between the wildflysch and the Bobonaro Scaly Clay, in that associated with the wildflysch are beds of 
greywacke and shale commonly having graded bedding, convolute bedding, load-casts and current-bedding 
(Crowell 1957); such rocks are never found bedded with the Bobonaro Scaly Clay, nor apparently with the 
Argille scagliosa. 
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There is general agreement that the Swiss wildflysch, the northern Apennine Argille scagliosa, and similar 
deposits described by Crowell (1957) as 'pebbly mudstones' have been generated by unstable masses of 
sediment moving down a submarine slope under gravity. Deposits originating in this manner have also been 
described from various parts of the world by Lugeon (1916), Bailey, Collet & Field (1928), Merla (1951), 
Dorreen (1951), Kugler (1953), Renz, Lakeman & van der Meulen (1955) and Kuenen (1956). 

Because of the high proportion of montmorillonite (bentonite) in the Bobonaro Scaly Clay, it would have 
been able to flow very easily, for bentonitic clays are, according to Grim (1953), generally highly colloidal and 
plastic. Kuenen (1956) has shown that a submarine slope of 1 ~ or 2 ~ is sufficient 'under certain favourable 
conditions' for a slide to be set off and kept going. Many workers have considered that tectonic activity and 
earthquake shocks could provide a trigger mechanism to initiate the sliding of the unstable sediment down 
the slope. 

In eastern Timor during the time-interval between late Te and early Tg stages (when the Bobonaro Scaly 
Clay was emplaced) the great overthrust sheets of Permian strata reached their present position (Fig. 4) by 
being overthrust from the north--the same direction from which (as will be shown below) the Bobonaro 
Scaly Clay was derived. In the field the Bobonaro Scaly Clay is always found overlying the thrust-sheets, 
never below them. Obviously the movement of the thrust-sheets and the emplacement of the Bobonaro 
Scaly Clay are closely related. The overthrust movements formed the climax of the mid-Tertiary orogeny in 
Timor. The emplacement of the scaly clay probably occurred after the emplacement of the thrust-sheets, 
because they have not been found superimposed on the clay. There seem to be two possible mechanisms by 
which the Bobonaro Scaly Clay could have been emplaced. One is as a gravity slide down a submarine slope 
brought about by the orogenesis that elevated the volcanic Inner Arc and downwarped the Outer Arc. The 
other mechanism involves the thrust-front that moved from north to south, pushing the bentonitic clay before 
it. It is possible that the submarine sliding of the clay mass was initiated by the thrust-front moving the clay 
mass to a position from which the clay could slide freely under gravity. 

Environment.  The presence of montmorillonite as the most important constituent indicates that a large part 
of the clay was probably derived from submarine weathering of volcanic ash. The obvious source of ash is 
the volcanic Inner Arc, particularly Alor and Wetar, which are 50km north of Timor (Fig. 9). 

The indigenous microfauna of the clay matrix suggest deposition in an open basin in which depths were 
not extremely great. 

The intimate association in space and time between the Maubisse klippen and the Bobonaro Scaly Clay 
implies they were emplaced in Timor together. It has been shown above that the Maubisse klippen were 
overthrust from the north of Timor, so that a northerly derivation for the Bobonaro Scaly Clay is 
indicated. 

It has been shown (Audley-Charles 1966a) that the Timor Trough (a deep-sea depression now 3000m 
deep) has probably existed since the Lower Eocene, so that the clay could not have been derived from the 
south of Timor. 

More than 70 per cent of the exotic material in the Bobonaro Scaly Clay is of the same composition as the 
formations overthrust during Tf time. The conclusion that the Bobonaro Scaly Clay was emplaced in Timor 
from the north is unavoidable. 

Van Bemmelen (1949) also considered that the exotic blocks (without any scaly clay matrix), described 
from the island of Leti (Fig. 9) by Molengraaff (1915), were derived by submarine gravity sliding of a pebbly 
mudstone from the area north of Leti. The youngest dated exotic block in Leti (as in Timor) is Lower 
Miocene. 

It has been argued elsewhere (Audley-Charles 1965A) that before the Bobonaro Scaly Clay and the 
accompanying overthrust sheets were emplaced, Timor must have been rapidly downwarped, from the 
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shallow position it occupied during deposition of the Lower Miocene Cablac Limestone, to provide a sub- 
marine slope increasing in depth southwards, down which the allochthonous formations could move under 
gravity. This downwarping of Timor was accompanied by elevation of the islands Alor and Wetar (van 
Bemmelen 1949). 

3. T E C T O N I C S  

(A) S T R U C T U R E S  OF THE A U T O C H T H O N O U S  F O R M A T I O N S  

(a) I N T R O D U C T I O N  

T H E autochthonous rocks of Portuguese Timor can be divided into four groups on the basis of their structural 
characters: 

(i) The Permian, Triassic, Jurassic and Cretaceous rocks, which have all suffered intense deformation. 
They form large broad folds, having an axial-plane separation of more than 5 km. The limbs of these folds 
are complicated by minor folding and faulting (Pls. 2c, 6b). 

(ii) The Eocene, Oligocene, and Lower Miocene rocks, represented by scattered and poorly stratified 
remnants from which it is difficult to discern fold-patterns. Faulting has severely affected these rocks, pro- 
ducing many excellent fault-scarps. An attempt to interpret the fold-pattern in the Lower Miocene rocks is 
shown in Fig. 6. 

(iii) The Upper Miocene and Pliocene rocks, characterized by relatively simple parallel folds modified by 
varying degrees of diapirism. In the region of Viqueque village a complex pattern of interference folds has 
developed. The effects of faulting on these rocks have been severe. 

(iv) The post-Pliocene rocks, which have been only slightly folded, dips seldom exceeding 2 ~ or 3 ~ The 
post-Pliocene rocks are noticeably less faulted than the Miocene and Pliocene rocks. 

(b) S T R U C T U R E S  IN T H E  P R E - E O C E N E  F O R M A T I O N S  

The folds of the pre-Eocene autochthonous formations are of two distinct types: major and minor. The 
major folds have an axial-plane separation between adjacent anticlines of more than 5km; the minor folds 
have an axial-plane separation between adjacent anticlines of less than 50m. The minor folds are found as 
crenulations complicating the limbs of the major folds. An index to the major folds is provided in Fig. 5. 

(1) A I T U T U - B A Z O L  A N T I C L I N E  

The eastern part of this structure (the Aitutu anticline) is the only major fold to have clear expression in the 
field. It is the only one that can be seen as a structural unit from one vantage-point (P1. 6a). The Aitutu 
anticline plunges at about 5 ~ eastward below a large klippe of Lolotoi Complex (P!s. 12, 13). 

The Aitutu anticline is divided from the Bazol anticline by an important cross-fault that brings up the 
Cribas Formation to the west of the fault, and displaces the axial-plane trace. 

The Bazol anticline has been more deeply eroded than the Aitutu anticline, revealing the Cribas Formation 
in the core (P1. la). Like the Aitutu anticline, the Bazol anticline is overlain on its eroded surface by a large 
klippe of Lolotoi Complex (Pls. 12, 13). The disposition of the outcrops of Mesozoic formations at the 
western end of the anticline, although they are poorly exposed and covered in part by the klippe, suggests 
that the Bazol anticline plunges west. The minor folding in the Bazol anticline is complex and has a high 
intensity and varying axial planes, particularly in the Cribas Formation. The anticline is revealed more by 
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the spatial distribution of the Cribas, Aitutu, and Wai Luli formations (P1. 13) than by the record of dips 
and strikes (which minor structures have caused to be chaotic). The behaviour of the rivers Bazol and 
Lomea as they cut their way through the Bazol anticline accords with a structural control of drainage. 

F I G. 5. Sketch-map of the distribution of the Lolotoi Complex and its relation to the Timorean folds. 
A1, Aitutu anticline 
A2, Bazol anticline 
B, Cribas anticline 
C1, Mac Fahic anticline 
C2, Ossu anticline 
D, Aliambata anticline 

E, Veru anticline 
F, Loiquero anticline 
G, Betano syncline 
H, Pualaca syncline 
J, Lospalos syncline. 

(2) CRIBAS ANTICLINE 

This structure was first identified by geologists of the Allied Mining Corporation (Wittouck 1937), and later 
by Grunau (1953) and Gageonnet & Lemoine 0958). These workers mapped the structure on the basis of 
dip and strike observations, despite the disturbances of complex minor folds and faults. The author confirmed 
the structure on the basis of the spatial distribution of the formations affected. 

The strike of the Cribas anticline is nearly east-west. It appears to plunge west below one klippe of Lolotoi 
Complex, and east below another. It is partly overlain with strong unconformity by the Bobonaro Scaly 
Clay (Pls. 11, 13). 
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(3) M A C  F A H I C - O S S U  A N T I C L I N E  

The evidence for the existence of the Mac Fahic structure is poor. Most of the outcrops exhibit considerable 
minor folding. The delimitation of the two Mesozoic Aitutu and Wai Luli Formations in the Sahem valley 
is difficult, and the solution shown on the map (P1. 13) is only tentative and almost certainly requires revision. 

The Ossu anticline is no more than conjectural, based as it is on two widely separated areas of outcrop 
(Fig. 1). Most of this structure is covered by various Tertiary formations. The distribution of some of the 
Tertiary formations seem to support the hypothesis (Fig. 6). 

