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Abstract 
Due to structural complexity, great efforts must be invested in reconstructing the tectonostratigraphic framework 
of rock successions older than late Miocene in the Timor-Leste orogenic belt. In some previous studies, 
lithostratigraphic units have been proposed without age control and this has led to significant miscorrelations. 
Based on recent geological mapping by the Instituto de Geociências de Timor-Leste in the Tchinver River area 
in eastern Timor-Leste, a shale unit previously considered to belong to the Upper Jurassic is shown to be Lower 
Triassic. The unit consists of a varied-coloured shale succession that contains rare bivalves (Claraia spp.), very rare 
probable ophiceratid ammonoids, and abundant palynomorphs dominated by Michrystridium and Veryhachium 
acritarchs. The presence of Claraia with affinities to either C. griesbachi or C. wangi indicates that the shale 
containing these macrofossils lies within the Induan (lowest Triassic) Stage. The palynomorphs are attributed 
to the Induan-lower Olenekian (Lower Triassic) Kraeuselisporites saeptatus Spore-Pollen Zone. Lithologically and 
biostratigraphically the shale is similar to the type section of the Baharedu beds. The shale was previously described 
as the Tchinver Shale with very little detail and attributed, without any age control, to the Upper Jurassic. In 
Timor-Leste, the name “Tchinver Shale” should be discontinued in formal stratigraphic schemes. The shale unit, 
now placed in the Baharedu beds, belongs to the East Gondwana Interior Rift Association and correlates with 
coeval shale units in Western Australian basins to the east and south. 

INTRODUCTION 

Timor Island, at the edge of the Australian continent, is part of one 
of the youngest and most chaotic orogenic belts in the world (Hamil
ton 1979; Fig. 1). This is the product of the ongoing collision between 
the north-west margin of the Australian continent and crustal blocks 
derived from Sundaland to the north. The collision was initiated be
tween 9.8 Ma and 5.5 Ma based on the youngest pre-collision strati
graphic unit of the now deformed Australian continental margin and 
the oldest synorogenic deposit known in Timor (Haig and McCartain 
2007, Haig 2012). Rock successions older than late Miocene are highly 
deformed and must be reconstructed to work out the tectonostrati
graphic framework (Nano et al. 2023, Haig et al. 2024, 2025a, b). 

One of the earliest geological reconnaissance studies in Timor Is
land was conducted by Hirschi (1907), who undertook petroleum ex
ploration in Portuguese Timor, now Timor-Leste. His work and that 
of Wanner (1931), Grunau (1953), Wanner (1956), Gageonnet and 
Lemoine (1958), Leme (1963, 1968), Yamagiwa (1963), Nakazawa 
and Bando (1968) and Nogami (1968) demonstrated that Trias
sic–Jurassic successions were among the most prominent in the 
Timor-Leste sedimentary record. A comprehensive stratigraphic 
nomenclature with formal formation names was first applied by Aud
ley-Charles (1968), based on his mainly reconnaissance mapping work 
over all of Timor-Leste. The Triassic–Jurassic nomenclature and 
stratal interpretations have been revised by Monteiro and Pinto 
(2003), Roniewicz et al. (2005), Haig et al. (2007, 2021a, b, 2024, 
2025a, b), Charlton et al. (2009), Haig and McCartain (2010, 2012), 
Benincasa et al. (2012), Haig and Bandini (2013), Charlton and Gan
dara (2014), Peyrot et al. (2019, 2025), Barros et al. (2022, 2025), 
Scibiorski et al. (2022a, b), Nano et al. (2023), McCartain et al. 
(2024), and Forel et al. (2025). 

Since Timor-Leste independence in 2002, there has been a renewed 
effort in hydrocarbon exploration on the mainland. As part of petro
leum prospectivity work, Charlton and Gandara (2014) recognised a 
succession of “red, grey, green and blackish shales, well laminated on 
a mm-cm scale with minor thin interbeds of siltstone/fine sandstone” 
in the Tchinver River in the eastern part of the island (Fig. 1). 

Despite a lack of outcrop photographs, no stratigraphic log, and 
no biostratigraphic control, they named the unit the “Tchinver Shale” 
and proposed part of the Tchinver River as a potential type section 
(Fig.1). The Late Jurassic age was suggested based solely on lithological 
similarity with shale containing “fragments of Belemnopsis type-
belemnites” in the Aliambata area about 50 km to the west. They 
stated that the Tchinver Shale was unfossiliferous but noted a lack of 
halobid/danonellid bivalves typical of the Triassic and suggested that 
this also supported a Late Jurassic age. Charlton and Gandara (2014) 
proposed that the Tchinver Shale “unconformably/disconformably” 
overlies the Wailuli Formation without any age control. The unit was 
later referred to as either the Tchinver Shale or the Tchinver Formation 
(Charlton et al. 2018, Charlton 2023a, b, and Munasri et al. 2024) 
and its position in stratigraphic charts was embedded in the Upper 
Jurassic: “Oxfordian to lower Tithonian” according to Charlton et al. 
(2018, fig. 2); “upper Oxfordian to top of Tithonian” according to 
Charlton (2023a, fig. 3); “Upper Jurassic to lowest Cretaceous” ac
cording to Bucknill et al. (2019, fig. 2) and Munasri et al. (2024, fig. 
2); all without any direct age control for the unit. 

Gageonnet and Lemoine (1958) mapped the Tchinver River as 
“Série de Kekneno (autochtone)”, Grunau (1953, 1957) showed it 
within the “Complexo Autoctono, Triásico (perto de Pualaca também 
Jurássico)”, Leme (1968) included it in the “flysch facies of the Série 
do Triásico-Jurássico”, and Audley-Charles (1968) mapped the south
ern part of the study area as the Aitutu Formation, while assigning the 
clay-dominated facies to the North as “Bobonaro Scaly Clay”. 

