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Abstract
The Jurassic sediments in two small basins formed on the Precambrian metamorphic terrain of Sri Lanka, which
had been located in the eastern Gondwanaland in mid-latitudes of the southern hemisphere, were investigated to make
clear the origin of organic matter (OM) and its depositional environment. Total organic carbon (TOC) contents are
high (3.05 – 5.10%) in brown to black color mudstones in the Jurassic Andigama Basin, while the grey color sandy
sediments in the Jurassic Tabbowa Basin generally have very low TOC (0.04 – 0.17%). The Andigama mudstones
are thermally immature, and the Tabbowa sediments and relational Miocene Aruwakkalu limestone are moderately
matured in the oil generation stage. The sediment samples from the Jurassic Andigama Basin show a large proportion
of middle-chain n-alkanes (nC21-C25), enriched C29 steranes, high C / N ratios (16.3 – 37.8), very low total sulfur
(TS < 0.001%) and higher pristane / phytane ratios (Pr / Ph = 2.1 – 3.0). These results suggest that the sediments were
deposited in freshwater swamp under oxic condition. Abundant retene, simonellite, perylene, 1-methylphenanthrene,
1, 7-dimethylphenanthrene and 1, 2, 7- / 1, 2, 9-trimethylphenanthrenes in the Andigama mudstones indicate that the
OMs were mainly originated from gymnosperm with fungi. On the other hand, the Jurassic sandy sediments in the
Tabbowa Basin have predominant nC16-C21 alkanes with a minor peak of waxy n-alkanes (nC29, nC31, nC33), very low
TS (< 0.001%), abundant C27 steranes and higher Ts / (Ts + Tm) [Ts: 17 α (H)-22, 29, 30-trisnorhopane, Tm: 18 α (H)-22,
29, 30-trisnorhopane] triterpane ratios, which suggesting the OMs from algal origin with a significant terrestrial higher
plants. The Miocene Aruwakkalu limestone shows very low TOC (0.06%) and algal origin. The sediment samples from
the relational Pleistocene Aruwakkalu Red Earth show a high unresolved complex mixture (UCM), and high values
of carbon preference index (CPI = 4.78) and average chain length (ACL = 29.9), which indicate the OM from oxidized
and / or biodegraded ancient terrestrial plant.

1. Introduction
Recent exploration / investigations of petroleum
deposits in Sri Lanka have identified several offshore
sedimentary basins. The basin in the northwestern
offshore area of Sri Lanka has recorded thick
sedimentary sequences of marine / continent origins, and
natural gas deposits were found (Ratnayake et al., 2014).
However, researches in sedimentary organic matter in
land area are quite few in Sri Lanka, because about 90%
of the land is covered with metamorphic terrain, which
are high-grade crystalline non-fossiliferous metamorphic
rocks of Precambrian age. Only one-tenth of landmass
consists of sedimentary rocks of limited ages including
the Jurassic, Miocene and Quaternary (Cooray, 1984).
Distribution of the Jurassic sediments are regulated

in small basins exposed rarely and sporadically in
the western land area, and the Miocene sediments are
composed mainly of limestone narrowly exposed along
the coastline of northwestern Sri Lanka (Fig. 1(a)). These
small sedimentary basins are expected to be preserving
significant information about the original OM type, since
those are not deeply subsided (buried) and OM is not
over matured. Therefore, a study of onshore sedimentary
rocks of the basins on the northwest margin of Sri Lanka
provides important organic geochemical information to
understand the type of OM and depositional environments during the Jurassic age in Sri Lanka. In this paper,
organic geochemical proxies including C, N, S elemental
analysis and gas chromatography-mass spectrometry
(GC-MS) are used to evaluate different sedimentary
units including the Miocene limestone and Pleistocene
Red Earth beds in the northwest of Sri Lanka.
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Figs.1a and 1b

Fig. 1. (a) and (b) A generalized map showing major geological units and sedimentary basins in Sri
Lanka (a), and a map showing sample points in the study area (b).

2. Geological background
The Jurassic Gondwana Group sediments occur
in Sri Lanka within a few onshore faulted small
basins underlain by the Precambrian Wanni Complex
(metamorphic rocks) (Fig. 1(a)). The Jurassic sediments
can be recognized as one of the oldest unmetamorphosed sedimentary units in the country (Cooray, 1984).
The Jurassic sediments are not well exposed in Sri
Lanka. These sedimentary beds are much less studied
than the Precambrian metamorphic rocks, although
several studies have examined their subsurface isostatic
gravity anomalies (Tantrigoda and Geekiyanage,
1991) and plant fossil deposition (Edirisooriya and
Dharmagunawardhane, 2013). The Jurassic Gondwana
sediments examined in the present study were collected
in the Andigama and the Tabbowa Basins (Fig. 1(b)).
The maximum depths to the basement of the Andigama
and Tabbowa Basins are 1.2 and 1.5 km respectively,
and a three-dimensional model indicates that approximately 65 km3 volumes of the Gondwana sediments
are deposited in the Andigama Basin (Tantrigoda and