FIG. 6. Sketch-map showing the relationship between the Cablac Limestone and the Timorean folds. 

(4) A L I A M B A T A  A N T I C L I N E  

This structure is complicated by minor folds and by faults whose throw is probably considerable. Only the 
south-east limb is exposed, the north-west limb being covered by Tertiary formations and klippen of Lolotoi 
Complex and Maubisse Formation. The exposed core of the anticline is of Cribas Formation, and the manner 
in which the River Ira Bere and its tributary the Afolita cut through the core is reminiscent of the action of 
the rivers Bazol and Lomea in the Bazol anticline. 

The steep cirque of hills north of Aliambata composed of Aitutu Formation, Wai Luli Formation and 
Borolalo Limestone is interpreted as forming part of the north-west limb of the Aliambata anticline (Pls. 1 l, 
13). The outcrops of these formations at Aliambata are ascribed to faulting. The overlaying Bobonaro Scaly 
Clay hides the crucial area (P1. 13). 
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(5) VERU ANTICLINE 

This is a conjectural structure interpreted on the basis of the exposed north-west 'limb' (Fig. 1). The minor 
folding and faulting are intense, so that dip and strike observations are not helpful. 

(6) LOIQUERO ANTICLINE 

This is interpreted on the same basis as the Veru anticline. It is assumed, in the absence of any subsurface 
data, that most of the Lospalos plateau is underlain by the Aitutu Formation and possibly by the Wai Luli 
Formation (Fig. 1). 

(7) PUALACA SYNCLINE 

This structure separates the Cribas and Mac Fahic anticlines, which lie to the north and south respectively. 
The syncline is largely filled with Wai Luli Formation. To the east and west it is overlain by klippen of Lolotoi 
Complex. 

(8) BETANO SYNCLINE 

This broad structure is conjectured on the basis of the preservation of the Wai Bua Formation in the Betano 
region, and the probability of a 'negative' structure between the Ossu and Aliambata anticlines and a 'nega- 
tive' structure south of the Mac Fahic, Aitutu and Bazol anticlines. 

The region south of the Bazol, Aitutu, Mac Fahic and Ossu anticlines was a major basin of deposition 
from late Miocene to Holocene times, i.e., in the period following the Ramelauean orogeny (defined below, 
p. 66). This could be explained as resulting from the downwarping of the synclinal zone, which originated 
during the Timorean orogeny (defined below, p. 64), by refolding during the Ramelauean orogeny. 

The gravity data, while not unequivocally supporting the synclinal structure of this zone, does accord with 
it (P1. 12). The cross-sections (P1. 12) illustrate the interpretation of the synclinal structure of the Cretaceous 
rocks about Betano. This area formed a topographic 'high' in the late Tertiary basin, which accords with the 
residual nature of synclines after erosion. The local positive gravity anomaly over this syncline can be inter- 
preted as due at least in part to the density contrast between the Mesozoic rocks of Betano and the relatively 
less dense Tertiary rocks surrounding the Betano inlier. 

There is little direct evidence for the eastern extension of the Betano syncline between the Mac Fahic and 
Aliambata anticlines, and beyond the need to have a 'negative' structural zone between the two anticlines 
little can be said to justify it. 

(9) LOSPALOS SYNCLINE 

This structure is conjectured largely on the probable distribution of the Permian and Mesozoic autochthonous 
formations beneath the postulated Tertiary basin below the Lospalos plateau (P1. 13 and Fig. 1). No sub- 
surface or gravity data are available. 

(c) M I N O R  F O L D I N G  IN T H E  P R E - E O C E N E  F O R M A T I O N S  

The minor folding is of parallel type with strong disharmonic elements. Conjugate folds are common and 
vary greatly from place to place in scale and frequency (Pls. 2c, 6b). 

(d) S T R U C T U R E S  IN F O R M A T I O N S  OF  M I D D L E  E O C E N E  TO 
L O W E R  M I O C E N E  A G E  

These rocks have such a scattered and remnant distribution that their fold-patterns have not been determined. 
The Eocene rocks (Dartollu Limestone) are so reduced in outcrop that nothing is known of their folds. 
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The Oligocene Barique Formation and Lower Miocene Cablac Limestone have a similar distribution, and 
although separated by an erosion-surface were folded together in the Ramelauean orogeny. Dips of between 
5 ~ and 50 ~ have been recorded. Fig. 6 indicates a possible solution of the major folds in the Cablac 
Limestone. 

These formations have been greatly broken up by faulting. Many huge fault-scarps formed by the Cablac 
Limestone dominate the scenery. Both the direction and throw of the faults appear to vary widely. Most of 
the minor faulting (largely interpreted from aerial photographs) has been omitted from the map (P1. 13). 

(e) S T R U C T U R E S  IN F O R M A T I O N S  OF M I D - M I O C E N E  TO P L I O C E N E  A G E  

(The allochthonous Middle Miocene Bobonaro Scaly Clay is included here because it was folded with the 
Viqueque Formation.) 

Parallel folds, generally broad, are the dominant structures. Locally, as in the Viqueque-Aliambata 
region, there is some overturning and tightening of folds with steeper dips. Two formations are involved in 
these folds: the Bobonaro Scaly Clay and the Viqueque Formation. The Bobonaro Scaly Clay, an unstratified 
highly bentonitic deposit, has acted as an incompetent layer to varying degrees; the overlying Viqueque 
Formation is a competent well-stratified sequence. This has resulted in a slight diapiric element affecting 
most of the folds; occasionally, where folding has been tighter (e.g., the Viqueque anticline), it is strong. 

As the Bobonaro Scaly Clay is entirely unbedded and contains no recognizable marker-horizons it is 
possible to map folds only where the well-bedded Viqueque Formation is present. It is sometimes possible 
to recognize 'dips' in the Bobonaro Scaly Clay from the aerial photographs, but all attempts to check these 
'photo-dips' on the ground have failed. 

Fig. 7 outlines most of the recognized and interpreted folds in the Bobonaro Scaly Clay and the Viqueque 
Formation. The principal folds are described briefly below. 

(1) FOLDS IN THE S O U T H E R N  BASIN 

O) Matai anticline. This fold, established by detailed field mapping, slim-hole core drilling and gravity 
surveying, is known over a strike length of 12km. It strikes NE-SW and plunges north-east from Matai to a 
cross-fault, beyond which it is unknown. It is possible that it continues east of this cross-fault with a different 
strike-direction (east-west), as suggested in Fig. 7, as the Fe Sour anticline. The western limit of the anticline 
is unknown, but it is suspected (from gravity data) that it plunges south-west from Matai (the culmination) 
below the Suai Formation. 

The Matai anticline is developed parallel to, and on the downthrown side of, the Matai fault (Pls. 12, 13). 
The anticline is slightly asymmetrical, having a steeper northern limb. Along the crest of the fold the Viqueque 
Formation has been deeply eroded and in places completely removed. 

(ii) Beco syncline. This structure, proved by field mapping, is considerably broken by cross-faults. The axial- 
plane trace, although displaced by faulting, strikes slightly south of east, and the fold plunges in this direction 
under the Suai Formation of the coastal plain. The gravity data suggest that the Viqueque Formation and the 
Suai Formation in this syncline thicken rapidly towards the coast. 

(iii) Colitie-Malore syncline. This large structure has been mapped in the field, and is also discernible from 
the aerial photographs because it is expressed in the well-stratified Viqueque Formation. The gravity data 
accord well with the syncline, although the gravity minimum axis is displaced south of the axial-plane trace. 
This is due partly to the regional gradient, but mostly to the fact that the gravity anomaly values reflect the 
shape of the Tertiary basin rather than the folding of the beds within the basin. 
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The Colitie syncline is the western half of the largest structure in eastern Timor produced by the Mataian 

folding phase (defined below, p. 66): it is 30km long. About  700m of Viqueque Formation is preserved in 

its thickest part. It is strongly asymmetrical, having a steep northern limb and a fiat southern limb that  

steepens rapidly near the hinge of the Hatu  Udo anticline. This asymmetry is ascribed to the diapiric effects 

of the incompetent Bobonaro Scaly Clay below the Viqueque Formation.  

Minor  faulting within the syncline includes some rare reversed movement. Most  faults affecting this 

syncline appear to be normal. 