Cabral, E. da S., Cardoso Amaral, A. P., Melo Hornai, A., & da Cruz dos Santos, L. F. (2026). Stratigraphic
Revision of a Lower Triassic Shale Unit Previously Placed in the Upper Jurassic, East Gondwana Interior
Rift Association, Eastern Timor-Leste. Journal of The Royal Society of Western Australia, 109.
https://doi.org/10.70880/001c.168764

https://orcid.org/0009-0000-7375-1196
https://orcid.org/0009-0005-5923-4666
https://orcid.org/0009-0001-9411-0838
https://orcid.org/0009-0009-4315-242X
https://doi.org/10.70880/001c.168764
https://doi.org/10.70880/001c.168764


Figure 1. Images showing locality of study area. 
Top image, SRTM image of Timor (compiled from NASA Shuttle Radar Topography Mission images) showing studied site. Centre right image, present-day tectonic setting of Timor. Bottom image, Google Earth 
image of the study area of the Tchinver River showing the extent of Charlton and Gandara’s (2014) type section for the Tchniver Shale with, as recorded by them, the eastern end at 8.596500°S and 127.025861°E 
and the western end at 8.593583°S and 126.991028°E. The positions of critical IGTL biostratigraphic samples are also shown, as well as the locality of the measured sections outlined in Fig. 3. 

During 2022, the Instituto do Geociências de Timor Leste-Insti
tuto Público (IGTL-IP) remapped the area and found the presence 
of bivalves and ammonoids within the “type section” of the Tchinver 
Shale (Fig. 1). IGTL also recovered three palynological assemblages 
from the shale succession (two within the “type section” and another 
just to the north in a small tributary of the river; Fig. 1). The biostrati
graphic results necessitate a major revision of the stratigraphic correla
tion of the shale succession exposed in the river outcrops. 

The aim of this study is to describe the shale succession observed in 
the Tchinver River at the “type section” and provide evidence for its 
age. The shales are placed in the stratigraphic framework for Timor-
Leste outlined in McCartain et al. (2024) and Haig et al. (2025b) and 
correlated to coeval units in basins of the East Gondwana Interior Rift 
system to the east and south of Timor-Leste. 

MATERIAL AND METHODS 

The study traversed along Charlton and Gandara’s (2014) potential 
type section on the Tchinver River and in nearby tributaries (Fig. 1), 
making outcrop observations of rock types, bed forms, sedimentary 
structures, and macrofossils. GPS locality co-ordinates were noted, 
structural measurements were made, and outcrop photographs were 
taken. Two stratigraphic sections were measured along river cliffs. 
Gamma-ray logs of the sections were produced, with measurements 
at 30 cm intervals using hand-held Radiation Solution RS-330 mul
tipurpose gamma analyser. API values were calculated using recorded 
Uranium (U), Thorium (Th), and Potassium (K) values in each mea
sured point. U/Th ratios from the measurement points were also plot
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ted on a graph to show variation in the organic matter content within 
the section. Representative samples were collected and are housed in 
the IGTL laboratory in Dili. Three samples of dark grey shale with a 
kerogen smell were sent to the laboratory of MGPalaeo in Perth, Aus
tralia, for palynological analysis. 

RESULTS 

Shale outcrops 

The study area has undergone intense structural deformation, with 
outcrop-scale folding and faulting very common. Because of the de
formation and discontinuous outcrop, it is not possible to measure 
an overall stratigraphic section. The best rock exposures are along the 
riverbank, and in the upper part of the small tributary that includes 
palynology sample IPG/EPG/11/07/2022-01 (Fig. 1; Table 1). The 
main rock types found are varied-coloured shale (e.g., Fig. 2A, B) with 
rare thin beds to laminae of fine-grained carbonaceous lithic sand
stone (e.g., Fig. 2C). Rare muddy limestone beds, no more than 10 cm 
thick, are also present. Matrix-supported fine to coarse polymict con
glomerates, in discontinuous beds about 10-30 cm thick are present 
at 8.59408°S, 126.991°E in outcrop along the river. Clast size of this 
conglomerate varied from mm to cm in size. The affinity and age of 
the conglomeratic beds is uncertain. Due to discontinuity in outcrop 
exposures, no direct contact with a different formation was observed 
along the traverse during the fieldwork. However, towards the higher 
ground to the west, the succession is interpreted as grading upwards to 
the Middle to lower Upper Triassic Babulu Formation (see McCartain 
et al. 2024 for revised definition of this formation) but age control is 
needed to confirm this correlation. 

A stratigraphic section (Fig. 3A) of approximately 12 meters in 
thickness was logged within the study area at longitude 126.998682°S; 
latitude: -8.590027°E in the 2022 field season and later modified dur
ing the 2026 field season. The outcrop succession is characterized by 
mainly shale facies. An ~ 1.5 m interval of thin-bedded carbonaceous 
lithic sandstone and shale occur between 7–8.5 m, with the thin sand
stone beds showing slightly irregular to straight cylindrical (? burrows, 
< 1 cm diameter) on bedding planes. 

The Total Gamma Ray Log (in API) suggests a general fining-
upwards succession at least up to 6.5 m with change in depositional 
cyclicity likely in this interval. What follows is probably a general 
coarsening upwards succession at least to 11 m. 

A second stratigraphic section (Log-2, Fig. 3) of 4 m thickness 
was measured at 8.588234°S, 126.99798°E. The outcrop succession is 
mainly shale. Occasional thin bedded carbonaceous lithic sandstones, 
broadly lenticular, are also present in this section. Unlike Log-1, how
ever, very little variation is observed in terms of gamma ray log values. 

Biostratigraphy 

Macrofossil assemblage 

Rare thin-shelled bivalves attributed to Claraia Bittner were found in 
the Tchinver Shale “type section” (Fig. 4A, B). These are preserved as 
disarticulated valves that are thin-shelled and fragile. Most are moulds, 
but the remains of shell material, although probably recrystallized, are 
present on some of the fossils. Based on a slightly retrocrescent mor
phology, the left valve weakly inflated at the umbo that protrudes 
above the hinge, and weak concentric growth lines without radial 
ribs, the specimens seem close to Claraia griesbachi (Bittner) and to 
Claraia wangi (Patte) following He et al. (2007), Gao et al. (2009), 
and Huang et al. (2018). They differ from Claraia perthensis Dickins 
and McTavish (1963) from the Lower Triassic of the Perth Basin (see 
also Shi et al. 2022), in the southern part of the East Gondwana In
terior Rift system, and from Claraia stachei, tentatively identified by 

McCartain et al. (2024) from the Baharedu beds in Timor-Leste, in 
lacking radial ornament. Claraia Bittner of the Lower Triassic differs 
from the longer ranging Posidonia Bronn by having a much longer 
hinge (see Fig. 4B) and fainter concentric ornament than in Posidonia 
(see illustration of its type species and diagnosis of the genus by Cox et 
al. 1969, p. N342, fig. C68, no. 5). Although the taxonomic affinities 
of the Claraia are clear, more precise identifications await a larger col
lection of these bivalves. 

