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The lower Miocene to Mio-Pliocene sedimentary basin 
of Kerala consists of Quilon carbonate sequence 
(Lower–Middle Miocene), which is confined between 
two clastic units (Ambalapuzha and Mayyanad forma-
tions). The carbonate sequence is not extensive but re-
stricted between Alappuzha in the north and Edava 
(Thiruvananthapuram district) in the south. Stable 
isotopic analysis on Quilon limestone for δ18O points to 
a warmer Miocene climate, with an average value of 
34.25°C. This value is slightly higher than the previously 
estimated temperature during the Miocene. The down 
core decrease of δ13C values of the limestone can be 
correlated with the transgressive phase during which 
carbonate get deposited in the Tertiary sequences of 
Kerala, as proposed by previous workers. Bivariate 
plots for δ18O and δ13C reveal that the limestone forms 
in the field of warm-water skeletons. 
 
Keywords: Depositional setting, oxygen and carbon 
isotopes, palaeotemperature, Quilon limestone. 
 
THE Tertiary sedimentary rocks of Kerala, described as the 
Warkallai Group of rocks, belong to the Malabar Super 
Groups. This group of rocks is divided into Ambalapuzha, 
Quilon and Mayyanad formations (Table 1). The Amba-
lapuzha Formation constitutes variegated sandstones, as-
sociated with white plastic clays and seams of lignite; it 
is considered to be a littoral facies. This facies overlaps 
directly over fossiliferous marine limestone, viz. the Quilon 
Formation. Deposition of Tertiary sediments is confined 
to two basins1. One is in southern Kerala, which includes 
exposure of Quilon Formation at sea cliffs in Pozhikkara, 
near Paravur and Padappakkara (Kollam District), and the 
others in northern Kerala (Meenkunnu, Kannur District; 
Figure 1). Otherwise, occurrence of Quilon limestone is 
reported only in the boreholes drilled between Varkala 
and Cherthala by the State and Central Government de-
partments. Borehole studies2 of the Varkala–Cochin sector 
reveal that the Quilon limestone (Lower Miocene) is en-
countered between Alappuzha and Kollam, and is absent 
in boreholes further north of Alappuzha. 
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Table 1. Geological classification for the Tertiary sequences of Kerala after Raha et al.4. Stratum studied is marked in bold font 

 Lithology Age 
Vembanad Formation Marine and estuarine sands, peat beds Quaternary 

 

Unconformity Laterite  
Ambalapuzha Formation 
(3–140 m) 

Pebbly and coarse sand with peat and variegated  
and mottled clay. Alteration of sand and streaky clay 
often with lignitic bands 

Mio-Pliocene 

Quilon Formation 
(0.5–130 m) 

Fossiliferous limestone with bands of calcareous 
clay and sand in various proportions 

Lower–Middle Miocene 
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Mayyanad Formation 
(1–270 m) 
 
 
 
Unconformity 
Karuchal Formation (2–20 m) 
Unconformity 

Coarse-to-medium-grained sandstone with  
interbedded white clay and lignite beds. Facies grades 
to sand clay alterations with lignitic bands towards the 
central part of the basin. 
 
Conglomerate horizon 
Hard to compact ferruginous sandstone and clay. 
Bauxite and lateritic horizons 
Basement (Gneisses, charnockites, leptynites etc.) 

Lower Miocene 

 
 

 
 

Figure 1. Sample locations and geology of Kerala. 
 