FIG. 7. Index to the Mataian folds and their relation to the pre-Tf rigid block. 
A, Matai anticline J, Malore syncline 
B, Fe Sour anticline K, Bibiliu syncline 
c, Beco syncline L, Tucu Beci anticline 
D, Hatu Udo anticline ~, Luca anticline 
E, Teetor anticline N, Dilor syncline 
F, Bobe syncline o, Viqueque anticline 
G, Cela syncline t,, Ossulari anticline 
H, Colitie syncline Q, Saqueto syncline 

R, Suete anticline 
s, Musam anticline 
T, Bere syncline 
t~, Baucau syncline 
v, Gamimau anticline 
w, Laivai syncline 
Y, Laleno anticline 
z, Vailoro syncline 

Fig. 7 shows that  bordering the northern limb of the fold are harder older formations that  acted as a 

relatively rigid block against which the much softer Bobonaro Scaly Clay and Viqueque Format ion were 

folded. 
Around Alas the syncline is very shallow, and the Viqueque Format ion is thin and fiat-lying, so that  the 

structure almost fades out. Gravity anomaly values confirm that  the Tertiary rocks here are very thin. 
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The Malore syncline is the eastern part of this structure; it is about 35km long, of which the easternmost 
15 km is conjectural, because the post-Pliocene cover of Suai Formation masks any expression of the fold. 
The gravity survey in this area was on a regional scale and the data do not elucidate Tertiary folds. The 
Bouguer anomalies reveal that south of the relatively rigid block (Fig. 7) between the River Cua and the 
River Laclo do Sul a deep Upper Tertiary-Quaternary basin is developed. This basin contains the conjectured 
extensions of the Malore syncline and Bibiliu syncline (P1. 13). It is probable that the thickest developments 
of the Viqueque and Suai formations occur in this basin, and that the Viqueque Formation may achieve a 
thickness of 1000m in the deepest part of the Malore syncline. The Viqueque Formation is thought to 
thicken towards the south. This rapid thickening of the Formation could be expected to affect the folding. 

(iv) Hatu Udo anticline. This structure is conjectural; the interpretation assumes that the broad outcrop of 
Bobonaro Scaly Clay in the Hatu Udo region represents the core of the anticline, the Viqueque Formation 
having been removed by erosion. The Hatu Udo anticline may be considered as the complementary structure 

to the Colitie syncline. 
The gravity anomaly values show a strong positive trend almost coincident with the Hatu Udo anticline, 

and with the outcrop of Mesozoic rocks that form an inlier in the late Tertiary formations. This positive 
anomaly is probably due largely to the strong density contrast between the Mesozoic rocks and the Tertiary 

rocks, which emphasizes the buried topography effect. 

(v) Bobe syncline, Teetor anticline, Cela syncline and Tucu Beci-Luca anticline. These folds are entirely 
conjectural; they are based on the disposition of the late Tertiary and Quaternary formations (P1. 13). 

(vi) Dilor syncline. This fold, 8 km, long was first mapped in the field by I. B. Freytag (unpublished report, 
1959). It lies in front (south) of the Bibiliu fault, bounding the Lacluta klippe and Mt Bibiliu, which together 
formed a bastion against which the relatively soft late Tertiary rocks were folded (Fig. 7). 

(vii) Bibiliu syncline. This fold has been mapped over a distance of 35 km. It can be mapped more easily from 
the aerial photographs than in the field, partly because of the infrequency of exposures. The syncline is a 
broad feature that has been folded against the bastion of Mt Bibiliu and Mt Builo. The western part (about 
10km) of the syncline is interpreted as extending under the coastal plains, where it forms a complementary 
fold to the Luca anticline. Like the Malore syncline, of which it may be an extension, there is no surface 
expression of this part of the fold because of the cover of the Suai Formation. 

(viii) Viqueque anticline. This fold was recognized by Grunau (1953) and Gageonnet & Lemoine (1958). 
Like the other folds in this area it is more clearly discerned from the aerial photographs than on the ground. 
The steep dips of the Viqueque Formation on the limbs of the anticline flatten out quickly away from the 
hinge. This accords with diapiric behaviour of the core of Bobonaro Scaly Clay. The anticline is asymmetrical, 

having a more steeply dipping northern limb. It is 20km long. 
The Viqueque anticline is considerably broken by cross-faults, which are associated with its change in strike. 
A Bouguer anomaly positive axis coincides closely with the axial-plane trace of the Viqueque anticline. 

(ix) Ossulari anticline. This structure is almost a continuation of the Viqueque anticline. It has been deter- 
mined by field mapping and photogeology, the latter providing a more comprehensive picture. 

As in the Viqueque anticline, a Bouguer anomaly positive axis is almost coincident with the axial-plane 
trace of the fold over much of its length. However, the anomalous gravity field due to these two anticlines 
alone cannot account for the 26 mgal anomaly (Viqueque) and 10regal anomaly (Ossulari) that were found 
by the author (unpublished report, 1960). A smoothed profile technique reveals anomalies of the order of 
1.5 to 2.5 mgal, which accords with the size of these Tertiary folds and the probable density contrasts involved. 
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To account for the remaining 24mgal of the anomaly other interpretive techniques were used (Nettleton 
1940; Bott & Smith 1958). It can be shown that the density contrast involved is high (much higher than is 
found among sediments) and that the body that causes the anomaly has its upper surface at a depth between 
3000m and 7000m. There are probably three different factors involved: the superficial effects of the Upper 
Tertiary folds, the effects of a rugged buried topography of Mesozoic strata (sp. gr. 2"6) draped by the 
Bobonaro Scaly Clay (sp. gr. 2.1), and a much deeper effect due to the basement. 

(2) S T R U C T U R E  OF T H E  C E N T R A L  B A S I N  

This is interpreted as a graben structure on the basis of its linearity and the evidence from western Timor 
(Brouwer 1942; de Waard 1956). The Maliana graben, as it is called here, is the easternmost extension of the 
Central Basin of Timor. The flat-lying cover of post-Pliocene sedimentary rocks inhibits the determination 
of any folds in this basin. 

(3) F O L D S  I N  T H E  N O R T H - E A S T  B A S I N  

Bere syncline. This is a tightly folded syncline that was formed by being folded against the rigid bastions of 
the Lacluta klippe and Mt Wai Nete. 

The other folds in this basin, namely the Baucau syncline, Gamimau anticline, Laivai syncline, Laleno 
anticline and Vailoro syncline, are conjectured on the basis of the disposition of the late Tertiary and 
Quaternary formations. 

(f) S T R U C T U R E S  OF T H E  P O S T - P L I O C E N E  F O R M A T I O N S  

The only two widespread post-Pliocene formations are the Baucau Limestone and the Suai Formation. 
While most of the Baucau Limestone appears to be horizontal, dips of 1 ~ or 2 ~ are by no means uncommon. 
Nearly all these dips accord with the attitude of the folds in the underlying Viqueque Formation and Bobo- 
naro Scaly Clay (P1. 13). It is uncertain whether these inclined beds in the Baucau Limestone are drape 
structures or are due to gentle fold-movements of the same orientation as those that folded the Viqueque 
Formation in late Pliocene times. 

Normal faulting has considerably disturbed the Baucau Limestone in places (P1. 13). 

(B) E M P L A C E M E N T  OF T H E  A L L O C H T H O N O U S  F O R M A T I O N S  

(1)  T H E  T I M E  OF O V E R T H R U S T I N G  OF T H E  L O L O T O I  C O M P L E X  

The youngest rocks seen to be directly overlain by the klippen of the Lolotoi Complex are the Middle Jurassic 
shales of the Wai Luli Formation. This is best seen on the southern limb of the Aitutu anticline (Pls. 12, 13); 
there are good exposures about 5 km west of Pualaca. 

All the Lolotoi klippen in eastern Timor rest on the strongly eroded surface of the folded autochthonous 
Permian, Triassic and Jurassic rocks. The youngest constituent of these folds is the Upper Cretaceous 
(Senonian) Wai Bua Formation of the Betano region. Thus, the Lolotoi klippen must have been emplaced 
after the folding and deep erosion of the Senonian rocks. 

The oldest rocks resting on the klippen of Lolotoi Complex with sedimentary unconformity are the Middle 
and Upper Eocene Dartollu Limestone. This may be seen near Dartollu, in the south-western part of the 
klippe that overlies the Bazol anticline. Elsewhere in eastern Timor the Oligocene Barique Formation and 
Lower Miocene Cablac Limestone rest unconformably on the Lolotoi Complex. 

Thus the Lolotoi Complex was overthrust to its present position in eastern Timor between the end of 
Senonian times and the opening of the Middle Eocene. But before the overthrusting took place the pre- 
Maestrichtian autochthonous strata were folded and deeply eroded during the same time-interval. Clearly 

Mem. geol. Soc. Lond. no. 4 57 



M .  G .  A U D L E Y - C H A R L E S  

the overthrusting must have taken place towards the end of this period, so that it may be concluded that the 
Lolotoi Complex was thrust on to eastern Timor during the Lower Eocene or possibly early in the Middle 
Eocene. 

(2) THE TIME OF OVERTHRUSTING OF THE AILEU FORMATION 
The youngest rocks seen to be directly overlain by the klippe of the Aileu Formation are the Jurassic shales 
of the Wai Lull Formation west of Manatutu (Pls. 11, 13). In the western slopes of the Rendau Range the 
Aileu Formation appears to have been thrust over the Lolotoi Complex. 

The only rocks to overlie the Aileu Formation are the Maubisse Formation and the Bobonaro Scaly Clay. 
All three formations have a close spatial association in eastern Timor. As is shown below, the Maubisse 
Formation is known to have been overthrust on to Timor during the Middle Miocene (Tf) contemporaneously 
with the emplacement of the Bobonaro Scaly Clay (Audley-Charles 1965A). Although there is no direct 
evidence to prove that the Aileu Formation was overthrust during the Middle Miocene, its intimate associa- 
tion with the Maubisse Formation permits this to be asserted with confidence. 

