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Abstract - This paper discusses a palynological research on the Permian lacustrine sediments of West Timor. Ten 
outcrop samples were collected from a 5 m high cliff. Lithologically, the outcrop mostly consists of noncalcareous 
black shale showing papery structures and forms part of Bisane Formation. Palynomorphs extracted from the studied 
samples are rich, but of a low diversity indicating a non-marine environment. More than 80% of pollen assemblages 
are of the green alga Tasmanites sp., whilst the rest are mostly represented by striate and non-striate bisaccate pollen 
and trilete spores which indicate a Permian age. The chromatograms of GC and GCMS (saturate) indicate that the 
studied samples were deposited in a lacustrine environment of an anoxic to suboxic condition.  Furthermore, in term 
of petroleum exploration, abundant Tasmanites sp. is believed to be the biological source for tricyclic terpanes which 
are well known as the primary source of hydrocarbons. This discovery offers an excellent opportunity for establishing 
a new petroleum system within the Paleozoic sequences of Timor Island.
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Introduction

Biostratigraphic studies of the Permian of 
West Timor mostly concentrate on marine fossils 
such as crinoids, molluscs, brachiopods, cor-
als, and trilobites. This is mainly because many 
Permian sediments consist of marine facies (Van 
Gorsel, 2014). In addition, Timor mostly forms a 
distal part of the Australian continental Plate and 
is characterized by shallow to deep marine sedi-
ments ranging in age from Permian to Pleistocene 
(Charlton and Gandara, 2012). Therefore, West 
Timor has been well known as an area for marine 

biostratigraphic research of the Late Paleozoic. 
The value of plant fossils, such as pollen and 
spores, has not been previously considered. This 
situation changed dramatically after LEMIGAS 
and Elnusa teams discovered Permian outcrops 
during their field surveys in 2015 to evaluate the 
hydrocarbon potential of this area (Lelono et al., 
2016a). These outcrops are separated into calcar-
eous and non-calcareous lithologies as reported 
by Elnusa (2015) and Lelono et al. (2016b). Both 
lithology types proved to yield moderate pollen 
recovery. Unfortunately, due to the poor condition 
of the outcrops, a systematic sampling was not 
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possible at that time. This prevented undertak-
ing a comprehensive palynological assessment 
involving systematic sampling.

The studied location is situated in West Timor 
of Nusa Tenggara Timur Province (Figure 1). 
Timor Island is located within the Banda arc-
Australian continental collision zone. It is part of 
the youngest tectonic collision in the world that 
created a high complexity with respect to geology 
(Chamalaun and Grady, 1978; Hamilton, 1979; 
Harris, 1991).

The stratigraphic framework for this area, 
developed for mapping the Kupang-Atambua 
Quadrangle (Rosidi et al., 1979) is shown in Fig-
ure 2. The Bisane Formation, which is the subject 
of this study, is of Permian age considered to be 
the oldest rock unit within the West Timor (Rosidi 
et al., 1979; Sawyer et al., 1993; Charlton, 2002; 
Harris, 2011).

During the process of detailed mapping, 
the team discovered good quality outcrops that 
were suitable for systematic sampling in which 
they consist of non-calcareous black shale with 
siltstone intercalations, rich in sulphur, and show 
papery structures suggestive of a lacustrine de-
position (Figure 3).

Previous studies on the non-calcareous sam-
ples by Lelono et al. (2016a) showed the domi-
nance of spores and bisaccate pollen. Based on the 
appearance of Protohaploxypinus samoilovichi, 
Falcisporites australis, and Lunatisporites pel-

lucidus, which are restricted to the Permian and 
Triassic combined with the presence of Plicati-
pollenites malabarensis, and Cannanoropollis 
janakii that are restricted to the Carboniferous and 
Permian, the succession was therefore designated 
a Permian age, following Helby et al. (1987) and 
Brugman et al. (1985). The common appearance 
of striate and non-striate bisaccate glossopterid 
pollen and other sporomorphs combined with the 
non-calcareous black shale lithology may sug-
gest a forest swamp environment possibly with 
peat formation, since the Glossopteris plant is 
thought to have grown in conditions similar to the 
present day Bald Cypress (Jha et al., 2014; Van 
Gorsel, 2014). In addition, some samples yielded 
rare specimens of the green alga Tasmanites sp. 
This alga is recorded to occur in Precambrian to 
Phanerozoic deposits (Dutta et al., 2006). The 
name of Tasmanites is given after the Permian oil 
shales of Tasmania which contain rich Tasmanites 
(Newton, 1875).