Ammonoids 

Very rare, compressed moulds of small (< 2 cm diameter) thin-shelled 
ammonoids were found at two localities in the river outcrops. At one 
locality (8.589926°S and 127.012425°E), adjacent to K. saeptatus Zone 
sample IPG/EPG/10/07/2022-09 (Fig. 1), Claraia was also present. 
The ammonoids are planispiral and partly evolute. The shells are gen
erally smooth with very faint radial ribbing, except for one specimen 
(Fig. 4F) where close-spaced fine ribbing is present on early whorls and 
becomes more prominent and more widely spaced on the final pre
served whorl. Although the precise nature of the axial profile of the 
shell and the nature of the periphery is obscure and suture lines cannot 
be seen, the specimens are probably ophiceratids tentatively suggesting 
an age no younger than Dienerian (late Induan; Dai et al. 2018, Ware 
et al. 2018). 

Palynomorphs 

Palynomorphs were recorded from three outcrop samples of the Shale 
(Fig. 1; Table 1). The assemblages include spores and pollen of terres
trial plants as well as microplankton (acritarchs). The samples include 
very rare to abundant Kraeuselisporites saeptatus Balme and very rare 
to rare Densoisporites playfordii (Balme), as well as abundant acritarchs 
including Veryhachium spp. and Michrystridium spp. The spores 
Lundbladispora brevicula Balme, L. willmotti Balme, Protohaploxypi
nus samoilovhii (Jansonius) and Lunatiporites noviaulensis (Leschik) 
together with un-named species of Stroterosporites and Aratrisporites 
are present at least in one of the samples. 

DISCUSSION 

Age of Shale succession in upper Tchinver River 

Macrofossils 

The presence of Claraia with affinities to either C. griesbachi or C. 
wangi indicates that the shale containing these macrofossils lies within 
the Induan (lowest Triassic) Stage (He et al. 2007, Gao et al. 2009, 
Huang et al. 2018) with a chronometric range between 
251.902±0.024 Ma (the Permian/Triassic boundary) and 249.9 Ma 
(http://www.stratigraphy.org/ICSchart/Chronos
tratChart2024-12.pdf). In Southwest China, Huang et al. (2018) 
recorded a C. griesbachi-C. wangi assemblage zone in the middle to up
per Griesbachian (the lowest substage of the Induan). The probable 
ophiceratid ammonoids tentatively suggest an age no higher than the 
Dienerian in the upper Induan (Ware et al. 2018). 

Palynomorphs 

The palynomorph assemblages were obtained from a shale outcrop 
that lacked macrofossils. The presence of abundant palynomorphs 
dominated by Michrystridium and Veryhachium acritarchs were re
covered from these samples. The assemblages (Table 1) are attributed 
to the Induan-lower Olenekian (Lower Triassic) Kraeuselisporites saep
tatus Spore-Pollen Zone which was defined as an assemblage zone by 
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Figure 2. Outcrop in the Tchinver River, in the southern part of the Lautem area (Fig. 1). 
A, very thin-bedded to laminated greenish, greyish, reddish and dark brown shale with occasional beds of limestone from 8.58024667°S, 126.994747°E. B, lithology with similar character to A found at 8.587805°S, 
126.999788°E. C, thin beds of very fine to fine-grained carbonaceous sandstone interbedded with greenish, greyish, dark grey and brownish shale at 8.588929°S, 126.998360°E. D, very thin bedded shale, with similar 
multicolours to Fig. 2A-C, at 8.590354°S, 127.003564°E. E, reddish shale facies found at 8.580930°S, 126.997353°E. 

Dolby and Balme (1976) with a type section in the Kockatea Shale of 
the Perth Basin. 

This confirms that the shale unit at the macrofossil locality and at 
the three sites sampled for palynomorphs fall within the Lower Trias
sic and not the Upper Jurassic as suggested by Charlton and Gandara 
(2014). The shale succession lies within the Induan and possibly the 
lower Olenekian stages (i.e. the lowest Triassic; following correlations 
outlined by McCartain et al. 2024, fig. 3). 

Depositional environment 

The shale dominated succession, containing in places laminated to 
thin bedded very fine sandstone, suggests a low energy depositional 
environment. The presence of marine spiny acritarchs in the paly
nomorph assemblage together with Claraia bivalves indicate marine 
conditions. Huang et al. (2018) noted that Claraia (like a “paper 
pecten”) preferred mud substrates, particularly those that were appar
ently deposited under low oxygen conditions (i.e., dysoxic to anoxic 
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Figure 3. Log-1, Measured section with their total calculated gamma ray (API) and U/Th curves and outcrop photos at 8.590027°S, 
126.998682°E. Log-2, Measured section with their total gamma ray (API) U/Th curves, and outcrop photos at 8.588234°S, 126.99798°E. 