(3) T H E  T I M E  OF O V E R T H R U S T I N G  OF T H E  M A U B I S S E  F O R M A T I O N  

The youngest rocks on which the Maubisse Formation is seen to rest are the Middle Jurassic shales of the 
Wai Luli Formation in the northern limb of the Aitutu anticline. The same superposition is well exposed 
farther west at Mt Lacouse and Mt Oileau on the northern limb of the Bazol anticline, and in the east to the 
south of Lautem (Pls. 5c, 12, 13). 

The juxtaposition of the thrust-front of the Maubisse Formation and the Cablac Limestone across the 
valley of the Wai Luli (Pls. 12, 13) demonstrates that the Maubisse Formation must have arrived in its 
present position after the Cablac Limestone had been deeply eroded. A similar relationship is found where 
the Cablac Limestone of Mt Oohooshkine and the Maubisse Formation of Mt Lacouse face each other 
across the valley of the Tafara. Mt Mata Bia and Mt Legumau likewise display the same relationship. In 
the localities mentioned above the Cablac Limestone is found on mountain ridges as isolated bodies having 
cliff-faces generally 100m or more high. This indicates that it has been considerably reduced by erosion. 
Projection of the base of the Cablac Limestone across the valley separating it from the overthrust Maubisse 
Formation indicates that the Cablac Limestone must have been eroded before the Maubisse Formation was 
overthrust to its present position, because the projected base of the Cablac either passes below the base of 
the Maubisse Formation or abuts against it. Thus, the Maubisse Formation must have been overthrust in 
post-Te (post-Lower Miocene) time. This is confirmed by evidence from western Timor; de Waard (1954) 
has found red crinoidal Permian limestones (equivalent to the Maubisse Formation) resting directly on lime- 
stones of Te (Lower Miocene) age. 

The oldest formation found resting on the Maubisse Formation is the Bobonaro Scaly Clay of Tf (Middle 
Miocene) age. This is well exposed on the flanks of the Legumau Range and elsewhere. It has been shown 
(Audley-Charles 1965A) that the Bobonaro Scaly Clay was emplaced in Timor during Tf (Middle Miocene) 
time. 

The field relationships thus amply demonstrate that the Maubisse Formation was overthrust to its present 
position in Timor during the time-interval between the end of Te and before the end of Tf. As a large part 
of the Cablac Limestone had been removed by erosion before the arrival of the Maubisse Formation, it 
seems certain that the overthrusting occurred during Tf time. 

(4) THE TIME OF OVERTHRUSTING OF THE BOROLALO LIMESTONE 
The allochthonous slices of Borolalo Limestone are all found on the Lower Miocene Cablac Limestone. 
They are not overlain by any other formation. This stratigraphical relationship (involving post-Te over- 
thrusting) strongly suggests that the Borolalo Limestone was overthrust at the same time as the Aileu and 
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Maubisse formations during the Middle Miocene (Tf). The common presence of exotic blocks of Borolalo 
Limestone in the Bobonaro Scaly Clay, which was also emplaced in Tf time, adds support to this conclusion. 

(5) THE TIME OF EMPLACEMENT OF THE BOBONARO SCALY CLAY 

It has been shown (Audley-Charles 1965A) that this formation was emplaced in Timor as a submarine gravity- 
slide closely associated with the overthrusting of the Maubisse and Aileu formations during the Middle 
Miocene (Tf) orogeny. The evidence for this conclusion is also discussed above (p. 49). 

4. S U M M A R Y  OF THE G E O L O G I C A L  HISTORY 

AN outline of the geological history of eastern Timor is given in Table 1. The geographical relationship of 
Timor to the other islands of the Indonesian Archipelago and to Australia is illustrated in Fig. 8. Tentative 
correlations between eastern and western Timor are shown in Table 2 and Fig. 9. 

De Sitter's (1964) recommendation that orogenic phases should be defined in local terms has been adopted 
in this Memoir. 

PERMIAN 

The geological record of eastern Timor begins with the Lower Permian Atahoc Formation. This and the 
succeeding Upper Permian Cribas Formation are shallow-water marine deposits having some flysch-like 
characters. Mainly shales and siltstones with some calcarenites and calcilutites, they also contain important 
quartz-arenites with plant debris. 

It has been suggested (Audley-Charles 1965E) that these neritic rocks were most probably derived from the 
erosion of northern Australia and represent a shelf facies, perhaps belonging to a delta built out from the 
north-west extension of the Kimberley block. 

In western Timor a similar facies is represented by the Permian rocks of the Kekeno Series (de Roever 
1940; Brouwer 1942). 

The Permian palaeogeography of Australasia (Fig. 10) has been interpreted by means of a palinspastic 
map (Audley-Charles 1965E). This reconstruction suggested that immediately north of Timor there was, 
throughout most of the Permian, an infraneritic or bathyal zone (represented by the Aileu Formation) 
marking the deep axis of the Westralian geosyncline; farther north, in the region now occupied by the 
Celebes and southern Borneo, was the northern shelf of this geosyncline where the reef limestones and 
eruptive rocks of the Maubisse Formation were originally deposited. 

It has been shown (Audley-Charles 1965E) that to the south of Timor the sea became shallower towards 
Australia. Much of northern Australia was land during the Permian. A paralic facies, locally with fluvio- 
glacial deposits, probably bordered the edge of the continent from Western Australia to New Guinea (David 
1950; Veevers & Wells 1961 ; Visser & Hermes 1962). 

Bazolian movements. The strongly diachronous base of the Triassic Aitutu Formation is interpreted as being 
an unconformity representing an epeirogenic phase that is here defined as the Bazolian movements. The name 
is taken from the Bazol anticline, in the northern limb of which there appears to be an unconformity between 
the Cribas Formation and the Aitutu Formation, representing a time-interval from the end of the Permian 
to the base of the Norian. 

There appears to be an equivalent unconformity in central Borneo (van Bemmelen 1949) and West Sarawak 
(Liechti 1960) between the Lower Permian and the Upper Triassic. In northern Australia folding and 
epeirogenic movements occurred at the end of the Permian (David 1950). These widespread crustal movements 
probably resulted in the considerable shallowing, at the end of the Permian, of the region now occupied by 
the Indonesian Archipelago (Fig. 10). 
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GEOLOGY OF PORTUGUESE TIMOR 

T A B L E  2: T E N T A T I V E  S T R A T I G R A P H I C A L  C O R R E L A T I O N  

B E T W E E N  E A S T E R N  A N D  W E S T E R N  T I M O R  

AUTOCHTHONOUS FORMATIONS 

W E S T E R N  T I M O R  E A S T E R N  T I M O R  

Part of Kekeno Series Atahoc Formation 

Part of Kekeno Series Cribas Formation 

Part of Kekeno Series 
Part of Sonnebait Series Atahoc Formation 

Part of Kekeno Series (?) 
Part of Palelo Series (?) Wai Luli Formation 
Part of Sonnebait Series 

Part of Sonnebait Series 
Part of Palelo Series Wai Bua Formation 

Part of Sonnebait Series 
Part of Palelo Series Borolalo Limestone 

Part of Sonnebait Series 
Part of Palelo Series Seical Formation 

Part of Palelo Series Dartollu Limestone 

Young Tertiary volcanic rocks 
Part of Palelo Series Barique Formation 

Part of Fatu Complex Cablac Limestone 

Upper Miocene and Plio-Pleistocene Series Viqueque Formation 

Raised Quaternary coral reefs Baucau Limestone 

Deposits of larger coastal plains Suai Formation 

ALLOCHTHONOUS FORMATIONS 

Crystalline schists Lolotoi Complex 

Part of crystalline schists (?) Aileu Formation 

Part of Sonnebait Series 
Part of Fatu Complex Maubisse Formation 

Part of Sonnebait Series 
Part of Palelo Series Borolalo Limestone 

Part of Sonnebait Series Bobonaro Scaly Clay 

TRIASSIC 

In eastern Timor the Lower Triassic is probably missing. The Middle and Upper Triassic are represented 

by the Aitutu Formation, which consists mainly of calcilutites with some calcarenites and a few shales. 

The Aitutu Formation was deposited in a shallow marine basin into which very little terrigenous detritus 

entered. The bottom conditions of this basin were anaerobic and possibly highly saline. 

The stratigraphy of the autochthonous Mesozoic rocks in western Timor has not been worked out, but 

from accounts given by de Roever (1940), Simons (1940), Tappenbeck (1940) and Brouwer (1942) it seems 

that parts of the Kekeno Series and Sonnebait Series may contain autochthonous Triassic rocks ranging 
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G E O L O G Y  O F  P O R T U G U E S E  T I M O R  

from Ladinian to Norian in age. A facies similar to the Aitutu Formation is present, but the proportion of 
land-derived detritus, both arenites and rudites, appears to be greatly increased. Reef limestones are present 
that might also be autochthonous. 

F x G. 10. Palaeogeographical sketch-maps of Australasia (after Audley-Charles 1965~, 1966A). 

The Triassic palaeogeography of Australasia has been described elsewhere (Audley-Charles 1966A). The 
deep axial zone of the Westralian geosyncline, prominent during the Permian, had disappeared before the 
Ladinian. During the Middle and Upper Triassic the continents of Australia and south-east Asia were 
separated by a broad shallow sea (Fig. 10) in which conditions were mainly paralic, but in the central region 
about Timor a wholly marine basin persisted. Access to this basin from the Pacific and Indian oceans was 
probably restricted; this may have been responsible for the anaerobic bottom conditions. 