This paper aims to study the palynology of the 
Permian lacustrine sediments in more detail, with 
a view to contribute to a better understanding of 
the Late Paleozoic stratigraphy of West Timor.

Materials and Methods

Ten samples, numbered BSN-1 to BSN-10, 
were selected from the outcrop which was 5 m 
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Figure 1. Sampling location shows outcrop situation which exposes on a cliff due to landslide.
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Figure 2. Stratigraphic relationship of formations occuring in the West Timor area as proposed by Rosidi et al. (1979).
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in thickness. The studied outcrop is a quite steep 
cliff which appears to be due to a landslide (Fig-
ures 1 and 3). The outcrop is characterized by 
non-calcareous shales with thin siltstone interca-
lations, that are dark grey to black colour with a 
content of sulphur, and shows papery sedimentary 
structures. All samples for the study were selected 
from the black shale lithology.

Approximately 5 g of samples were weighed 
for laboratory preparation using the technique 
applied at the LEMIGAS Stratigraphy Labora-
tory, in Jakarta. Processing involved HCl, HF, 
and HNO3 macerations. These techniques were 
followed by alkali treatment using 10% KOH 
to gain a clear residue. Sieving with a 5 μ sieve 
was performed to collect more palynomorphs 
by separating them from fine-grained debris. Fi-
nally, the residues were mounted on slides using 
polyvinyl  alcohol and Canada Balsam (Lelono, 
2001). Palynomorph examination was conducted 
using a transmitted light microscope with an oil 
immersion objective and X 12. 5 eye pieces. Each 
palynomorph appearing in the studied samples 
was counted and plotted onto a chart to show 
their quantitative distribution through the outcrop 
(Figure 4).

As palynological zonation for the Indonesian 
pre-Cenozoic sucessions has not been established 
yet, the authors refer to several publications which 
relate to the Permian palynology elsewhere in 
defining age and paleoenvironment including 
Brugman et al. (1985), Traverse (1988), Feng 
et al. (2008), Jan (2014), and Jha et al. (2014).

Results and Discussion

As shown in Figure 4, the studied samples 
generally provide an excellent pollen recovery. 
Only two samples (BSN-1 and 5) containing 
relatively poor assemblages. Pollen assemblages 
are quite different compared to those published 
by previous reseachers (Lelono et al., 2016a; 
Lelono et al., 2016b). They are much richer in 
palynomorphs but of lower diversity. In addition, 

palynomorphs are dominated by Tasmanites sp. 
(green algae) and these form more than 80% of 
the assemblages. However, the pollen and spore 
taxa recorded are similar to those of the previous 
study, including striate bisssacates, non-striate 
bissacates, and monosaccate forms. Striate bi-
saccates are represented by Protohaploxypinus 
samoilovichi and Lunatisporites sp.,whilst non-
striate bissacates consist of Falcisporites austra-
lis, Pinuspollenites globosaccus, Staurosaccites 
quadratus, Platysaccus sp., Sulcatisporites insti-
tatus, and some indeterminate bissacate pollen. 
Monosaccate forms are represented only by Can-
nanoropollis janakii. In addition to saccate pol-
len, spores are also well represented as indicated 
by the presence of Osmundacidites senectus, 
Ceratosporites helidonensis, Dictyophillidites 
equiexinus, Lundbladispora willmotii, Cerato-
sporites helidonensis, Microbaculites tentula, M. 
australis, and Aequitriradiates sp.