Table 1. Palynomorph assemblages from outcrop samples of the shale (from MGPaleo Ltd. unpublished report to IGTL, September 2023) 

Sample Locality Co-
ordinates 

Spore-Pollen Zone Significant palynomorph species (VR = very rare; R = rare; F = frequent; A 
= abundant) 

IPG/EPG/
12/07/
2022-04 

8.5958717°S, 
126.995665°E 

Kraeuselisporites 
saeptatus 

K. saeptatus (VR), Densoisporites playfordii (VR), Lundbladispora brevicula 
(VR), L. willmottii (VR), Protohaploxypinus samoilovichii 
(VR), Lunatisporites noviaulensis (R), Stroterosporites spp. (VR), all 
Michrystridium spp. (A), all Veryhachium spp. (A) 

IPG/EPG/
10/07/
2022-09 

8.5901133°S, 
127.012463°E 

Kraeuselisporites 
saeptatus (? upper 
subzone) 

K. saeptatus (A), D. playfordii (R), Densoisporites spp. (R-F), ?Aratrisporites 
spp. (R), all Veryhachium spp. (A) 

IPG/EPG/
11/07/
2022-01 

8.5867833°S, 
127.001188°E 

Kraeuselisporites 
saeptatus (upper 
subzone) 

K. saeptatus (F), D. playfordii (R), Densoisporites spp. (R), Aratrisporites spp. 
(R), all Veryhachium spp. (A), all Micrhystridium spp. (A) 

environments) and suggested that Claraia lived in “deep-basin envi
ronments (more than 200 m depth)”. Multicoloured shale along the 
Tchinver River likely reflects alternating depositional environments 
driven by shifts in the marine redox conditions and organic matter 
supply. Dean and Stow (1984) proposed greyish red to purple shales 
formed during oxygen-rich intervals, when iron was oxidised and or
ganic matter was largely decomposed, reflecting well-circulated bot
tom waters conditions. Very pale green shales represent transitional 
phases, deposited under fluctuating reducing conditions, with iron re
maining in a reduced state, indicating partial oxygen depletion. On 
the other hand, black shales record episodes of anoxic conditions, with 
oxygen minimum zones expanded and organic matter exceptionally 
well preserved. 

Correlation elsewhere in Timor-Leste 

This study has shown that the shale-dominated succession in the Tch
inver River is of Early Triassic age as opposed to the Late Jurassic age 

interpreted by Charlton and Gandara (2014). The succession is cor
related to the Baharedu beds characterized by shale-dominated facies 
with intermittent fine-grained sandstone and thin calcilutite (McCar
tain et al. 2024). These beds are based on a type section in the Sum
masse River near Cribas that contains Claraia spp. and poorly pre
served ammonoids of Early Triassic age. Sample C505a from the type 
section belongs to the Early Triassic Kraeuselisporites saeptatus Spore-
Pollen Zone (McCartain et al. 2024, their table S2). 

The Tchinver River succession should be mapped as Baharedu 
beds because of lithofacies similarity and demonstrated equivalent age 
range. The use of the term “Tchinver Shale” (Charlton and Gandara 
2014) or “Tchinver Formation” (e.g., Charlton et al. 2018) should be 
discontinued because of lack of any original or subsequent age data by 
these authors, minimal lithostratigraphic details, and continual mis
alignment of its stratigraphic placement as Upper Jurassic without di
rect age control (e.g. by Charlton et al. 2018, Bucknill et al. 2019, 
Charlton 2023a, b, and Munasri et al. 2024). 
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Figure 4. Macrofossils found within the type section of the “Tchinver Shale” (Charlton and Gandara, 2014) along the Tchinver River. 
A, shale outcrop at latitude 8.59587167°S, longitude 126.995665°E. B, containing fossils of the bivalve Claraia (for locality see inset highlighted with a yellow box in Fig. 4A). C, shale outcrop at latitude 8.589926°S, 
longitude 127.012425°E, note field bags in the right corner for scale. D to F, rare small ammonoids (for locality see inset highlighted with a yellow rectangle in Fig. 4C). 

Timor includes different tectonostratigraphic associations each 
with a different cluster of geological formations, and each deposited 
in a separate tectonic setting (Haig et al. 2019, 2021a, 2021b, 2024, 
2025a, b, Nano et al. 2023). The Baharedu beds belong within the 
East Gondwana Interior Rift Association (EGIRA) as indicated by 
McCartain et al. (2024) and Haig et al. (2025a, b). EGIRA was de
posited along a major interior rift system of basins in the eastern part 
of Gondwana (see Haig et al. 2025a and references therein). 

The Baharedu beds in the Tchinver River correlate, at least in part, 
to the Induan to lower Anisian Lilu facies of the Bandeira Formation 

(McCartain et al. 2024; see also Berry et al. 1984). This facies is a con
densed ammonoid-rich wackestone/floatstone like in the “Hallstätt 
Kalk” of the Northern Calcareous Alps in Austria (see Flügel 2004, 
and description of the Upper Triassic Lilu facies in western Timor-
Leste by Barros et al. 2022). The Lilu facies that overlies Late Permian 
very shallow-water limestone at the Permian-Triassic boundary section 
of McCartain et al. (2024) represents drowning of the shallow-wa
ter carbonate facies during the earliest Triassic. The coeval Baharedu 
beds in the Tchinver River may also reflect deepening of basinal water 
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Figure 5. Correlation of Baharedu beds within basins of the East Gondwana Interior Rift system (modified from Haig et al. 2015). 

depths at this time, but more detailed study of Late Permian siliciclas
tic basinal facies in this region needs to be undertaken to confirm this. 

Correlation within basins of the East Gondwana 
Interior Rift system 

Early Triassic shale successions are widespread in basins of the East 
Gondwana Interior Rift system as far south as the northern Perth 
Basin (Fig. 5). Similar faunal and/or palynofloral assemblages to those 
at the studied Timor-Leste site are present in the Kockatea Shale in 
the northern Perth Basin (e.g., Haig et al. 2015), Locker Shale in the 
Northern Carnarvon Basin (Hocking et al. 1987), Blina Shale in the 
Canning Basin (Mory 2010), and shale within the Mt Goodwin Sub-
group in the Bonaparte Basin (Gorter et al. 1998). This widespread 
shale facies represents a significant major marine transgression during 
the earliest Triassic (Marshall and Lang 2013). 

CONCLUSIONS 

The study highlights the importance of biostratigraphic control dur
ing geological mapping in Timor-Leste. Since shale successions may 
be superficially similar in terms of rock type and colour from the Per
mian to Quaternary in Timor-Leste, and deformation and dislocation 
of strata is widespread, the biogenic component of the rock should be
come a key reference in field stratigraphy as well as in more detailed 

analyses in the laboratory. A new sedimentary formation in Timor-
Leste should not be established without proper age evidence from the 
designated type section. Our study has confirmed an Early Triassic age 
for the shale succession in the Tchinver River by diagnostic bivalve 
macrofossils as well as by palynomorphs, instead of a Late Jurassic age. 
The succession is placed in the Baharedu beds based on correspon
dence in lithofacies and age to the type section of these beds, and it 
fits well into the stratigraphic/facies framework of coeval formations 
in undeformed basins of the East Gondwana Interior Rift system to 
the east and south of Timor-Leste in Western Australia. 