Geekiyanage, 1991). In addition, thin coal seams were
observed in well cuttings of the Andigama Basin (Cooray,
1984). Although Sri Lanka presently locates about
800 km north of equator (5°N-10°N and 79°E-82°E),
it was positioned in the eastern Gondwanaland of
mid-latitudes in the southern hemisphere (34°s-37°s and
16°E-21°E) during the Jurassic period. Based on the
geological frameworks of Sri Lanka, its separation from
the eastern Gondwanaland and its northward motion
have been extensively described by several authors
(e.g., Molnar and Tapponnier, 1975; Cooray, 1984; Katz,
2000; Chatterjee et al., 2013).
Sri Lanka had moved to the northern hemisphere
during the Miocene (4°N-8°N and 77°E-79°E). Several
meters thick and widely extended limestone beds
were deposited during the Miocene in the northwest
(Puttalam-Jaffna) and the southeast (Minihagalkanda)
of Sri Lanka (Cooray, 1984) (Figs. 1(a) and (c)). The
Pleistocene period of northwest of Sri Lanka is characterized by deposition of thick (about 15 – 20 m) and
elongated Red Earth beds, which are aligned in a northsouth direction along the north-west coast (Cooray,
1984) (Fig. 1(c)).
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Fig.1c

Fig. 1. ( c) Field section and samples photographs of the Miocene –
Quaternary Aruwakkalu beds.

Fig.1e

Jurassic Tabbowa Basin
Fig. 1. ( d) Field section, samples photographs and simplified structure of
the Jurassic Andigama Basin.

3. Samples and analytical methods

Fig. 1. (e) Stratigraphic successions of the Jurassic Tabbowa Basin.

The Andigama beds are completely covered with over
5 m thick recent soils (Fig. 1(d)). Four unweathered hard
Andigama mudstone samples (three mudstones and one
sandy mudstone) were collected from wells sections (7°
46’ N and 79° 56’ E, 50 m above sea level; Fig. 1(d)).
The best exposures of the Jurassic rocks in the Tabbowa
Basin were found close to the Tabbowa irrigation
tank (8° 04’ N and 79° 55’ E, 20 m above sea level;
Fig. 1(b)). However, the outcrops have been significantly weathered due to fluvial activities in the area.
Therefore, outer parts of the samples (about 10 – 20 cm)
were carefully removed to separate weathered surface.
Seven samples were collected from the Tabbowa beds
(Fig. 1(e)) that contain siltstone, arkose sandstone and
mudstones (Table 1). In addition, representative samples
of the Miocene limestone and the Pleistocene Red Earth
were collected from the sedimentary beds at Aruwakkalu
(7° 59’ N and 79° 54’ E, 40 m above sea level; Fig. 1(c)).
Pulverized rock samples were acidified with 1 M HCl
to remove carbonate carbon. These samples were then
dried on a hotplate at 110ºC for 1 hour. Total organic
carbon (TOC), total nitrogen (TN) and total sulfur (TS)
percentages were determined on these dried samples
using combustion method with a FISONS EA1180
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elemental analyzer. Total carbon (TC) contents were
determined in the separate run with the FISONS EA1180
elemental analyzer without HCl treatment. Carbonate
carbon (carb-C) percentages were calculated based on
the difference between TC and TOC contents. BBOT
[2, 5-bis-(5-tert-butyl-2-benzoxazol-2-yl)-thiophene]
standard was used for the elemental analysis. The
authors quantified TOC, TC, TN, TS by correlation to
the calibration curve with 5 points regression analysis
of the standard.
Bitumen was extracted from the sediments using the
soxhlet extraction technique, refluxing for 72 hours
using dichloromethane and methanol (9 / 1, v / v) solvent
at 60 ºC. The extracts were condensed in a rotary
evaporator and dissolved in hexane. The extractable
OM was separated using a thin layer chromatography
(TLC) plate (silica gel 60 PF254 containing gypsum) with
hexane as a mobile phase. The fractions of aliphatic
hydrocarbons and polycyclic aromatic hydrocarbons
(PAHs) were identified on the TLC plate using UV light.
The extracted OMs with hexane from the TLC silica
gel was condensed to 100 microliters, and 1 microliter
of the liquid was injected to gas chromatograph (GC:
Shimadzu 2010) coupled with a mass spectrometer (MS:
Shimadzu GC-MS QP2010). The GC is equipped with a
programmable temperature injection system and a fused
silica capillary column (30 m x 0.25 mm DB 5MS). The
temperature was programmed from 50°C to 300°C at the
rate of 8°C / min and held at 300°C for 30 minutes with
pure helium as a carrier gas. The MS was scanned every
0.5 seconds over m/z 50 to 850, and the spectral data
obtained were stored in a computer system. All spectra
were recorded at an electric energy of 70 eV. The nC24
tetracosane, cholestane and PAHs mix (Accu Standard
Inc. Z-013 – 17) were used as the external standards.
4. Results
4.1. Bulk measurements
The TC, TOC, TN and TS data are shown in Table 2.
The brown to black color mudstone of the Andigama
Basin contain abundant OM (TOC; A = 3.05, B = 5.10 and
B2 = 3.34%). However, the TOC value of sandy brown
mudstone is low (0.49%), showing poor OM content in
this basin. The Tabbowa beds have very low TOC values
ranging from 0.04% to 0.17%. Also, the constancy is
evident in the different lithological units (Fig. 1(e)).
The Aruwakkalu limestone (Carb-C = 10.36%: Table 2)
and the Red Earth represent low TOC values of 0.06%
and 0.41% respectively. The TN values in all analyzed
samples are ranging from 0.01% to 0.20%. The TS
values are less than detection limit (<0.001%) in all
samples of these basins.

