Molecular composition and paleobotanical origin
of Eocene resin from northeast India
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The molecular composition of fossil resins from early to middle Eocene coal from northeast India, has
been analyzed for the first time to infer their paleobotanical source. The soluble component of fossil resin
was analyzed using gas chromatography–mass spectrometry (GC–MS). The resin extracts are composed
of cadalene-based C15 sesquiterpenoids and diagenetically altered triterpenoids. The macromolecular
composition was investigated using pyrolysis gas chromatography-mass spectrometry (Py-GC–MS) and
Fourier transform infrared (FTIR) spectroscopy. The major pyrolysis products are C15 bicyclic sesquiterpenoids, alkylated naphthalenes, benzenes and a series of C17 –C34 n-alkene-n-alkane pairs. Spectroscopic
analysis revealed the dominance of aliphatic components. The presence of cadalene-based sequiterpenoids
confirms the resin to be Class II or dammar resin, derived from angiosperms of Dipterocarpaceae family. These sesquiterpenoids are often detected in many SE Asian fluvio-deltaic oils. Dipterocarpaceae are
characteristic of warm tropical climate suggesting the prevalence of such climate during early Eocene in
northeast India.

1. Introduction
Resins are sticky exudates released by plants as
a result of physical injury that harden on aerial
exposure. They are highly robust and resistant to
degradation. They are also ecologically beneficial
to plants as they repel insects, protect from herbivores and micro-organisms and prevent degradation of plant tissues by sealing and protecting
wounds (van Aarssen and de Leeuw 1992; Bray
and Anderson 2009). Resinites or ambers are fossilized products of higher plant resins composed
of macromolecules of polymerized plant terpanes
and/or phenolic compounds (Langenheim 1995;
Murray et al. 1998). They are highly distinct and
have been recorded with specific geographical and
botanical origin in the geosphere (Anderson et al.
1992). Broadly, fossil resins are derived from

angiosperms and gymnosperms (Dutta et al. 2009).
The angiosperms emerged during mid-early Cretaceous whereas the evolution of conifers predates
to Carboniferous (van Bergen et al. 1995). Fossil
resins are well prevalent in Indian lignites of early
Eocene age and their detailed geochemistry has
been carried out on samples from western India
(Mallick et al. 2009; Dutta et al. 2011a, b). Dutta
et al. (2011a) have reported Cretaceous resins from
Meghalaya, northeast India and Myanmar which
are composed of abietane and labdane diterpenoids
derived from mainly Pinaceae conifers. The source
of the Cenozoic resins in India can be attributed
mainly to angiosperm plants of Dipterocarpaceae
family (Dutta et al. 2009, 2011b). These are also
known as dammar resins and have been classified
as Class II resins (Anderson et al. 1992; Dutta et al.
2009). These have been reported from SE Asia,
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central and SE North America (Anderson and
Muntean 2000). These resins are characterized by
the presence of cadalene-type bicyclic sesquiterpenoids and related biomarkers. They are the
source of many late Cenozoic fluvio-deltaic oils
from across SE Asia including some parts of eastern
India and China (Huang et al. 2003; Dutta et al.
2011a).
The present study documents the chemical characterization of early to middle Eocene resins
from Meghalaya, the first to be recorded, from
northeastern India to assess their paleobotanical
source, using gas chromatography mass spectrometry (GC–MS), pyrolysis gas chromatography mass
spectrometry (Py-GC–MS) and Fourier transform
infrared (FTIR) spectroscopy.

2.2 Gas chromatography–mass spectrometry
The resin extracts were analysed by gas chromatography–mass spectrometry (GC–MS) using an
Agilent 5975 mass spectrometer attached to a 7890
gas chromatograph. The GC was fitted with a DB1 fused silica capillary column (30 m × 0.25 mm
i.d., 0.25 µm film thickness). Helium was used
as carrier gas at a flow rate of 1 ml/min. The