ACKNOWLEDGEMENTS 

The Administrator of Lautem Municipality, the people of the Tchin
ver River area, and the Instituto de Geosciências de Timor-Leste are 
thanked for supporting this work. Thanks are also given to geologists 
Joanico Pires and Gregorio da Costa Ribeiro for helping during the 
2022 field work. MGPALAEO is thanked for undertaking the palyno
logical analyses. Two anonymous reviewers are thanked for enhancing 
the quality of the original manuscript. 

Submitted: July 31, 2026 AWST. Accepted: August 28, 2026 AWST.
Published: September 04, 2026 AWST. 

This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International Li
cense (CCBY-4.0). View this license's legal deed at http://creativecommons.org/licenses/by/4.0 and legal code at 
http://creativecommons.org/licenses/by/4.0/legalcode for more information. 

Lower Triassic shale Timor-Leste

Journal of The Royal Society of Western Australia 7

http://creativecommons.org/licenses/by/4.0
http://creativecommons.org/licenses/by/4.0/legalcode


REFERENCES 

Audley-Charles, M. G. (1968). The geology of Portuguese 
Timor. Memoirs of the Geological Society of London, 4, 1–75. 

Barros, I. S., Haig, D. W., & McCartain, E. (2022). Uppermost 
Triassic Halstätt-like cephalopod limestone (Lilu Facies) and 
Foraminifera, Timor-Leste. Alcheringa, 46, 244–256. https://
doi.org/10.1080/03115518.2022.2112288 

Barros, I. S., Haig, D. W., & McCartain, E. (2025). Upper 
Triassic (Norian-Rhaetian) variostomatids (Foraminifera), 
Timor-Leste: Systematics, paleoenvironmental and 
biostratigraphic implications. Journal of Foraminiferal 
Research, 55, 188–217. https://doi.org/10.61551/
gsjfr.55.2.188 

Benincasa, A., Keep, M., & Haig, D. W. (2012). A restraining 
bend in a young collisional margin: Mount Mundo Perdido, 
East Timor. Australian Journal of Earth Sciences, 59, 859–876. 
https://doi.org/10.1080/08120099.2012.686453 

Berry, R., Burrett, C., & Banks, M. (1984). New Triassic faunas 
from East Timor and their tectonic significance. Geologica et 
Palaeontologica, 18, 127–137. 

Bucknill, M., Duffy, B., Noble, J., & Berkovitch, A. (2019). 
What lies beneath? Prospecting for Hydrocarbons under a 
metamorphic allochthon, Timor-Leste. ASEG Extended 
Abstracts, 2019(1), 1–5. https://doi.org/10.1080/
22020586.2019.12073217 

Charlton, T., Gandara, D., Freitas, D., Guterres, M., & 
Noronha, N. da C. (2018). TIMOR GAPS’s Onshore Block: 
Preliminary assessment of prospectivity in onshore Timor-
Leste. PESGB SEAPEX Asia Pacific E&P Conference. 

Charlton, T. R. (2023a). Cretaceous-Paleogene rifting on the 
NW margin of the Australian continent, SE Banda Arc region. 
Berita Sedimentologi, 49, 1–27. https://doi.org/10.51835/
bsed.2023.49.2.437 

Charlton, T. R. (2023b). Jurassic-Paleogene spreading history 
of the northern Indian Ocean as a constraint on the evolution 
of the north Australian continental margin. Berita 
Sedimentologi, 49, 75–107. https://doi.org/10.51835/
bsed.2023.49.2.428 

Charlton, T. R., Barber, A. J., McGowan, A. J., Nicoll, R. S., 
Roniewicz, E., Cook, S. E., Barkham, S. T., & Bird, P. R. 
(2009). The Triassic of Timor: Lithostratigraphy, 
chronostratigraphy and palaeogeography. Journal of Asian 
Earth Sciences, 36, 341–363. https://doi.org/10.1016/
j.jseaes.2009.06.004 

Charlton, T. R., & Gandara, D. (2014, May). The petroleum 
potential of onshore Timor-Leste. Proceedings, Indonesian 
Petroleum Association, Thirty-Eighth Annual Convention & 
Exhibition. https://doi.org/10.29118/IPA.0.14.G.017 

Cox, L. R. … Newell, N. D. (1969). Systematic descriptions. In 
R. C. Moore (Ed.), Treatise on Invertebrate Paleontology Part 
N, Mollusca 6, Bivalvia. The Geological Society of America, 
Inc. and The University of Kansas. 

Dai, X., Song, H., Brayard, A., & Ware, D. (2018). A new 
Griesbachian-Dienerian (Induan, Early Triassic) ammonoid 
fauna from Gujiao, South China. Journal of Paleontology, 
0022-3360/18/0088-0906. https://doi.org/10.1017/
jpa.2018.46 

Dean, W. E., Arthur, M. A., & Stow, D. A. V. (1984). Origin 
and geochemistry of Cretaceous deep-sea black shales and 
multicolored claystones, with emphasis on Deep Sea Drilling 
Project Site 530, southern Angola Basin. Initial Reports of the 
DSDP, 75, 819–844. https://doi.org/10.2973/
dsdp.proc.75.121.1984 

Dickins, J. M., & McTavish, R. A. (1963). Lower Triassic 
marine fossils from the Beagle Ridge (BMR 10) Bore, Perth 
Basin, Western Australia. Journal of the Geological Society of 
Australia, 10, 123–140. https://doi.org/10.1080/
00167616308728535 

Dolby, J. H., & Balme, B. E. (1976). Triassic palynology of the 
Carnarvon Basin, Western Australia. Review of Palaeobotany 
and Palynology, 22, 105–168. https://doi.org/10.1016/
0034-6667(76)90053-1 

Flügel, E. (2004). Microfacies of Carbonate Rocks (pp. 1–984). 
Springer-Verlag. https://doi.org/10.1007/978-3-662-08726-8 

Forel, M.-B., McCartain, E., & Haig, D. W. (2025). Triassic 
ostracods from the southeastern Tethys: The Timor-Leste 
record. Alcheringa, 49, 844–883. https://doi.org/10.1080/
03115518.2025.2522389 

Gageonnet, R., & Lemoine, M. (1958). Contribution à la 
connaissance de la géologie de la province Portugaise de Timor. 
Estudos, Ensaios e Documentos Ministério do Ultramar Junta de 
Investigações do Ultramar, 48, 7–134. 