4.2. Molecular compositions
The n-alkane data are summarized in Table 3. The
n-alkanes distribution is characterized by a unimodal
pattern with the middle-chain predominance in the
Andigama and Aruwakkalu limestone samples, and
the short-chain predominance in the Tabbowa and
Aruwakkalu Red Earth samples (Fig. 2). The n-alkane
distributions of the Andigama samples are characterized by an odd predominance at higher molecular
weight greater than C23 (Fig. 2). Distributions of
representative steranes (m/z = 217) and pentacyclic
triterpanes (m/z = 191) are shown in Fig. 3. A variety
of aromatic compounds is present only in brown to
black color mudstones of the Andigama Basin (Fig. 4;
Table 4). Phenanthrene (P, m/z = 178), fluoranthene
(Fla, m/z = 202), pyrene (Py, m/z = 202), benzo[a]
anthracene (BaAn, m/z = 228), chrysene/triphenylene
(Chry + Tpn, m/z = 228), benzofluoranthene (Bflas,
m/z = 252), benzo[e]pyrene (BePy, m/z = 252), benzo[a]
pyrene (BaPy, m/z = 252), perylene (Pery, m/z = 252),
indeno[cd]pyrene (InPy, m/z = 276) and benzo[ghi]
perylene (BghiP, m/z = 276) were detected as non-alkylated PAHs. Relative proportions of PAHs of the
mudstones in the Andigama Basin are shown in Fig. 5.
Cadalene (Cad, m/z = 183), methylphenanthrenes (MP,
m/z = 192), dimethylphenanthrenes (DMP, m/z = 206) and
trimethylphenanthrenes (TMP, m/z = 220), simonellite
(Sim, m/z = 237) and retene (Ret, m/z = 219) were
abundant alkylated PAHs in the Andigama mudstones
(Figs. 4 and 6).
5. Discussion
5.1. Thermal maturity
The 20S / (20S + 20R) ratio of the C29 5α (H), 14α
(H), 17α (H)-sterane is one of the most reliable
maturity indicator because of a minor influence by
source variability. This ratio indicates the oil generative window from the value of 0.25 (Farrimond et al.,
1998) and the equilibrium value of 0.52 – 0.55 (Waseda
and Nishita, 1998; Farhaduzzaman et al., 2012). The
22S / (22S + 22R) ratio in the C31 to C35 17α hopanes
is also an important maturity indicator. However, the
22S / (22S + 22R) ratios of C31 hopanes are often affected
by co-elution of a C30 neohopane generated during
biodegradation (Subroto et al., 1991) and release of
sulfurized hopanoids from kerogen (Köster et al., 1997).
The hopane 22S / (22S + 22R) ratio is more sensitive in
lower maturity stage than the sterane 20S / (20S + 20R)
ratio, and the hopane ratio has the equilibrium value
of about 0.6 (Farrimond et al., 1998; Sawada, 2006;
Pan et al., 2008). Figure 7 for the cross plots of C31
hopanes 22S / (22S + 22R) ratios (0.46 – 0.62) to C29
sterane 20S / (20S + 20R) ratios (0.15 – 0.56) shows good
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Table 1. Lithological characteristics of the sediments from northwest onshore sedimentary units in Sri Lanka.
Sample
Andigama Basin
Mudstone A
Mudstone B
Mudstone B2
Sandy mudstone C
Tabbowa Basin
Upper arkose bed A
Mudstone bed B
Middle arkose bed C
Feldspathic sandstone D
Upper siltstone E
Lower arkose bed F
Lower siltstone G
Aruwakkalu Profile
Aruwakkalu limestone
Aruwakkalu Red Earth

Description of lithological properties

Age

Brown to black color hard and dense mudstone with black carbonaceous matter
Brown to black color hard and dense mudstone with larger black carbonaceous matter (ca. 0.1–1 cm)
Brown to black color mudstone with small black carbonaceous matter
Brown color silty mudstone with thin sandy bed

Jurassic
Jurassic
Jurassic
Jurassic

Angular to sub-angular grains of quartz and feldspar associated with reddish color hematite
Dark and/or light gray color mudstone in thin bedding plain
Quartz and feldspar associated with black fine fragments and thin beds
Medium to coarse grained light brown color sandstone.
Brownish to reddish mudstone associated with fine quartz grains.
Quartz and feldspar associated with black fine fragments and thin beds
Brownish to reddish mudstone associated with fine quartz grains.