J U R A S S I C  

In eastern Timor the beginning of the Jurassic period is marked by a considerable increase in terrigenous 
detritus represented in the arenites, shales and marls of the Wai Luli Formation. The proportion and 
coarseness of terrigenous material increase towards the top of the formation. The Wai Luli Formation is a 
marine facies deposited in shallow and very shallow water. There is evidence to suggest that towards the 
top of the formation the basin dried out temporarily in eastern Timor and red shales, gypsum and a little 
salt were deposited. 
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In western Timor the stratigraphy is not yet clear but it appears from accounts by de Roever (1940), 
Simons (1940), Tappenbeck (1940), van West (1941), and Brouwer (1942) that parts of the Kekeno Series, 
Sonnebait Series, and possibly the Palelo Series may contain autochthonous Jurassic strata similar to the 
Wai Luli Formation (Figs. 1, 9). 

The Jurassic palaeogeography of Australasia has been described elsewhere and is summarized in Fig. 10. 

Betanean folding. Throughout eastern Timor the Upper Jurassic and Lower Cretaceous rocks seem to be 
missing. The observed unconformity at the transgressive base of the Upper Cretaceous formations in eastern 
Timor is attributed to important crustal movements defined here as the Betaneanfolding. The name is derived 
from Betano, where the Wai Bua Formation is developed. The maximum range of this unconformity is in 
the Iliomar region, where it extends from the end of the Norian to the base of the Senonian. 

There is some suggestion that autochthonous Upper Jurassic and Lower Cretaceous strata are also missing 
from western Timor. An unconformity with intense folding of similar age is reported from central Borneo, 
Ceram, and Buru (van Bemmelen 1949). An epeirogenic gap in the Vogelkop, widening to the west and 
involving the absence of successively younger parts of the Jurassic and older parts of the Cretaceous, is 
reported by Visser & Hermes (1962). David (1950) reported marine transgressions in the Upper Jurassic of 
northern Australia with a withdrawal in the pre-Aptian Lower Cretaceous. Clearly the Betanean movements 
were widespread throughout Australasia. 

C R E T A C E O U S  

In eastern Timor there are no definitely autochthonous Lower Cretaceous rocks, although the Wai Bua 
Formation may extend down to the Lower Cretaceous locally, and the Seical Formation may possibly be 
autochthonous. 

In western Timor and Roti the Lower Cretaceous appears to be missing (Brouwer 1925). The absence of 
the Lower Cretaceous has been already ascribed to the effects of the Betanean folding. 

In eastern Timor the Upper Cretaceous is represented by the Wai Bua Formation and the Borolalo 
Limestone. These rocks contrast strongly with the underlying Lower and Middle Jurassic Wai Luli Formation. 
The Jurassic strata are shallow-water terrigenous deposits, while the Upper Cretaceous strata are pure 
calcilutites, cherts, radiolarites, and radiolarian shales. They were deposited in a bathyal or infraneritic 
environment, into which little terrigenous material entered, and all of which was of clay grade. After the 
emergence and erosion of Timor during the Upper Jurassic it was downwarped rapidly by the Betanean 
folding movements during the early Cretaceous. 

In western Timor the Wai Bua and Borolalo facies are represented by part of the Sonnebait Series and 
part of the Palelo Series (cf. de Roever 1940; Tappenbeck 1940; Brouwer 1942). It is not certain whether 
these rocks are autochthonous in western Timor. 

The Cretaceous palaeogeography of Australasia has been described elsewhere and is summarized in Fig. 10. 

T I M O R E A N  O R O G E N Y  

Throughout eastern Timor there is a major unconformity between the end of the Senonian and the Middle 
Eocene. During this time-interval the pre-Eocene autochthonous rocks were folded and deeply eroded and 
then the Lolotoi Complex was emplaced by overthrusting (Fig. 5). 

It is clear from the size of the major folds, the intensity of the associated minor folds, and the overthrusting 
of huge metamorphic klippen that this was a major orogenic phase. This phase is here named the Timorean 

orogeny, and defined as the folding movements that took place in eastern Timor between the Maestrichtian 
and the Middle Eocene inclusive, and culminated in the overthrusting of the Lolotoi Complex. The term 
Timorean is applied because the results of this orogeny can be seen throughout eastern Timor, and because 
this was the most important orogenic phase in Timor's geological history. 
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In western Timor strong compressional movements are reported to have occurred in post-Senonian and 
pre-Eocene times (de Waard 1954). 

Elsewhere in Australasia orogenic movements of similar intensity are reported; from Borneo between the 
late Cretaceous and late Eocene (van Bemmelen 1949; Liechti 1960), from Ceram and the Celebes at the end 
of the Cretaceous (van Bemmelen 1949). Epeirogenic movements occurred at the end of the Cretaceous in 
northern Australia (David 1950). In Tanimbar and Misool a transition from pelagic limestones of Upper 
Cretaceous age to shelf deposits of Tertiary age has been reported (Visser & Hermes 1962). 

The Timorean orogeny appears to have been contemporaneous with the world-wide movements of the 
Laramide orogeny, but in the Indonesian Archipelago outside Timor the available evidence suggests that the 
principal movements took place in the Upper Eocene rather than the Lower Eocene. 

Dartollu uplift. The folding and overthrusting of the Timorean orogeny commenced when Timor was deeply 
submerged. During the orogeny and immediately following the overthrusting of the Lolotoi, the region was 
uplifted and exposed to erosion before the Dartollu Limestone was deposited. This phase is called the 
Dartollu uplift. 

EOCENE 

During the Middle and Upper Eocene (Tab) the Dartollu Limestone, a series of shallow fore-reef limestones, 
was deposited in eastern Timor. The Dartollu Limestone overlies the klippen of Lolotoi Complex 
unconformably. 

In western Timor Alveolina limestones (probably Middle and Upper Eocene in age) are unconformable 
on Cretaceous rocks and crystalline schists. Locally a basal conglomerate has been recorded (Tappenbeck 
1940). In western Timor coral reefs occur in these limestones, and eruptive rock fragments are present 
locally. 

Parts of Timor were dearly either above seaqevel or not more than 10m below. It seems probable from the 
distribution of the neritic Eocene limestones and the Lolotoi Complex that large parts of the Lolotoi klippen 
formed islands during the Middle and Upper Eocene. 

During the Eocene period much of the Indonesian Archipelago was either land or covered by a shallow 
sea (van Bemmelen 1949; Umbgrove 1938). It has been suggested (Audley-Charles 1966B) that the deep 
Timor Trough, which had been initiated in the Timor area by the Betanean movements, migrated southwards 
towards Australia during the Lower Eocene, the width of the trough narrowing as Timor emerged as an 
island. 

Bariquean unconformity. The base of the Oligocene Barique Formation is everywhere marked by a strong 
unconformity, usually with a basal conglomerate. This conglomerate contains rounded boulders of the 
Dartollu Limestone, and represents earth-movements at the end of the Eocene period and beginning of the 
Oligocene. Contemporaneous movements are reported from Borneo, Ceram, Celebes, Sumba and many 
other parts of the Archipelago (van Bemmelen 1949). 

O L I G O C E N E  

The rocks deposited in eastern Timor during the Oligocene (Tcd) were the almost entirely eruptive Barique 
Formation; mostly tufts and flows, and few quartz-sandstones are developed. It is suggested above and was 
suggested earlier by Brouwer (1962) that the site of eruption was between the north coast of Timor and the 
present volcanic Inner Arc. 

In western Timor there is some suggestion (cf. Brouwer 1942) that much of the Tertiary eruptive rocks 
considered as Eocene in age may be Oligocene (Fig. 9). 
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Palaeogeographical indications are that during the Oligocene Timor occupied a shallow submarine 
position. 

Except for minor occurrences, the Barique Formation is the only example of igneous activity in, or very 
near to, eastern Timor. Thus the common observation that in unstable areas orogenic compression (Timorean) 
is followed by uplift (Dartollu) which is followed by volcanism (Barique) is exemplified by the history of 
eastern Timor. 

Matabian unconformity. The base of the Lower Miocene limestones in eastern and western Timor is an 
unconformity with basal conglomerates. This represents a marine transgression that is widespread in the 
Archipelago, called the Bebulah transgression by Brouwer (1942), and ranging in age from Tel_4. It is found 
in Sumatra, Java, Borneo, Sumba, the Philippines and elsewhere (van Bemmelen 1949). 

LOWER MIOCENE 

In eastern Timor a shallow marine Bahaman-type limestone (Cablac Limestone) was deposited during the 
Lower Miocene (Te) over a series of shoals in the central part of the island. In the south coast region a much 
deeper facies (Aliambata Limestone) was deposited. 

In western Timor a facies similar to the Cablac was deposited (Brouwer 1942). 
During Lower Miocene times the Archipelago was a region of scattered islands, shallow seas and deeper 

water (cf. Umbgrove 1938), similar to the present conditions, but probably with a much smaller relief, supra- 
marine and submarine. 