Gao, Y., Shi, G. R., & Peng, Y. (2009). A new bivalve fauna 
from the Permian–Triassic boundary section of southwestern 
China. Alcheringa, 33, 33–47. https://doi.org/10.1080/
03115510802618227 

Gorter, J. D., Ziolkowski, V., & Bayford, S. W. (1998). 
Evidence of Lower Triassic reservoirs with possible 
hydrocarbon charge in the Southern Bonaparte Basin. In P. G. 
Purcell & R. R. Purcell (Eds.), The Sedimentary Basns of 
Western Australia 2: Proceedings of Petroleum Exploration 
Society of Australia Symposium, Perth, WA, 1998 (pp. 
229–235). Petroleum Exploration Society of Australia. 

Grunau, H. R. (1953). Geologie von Portugiesisch Osttimor. 
Eclogae geologicae Helvetiae, 46, 29–37. 

Lower Triassic shale Timor-Leste

Journal of The Royal Society of Western Australia 8

https://doi.org/10.1080/03115518.2022.2112288
https://doi.org/10.1080/03115518.2022.2112288
https://doi.org/10.61551/gsjfr.55.2.188
https://doi.org/10.61551/gsjfr.55.2.188
https://doi.org/10.1080/08120099.2012.686453
https://doi.org/10.1080/22020586.2019.12073217
https://doi.org/10.1080/22020586.2019.12073217
https://doi.org/10.51835/bsed.2023.49.2.437
https://doi.org/10.51835/bsed.2023.49.2.437
https://doi.org/10.51835/bsed.2023.49.2.428
https://doi.org/10.51835/bsed.2023.49.2.428
https://doi.org/10.1016/j.jseaes.2009.06.004
https://doi.org/10.1016/j.jseaes.2009.06.004
https://doi.org/10.29118/IPA.0.14.G.017
https://doi.org/10.1017/jpa.2018.46
https://doi.org/10.1017/jpa.2018.46
https://doi.org/10.2973/dsdp.proc.75.121.1984
https://doi.org/10.2973/dsdp.proc.75.121.1984
https://doi.org/10.1080/00167616308728535
https://doi.org/10.1080/00167616308728535
https://doi.org/10.1016/0034-6667(76)90053-1
https://doi.org/10.1016/0034-6667(76)90053-1
https://doi.org/10.1007/978-3-662-08726-8
https://doi.org/10.1080/03115518.2025.2522389
https://doi.org/10.1080/03115518.2025.2522389
https://doi.org/10.1080/03115510802618227
https://doi.org/10.1080/03115510802618227


Grunau, H. R. (1957). Geologia da parte oriental do Timor 
Português. Nota abreviada. Garcia de Orta, 5, 727–737. 

Haig, D. W. (2012). Palaeobathymetric gradients across Timor 
during 5.7–3.3 Ma (latest Miocene–Pliocene) and implications 
for collision uplift. Palaeogeography, Palaeoclimatology, 
Palaeoecology, 331–332, 50–59. https://doi.org/10.1016/
j.palaeo.2012.02.032 

Haig, D. W., & Bandini, A. N. (2013). Middle Jurassic 
Radiolaria from a siliceous argillite block in a structural 
melange zone near Viqueque, Timor-Leste: Paleogeographic 
implications. Journal of Asian Earth Sciences, 75, 71–81. 
https://doi.org/10.1016/j.jseaes.2013.06.008 

Haig, D. W., Martin, S. K., Mory, A. J., McLoughlin, S., 
Backhouse, J., Berrell, R. W., Kear, B. P., Hall, R., Foster, C. B., 
Shi, G. R., & Bevan, J. C. (2015). Early Triassic (early 
Olenekian) life in the interior of East Gondwana: mixed 
marine–terrestrial biota from the Kockatea Shale, Western 
Australia. Palaeogeography, Palaeoclimatology, Palaeoecology, 
417, 511–533. https://doi.org/10.1016/j.palaeo.2014.10.015 

Haig, D. W., & McCartain, E. (2007). Carbonate pelagites in 
the post-Gondwana succession (Cretaceous–Neogene) of East 
Timor. Australian Journal of Earth Sciences, 54, 875–897. 
https://doi.org/10.1080/08120090701392739 

Haig, D. W., & McCartain, E. (2010). Triassic organic-
cemented siliceous agglutinated Foraminifera from Timor-
Leste: conservative development in shallow-marine 
environments. Journal of Foraminiferal Research, 40, 366–392. 
https://doi.org/10.2113/gsjfr.40.4.366 

Haig, D. W., & McCartain, E. (2012). Intraspecific variation in 
Triassic ophthalmidiid Foraminifera from Timor. Revue de 
micropaléontologie, 55, 39–52. https://doi.org/10.1016/
j.revmic.2011.12.001 

Haig, D. W., McCartain, E., Barber, L., & Backhouse, J. 
(2007). Triassic–Lower Jurassic foraminiferal indices for 
Bahaman-type carbonate-bank limestones, Cablac Mountain, 
East Timor. Journal of Foraminiferal Research, 37, 248–264. 
https://doi.org/10.2113/gsjfr.37.3.248 

Haig, D. W., Nano, J., Fraga, E., Soares, M., Barros, I. S., 
McCartain, E., & Baillie, P. (2024). Disjunct Lower Jurassic to 
lowest Miocene stratigraphic units in the Matebian Overthrust 
Terrane, Timor-Leste, northwestern margin of Australian 
continent. Journal of the Royal Society of Western Australia, 
107, 36–61. https://doi.org/10.70880/001c.126413 

Haig, D. W., Rigaud, S., McCartain, E., Martini, R., Barros, I. 
S., Brisbout, L., Soares, J., & Nano, J. (2021). Upper Triassic 
carbonate-platform facies, Timor-Leste: Foraminiferal indices 
and tectonostratigraphic association. Palaeogeography, 
Palaeoclimatology, Palaeoecology, 570, Article 110362. https://
doi.org/10.1016/j.palaeo.2021.110362 