Jurassic
Jurassic
Jurassic
Jurassic
Jurassic
Jurassic
Jurassic

Hard, partly crystalline, compact rock associated with very fine sands and black organic matter
Small, rounded quartz grains in earthy material composed of clay and iron oxide

Miocene
Quaternary

Table 2. C, N, S elemental data of the sediment samples. TN; total nitrogen content, TOC; total
organic carbon content, Carb-C; carbonate carbon content, TS; total sulfur content.

Sample
Andigama Basin
Mudstone A
Mudstone B
Mudstone B2
Sandy mudstone C
Tabbowa Basin
Upper arkose bed A
Mudstone bed B
Middle arkose bed C
Feldspathic sandstone D
Upper siltstone E
Lower arkose bed F
Lower siltstone G
Aruwakkalu Profile
Aruwakkalu limestone
Aruwakkalu Red Earth

TN (%)

TOC (%)

Carb-C (%)

TS (%)

C/N ratio

0.174
0.135
0.205
0.166

3.05
5.10
3.34
0.49

0.39
1.02
0.04
0.08

< 0.001
< 0.001
< 0.001
< 0.001

17.5
37.8
16.3
2.9

0.010
0.013
0.010
0.010
0.010
0.009
0.011

0.06
0.17
0.09
0.06
0.04
0.08
0.05

0.02
0.01
0.01
0.00
0.06
0.04
n.d

< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

5.6
13.1
9.5
6.3
4.3
8.2
5.0

0.072
0.035

0.06
0.41

10.36
n.d

< 0.001
< 0.001

0.9
11.7

Table 3. Biomarker data of the sediment samples. n.d.: not determined. ACL (average chain length) is expressed as following; ACL = [23(nC23) + 2
5(nC25) + 27(nC27) + 29(nC29) + 31(nC31) + 33(nC33)] / (nC23 + nC25 + nC27 + nC29 + nC31 + nC33), CPI (carbon preference index) is expressed as following;
CPI = 1 / 2[(nC25 + nC27 + nC29 + nC31 + nC33) / (nC24 + nC26 + nC28 + nC30 + nC32) + (nC25 + nC27 + nC29 + nC31 + nC33) / (nC26 + nC28 + nC30 + nC32 + nC34)].
n-alkanes
Sample
Andigama Basin
Mudstone A
Mudstone B
Mudstone B2
Sandy mudstone C
Tabbowa Basin
Upper arkose bed A
Mudstone bed B
Middle arkose bed C
Feldspathic sandstone D
Lower arkose bed F
Lower siltstone G
Aruwakkalu Profile
Aruwakkalu limestone
Aruwakkalu Red Earth

nC<20 / nCall ACL

Isoprenoid

Triterpanes

Steranes

CPI

Pr / Ph

22S / (22S + 22R)
for C31 hopane

Ts / (Ts + Tm)

20R (%)
C27 C28 C29

C27 /
(C27 + C29)

C29 /
(C27 + C28 + C29)

C29 20S /
(20S + 20R)

0.21
0.19
0.23
0.03

26.9
27.0
26.3
26.4

1.85
1.93
1.77
1.86

3.0
2.1
2.7
n.d.