 
 Lithostratigraphic classification3,4 of the basin indicates 
that the calcareous facies formed as result of restricted 
marine transgression and regression in the central part of the 
basin (Table 1). During the transgression period, clastics 
continued to deposit along the periphery of the basin. 
This formation, with calcareous clay, limestone and sand-

stone, gives rise to a prominent horizon with a maximum 
thickness of about 130 m at Ambalapuzha and around 
100 m at Chavara3. 
 The age assigned to each formation is based on the pala-
eontological studies of Quilon Formation2. Palynological 
studies5 of the Quilon limestone show that it is of Lower 
to Middle Miocene age. The limestone was deposited in 
neritic, shallow marine to brackish water conditions during 
the Neogene. The climate during Neogene was not much 
different from the present climate5. Identification of new 
taxa of Ostracods and isolated occurrences of shark teeth 
along the Quilon beds reveal an age of Lower Miocene6,7. 
An echinoid fossil, Lovenia forbesi has been reported8 
from a dug-out well section at Edava, Kerala. The age of the 
fossil is from Eocene to Recent. Authigenic minerals of 
Quilon limestone include pyrite and glauconite9. Glauconite 
and pyrite are deposited in a locally reducing environ-
ment prevalent below the sediment–water interface. 
 Stable isotopic analysis for 18O and 13C has been applied 
here to interpret the palaeoclimate, palaeotemperature and 
the processes responsible for the deposition of Quilon 
limestone during Lower–Middle Miocene. Limestone 
samples from the boreholes of Chavara (lat. 8°59′39″ and 
long: 76°34′10″) and Kollaga (lat. 9°02′51″ and long. 
76°32′48″), and a marl sample from the cliff sections ex-
posed at Pozhikkara (lat. 8°49′ and long. 76°40′; Figure 1) 
were treated for carbon and oxygen isotope studies. δ18O 
isotopic record of bulk carbonate from whole rock of 
DSDP sites 525 and 528 from the Atlantic was nearly 
identical to that observed in the foraminifera (benthic and 
planktonic)10 from the other DSDP sites. The stable oxygen 
isotope composition (δ18O) of a precipitated carbonate 
depends mainly on the isotope composition, salinity and 
temperature of the host fluid, whereas the stable carbon 
isotope composition (δ13C) reflects the source of CO2 for 
precipitation, such as meteoric or sea water, shell dissolu-
tion, or various biochemical origins, including microbial
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Table 2. Stable isotope values of δ18OV-pdb and δ13CV-pdb for selected borehole samples of Quilon Formation, Kerala 

Location δ18OV-pdb δ13CV-pdb Temperature (°C) Z Lithology Depth down hole (m) 
 

Kollaga –3.98 0.825 33.56 127.01 Limestone –45.72 
Kollaga –3.76 –0.706 32.48 123.98 Limestone –73.15 
Kollaga –4.19 –3.044 34.54 118.98 Limestone –91.44 
Kollaga –3.92 –2.055 33.26 121.14 Limestone –106.68 
Chavara –4.15 –0.841 34.36 123.51 Limestone –36.57 
Chavara –4.56 –2.094 36.31 120.74 Limestone –64.08 
Chavara –4.69 –4.166 36.92 116.43 Limestone –85.34 
Pozhikkara –3.77 1.286 32.55 128.06 Marl Cliff section 
Average –4.13 –1.349 34.25 122.48 
SD 0.85 1.74 1.64 3.94 

 
oxidation of organic matter and methane11–14. The oxygen 
isotopic composition of calcium carbonate precipitated 
from natural water depends upon the isotopic composition 
of the aqueous phase and also upon temperature12. Rain-
water, derived by evaporation of sea water, is depleted in 
δ18O and hence has negative δ18O values: a composition 
shared by near-surface groundwaters that have been di-
rectly derived from rainwater. Brines that are the residues 
of evaporation of normal sea water are enriched in heavy 
δ18O and have positive δ18O values. 
 A 160 g aliquot of each sample was acidified with 100% 
ortho-phosphoric acid in an automated Kiel carbonate de-
vice, and the δ13C and δ18O values of the resulting CO2 
were measured in a Finnigan MAT 252 triple-collecting 
mass spectrometer at AGG’s laboratory in the Ohio State 
University, USA. Location of the sampling site was de-
termined by Global Positioning System. Sampling was carried 
out at selected intervals. All isotope values were reported 
as per mil deviation relative to V-PDB (Vienna Peedee 
Belemnite Limestone). At least 20% of all measurements 
was made in duplicate. The standard deviation of the 
mean for repeated analyses of NBS-19 carbonate standard 
(n = 21) was ± 0.04 for δ13C and ± 0.07 for δ18O. 
 δ18O values of the carbonate samples were more or less 
uniform both down core and between the boreholes. The 
values for δ18O range from –4.69 to –3.76‰ with an average 
value of –4.13‰ (Table 2). The average temperature es-
timated is 34.25°C, with a maximum of 36.92°C for the 
sample from Chavara borehole (–116.43 m). The minimum 
calculated temperature is 32.48°C for the sample from 
Kollaga borehole (–73.15 m). 
 The palaeotemperature is estimated based on the fol-
lowing equation15,16: 
 