RAMELAUEAN OROGENY 
The most evident and widespread unconformity in eastern Timor occurs at the base of the Bobonaro Scaly 
Clay, which was emplaced in eastern Timor during the Middle Miocene (Tf). It has been shown above that 
immediately before the emplacement of the Bobonaro Scaly Clay, huge sheets of Permian strata (Aileu 
Formation and Maubisse Formation) were overthrust on to Timor from the north. This overthrusting must 
have resulted from compression, which doubtless refolded the earlier structures produced by the Timorean 
orogeny. The name Ramelauean is derived from the great thrust mountain range of Ramelau (Figs. 4, 9). 

In western Timor the main orogenic phase is thought by de Waard (1954) to be of Middle Miocene (Tf2) 
age. 

Throughout the Indonesian Archipelago (van Bemmelen 1949) and in Papua (Australasian Petroleum 
Company Pty 196 l) there was a major orogeny contemporaneous with the Ramelauean in Timor. 

Soro uplift. After the emplacement of the Bobonaro Scaly Clay a period of rapid uplift began in Timor, which 
with interruptions has continued to the present time. The deposition of the Viqueque Formation was the 
first result of this epeirogenic movement, called the Soro uplift from Mt Soro, at whose foot the basal 
conglomerates of the Viqueque Formation are well exposed. These conglomerates represent a shore-line 
deposit of Tg age. 

UPPER MIOCENE-PLIOCENE 
In eastern Timor the sediments deposited during the Upper Miocene and Pliocene (Tgh) are a regressive 
sequence of marine molasse called the Viqueque Formation. These rocks are largely composed of the detritus 
of older formations eroded as Timor emerged as an island. 

Mataian folding. It has already been shown that the Viqueque Formation was folded during-late Pliocene 
times. This relatively gentle folding is exemplified by the Matai anticline, which gives its name to the phase 
defined here (Fig. 7). 
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In western Timor  a late Pliocene folding phase was recognized by de Waard  (1954). Throughout  the 

Indonesian Archipelago (van Bemmelen 1949), in New Guinea (Australasian Petroleum Pty 1961), and 

Austral ia (David 1950) there seems to have been epeirogenic and fold-movements during the late Pliocene 

or early Pleistocene 

POST-PLIOCENE 

After the Mata ian  folding eastern Timor  continued to emerge thus giving rise to the terraces of fringing 

reefs of  the Baucau Limestone and the marine molasse deposit (Suai Formation) .  

5. P E T R O L E U M  A N D  N A T U R A L  GAS 

More  than thirty natural  seepages of  oil and gas are known in eastern Timor  (Table 3 and P1. 13). Most  of 

them occur south of  the main watershed of  the island, but this may  merely reflect the more detailed investiga- 

tion of  the southern area. The following brief description of  the seepages is arranged according to the age of  

the formation in which the seep occurs. 

T A B L E  3: O I L  A N D  G A S  S E E P A G E S  

Name of seep Outcrop at seep Probable origin of seep Cause of seepage 

Teetor oil seep 
Loiquero oil seep 
Lospalos oil seep 
Matai oil seeps 
Nabuc oil seep 
Sap Maras oil seep 
Ranuc oil seep 
Suete oil seep 
Kidu oil seep 
Iriamo oil seep 
Atalele gas seep 
Gariwai oil and gas seep 
Fatu Lulik oil seep 
Aliambata oil and gas seep 
Be Metan oil seeps 
Wougel gas seep 
Loiba gas seep 
Horrba gas seep 
Bele Teu oil seep 
Sahem River oil seep 
Pualaca oil and gas seep 
Lornil gas seep 
Hol Mesil oil and gas seep 
Berri gas seep 
Mol Houlu gas seep 
Querrema gas seep 
Lubu Tura gas seep 
Beto gas seep 
Tualo gas seep 

Suai Formation 
Holocene 
Poros Limestone 
Viqueque Formation 
Viqueque Formation 
Viqueque Formation 
Bobonaro Scaly Clay 
Bobonaro Scaly Clay 
Bobonaro Scaly Clay 
Bobonaro Scaly Clay 
Bobonaro Scaly Clay 
Bobonaro Scaly Clay 
Cablac Limestone 
Borolalo Limestone 
Wai Bua Formation ? 
Aitutu Formation 
Aitutu Formation 
Tallibelis Member 
Aitutu Formation 
Holocene 
Wai Luli Formation 
Cribas Formation 
Cribas Formation 
Cribas Formation 
Cribas Formation 
Cribas Formation 
Cribas Formation ? 
Cribas Formation 
Cribas Formation 

Viqueque Formation ? 
Cribas Formation 
Cribas Formation 
Viqueque Formation 
Viqueque Formation 
Wai Luli Formation ? 
Bobonaro Scaly Clay 
Bobonaro Scaly Clay 
Bobonaro Scaly Clay 
Bobonaro Scaly Clay 
Bobonaro Scaly Clay 
Cablac Limestone ? 
Wai Luli Formation 
Borolalo Limestone ? 
Wai Bua Formation 
Aitutu Formation 
Aitutu Formation 
Tallibelis Member 
Aitutu Formation 
Aitutu Formation 
Wai Luli Formation 
Cribas Formation 
Cribas Formation 
Cribas Formation 
Cribas Formation 
Cribas Formation 
Cribas Formation 
Cribas Formation 
Cribas Formation 

Uncertain 
Uncertain 
Uncertain 
Bleeding reservoir in hinge of Matai anticline 
Bleeding reservoir in Matai anticline 
Uncertain 
Uncertain 
Uncertain 
Uncertain 
Uncertain 
Uncertain 
Uncertain 
Faulted trap in the Mac Fahic anticline 
Faults in the Aliambata anticline 
Minor faulting 
Faulted trap in northern limb of Bazol anticline 
Faulted trap in northern limb of Bazol anticline 
Faulted trap in northern limb of Bazol anticline 
Possibly source beds in Bazol anticline 
Faulting in northern limb of Mac Fahic anticline 
Faulted trap ? 
Faulted trap in northern limb of Bazol anticline 
Faulted trap in northern limb of Bazol anticline 
Faulted trap in northern limb of Bazol anticline 
Faulted trap in northern limb of Bazol anticline 
Faulted trap in northern limb of Bazol anticline 
Faulted trap near hinge of Aliambata anticline 
Faulted trap near hinge of Aliambata anticline 
Faulting in north-western limb of Aliambata 

anticline 
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(a) O I L  A N D  G A S  S E E P A G E S  IN  T H E  Q U A T E R N A R Y  F O R M A T I O N S  

Three oil seeps are known to occur in Quaternary sediments. 

O) Teetor oil seep. This is difficult to locate because it is in thick jungle. It occurs in an outcrop of the Suai 
Formation, where it forms a small bank about 3m high, 50m from the beach. In the bank brown oil-staining 
is seen and the sweet smell of petroleum is noticeable. Below the surface, sand and puggy clay smelling strongly 
of petroleum are first encountered; as lower sections are uncovered, a free sticky brown oil becomes visible. 
Local people report that during the wet season free oil flows at the surface, and that there are a number 
of other similar small oil seeps in this vicinity. 

The origin of this oil is uncertain. It may be Plio-Pleistocene oil moving up-dip from a source farther 
south (below sea-level), or it may originate in the Viqueque Formation, south of and down-dip of the seep. 
Alternatively, the oil could be seeping from the Wai Luli Formation below the thin cover of Tertiary rocks. 

(ii) Loi Quero oil seep. Brown sticky oil is found oozing out of modern beach sand 4km west of Loi Quero, 
and on the beach just above the high-water level and below the cliff of Baucau Limestone. It seems most 
likely that the oil is coming from the Cribas Formation, which is present a few metres below the Pleistocene 
cover. 

(iii) Lospalos oil seep. This was reported to the author by Dr J. C. Azeredo Leme (verbal communication, 
1962) who described it as a small oil seep on the edge of a swamp. The author was unable to confirm this 
report. The seep would appear to be underlain by the Poros Limestone, from which it might be derived. 
A more probable source would seem to be the Cribas Formation, which occurs below the Poros Limestone. 
Photogeology indicates minor faulting in this area. 

(b) O I L  A N D  G A S  S E E P A G E S  IN  T H E  T E R T I A R Y  F O R M A T I O N S  

Seven oil and three gas seeps are known from the Tertiary rocks; all except one occur in either the Bobonaro 
Scaly Clay or the Viqueque Formation. 

(i) Matai oil seeps. These are located on the south side of Matai village and slightly to the north of the 
axial-plane trace of the Matai anticline. Initially these were natural seeps in a creek bed but they were opened 
up during the Second World War by the Japanese, who dug and timbered shafts to 7m in depth. A consider- 
able yield of crude oil was reported. At present the yield is no more than 10 gallons a day. 

The shafts have been dug into an outcrop of Viqueque Formation at a place where the thickness of the 
formation over the Bobonaro Scaly Clay is about 40m. The oil seeps from a porous medium-grade quartz- 
arenite of the lower part of the Viqueque Formation. 

Slim-core holes drilled in the immediate area of the Matai seeps encountered oil-saturated Viqueque 
Formation. Particularly noticeable were the greenish foraminiferal claystones and marls saturated with a 
light greenish oil. These rocks are regarded as the probable source of the oil in the Matai seeps. 

Oi) Nabuc oil seep. In a tributary to the River Nabuc and immediately to the south of the Matai fault is a 
small intermittent oil seep in the creek bed. This seep produces small amounts of oil and saline water in the 
wet season; in the dry season dark oil-stained rocks are the only indication. 