0.46
0.48
0.47
0.47

0.11
0.07
0.14
0.23

21
20
25
25

11
11
13
15

68
70
61
60

0.24
0.22
0.29
0.29

0.68
0.70
0.61
0.60

0.18
0.17
0.18
0.15

0.39
0.35
0.61
0.53
0.66
0.35

26.5
26.9
27.3
26.2
25.9
26.4

2.15
2.11
2.57
2.40
2.25
3.07

0.2
0.3
0.7
0.4
0.4
0.2

0.53
0.50
0.56
0.55
0.55
0.61

0.41
0.31
0.50
0.52
0.42
0.51

38
27
63
38
40
37

16
17
12
26
19
23

46
56
25
36
41
40

0.45
0.32
0.72
0.52
0.49
0.49

0.46
0.56
0.25
0.36
0.41
0.40

0.32
0.26
0.41
0.38
0.41
0.45

0.12
0.35

26.2
29.9

1.61
4.78

n.d.
0.4

0.54
0.62

0.32
0.70

34
48

22
16

44
36

0.43
0.57

0.44
0.36

0.30
0.56
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correlation between them (Y = 0.40X + 0.40, r = 0.949
and n = 12). This result indicates that biodegradation and
sulfurized hopanoids were low levels. Low content of
unresolved complex mixture (UCM; Fig. 2) expect for
the Aruwakkalu Red Earth, and very low sulfur contents
(Table 2) are consistent with the result in Fig. 7. The
Aruwakkalu Red Earth with higher UCM (Fig. 2) has
uncommonly high ratio of C31 hopanes 22S / (22S + 22R)
(Fig. 7). Thus, all Andigama samples are thermally
immature, and the Tabbowa and Aruwakkalu sediments
are moderately matured in the oil generation main stage
(Fig. 7). Moreover, these facts suggest that the Jurassic
Tabbowa Basin in the northern part of study area could
subside deeper than the Jurassic Andigama Basin in the
southern part and / or deposition of reworking ancient
OM in the Tabbowa fluvial system.
5.2. Origin of OM
The n-alkanes are commonly present in geological
samples and are derived from certain biogenic sources
(Eglinton and Hamilton, 1967; Meyers, 1997; Ratnayake
et al., 2005; Jeng, 2006). The Andigama samples reveal
that mixing of plankton / algae and microorganism
(nC16-C19) and vascular plants (nC20-C35) (Fig. 2). The
Andigama mudstones comprise a large proportion of
middle-chain length n-alkanes (nC21-C25). Middlechain length homologues are enhanced by bog-forming
(swamp) vegetations (Ficken et al., 2000; Nott et al.,
2000; Pancost et al., 2002; Bingham et al., 2010).
In addition, TS values are very low (<0.001%) in
the Andigama samples. Therefore, in our work, the
Andigama mudstones can be interpreted as the development of freshwater lacustrine to swamp environments.
The nC16-C19 alkanes are less abundant in the sandy
mudstone sample (Fig. 2(d)), possibly suggesting a lack
of preservation in relatively high-energy depositional
settings in the shallow burial depth estimated by the low
maturity samples. On the other hand, the steranes in the
Andigama samples are enriched in C29 and somewhat
depleted in C28 and C27 (Fig. 9, Table 3). The C29 steranes
are primarily derived from terrestrial higher plants
(e.g., Meyers, 1997; Zhu et al., 2012), and C27 and C28
steranes are mainly derived from planktonic / algae in
lacustrine and marine environments (Volkman, 2003;
Piedad-Sánchez et al., 2004). The relative distributions
of C27-C28-C29 steranes (Fig. 9) indicate that OMs in the
Andigama sediments are mainly formed by the influx of
land plant materials.
These results are also supported by the data of C / N
ratio. C / N ratios have been extensively investigated
to evaluate sources of bulk OM in sediments (e.g.,
Meyers and Ishiwatari, 1993; Meyers, 1997; Sampei
and Matsumoto, 2001). Elevated C / N values of the
Andigama mudstones (Table 2) indicate the large proportions of terrestrial OM. However, uncommonly low C / N

ratio (2.9) of sandy mudstone (Table 2) should be interpreted as the effect of inorganic NH4+ absorbed by the
clay (Müller, 1977). According to the effect of inorganic
nitrogen, the C / N ratio becomes abnormally low in
organic carbon poor sediments (Sampei and Matsumoto,
2001; Hossain et al., 2009).
As for the Tabbowa sandy sediments, n-alkanes
compositions are dominated by lighter nC16-C21 alkanes
(Figs. 2(g-l)). The algae indicator (<C20 / nCall alkanes)
implies that the Tabbowa beds are predominated by
algal sources compared to the Andigama beds (Table 3).
In addition, waxy long-chain n-alkanes (nC29, nC31,
nC33) of terrestrial OM are significantly deposited and
preserved in all stratigraphic units in the Tabbowa beds
(Figs. 2(g-l)). The C27-C28-C29 steranes also show that
the Tabbowa sediments are mainly derived from aquatic
organism with a significant amount of terrestrial higher
plants (Figs. 2(g-l) and 9). The Aruwakkalu limestone
and Red Earth are also abundant in algae OM. This does
not conflict with C / N ratios as discussed above. The
Tabbowa beds and the Miocene limestone record very
low C / N values (Table 2).
Incidentally, the Ts / (Ts + Tm) ratios and CPI change
according to both maturity and source variation (Waseda
and Nishita, 1998; Inaba et al., 2001; Sawada, 2006).
The Ts / (Ts + Tm) vs. sterane 20S / (20S + 20R) ratios
suggests that abundant input of terrestrial OM to
shallow Andigama Basin and input of algae OM to deep
Tabbowa Basin could occur respectively (Fig. 8(a)).
Abundant low molecular n-alkanes (<C20: Figs. 2(g-l))
with a significant higher n-alkanes (>C29: Figs. 2(g-l))
and higher CPIs (Fig. 8(b)) in the Tabbowa Basin imply
that nutrients for the production of algae OM could be
from land area accompanied by terrestrial OM.
In contrast, aeolian transportation can act as a key
process to deposit terrestrial OMs in the onshore
sedimentary basins of the arid environments. In the
present study, the highest CPI (Fig. 8(b)) and high
ACL values in the Pleistocene Red Earth (Table 3)
can probably indicate deposition of degraded ancient
terrestrial OM (Jeng, 2006) under the prominent
aeolian process. Specifically, the Red Earth paleosols at
Aruwakkalu indicate intense biodegradation (Figs. 2(f)
and 8(a)). As a result, some of the informative features
of OM type may be lost.
5.3. Depositional environment
The TS are very low (less than the detection limit;
<0.001%) even in the OM rich Andigama mudstone
(Table 2). Low TS may suggest the freshwater or oxic
seawater deposition (Berner, 1984; Berner and Raiswell,
1984). Such very low TS with high TOC can be interpreted as swamp / lake in the freshwater environment
(Berner, 1984). The C27 / (C27 + C29) 20R sterane vs. Pr / Ph
ratios (2.1 – 3.0) of the Andigama sediments indicate that
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the terrestrial OM was deposited under oxic conditions
(Fig. 10).
The lower Pr / Ph values of the Tabbowa sediments
(0.2 – 0.7, Fig. 10) may be affected by pelagic reducing
conditions in algae / photosynthesis bacteria dominant
sediments (Haven et al., 1987). Angular to sub-angular granitic sandy grains of the Tabbowa sediments
can be reflected in the adjacent moderately low relief
hinterland. The sedimentary facies with sandy grains and
very low TS (%) distribution suggest fluvial freshwater
deposition. Climate and depositional environment could
influence the nature of the lithic fill in this succession,
similar to the Jurassic Gondwana sediments of India