Haig, D. W., Rigaud, S., McCartain, E., Martini, R., Barros, I. 
S., Brisbout, L., Soares, J., & Nano, J. (2025a). Triassic massive 
limestones forming high peaks and mountain ranges in Timor: 
part 1: western Timor-Leste. Journal of the Royal Society of 
Western Australia, 108. https://doi.org/10.70880/
001c.143801 

Haig, D. W., Rigaud, S., McCartain, E., Martini, R., Barros, I. 
S., Brisbout, L., Soares, J., & Nano, J. (2025b). Triassic massive 
limestones forming high peaks and mountain ranges in Timor: 
part 2: eastern Timor-Leste. Journal of The Royal Society of 
Western Australia, 108. https://doi.org/10.70880/
001c.154117 

Haig, D. W., Rigaud, S., McCartain, E., Nano, J., Barros, I. S., 
& Martini, R. (2021). Biostratigraphic indices for Lower 
Jurassic carbonate-platform deposits (Perdido Group), 
Overthrust Terrane Association, Timor-Leste. Journal of Asian 
Earth Sciences, 215, Article 104797. https://doi.org/10.1016/
j.jseaes.2021.104797 

Hamilton, W. (1979). Tectonics of the Indonesian region. US 
Geological Survey Professional Paper, 1078, 1–335. https://
doi.org/10.3133/pp1078 

He, W., Feng, Q., Weldon, E. A., Gu, S., Meng, Y., Zhang, F., & 
Wu, S. (2007). A Late Permian to Early Triassic bivalve fauna 
from the Dongpan Section, Southern Guangxi, South China. 
Journal of Paleontology, 81, 1009–1019. https://doi.org/
10.1666/pleo05-158.1 

Hirschi, H. (1907). Zur Geologie und Geographie von 
Portugiesisch-Timor. Neues Jahrbuch for Mineralogie, Geologie 
und Paleontologie, 24, 460–474. 

Hocking, R. M., Moors, H. T., & Van De Graaff, J. E. (1987). 
Geology of the Carnarvon Basin, Western Australia. Geological 
Survey of Western Australia, Bulletin, 133, 1–289. 

Huang, Y., Tong, J., & Fraiser, M. L. (2018). A Griesbachian 
(Early Triassic) mollusc fauna from the Sidazhai Section, 
Southwest China, with paleoecological insights on the 
proliferation of genus Claraia (Bivalvia). Journal of Earth 
Science, 29, 794–805. https://doi.org/10.1007/
s12583-017-0966-7 

Leme, J. de A. (1963). The eastern end geology of Portuguese 
Timor (A preliminary report). Garcia do Orta (Lisboa), 11, 
379–388. 

Leme, J. de A. (1968). Breve ensaio sobre a geologia da 
Province de Timor. Junta de Investigações do Ultramar. Curso 
de Geologia do Ultramar (Lisboa), 1, 107–161. 

Marshall, N. G., & Lang, S. C. (2013). A New Sequence 
Stratigraphic Framework for the North West Shelf, Australia. 
In M. Keep & S. Moss (Eds.), The Sedimentary Basins of 
Western Australia 4: Proceedings of Petroleum Exploration 
Society of Australia Symposium (pp. 18–21). Petroleum 
Exploration Society of Australia. 

Lower Triassic shale Timor-Leste

Journal of The Royal Society of Western Australia 9

https://doi.org/10.1016/j.palaeo.2012.02.032
https://doi.org/10.1016/j.palaeo.2012.02.032
https://doi.org/10.1016/j.jseaes.2013.06.008
https://doi.org/10.1016/j.palaeo.2014.10.015
https://doi.org/10.1080/08120090701392739
https://doi.org/10.2113/gsjfr.40.4.366
https://doi.org/10.1016/j.revmic.2011.12.001
https://doi.org/10.1016/j.revmic.2011.12.001
https://doi.org/10.2113/gsjfr.37.3.248
https://doi.org/10.70880/001c.126413
https://doi.org/10.1016/j.palaeo.2021.110362
https://doi.org/10.1016/j.palaeo.2021.110362
https://doi.org/10.70880/001c.143801
https://doi.org/10.70880/001c.143801
https://doi.org/10.70880/001c.154117
https://doi.org/10.70880/001c.154117
https://doi.org/10.1016/j.jseaes.2021.104797
https://doi.org/10.1016/j.jseaes.2021.104797
https://doi.org/10.3133/pp1078
https://doi.org/10.3133/pp1078
https://doi.org/10.1666/pleo05-158.1
https://doi.org/10.1666/pleo05-158.1
https://doi.org/10.1007/s12583-017-0966-7
https://doi.org/10.1007/s12583-017-0966-7


McCartain, E., Orchard, M. J., Mantle, D., Haig, D. W., 
Bertinelli, A., Chiari, M., Ferreira, F. S., dos Santos, Z., 
Backhouse, J., Taylor, B. A., Barros, I. S., Araujo, B. N., 
Araujo, A. de, Boavida, N., Peyrot, D., & Rigo, M. (2024). 
Applying integrated Triassic biostratigraphy in Timor-Leste to 
unlock the under sampled Gondwana sector of the Tethys 
puzzle. Journal of Asian Earth Sciences, 265, Article 106052. 
https://doi.org/10.1016/j.jseaes.2024.106052 

Monteiro, F. da C., & Pinto, V. da C. (2003). Exploring Timor-
Leste: - Minerals Potential. Pacific Economic Cooperation 
Council-PECC Minerals Network. 

Mory, A. J. (2010). A review of mid-Carboniferous to Triassic 
stratigraphy, Canning Basin, Western Australia. Geological 
Survey of Western Australia, Report, 107, 1–130. 

Munasri, C. T. R., Guterres, M., & Gandara, D. (2024). Late 
Jurassic and Early Cretaceous radiolarian determinations from 
Timor-Leste. Berita Sedimentologi, 50, 26–50. https://doi.org/
10.51835/bsed.2024.50.1.455 

Nakazawa, K., & Bando, Y. (1968). Lower and Middle Triassic 
ammonites from Portuguese Timor (palaeontological study of 
Portuguese Timor, 4). Memoirs of the Faculty of Science, Kyoto 
University, Series of Geology and Mineralogy, 34, 83–114. 