2. Samples and methods
2.1 Samples
The resin samples were collected from Langrin
coal field, located in the Khasi Hills of Meghalaya in the northeastern part of India to assess
their paleobotanical source. Fossil resin rich coal
occurs in the Jaintia Group of Paleocene–Eocene
age. The map of Langrin coal mine and the localized stratigraphy are represented in figures 1 and 2,
respectively. The coal seams are associated with
Lakadong sandstone (also known as Tura Formation in Garo and West Khasi hills) and were
deposited in swampy and boggy environment under
rheotropic to ombrotropic conditions with periodic
influence of brackish water (Mukherjee et al. 1992;
Singh and Singh 2000). An early to middle Eocene
age was assigned to it (Behera 2007). The resins
which are embedded as lumps within the coal were
carefully handpicked and dried at 50◦ C for 6 h prior
to analysis. The soluble part was extracted using
dichloromethane (DCM).

Figure 2. Localized stratigraphy of the area showing
position of fossil resin rich coal.

Figure 1. Location map of Langrin coal mine (modiﬁed after Behera 2007).
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ion source was operated in the electron ionization
mode at 70 eV. During analysis, the temperature
of GC oven was initially held at 40◦ C for 5 min
and then increased to 310◦ C at 4◦ C/min and finally
held for 5.5 minutes. The samples were dissolved
in dichloromethane and injected by autosampler in
pulsed splitless mode. Peaks were identified based
on GC retention time and mass spectra which
were compared with published literatures and MS
libraries. Chromatograms and mass spectra were
processed using Chemstation software.

2.3 Pyrolysis-gas chromatography–mass
spectrometry
The resin samples were pyrolyzed at 600◦ C for
5 minutes using a temperature programmed pyrolyzer (Double Shop Py-2020iD) coupled directly to
a Thermo Finnigan gas chromatograph (GC) with
a Trace BSQ mass spectrometer (MS). The GC
was equipped with a 60 m fused silica capillary column with an inner diameter of 0.25 mm. An initial
oven temperature of 35◦ C was set and then ramped
to 100◦ C at 25◦ C/min. Subsequently the temperature was ramped from 100◦ C to 310◦ C at 2◦ C/min.
The MS was operated in electron impact mode at
ionization energy of 70 eV and a source temperature of 200◦ C. Full scan mass spectra were recorded
over a mass range of 50–500 Da. Peak assignments
were based on correlation of GC retention time and
mass spectral data to published literature and MS
libraries. Chromatograms and mass spectra were
processed with Xcalibur version 2.1.

2.4 Fourier transform infrared spectroscopy
FTIR spectroscopic analyses from 4000 to 400 cm−1
were performed in transmission mode with focal
plane array 128 × 128 using Vertex 80 model operated by Opus software with a single point detector
range 7500–450 cm−1 guided by KBr beam splitter.
The analysis area was 128 × 128 in 2D format on
the sample plane 300 × 300 m. The sample stage
was temperature controlled and spectra were obtained for an area by co-adding up to 32 scans with
a spectral resolution 4 cm−1 . Peak assignments
were based on published literature, e.g., Mallick
et al. (2009) and Dutta et al. (2013).

3. Results
3.1 Gas chromatography–mass spectrometry
The total ion chromatogram (TIC) resulting from
GC–MS of Langrin fossil resin is shown in figure 3.

937

The major compounds identified from the resin
sample are C15 bicyclic sesquiterpenoids (table 1).
The resin sample from Langrin coal contains
cadalene (4-isopropyl-1,6-dimethylnaphthalene MW
198), as the most abundant peak and methyl ionene
(MW 188), as the second most abundant peak.
The compounds with relatively higher abundance
comprise pristane (MW 268) and 4β (H) eudesmane (MW 208). Other compounds present in
low abundance include ionene (MW 174), dihydroar -curcumene (MW 204), C16 homodrimaene (MW
222), calamenene (1,2,3,4-tetrahydrocadalene; MW
202) and 5,6,7,8-tetrahydrocadalene (8-isopropyl2,5-dimethyl-1,2,3,4-tetrahydronaphthalene; MW
202), as well as several naphthalene derivatives,
such as trimethylnaphthalene (MW 170) and
tetramethylnaphthalene (MW 184). Compounds
with peaks at higher retention times (MW 394–
408 Da) are attributed to angiosperm derived
triterpenoid precursors. Most of them are derived
from α-amyrin and β-amyrin and are diagenetically altered.