(Dutta, 2002). The sequential sedimentary developments
and correlation to the Indian Gondwana lithofacies
(Facies C in Fig. 1(e)) can probably suggest warm
semi-arid climate over geological time of the Tabbowa
succession.
The slightly higher content of UCM in the Tabbowa
beds (Figs. 2(g-l)) is possibly indicative of the relatively
higher biodegradation compared to the Andigama
samples. The UCM contents of the Aruwakkalu samples
(Fig. 2(e) and 2(f)) are appreciably greater than those
in the Jurassic sediments, indicating higher microbial
activity.

Fi

Fig. 2. Mass fragmentograms (m/z = 57) showing distribution of n-alkanes in sediments of northwest
onshore sedimentary units in Sri Lanka (UCM: unresolved complex mixture).
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Table 4. Concentrations and ratios of PAHs in the Andigama mudstones.
b.d.l.: below detection limit, MPR: methylphenanthrene ratio, and MPI 3: methylphenanthrene index 3.
Non-alkylated PAHs = (P + Fla + Py + BaAn + Chry + Tpn + Bflas + BePy + BaPy + Pery + InPy + BghiP + Cor)
b
Alkylated PAHs = (Cad + Sim + Ret)
c
MPR = [2-MP] / [1-MP]
d
MPI 3 = ([2-MP] + [3-MP]) / ([1-MP] + [9-MP])

a

Brown to black color Andigama mudstone
A
B
B2
0.12
0.12
0.61
0.17
0.14
0.44
1.34
0.53
1.29
0.64
0.32
0.98
4.49
3.44
3.82
14.96
4.50
9.93
0.26
0.19
0.22
0.37
0.17
0.41
0.64
0.32
0.79
0.29
0.18
0.36
0.20
0.13
0.26
3.90
2.31
3.94
0.07
0.05
0.08
0.26
0.16
0.29
n.d.
n.d.
n.d.
8.13
4.51
9.07
19.56
8.07
14.36
27.69
12.57
23.43
5.75
3.07
2.91
2.09
1.68
1.31
0.68
0.63
0.57
0.29
0.33
0.30
0.40
0.52
0.34
0.30
0.41
0.40
0.35
0.48
0.45

Cad (µg / g TOC)
P (µg / g TOC)
Fla (µg / g TOC)
Py (µg / g TOC)
Sim (µg / g TOC)
Ret (µg / g TOC)
BaAn (µg / g TOC)
Chry + Tpn (µg / g TOC)
Bflas (µg / g TOC)
BePy (µg / g TOC)
BaPy (µg / g TOC)
Pery (µg / g TOC)
InPy (µg / g TOC)
BghiP (µg / g TOC)
Cor (µg / g TOC)
Non-alkylated PAHsa (µg / g TOC)
Alkylated PAHsb (µg / g TOC)
Total PAHs (µg / g TOC)
MP / P
Fla / Py
Fla / (Fla + Py)
InPy / (InPy + Bpery)
BaAn / 228
MPRc
MPI3d

Fig.3

Fig. 3. Representative mass fragmentograms of (a) steranes (m/z = 217)
and (b) pentacyclic triterpanes (m/z = 191).