This oil must be seeping from the Viqueque Formation. Whether it was generated in the Viqueque or in 
an older formation is uncertain. The most likely explanation is that it was generated in the Viqueque and has 
migrated up-dip in the southern limb of the Matai anticline. 
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(iii) Sap Maras oil seep. A small oil seep has stained and saturated the white marls of the Viqueque Formation 
in the west bank of the River Serai, where it is oozing slowly. The oil-stained area is about 3m ~. Local 
people report that in the wet season a small flow of oil occurs here. 

The oil seep is in the northern limb of the Colitie syncline, where the Viqueque Formation is probably 
less than 20m. It seems unlikely that this oil has been generated within the Viqueque Formation. A more 
likely source would be either the unconformity at the base of the Bobonaro Scaly Clay (which crops out 
close to the seep), or the Mesozoic-Permian strata of the Bazol anticline, whose hinge is close to the seep. 

(iv) Ranuc oil seep. There are several small oil seeps at Ranuc. Some resemble small mud volcanoes, and emit 
oil with mud, salt water, and gas; others are oozings of oil into creeks. In all cases the oil is seeping from the 
Bobonaro Scaly Clay, and is sweet-smelling, light, and greenish-coloured. 

(v) Suete oil seep. This is a very small oil seep in a tiny creek on the hillside near Suete. The seep appears 
to be active only in the wet season. The immediate source is the Bobonaro Scaly Clay. It may be significant 
that the axial-plane trace of the Suete anticline (a photogeological structure) passes close to the seep. 

(vi) Kidu oil seep. This is a small oil seep reported in the east bank of the River Bui, south-east of Suete 
village. It could not be found by the author, who suspects that it is active only in the wet season. The seep 
is from the Bobonaro Scaly Clay and may be related to faulting in the valley of the Bui. 

(vii) Iriamo oil seep. This is a seepage of small quantities of a black oil from a depression in a terraced rice 
field. A pit was dug here by the Japanese during the Second World War. The oil is seeping from the Bobonaro 
Scaly Clay. 

(viii) Atalele gas seep. This is close to the north-west bank of the upper reaches of the Debura River. Here 
inflammable gas with a faint smell of oil escapes from fissures in an exotic block in the Bobonaro Scaly 
Clay. Local people report that in the near-by Basarlei Creek free oil seeped in 1942. Both these seepages are 
from the Bobonaro Scaly Clay. 

(ix) Gari Wai oil and gas seep. Below the great bluff at the south-eastern end of the Mata Bia Range, near the 
unconformity between the Cablac Limestone and the Bobonaro Scaly Clay, a faint smell of oil is detectable 
in the Bobonaro Scaly Clay. Local people report that at one time this was a burning gas seep. 

(x) Fatu Lul ik -Wai  Manas oil seep. Hot-water springs emanate from near the base of the steep mountainous 
peak of Fatu Lulik. Springs in fractured, slickensided and recrystallized Cablac Limestone carry slicks of crude 
oil that leaves a solid dry encrustation of a tarry substance on the rocks. The probable source of the oil is in 
the Wai Luli Formation of the Mac Fahic anticline, which is unconformable below the Cablac Limestone. 

(C) O I L  A N D  GAS S E E P A G E S  IN T H E  M E S O Z O I C  F O R M A T I O N S  

Four oil seeps and four gas seeps are known from the Mesozoic rocks. They are widely distributed throughout 
eastern Timor. 

(i) Aliambata oil and gas seeps. A t  Aliambata is a timbered pit dug in the foreshore by the Japanese during the 
Second World War. The pit, 5m deep, permits an accumulation of a dark brown oil without any sign of 
gas at a rate of about a gallon a day. 

About 200m east of this pit a light brown oil escapes in small quantities on to the shore below high-water 
mark. 

Mem. geol. Soc. Lond. no. 4 69 



M. G. AUDLEY-CHARLES 

North of the road and about 200m north of the pit is an abandoned well that produces salt water and 
small quantities of a dark-brown oil with inflammable gas. The well was probably drilled about 1927 by the 

Timor Petroleum Co. 
Inflammable gas escapes from the hill-slope scree about 100m west of the hole drilled in 1927. 
Other burning gas seeps are reported from this region about Aliambata and south of the cirque of hills. 

A burning gas seep with hydrogen sulphide is reported to occur periodically on the shore-line about 2km 

east of Aliambata. 
All the oil and gas occurrences described at Aliambata appear to emanate from the Upper Cretaceous 

Borolalo Limestone where it forms the north-west limb of the Aliambata anticline. The seepages are probably 

associated with complex faulting. 

(ii) Be Metan oil seeps. A number of small oil seepages occur in the Cretaceous Wai Bua Formation of the 
Betano region; they seem to be associated with faulting. The seepages are all into creeks through alluvium 
over Wai Bua Formation. The oil is heavy, black, and accompanied by a little gas. Some of the seeps yield 
a little water. Hydrogen sulphide is associated with one seep in the Be Metan Creek. All seeps are said to be 

more productive in the wet season. 

(iii) Wougel gas seep. This is a burning gas seep smelling strongly of petroleum in the hillside north of the 
Bere Creek, a tributary to the Bazol. It is emanating from the Aitutu Formation in the northern limb of the 

Bazol anticline. 

(iv) Loiba gas seep. This is a petroliferous gas seep in the hillside west of the confluence of the Lacuzol and 
the Bazol. It occurs in a small depression in a cultivated area. It is an area of 10m ~ of burnt soil over which 
a yellow flame lightly dances. The soil of the area when crushed smells strongly of petroleum. In the wet 
season the blaze is much stronger; it is said never to have been extinguished in living memory. 

In the absence of near-by outcrops the source is uncertain, but the gas appears to be seeping from the Aitutu 
Formation. It is probably associated with faulting in the northern limb of the Bazol anticline. 

(v) Horrba gas seep. A hole 45 cm deep in the steep bank of the Horrba Creek is filled with mud through which 
bubbles an inflammable gas smelling strongly of petroleum. Several other similar occurrences are reported 
in this region. The gas is seeping from the Tallibelis Member of the Aitutu Formation in the north limb of 

the Bazol anticline. 

(vi) Bele Teu oil seep. This occurs in a cliff of the Aitutu Formation. The seep is a slow oozing of light-brown 
oil from well-bedded fine-grained calcarenites. These calcarenites are interbedded with calcilutites; all are 
black or dark bluish-grey, and have all their joints and minor cracks filled with free brown oil, which on the 
weathered surface forms a residual black tar. Wherever these limestones are broken a thin oil film can be 
wiped off on the fingers. The oil evaporates rapidly. The section from which the oil is bleeding is about 6.5m 
thick. This particular region has been greatly disturbed by minor folding and faulting. 

These petroliferous calcarenites may be a reservoir, but the primary porosity is so low, owing to calcite 
cementation, that it seems possible that they are very close to source-beds. 

The seep is situated in the northern limb of the Bazol anticline. 

(vii) Sahem River oil seep. It is reported from the Soibada Miss~o that crude oil has been taken from holes 
dug into the bed of the Sahem River. This oil must be seeping from the Aitutu Formation in the northern 

limb of the Mac Fahic anticline. 

(viii) Pualaca oil and gas seeps. At Pualaca in the banks of the River Mutin, a light crude oil is oozing from 
an outcrop of contorted shales and thin limestones of the Wai Luli Formation into the river at a number of 
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places. In the bed of the River Mutin four oil-producing pits have been dug; only one was being worked in 
1962, the others having collapsed. These pits produced water and a black oil. 

The rate of seepage at Pualaca is reported to be fairly constant, except for seasonal fluctuations, due perhaps 
to movements of the water-table. The constant flow over many years indicates an entrapment of some size 
below the present pits. Presumably the oil seeping into the river on the east bank is seeping from the same trap. 

In 1958 the Pualaca oil refinery bailed 21060 litres of crude oil from the pits. This crude is distilled into 
three usable fractions: a gasoline and two grades of kerosene. 

Several seepages of petroliferous gas are reported in this area, on the hillsides above and to the north of 
Pualaca. They are all emanating from the Wai Luli Formation. 

(d) O I L  A N D  G A S  S E E P A G E S  I N  T H E  P E R M I A N  F O R M A T I O N S  

Eight petroliferous gas seeps are known in the Cribas Formation. 

(i) Lornil gas seep. This is a gas seep smelling strongly of petroleum. It occurs on the hillside north of the 
River Bazol. The seep appears to emanate from the Cribas Formation but the evidence is obscured by 
landslips. It is on the northern limb of the Bazol anticline. 

(ii) Hol Mesil  oil and gas seep. Just below a steep limestone crag that forms part of the bluff called Hol 
Mesil are two small oil seeps accompanied by burning petroliferous gas. In the wet season a small trickle 
of black oil occurs, but in the dry season only the oil-staining is seen. The area of burning gas is about 
10m ~. The oil and gas are emanating from the Cribas Formation just below the contact with the Aitutu 
Formation. The seeps are situated on the northern limb of the Bazol anticline. 

(iii) Berri gas seep. This occurs in the east bank of the River Lomea, where there is an area of 10m ~ of 
burnt soil at the bottom of a steep slope about 7 m above the Lomea. A strong smell of petroleum accompanies 
the burning gas. The seep is said to burn more strongly in the wet season. The gas is emanating from the 
Cribas Formation in the northern limb of the Bazol anticline. 