Age and Paleoenvironment
Key palynomorphs appear throughout the 

section to define the age of the studied sediments 
(Figure 5). The most important pollen are those 
indicating a Permo-Triassic age and include Pro-
tohaploxypinus samoilovichi, Lunatisporites sp. 
(striate bissacates), Falcisporites australis, and 
Staurosaccites quadratus (nonstriate bissacate). 
Referring to the Mesozoic pollen zonation of 
Australia proposed by Helby et al. (1987), these 
palynomorphs indicate the Falcisporites super-
zone which ranges from Late Permian to Late 
Triassic. On the other hand, another index palyno-
morph occurs which designates a Carboniferous-
Permian age. This species is a trilete monosaccate 
form named Cannanoropollis janakii (Brugman 
et al., 1985). Considering the occurrence of the 
above palynomorphs, it can be concluded that the 
sediments studied was possibly formed during 
Late Permian.

This study reveals rich green algae of Tasman-
ites sp. for the first time in pre-Cenozoic sedi-
ments of eastern Indonesia. Revill et al. (1994) 
reported the enrichment of Tasmanites in the 
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Gondwanan Palaeozoic deposits from Tasmania 
which were interpreted as a reflection of algal 
blooms in areas supplied with meltwater from 
surrounding glaciers. Such a setting would be 
consistent with Timor Island being geographically 
situated far south in the temperate region during 
the Permian. The dominance of Tasmanites may 
indicate a closed or restricted lacustrine environ-
ment. On the other hand, the presence of various 
bisaccate pollen of both striate and non-striate 
forms as discussed above may be attributed to a 
Glossopterid flora which represent swamp forest 
development in the hinterland (Van Gorsel, 2014). 
Meanwhile, the regular appearance of spores in 
the studied samples indicates that their source 
taxa might have grown as herbaceous understorey 
plants in a flood plain environment (Jha et al., 
2014). The studied samples are lithologically 
non-calcareous black shale with a distinct sulphur 
content and papery structure. The integration of 
palynological and lithological data leads to the 
interpretation that the depositional environment 
of the sediments strongly relates to peat forma-

tion. Therefore, it is interpreted that the sampled 
succession was deposited in a lacustrine setting 
bordered by swamps, possibly with peatlands. 
Throughout geological time, peat formation has 
occurred in three broad latitudinal belts, one 
within the tropical zone, the second within the 
northern temperate zone, and the third at southern 
temperate latitudes (Ziegler et al., 2003). The 
Permian succession studied here would have oc-
curred in the southern temperate zone.

The Occurrence of Tasmanites   Green Algae
The genus Tasmanites was firstly described 

by Hooker (1852) and was considered to be ly-
copod seed cases (Mendelson, 1933). However, 
the name of Tasmanites was formally proposed 
by Newton (1875) based on specimens that oc-
curred abundantly in the Permian oil shale of 
Tasmania. It was initially thought to be some 
kind of spore, but it is currently thought to be 
algal in origin (Schopf et al., 1944; Eisenack, 
1958). Today, Tasmanites is generally regarded 
as phycomata of prasinophyte algae (Tappan, 

100 microns

1

5
4

3

6

2

Figure 5. Key palynomorphs from Permian West Timor: (1) Protohaploxypinus samoilovichi, (2) Lunatisporites sp., (3) 
Pinuspollenites globosaccus, (4) Staurosaccites quadrifidus, (5) Falcisporites australis, (6) Cannanoropolllis janakii.
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1980) which may originate as very small motile 
cells (10 mm in diameter). Prasinophyte algae 
currently occurs in abundance within marine 
environments such as in the Mediterranean sea  
and in the Bay of Biscay, and algal blooms regu-
larly occur in the English Channel (Parke, 1966; 
Parke et al., 1978). The cells passively float on 
these oceans and move vertically from about 10 
m down to 100 m in depth daily (i.e. below the 
photic zone). The presence of these algae in the 
water column is limited by high water tempera-
tures (Parke and den Hartog-Adams, 1965). It is 
interpreted that the blooms of prasinophycean 
algae were related to the enrichment of the 
water by nitrogen and phosphates (Ackmann et 
al., 1970). Prasinophyte green algae occur from 
Early Paleozoic to recent and has species resi-
dent in fresh to marine water (Traverse, 1988). 
In the Middle Triassic successions of Svalbard 
and the Barents Shelf of Norway, Tasmanites 
algae abundantly appeared in the marine dark 
shales which are a hydrocarbon source rock 
(Vigran et al., 2008). On the contrary, in the 
Early Devonian sediments of Rhynie Village in 
Scotland, prasinophytes fossils were extracted 
from the lacustrine shales which might have 
played important roles in the functioning of early 
non-marine ecosystems, perhaps as primary 
producers in food webs (Kustatcher et al., 2014).