3.2 Pyrolysis-gas chromatography-mass
spectrometry
The selected ion chromatogram from the Py-GC–
MS of the resin is shown in figure 4. The major
products identified from Py-GC–MS are bicyclic
sesquiterpenoids such as cadalene (4-isopropyl-1,6dimethylnaphthalene; MW 198), calamenene (1,2,
3,4-tetrahydrocadalene; MW 202), methyl ionene
(MW 188), dihydro-ar -curcumene (MW 204), ionene (MW 174) and 5,6,7,8-tetrahydrocadalene (8isopropyl-2,5-dimethyl-1,2,3,4-tetrahydronaphthalene; MW 202). Several alkylated benzenes and
methylated naphthalenes such as trimethylnaphthalene (MW 170) and tetramethylnaphthalene
(MW 184) were also relatively abundant in the pyrolysis products of the resin. In addition, a series
of n-C17 –n-C34 alkene–alkane pairs are identified
which probably could be related to the coal within
which the resin was embedded.

3.3 Fourier transform infrared spectroscopy
This technique gives information about the vibration and rotational modes of motion of the bonded
atoms in a molecule and is used for the identification and characterization of functional groups.
The FTIR spectrum of fossil resin is shown in
figure 5 and the corresponding band assignments
are enlisted in table 2. The spectrum is characterized by intense bands between 3000 and 2800 cm−1
indicating dominant aliphatic CHx stretching
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Figure 3. Total ion chromatograms resulting from GC–MS of Eocene resins from Langrin coal ﬁeld, Meghalaya, northeast
India. The identiﬁcation of the numbered peaks is listed in table 1.
Table 1. Major compounds identified from the GC–MS of
Eocene resins from Langrin coal field, Meghalaya, northeast
India.
Peak
1
2
3
4
5
6
7
8
9
10
11
12
13
14
#

Compound name

Molecular
weight

Unknown C14 bicyclic sesquiterpenoid
Unknown C15 bicyclic sesquiterpenoid
Ionene
4β(H) Eudesmane
Dihydro-ar -curcumene
Unknown compound
Methyl ionene
Calamenene
Homodrimane
Trimethyl naphthalene
5,6,7,8-Tetrahydro cadalene
Cadalene
Tetramethyl naphthalene
Pristane
Contamination

194
208
174
208
204
188
188
202
222
170
202
198
184
268
429

vibrations where asymmetric and symmetric
stretching vibrations are evident at 2950 and
respectively. The broad absorption peak
2867 cm−1
,
−1
at 3432 cm is due to hydroxyl stretching. The absorption at 1456 cm−1 suggests symmetric bending of CH2 and asymmetric bending of CH3 . Evidence of a symmetric deformational vibration of
CH3 is recorded at 1376 cm−1 . Less intense absorptions at 1705 and 1627 cm−1 can be attributed to
carbonyl/carboxyl C=O stretching and aromatic
C=C ring stretching vibrations respectively. From
the FTIR data it can be inferred that the fossil
resin was enriched with aliphatic compounds which
are probably derived from the cyclic chains of C15
bicyclic sesquiterpenoids.