(iv) Mol  Houlu gas seep. This occurs in the bed of the small Mol Houlu Creek. A faint smell of petroleum is 
detectable during the dry season, but in the wet season a stream of inflammable gas bubbles is developed. 
The gas is seeping from the Cribas Formation in the northern limb of the Bazol anticline. 

(v) Querrema gas seep. A small inflammable gas seep with a strong smell of petroleum bubbles through mud 
in a small hole in the hillside overlooking the River Bazulor. In this vicinity several other burning gas seeps 
are reported to be active during the wet season. This gas is seeping from the Cribas Formation in the northern 
limb of the Bazol anticline. 

(vi) Lubu Tura gas seep. East of the village of Tualo, on the perimeter of a small native farm, an inflammable 
gas smelling of petroleum escapes from the soil over an area of 2m ~. No exposure is present in the vicinity, 
but the gas must be escaping from the Cribas Formation near to the hinge of the Aliambata anticline. 

(vii) Beto gas seep. East of Lubu Tura, near to the tiny village of Beto, another similar petroliferous gas 
seep is reported from the Cribas Formation. This seep is close to the hinge of the Aliambata anticline. 

(viii) Tualo gas seep. Local people report an irregular seep of petroliferous gas from a hole in the bank of the 
small creek north of Tualo village. This seep is in the Cribas Formation and probably related to faulting 
in the Aliambata anticline. 
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EXPLANATION OF PLATES 1-13 

P L A T E  1 
(a) Bazol anticline, looking west. (A) klippe of Lolotoi Complex on (B) Cribas Formation; (c) River Bazol coincident with 

the axial-plane trace of the anticline. 
(b) Cribas Formation. Section exposed in the Bazol anticline. Slumped horizon which moved from south to north. Note slump- 

folded limestone beds near the feet of man. 
(c) Cribas Formation in the Aliambata anticline. Section of typical shale-silty shale flysch sequence with thin interbedded 

limestones. 

P L A T E  2 
(a) Aitutu Formation in the Aliambata anticline. Characteristic masonry-type bedding in the calcilutites. 
(b) Wai Luli Formation in the southern limb of the Aitutu anticline. Typical section of shales with thin limestones and marls. 
(c) Wai Bua Formation, type-locality. Characteristic bedding of radiolarites, cherts, and radiolarian shales of this formation. 

P L A T E  3 
(a) Barique Formation by the River Cai Dilla Laly. Basal conglomerate; note well-rounded and angular pebbles and cobbles 

of lava and limestone in coarse tuff matrix. 
(b) Barique Formation near Venilale. Typical well-formed pillows. 
(c) Cablac Limestone of Mt Lari Tame, looking east. (A) Cablac Limestone, (B) Bobonaro Scaly Clay. 

P L A T E  4 
(a) Bobonaro Scaly Clay in the type-locality, showing angular and rounded exotic material, the scaly nature of the fresh 

clay matrix, and the jigsaw-puzzle cracks of the weathered clay matrix. 
(b) Viqueque Formation in the Colitie syncline, looking west. Slumped horizon of pebbly mudstone and boulders intercalated 

in a typical Viqueque marl-siltstone succession. 
(c) Baucau Limestone from road section near Lautem. In situ corals with calcarenites and calcirudites. Pebble-conglomerate 

horizon is well marked. 

P L A T E  5 
(a) Bobonaro Scaly Clay from the type-locality. Note that large exotic block is rounded. The clay matrix of the formation 

surrounds the block. The scale is indicated by the men standing immediately at the base of the block. 
(b) Viqueque Formation in the Colitie syncline. Pebbly mudstone slumped horizon in bedded siltstones and marls. Note another 

pebbly mudstone about 70 cm above the lower one. 
(c) Maubisse Formation, looking west at the west bank of the River Laclo. (A) Klippe of Maubisse Formation thrust over 

(B) Wai Luli Formation. 

P L A T E  6 
(a) Aitutu anticline, looking west at the exposed core of limestones of the Aitutu Formation. 
(b) Minor folding in the Aitutu Formation, in the east limb of the Aliambata anticline. 

P L A T E  7 
(a) Aitutu Formation: radiolarian calcilutite. Note that the radiolarian skeletons, including the delicate spines, have been 

entirely replaced by sparry calcite, and filled with a drusy mosaic of sparry calcite. ( • 100.) 
(b) Aitutu Formation: lumachelle of Halobia with bitumen (black). Note the dolomitization by small rhombs, and the presence 

of small pyrite crystals (black) in the shell fragments. (x  10.) 
(c) Wai Luli Formation from the Aitutu anticline. Calcarenite with numerous angular quartz grains. Note algal pisolite, thick 

micrite jackets (possibly due to algae), and a large clast of silty calcarenite. ( x 40.) 
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(d) Aitutu Formation: matrix of basal conglomerate from near Tutuala. This is a biomicarenite of mixed allochems: 
gasteropods, echinoderms, brachiopods, pelecypods, and ammonoids. (x  20.) 

(e) Wai Bua Formation: radiolarite composed almost entirely of radiolarian skeletons with a few Foraminifera. The radiolaria 
are composed of  opaline silica. Note the micro-bedding. ( x 40.) 

( f )  Seical Formation: arenite of mixed Foraminifera and quartz grains. A little micrite matrix is present. (•  120.) 

P L A T E  8 
(a) Dartollu Limestone: biomicarenite of Alveolina in a micrite matrix. ( x 10.) 
(b) Barique Formation: coarse crystal tuff. Some grains are well rounded. A little sparry calcite cement is present. ( • 40.) 
(c) Cablac Limestone: biodismicrudite in which calcareous algae make an important contribution. Note 'level bubble' structure 

and larger Foraminifera. ( x 40.) 
(d) Aliambata Limestone: biomicarenite with tests of Foraminifera in a micrite matrix. An example of  a fossil foraminiferal- 

ooze. ( • 50.) 
(e) Viqueque Formation: arenite of mixed clasts: eruptive rocks, calcilutites, metamorphic rocks, quartz, amphiboles, chlorite, 

epidote, with a little clay matrix and some calcite cement. ( x 40.) 
( f )  Viqueque Formation: biospararenite consisting exclusively of Foraminifera with very little sparry calcite cement. A fossil 

foraminiferal-ooze. ( x 40.) 

P L A T E  9 
Stratigraphical columns of  the Aitutu Formation and Wai Luli Formation. Scale: 1 �9 10 000. 

P L A T E  10 
Stratigraphical columns of  the Viqueque Formation,  Lari Guti  Limestone and Dilor Conglomerate. Scale: 1 : 10 000. 

P L A T E  11 
Geological cross-sections 1 to 3. Scale: 1 : 100 000. 

P L A T E  12 
Geological cross-sections 4 to 7. Scale: 1 : 100 000. 

P L A T E  13 (in pocket on back cover) 
Geological map of Portuguese Timor. Scale: 1 : 250 000. 
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[Full explanation 

on p. 75] 



Mem. geol. Soc. Lond. no. 4 PLATE 2 

(a) Aitutu Formation in the Aliambata anticline; (b) Wai Luli Formation in the 
southern limb of the Aitutu anticline; (c) Wai Bua Formation, type-locality. 

[Full explanation on p. 75] 



Mem. geol. Soc. Lond. no. 4 P L A T E  3 

(a) Barique Formation by the River Cai Dilla Laly; (b) Barique Formation near 
Venilale; (c) Cablae Limestone of Mt Lari Tame, looking east. 

[Full explanation on p. 75] 



Mem. geol. Soc. Lond. no. 4 PLATE 4 

(a) Bobonara Scaly Clay in the type-locality; (b) Viqueque Formation in the 
Colitie syncline, looking west; (c) Baucau Limestone from road section near Lautem. 

[Full explanation on p. 75] 



Mere. geol. Soc. Lond. no. 4 P L A T E  5 

(a) Bobonaro Scaly Clay from the type-locality; (b) Viqueque Formation in the 
Colitie syncline; (c) Maubisse Formation, looking west. 

[Full explanation on p. 75] 
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Mem. geol. Soc. Lond. no. 4 PLATE 7 

(a) Aitutu Formation: radiolarian calcilutite; (b) Aitutu Formation: lumachelle of Halobia with bitumen (black); 
(c) Wai Luli Formation from the Aitutu anticline; (d)Aitutu Formation: matrix of basal conglomerate from near Tutuala; 
(e) Wai Bua Formation: radiolarite composed almost entirely of radiolarian skeletons; (f) Seical Formation: arenite 
of mixed Foraminifera and quartz grains. 

[Full explanation on p. 75-6] 



Mem. geol. Soc. Lond. no. 4 PLATE8 

(a) Dartollu Limestone: biomicarenite of Alveolina in a micrite matrix; (b) Barique Formation: coarse crystal tuff; 
(e) Cablac Limestone: biodismicrudite with calcareous algae; (d) Aliambata Limestone: biomicarenite with Foraminifera 
in a micrite matrix; (e) Viqueque Formation: arenite of mixed clasts; ( f )  Viqueque Formation: biospararenite consisting 
of Foraminifera with very little sparry calcite cement. 

[Full explanation on p. 76] 
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