The occurrence of abundant Tasmanites 
within the Permian of West Timor is described 
here for the first time. Generally, these green 
algae are described as more or less comprising 
a spherical body with a thick wall, psilate sculp-

ture, and various sizes from 30 to 90 μ (Figure 
6). The importance of an algal component in the 
sediments is confirmed by gas chromatography-
mass spectrometry analysis (GCMS saturate 
chromatogram m/z 191) on four selected samples 
which proves the absence of a higher plant 
contribution to the contained organic matter. In 
addition, the high ratio of sterane and hopane is 
typical of organic matter with a planktonic  or  
benthic  algal  contribution  (Moldowan et al., 
1985). Abundant gamacerane combined with 
the low ratio of pristane and phytane (Pr/Ph) 
indicates lacustrine bitumen. On the other hand, 
a ternary diagram of sterane composition shows 
that organic material of the analyzed samples 
was derived from the same source. The organic 
materials are a mixture of   higher   plant   matter   
and   algae   which accumulated in a lacustrine 
environment (Figure 7).

Analysis of gas chromatography (GC chro-
matogram) shows higher values of pristane 
compared to that of phytane (the ratio of Pr/Ph 
ranges from 1.32 to 1.70) indicating that organic 
material forming source rock was deposited in an 
anoxic to suboxic setting (Figure 8).

A chromatogram m/z 191 of the analyzed 
samples exhibits a similar trend in which source 
rock indicator of tricyclic terpanes can be clearly 
observed (Figure 9). The relationship between 
rich Tasmanites and the occurrence of tricyclic 
terpane compounds has been proven by previ-
ous authors who analyzed pre-Cenozoic oil shale 
elsewhere. Tasmanites is assumed as a biological 
source of the tricyclic terpenoids which is typi-

100 microns

1 2 3

Figure 6. Green algae of Tasmanites sp. appears in various sizes: (1) Large Tasmanites sp., (2) Medium Tasmanites sp., (3) 
Small Tasmanites sp.
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cally recorded in a high abundance in the host of 
oil shales (Greenwood et al., 2000; Dutta et al., 
2006). Meanwhile, all analyzed samples show 
low maturity (immature) as indicated by the low 
ratio of Ts/Tm combined with the high index of 
homohopane. Having all data provided above, the 

discovery of abundant Tasmanites is a significant 
finding as this alga is a major contributor to the 
formation of hydrocarbon source rocks. There-
fore, this offers an excellent opportunity for the 
establishment of a new petroleum system within 
the Paleozoic sequences of Timor.

Figure 8. Plotting of Pr/Ph ratio versus Pr/nC 17 ratio obtained from fingerprint chromatogram of GC analysis.
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Figure 9. Chromatogram m/z 191 of the selected samples which are generated using GCMS saturate fraction.
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Conclusions

A 5 m thick outcrop of black shale from 
West Timor is shown to be of Permian age and 
was deposited in a lacustrine environment. The 
lithologies are dark grey to black in colour, non-
calcareous with sulphur content, and papery. The 
presence of the index taxa Protohaploxypinus 
samoilovichi, Falcisporites australis, Luna-
tisporites sp., and Cannanoropollis janakii sug-
gests the age to be Late Permian.

This study shows the presence of abundant 
green algae of Tasmanites which dominates more 
than 80% of pollen assemblages. This is the first 
time to discover rich Tasmanites in the Late 
Paleozoic sediments in Indonesia. The GC chro-
matogram and GCMS saturate chromatogram 
also indicate that the organic material accumu-
lated in a lacustrine environment in an anoxic 
to suboxic setting. The abundant Tasmanites is 
believed to be the biological source for tricyclic 
terpanes which is well known as a primary hy-
drocarbon source. This is a significant finding for 
discovering potential source rocks within the Late 
Paleozoic of Timor.
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