4. Discussions
Anderson et al. (1992) had classified resins into
four classes based on their original structural
character and composition. Class I resinites constitute polymers of labdatriene carboxylic acids,
e.g., Baltic ambers. Class II resinites constitute
polymers of sesquiterpenoids, e.g., dammar resins.
Class III resins contain basic polystyrene structure,
e.g., Storax and Class IV resins contain cedrane
(also a sesquiterpenoid) based structure composed of non-polymeric units, e.g., Moravian resins.
Cadinane based resins with basic sesquiterpeniod
structure are derived from Dipterocarpaceae and
subfamily Mastixioideae of the Cornaceae family of angiosperms (Anderson et al. 1992; van
Aarssen et al. 1994). The Mastixiodeae subfamily is widespread in Cenozioc rocks of Europe and
North America and is not reported from India
and SE Asia till date (Dutta et al. 2011b). The
presence of C15 bicyclic sesquiterpenoids along
with cadalene in the studied resin suggests that
these can be classified as Class II resins (Anderson
et al. 1992) that are derived from Dipterocarpaceae
family.
In India, the oldest report of Dipterocarpaceae is
from early Eocene resins from Kutch and Cambay
basins, western India (Dutta et al. 2009, 2011b,
2014; Mallick et al. 2009; Rust et al. 2010). The
geochemical characterization of these resins has
also been carried out from Miocene lignites in
Kerala–Konkan, west coast of India (Dutta et al.
2010) and Cauvery Basin, east coast, India (Dutta
et al. 2009). Khan and Bera (2010) have reported
fossil winged fruits of Shorea Roxb. (a species
from Dipterocarpaceae family) in Neogene sediments for the first time from eastern India. The
origin of Dipterocarps has been debated as some
authors postulated that they originated in SE
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Figure 4. Selected ion chromatograms resulting from Py-GC–MS (m/z 159+119+132+173+159+123+170+187+183+169)
of Eocene resins from Langrin coal ﬁeld, Meghalaya, northeast India. The identiﬁcation of the numbered peaks is listed in
table 1.

Figure 5. FTIR spectrum of fossil resin sample of Eocene resins from Langrin coal ﬁeld, Meghalaya, northeast India.
Assignments of absorption bands and vibration modes (δ = deformation; ν = stretching; s = symmetric; as = asymmetric)
are indicated in parentheses.

Asia and migrated into India when the land connection was established between India and Eurasia. This hypothesis is supported by the earliest

record of Dipterocarpaceae resins from Oligocene
(34–23 Ma) sediments of Borneo, SE Asia (Muller
1981). Other authors postulated that they have
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Table 2. Band assignments of FTIR spectra of fossil resins
based on Dutta et al. (2013) and Mallick et al. (2009).
Bands (cm−1 )
3400–3320
3000–2800
1710–1700
1625–1560
1460–1445
1380–1350
1280–1250
1060–1030

Assignments
–OH stretching
Aliphatic CH stretching
Carbonyl/carboxyl C=O stretching
Aromatic C=C ring stretching
Aliphatic CH2 and CH3 deformation
Aliphatic CH3 deformation
Aromatic ether C–O–C, phenolic C–O
and ester CO–O–C stretching
Aliphatic ether C–O–C and alcohol
C–O stretching

originated in Gondwana, evolved in India since
Paleogene (Prasad et al. 2009) and have dispersed
into Asia (Dutta et al. 2011a) when there was land
connection between Indian and Asian plates during early Eocene at ca. 50 Ma (Scotese et al. 1988).
Therefore it is possible that Dipterocarpaceae dominated and flourished in India during early Eocene.
Dipterocarpaceae are generally characteristic of
warm and humid climate, suggestive of tropical
rainforests (Langenheim 1995). They constitute
30% of the total area of evergreen lowland forest and 80% of all emergent floras in SE Asian
rainforest (Appanah 1993; Aiba and Kitayama
1999). Earlier reports of dammar resins of early
Eocene age from western India, postulated a tropical climate (Dutta et al. 2011a). The early Eocene
climate was globally intense with respect to temperature, humidity and rainfall (Zachos et al. 2008;
Prasad et al. 2009; Clementz et al. 2011). It therefore suggests that a warm tropical climate existed
during early Eocene and was supportive for the
growth of Dipterocarpaceae.

5. Conclusions
The resin extracts are characterized by cadalenebased C15 sesquiterpenoids and diagenetically
altered triterpanes. Pyrolysis products are also
characterized by cadalene-based C15 sesquiterpenoids along with alkylated benzenes and methylated naphthalenes. The presence of these compounds indicates that the resin can be classified as
Class II or dammar resin which is probably derived
from Dipterocarpaceae, a family of angiosperms
characteristic of warm, humid and tropical climate.
This is probably the earliest record of tropical
rainforest element from northeastern India and
suggests that this type of vegetation was not only
restricted to western India but also existed in
eastern India.
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