Fig. 4. Representation total iron chromatograms (TIC) of aromatic
fraction showing distribution of PAHs in the Andigama
mudstones.
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Fig. 5. Relative abundances of PAHs in the Andigama mudstones.

Fig.6

Fig. 6. Representative mass fragmentograms (m/z 178, 192, 206 and 220) for phenanthrene (P), methylphenanthrenes (MP), dimethylphenanthrenes (DMP) and trimethylphenanthrenes (TMP) in the Andigama mudstones.

5.4. PAHs distribution in the Andigama mudstones
The Andigama mudstones are dominated by Ret. Sim
and Pery are secondarily / thirdly abundant, and minor
peaks of Cad, P, Fla, Py, BaAn, Chry, Bflas, BePy,
BaPy, InPy and BghiP can be observed (Figs. 4 and 5;
Table 4). Ret is recognized as vascular plant marker

represented by gymnosperm conifers (Jiang et al., 1998;
Grice et al., 2007; Ei Mon Han et al., 2014). Sim is
considered as main precursors of tri-aromatic Ret during
diagenetic alteration (Yunker and Macdonald, 2003)
and / or combustion of wood materials (Yunker et al.,
2011). Therefore, these features imply that Ret and Sim
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abundances in this basin (Figs. 4 and 5; Table 4) were
controlled by gymnosperm OM such as conifer resins. In
addition, Cad is another vascular plant marker that can
be a diagenetic product of the cyclic sesquiterpenoidal
hydrocarbons (Otto et al., 2002; Simoneit, 2005) and is
detected in both angiosperm and gymnosperm coals for
example in the Central Myanmar Basin (Ei Mon Han
et al., 2014). However, the first unequivocal worldwide
evidences of angiosperm records are from the Early
Cretaceous (Friis et al., 2006). Also, oleanane type
angiosperm biomarkers could not be detected in the
analyzed samples suggesting that flowering plants had
not yet evolved in the eastern Gondwanaland during the

Jurassic (e.g., Aarssen et al., 2000). Therefore, in this
study, low abundance of Cad compared to Ret and Sim
can also be the indicator for gymnosperm plant resins.
In contrast, Pery can be recognized as third abundance
in non-alkylated PAHs from the Andigama Basin.
Previous papers indicated that precursors of Pery can be
fungi (Jiang et al., 2000), wood-degrading fungi (Suzuki
et al., 2010; Marynowski et al., 2013), terrestrial sources
(Stout and Emsbo-Mattingly, 2008) and depositional
conditions (Silliman et al., 1998). A diagenetic product of
Pery is predominantly observed in humid terrestrial OM
rich (peat, coal and swamp) environments (Aizenshtat,
1973; Stout and Emsbo-Mattingly, 2008). Therefore, in
this basin, Pery can be derived from wood-degrading
fungi under the temperate humid climatic conditions.
The Andigama samples are also composed of a
well-established combustion derive PAHs such as Fla,
Py, BaAn, Chry + Tpn, Bflas, BePy, BaPy, InPy and
BghiP (Figs. 4 and 5). The 5-ring BePy, InPy and BghiP
PAHs can probably indicate high-temperature crown
fire (O’Malley et al., 1997; Denis et al., 2012). Also,
4-ring Py, BaAn, Chry + Tpn and Bflas can probably
indicate medium temperature ground fire (Jiang et
al., 1998). According to Scott (2000), smaller living
plants such as swamp vegetation, soil humus and peat
provide fuel for the ground fire, whereas abundant
productions of living trees provide fuel for activated
wild fire. In the Andigama samples, the 4-ring PAHs are
more abundant than the 5-ring ones (Fig. 5). Therefore,
swamp vegetation and peat OM could be more abundant
than trees OM in the Andigama Basin. The Tabbowa
sediments, the Aruwakkalu limestone and Red Earth
sediments did not contain such PAHs.

Fig.7

Fig.8

Fig. 7. Relationships between hopane C31 22S / (22S + 22R) and sterane
C29 20S / (20S + 20R) ratios.

5.5. 
Alkylated phenanthrenes in the Andigama
mudstones
Methylated aromatic isomers have been investigated
in term of maturity parameters (Radke and Welte, 1983;

Fig. 8. (a) Ts / (Ts + Tm) ratio versus 20S / (20S + 20R) of C29 sterane and (b) CPI versus
20S / (20S + 20R) of C29 sterane for onshore sediments. Maturation trend lines (a) are from
Waseda and Nishita (1998).
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Fig. 9. Ternary diagram of C27-C28-C29 steranes showing OM sources
and depositional environments (Huang and Meinschein, 1979).

Fig. 10. Relationship between C27 / (C27 + C29) sterane and Pr / Ph ratio
showing OM sources and depositional conditions (Waseda and
Nishita, 1998; Sawada, 2006).