Nano, J., Haig, D. W., Fraga, E., Soares, M., Barros, I. S., 
McCartain, E., & Baillie, P. (2023). Debris-slides, olistoliths 
and turbidites: keys to understanding the tectonostratigraphic 
affinities of a terrane block in a young orogenic belt, Timor-
Leste. Journal of the Geological Society, London, 181, 
jgs2023-079. https://doi.org/10.1144/jgs2023-079 

Nogami, Y. (1968). Trias-Conodonten von Timor, Malaysien 
und Japan (Palaeontological Study of Portuguese Timor, 5). 
Memoirs of the Faculty of Science, Kyoto University, Series of 
Geology and Mineralogy, 34, 115–136. 

Peyrot, D., Haig, D. W., Mantle, D., Baillie, P., Mory, A., Keep, 
M., Soares, J., Scibiorski, J., & Backhouse, J. (2025). Palynology 
from the Foura Sandstone type section, Timor-Leste, and late 
Ladinian–Carnian (Middle–Upper Triassic) vegetation 
reconstruction from NW Australia. Review of Palaeobotany 
and Palynology, 338, Article 105346. https://doi.org/10.1016/
j.revpalbo.2025.105346 

Peyrot, D., Keep, M., Scibiorski, J., McCartain, E., Baillie, P., 
Soares, J., Haig, D. W., & Mory, A. J. (2019). The Foura 
Sandstone type section (Samaropollenites speciosus Zone, 
Carnian–early Norian; early Late Triassic), Timor-Leste: 
preliminary correlation between Timor and the Bonaparte 
Basin. ASEG Extended Abstracts, 2019(1), 1–5. https://
doi.org/10.1080/22020586.2019.12073150 

Roniewicz, E., Stanley, G. D., Da Costa Monteiro, F., & Grant-
Mackie, J. A. (2005). Late Triassic (Carnian) corals from 
Timor-Leste (East Timor): their identity, setting, and 
biogeography. Alcheringa, 29, 287–303. https://doi.org/
10.1080/03115510508619307 

Scibiorski, J., Peyrot, D., Charles, A., & Haig, D. (2022). The 
Triassic pollen genus Camerosporites: New morphological and 
ultrastructural data, revised taxonomy and 
paleobiogeographical aspects. Review of Palaeobotany and 
Palynology, 305, Article 104741. https://doi.org/10.1016/
j.revpalbo.2022.104741 

Scibiorski, J., Peyrot, D., Lindström, S., Charles, A., & Haig, 
D. (2022). The Enzonalasporites group of Triassic pollen 
genera and species: New Morphological and ultrastructural 
data, revised taxonomy and paleobiogeographical aspects. 
Review of Palaeobotany and Palynology, 305, Article 104744. 
https://doi.org/10.1016/j.revpalbo.2022.104744 

Shi, G. R., Metcalfe, I., Lee, S., Chu, D., Wu, H., Yang, T., & 
Zakharov, Y. D. (2022). Marine invertebrate fossils from the 
Permian–Triassic boundary beds of two core sections in the 
northern Perth Basin, Western Australia. Alcheringa: An 
Australasian Journal of Palaeontology, 46, 156–173. https://
doi.org/10.1080/03115518.2022.2062783 

Wanner, J. (1931). De stratigraphie van Nederlandsch Oost-
Indie. 19. Mesozoikum. Leidsche Geologische Mededeelingen, 5, 
567–610. 

Wanner, J. (1956). Zur Stratigraphie von Portugiesisch Timor. 
Zeitschrift der Deutchen Geologischen Gesellschaft, 108, 
109–139. 

Ware, D., Bucher, H., Bruhwiler, T., Schneebeli-Hermann, E., 
Hochuli, P. A., Roohi, G., Ur-Rehman, K., & Yaseen, A. 
(2018). Griesbachian and Dienerian (Early Triassic) 
ammonoids from the Salt Range, Pakistan. Fossils and Strata, 
63, 13–175. https://doi.org/10.1111/let.12273 

Yamagiwa, N. (1963). Some Triassic corals from Portuguese 
Timor, palaeontological study of Portuguese Timor (1). 
Memoirs of Osaka University, Liberal Arts and Education, B 
(Natural Science), 12, 83–86. 

Lower Triassic shale Timor-Leste

Journal of The Royal Society of Western Australia 10

https://doi.org/10.1016/j.jseaes.2024.106052
https://doi.org/10.51835/bsed.2024.50.1.455
https://doi.org/10.51835/bsed.2024.50.1.455
https://doi.org/10.1144/jgs2023-079
https://doi.org/10.1016/j.revpalbo.2025.105346
https://doi.org/10.1016/j.revpalbo.2025.105346
https://doi.org/10.1080/22020586.2019.12073150
https://doi.org/10.1080/22020586.2019.12073150
https://doi.org/10.1080/03115510508619307
https://doi.org/10.1080/03115510508619307
https://doi.org/10.1016/j.revpalbo.2022.104741
https://doi.org/10.1016/j.revpalbo.2022.104741
https://doi.org/10.1016/j.revpalbo.2022.104744
https://doi.org/10.1080/03115518.2022.2062783
https://doi.org/10.1080/03115518.2022.2062783
https://doi.org/10.1111/let.12273

	Stratigraphic Revision of a Lower Triassic Shale Unit Previously Placed in the Upper Jurassic, East Gondwana Interior Rift Association, Eastern Timor-Leste
	Abstract
	INTRODUCTION
	MATERIAL AND METHODS
	RESULTS
	Shale outcrops
	Biostratigraphy
	Macrofossil assemblage
	Ammonoids
	Palynomorphs


	DISCUSSION
	Age of Shale succession in upper Tchinver River
	Macrofossils
	Palynomorphs

	Depositional environment
	Correlation elsewhere in Timor-Leste
	Correlation within basins of the East Gondwana Interior Rift system

	CONCLUSIONS
	ACKNOWLEDGEMENTS

	References