 T = 16.998 – 4.52(δc

18O – δw
18O) 

    + 0.03(δc
18O–δw

18O)2, (1) 
 
where T is the palaeotemperature in °C, δc

18O the oxygen 
isotopic composition of the sample (V-PDB) and δw

18O the 
oxygen isotopic composition of sea water (SMOW) at the 
time of limestone precipitation. The Miocene composition 
of sea water (δw

18O) has been estimated15,17 as –0.4‰. 

 δ13C shows a decrease in values from top to bottom  
(–0.841‰ to –4.166) and (0.825‰ to –2.055‰) for Cha-
vara and Kollaga boreholes respectively (Table 2). The 
maximum value of δ13C = 1.286‰, is for the sample of marl 
that is exposed at Pozhikkara cliff section. 
 Depositional settings of the limestone can be inferred 
by the following equation18 
 
 Z = a(δc

13C + 50) + b(δw
18O + 50), (2) 

 
where a = 2.048, b = 0.498. δw

18O is the oxygen isotopic 
composition of the sample (V-PDB), and δc

13C the carbon 
isotopic composition of the sample (V-PDB). 
 Limestone with Z values above 120 would be classified 
as marine, those with values below 120 as freshwater types, 
and those with Z values near 120 as intermediate19. Only 
two samples exhibit values for freshwater types (Table 2), 
one sample from Chavara borehole (–85.34 m) with Z 
value of 116.43 and another from Kollaga borehole  
(–91.44 m) with Z value of 118.98. 
 The δ18O – δ13C plots (Figure 2)19 reveal that most of 
the samples, except one from Kollaga borehole (–45.72 m) 
and the marl sample from Pozhikkara cliff section, fall in 
the field of warm-water skeletons and overlap with the 
field of meteoric cements. The above two samples fall in 
the field of marine limestone. Values close to the point R 
indicate that the limestone was formed by solution pre-
cipitation from water19. 
 Stable oxygen isotope analysis (Table 2) revealed a 
higher sea surface temperature (SST) (average 34.25°C). 
It is established that the Miocene was marked by a warmer 
climate20,21. It is to be noted that the Himalayan orogeny, 
initiated during early Eocene (38 Myr), and other major 
geological events that followed from early Miocene (20–
17 Myr) to Late Miocene, were the continuation of the 
Himalayan orogeny, the vast expansion of the west Ant-
arctican ice sheet and the establishment of monsoonal 
circulation16. Variations in Cenozoic climate are ex-
plained by Himalayan tectonics, periodic cycles driven by 
orbital processes and abrupt transient climate changes22–24. 
 Based upon the isotopic composition of foraminiferal 
assemblages, SST for the Indian Ocean during Early Mio-
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cene was reported15 to be 30°C, while the SST for Middle 
Miocene was 27–29°C. These temperatures are similar to 
the modern SSTs. Generally, the climate during Lower to 
Middle Miocene was warmer compared with the overall 
cooling trend for the Cenozoic era17. During this period 
the Indian Plate had just completely crossed the equator25. 
The calculated SSTs (Table 2) are greater than the pre-
sent-day low latitude oceans by about 4–5°C. Further, 
bivariate plot between δ18O and δ13C isotopes of all samples, 
except two, falls in the field of warm-water skeletons 
(Figure 2). 
 δ13C values of both the borehole samples show an in-
creasing trend (Table 2) from bottom to top (i.e. –4.16‰ to 
–0.841‰ for Chavara borehole and –2.05‰ to 0.825‰ for 
Kollaga borehole). Limestone deposition could be explained 
by invoking a transgression – regression model3. During 
transgression, more organic matter is locked in the mar-
ginal areas, resulting in the enrichment of δ13C, while 
during the regressive phase of the sea, the locked-up organic 
matter is eroded and oxidized, resulting in the enrichment 
of δ12C in the deep ocean18,26. The samples are represented 
by moderately low negative values to slightly positive 
values for δ13C. The consistent upward increase in δ13C 
values of samples can be correlated with the transgressive 
phase during which limestones get deposited. It may be 
noted that transgression – regression is the prevalent model 
for the origin of Quilon limestone3,9. Further, moderately 
 