Sampei et al., 1994; Chakhmakhchev and Suzuki, 1995),
source indicators (Killops, 1991; Budzinski et al., 1995;
Hossain et al., 2013) and secondary alteration processes
such as biodegradation (Ahmed et al., 1999; Huang et
al., 2004) of sedimentary rocks and petroleum. The MP
mass fragments are characterized by predominant 1-MP
with 9-MP isomers compared to 2-MP and 3-MP isomers
(Fig. 6). 1-MP is originally predominant in terrestrial
OM (Type-III kerogen) rich sediments (Budzinski
et al., 1995; Maslen et al., 2011) and 9-MP is highly
resistant to biodegradation (Ahmed et al., 1999; Huang
et al., 2004). Further, Hossain et al. (2013) reported
predominant 1-MP and 9-MP possibly originated from
coniferous gymnosperm and pteridophyte plants in the
Permian Gondwana coals and coaly shale in Bangladesh.
In contrast, 2-MP and 3-MP are paramount in Type-I
and Type-II kerogen respectively (Radke et al., 1986).
Therefore, in this study, predominant 1MP isomer in the
immature Andigama sediments can probably indicate
less biodegraded gymnosperm OM.
Abundance of the 1, 7-DMP isomer is remarkably
high compared to other DMP isomers (Fig. 6). The DMP
is more resistant to biodegradation than P and the MP
isomers (Huang et al., 2004). Armstroff et al. (2006) and
Fabiańska et al. (2013) showed that 1, 7-DMP can be
probably originated from the pimarane type diterpenoids
due to decomposition of retene. Hossain et al. (2013)
and Ei Mon Han et al. (2014) reported that the 1, 7-DMP
was possibly originated from gymnosperm resin in
Gondwana coal and coaly shale. This is consistent with
the paleontological reports that gymnosperm / pteridophyte fossils were observed in the Jurassic mudstone and
siltstone beds in Sri Lanka (Cooray, 1984; Edirisooriya
and Dharmagunawardhane, 2013).

The relative abundances of 1, 2, 7- + 1, 2, 9-TMP
isomers are enhanced compared to the other TMP
isomers (Fig. 6). The αββ-substituted 1, 3, 6- + 1, 3,
10- + 2, 6, 10-TMP, 1, 2, 7- + 1, 2, 9-TMP and 1, 2,
8-TMP isomers can be identified as terrestrial markers
in most of low maturity and less-biodegraded samples
(Budzinski et al., 1995). Therefore, this high amount of
1, 2, 7- + 1, 2, 9-TMP is also consistent with the terrestrial gymnosperm origin.
6. Conclusions
(1) Maturity of the Andigama mudstones are
low in sterane C29 20S / (20S + 20R) (0.15 – 0.18)
and the Tabbowa sediments are high (0.26 – 0.45).
The Aruwakkalu limestone is 0.30 in sterane C29
20S / (20S + 20R), and Red Earth is mature about 0.56
probably due to over-matured OM from weathered
metamorphic rocks. All sterane C29 20S / (20S + 20R)
ratios (X) have an excellent correlation with the maturity
parameter of hopane C31 22S / (22S + 22R) ratios (Y)
(Y = 0.40X + 0.40, r = 0.949, n = 12), suggesting that
sulfurized hopanoids were low abundance. The CPIs are
mainly influenced by the contribution of reworked OM
and not due to maturity in this study area.
(2) In the Jurassic Andigama Basin, a large proportion
of middle-chain n-alkanes (nC21-C25), enriched C29
steranes and high C / N ratios (16.3 – 37.8) suggest
swamp bog-forming origin. Very low TS (<0.001%)
with high TOC (3.05 – 5.10%) and higher Pr / Ph ratios
(2.1 – 3.0) suggest freshwater and oxic depositional
environment. Abundant Ret, Sim and Pery indicate that
the OM was influenced by gymnosperm with fungi in
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the humid climatic conditions. Predominant 1-MP with
9-MP, 1, 7-DMP and 1, 2, 7- + 1, 2, 9-TMP isomers
probably indicate less biodegradable gymnosperm OM.
(3) The Jurassic Tabbowa Basin was filled by sandy
sediments and TOC is very low (0.04 – 0.17%). The
predominant nC16-C21 alkanes with a minor peak of
waxy n-alkanes (nC29, nC31, nC33), abundant C27 steranes
and higher Ts / (Ts + Tm) ratios suggest algal origin with
a significant input of terrestrial OM. The fluvial sand
grains and very low TS (<0.001%) distribution suggests
lacustrine / fluvial freshwater deposition.
(4) The Miocene limestone shows very low TOC
(0.06%) and algal origin. In the Pleistocene Aruwakkalu
Red Earth, low TOC (0.41%), a high UCM, high CPI
(4.78) and long ACL (29.9) can probably indicate
oxidized and / or biodegraded ancient terrestrial OM
during possible aeolian process.
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