 
 

 
 

Figure 2. Bivariate plots of δ18O–δ13C showing various isotopic 
fields (after Nelson and Smith19) of a selection of carbonate compo-
nents. Analysed values are represented by the symbol ‘*’. Heavy 
dashed vertical line corresponds to the meteoric calcite line to evapora-
tion (towards E) and increasing rock–water interaction (towards R). 

high values of δ13C also indicate that the limestone samples 
were not subjected to a major degree of diagenesis26. 
 Stable isotope analysis of δ18O and δ13C was used to 
establish the palaeotemperature of Lower–Middle Miocene 
of Quilon limestone that forms as a calcareous wedge-
shaped deposit, sandwiched between the underlying clastic 
Mayyanad and the overlying clastic Warkallai forma-
tions. Such a deposit is formed during the transgressive 
phase, as is evident from δ13C data. The high temperature 
indicated by δ18O values suggests that the Miocene was 
generally marked by warmer climate. 
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Mean vessel area of early wood (EW) calculated through 
image analysis from dated tree-ring series of teak 
(Tectona grandis L.) at Perambikulam, Kerala has 
been analysed to understand its relationship with the 
temporal variation of climate. This study shows that 
rainfall during October and November (northeast 
monsoon) of the previous year and April of the current 
year is the most important climatic variable in develop-
ing the EW vessel of an annual ring. Based on this tree 
ring parameter, the northeast monsoon of this region 
has been reconstructed, which extends from AD 1743 to 
1986. 
 
Keywords: Climate change, early wood, mean vessel 
area, teak. 

VESSEL (pipe-like structure), a constituent of xylem, is 
primarily meant for the conduction of water from soil to 
leaves especially in hard wood. Its size, number, distribu-
tion in a tree ring, of both early wood (WE) and late 
wood (LW) portions, or in the entire ring have been rec-
ognized as significant parameters in ecology and envi-
ronmental studies1–4. However, except a few from the 
tropical region5–7, application of vessel parameters in 
these aspects has been assessed mostly from temperate 
and Mediterranean hard wood1–3,8. Though a large num-
ber of tropical hard wood trees are known to produce 
growth rings9–15, only a few taxa among these seem to have 
the characteristic, whereby tree-ring sequences are datable 
exactly to their year of formation15. Teak has been widely 
analysed and is suitable for environmental and climatic 
analysis16–21. However, all these studies are based on its 
ring width, with the exception of one from northern Thai-
land, where vessel parameters have been considered5. 
 In this communication an attempt has been made to 
analyse any significant relationship existing between climate 
and mean vessel area (MVA) of EW of teak measured 
through image analysis and its prospect for climatic re-
construction from Perambikulum, Kerala, where both the 
southwest (SW) and northeast (NE) monsoons are prominent. 
 Teak samples for the present study were collected from 
the study area (10°20′–10°26′N lat; 76°35′–76°50′E long.), 
located in the southern part of the peninsular region of 
India (Figure 1). Based on the records of six years’ cli-
matic data (1991–96), it has been noted that average annual 
rainfall in this area ranges from 140.0 to 236.6 mm, with 
 
 

 

Figure 1. Location of tree-ring sampling site and meteorological sta-
tion used in the study. 


