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Magnetostratigraphy or magnetic polarity stratigraphy (MPS) is constructed with paleomagnetic
parameters for the Campanian–Maastrichtian (Upper Cretaceous) onshore sediment sequences of the
Cauvery Basin, southern India. Twenty-nine sedimentary outcrops in the vicinity of Ariyalur district of
Tamil Nadu, India were studied using AF (5–150 mT) and thermal demagnetization (100–700C). The
observed remanence carrier is attributed to hematite through rock magnetic experiments. The virtual
geomagnetic pole (VGP) latitudes were computed using the acquired characteristic remanent magnetization (ChRM) directions. The mean ChRM produce Dm= 338, Im= –38, (a95=23.91, k = 15.73,
N=60). The mean VGP is estimated at 51.33N, 292.71E deriving a paleolatitude of 21.3S. The constructed magnetic polarity stratigraphy (MPS) is correlated with the standard geomagnetic polarity time
scale (GPTS). The composite MPS of these sequences comprises of 12 magnetozones (6 normal and
6 reversed events) that are corroborated with Chron C33n to Chron C30n of the GPTS. The derived
paleolatitude position from the present study places Indian subcontinent at little shallow southern
latitudes indicating moderately higher drift velocities during Upper Cretaceous.
Keywords. Paleomagnetism; magnetostratigraphy; Upper Cretaceous; Cauvery Basin; southern India.

1. Introduction
The Cauvery Basin, southern India is a pericratonic basin located along the southeast coast of
India formed as a consequence of the break-up of
the Gondwana land during the late Jurassic
(Rangaraju et al. 1993). After the break up of
Gondwana, the Indian subcontinent remained
isolated as an island continent and re-established
based on biotic links with Africa, Madagascar,
South America, and Asia during the Upper Cretaceous (Sahni and Bajpai 1988; Chatterjee and
Scotese 1999; Khosla and Sahni 2003). ConBguration of the Indian plate changed during the Upper
Jurassic and lower Cretaceous as it separated
sequentially from Gondwana, east Gondwana,

Madagascar, and Seychelles Island (Chatterjee and
Scotese 1999). The plate reconstructions suggest
that India was an isolated island continent during
the Cretaceous for more than 100 Ma until it
docked with Eurasia in early Eocene (Barron and
Harrison 1980; Smith 1988). In a recent hypothesis,
Chatterjee and Scotese (2010) suggested that the
Oman–Kohistan–Dras Island arc are the northern
biotic link between Africa and India during the
Upper Cretaceous period. During the Cenomanian
period, India rifted away from Madagascar and
headed northward at a speed of 18–20 cm/year
covering a distance of about 6,000 km, and then
slowed to 5 cm/year during early Eocene after a
continental collision with Asia (Patriat and
Achache 1984). The opening of the eastern Indian
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Ocean (Powell et al. 1988) is relatively complicated
(CoDn 1992a, b) as India drifted away from
Antarctica and Australia. It is clear that Kerguelen
plateau remained as one of the distinct paleogeographic features in the Indian Ocean during this
time. This massive plateau may have remained
attached to the Indian subcontinent (by way of Sri
Lanka) until 80 Ma (Hay and De Conto 1999).
Among the Gondwana assembly, the Indian
continent moved at a rapid speed (Poornachandra
Rao and Bhalla 1981) and collided with the Eurasian plate in early Palaeogene resulting in the rise
of Himalayan mountain chain. The rapid movement of the Indian plate was recorded in marine
magnetic anomalies, the Rajmahal–Sylhet Traps
and the Deccan Traps in the form of magnetic
signatures (Talwani et al. 2016). The Rajmahal
traps dated to be 117 ± 1 Ma (McDougall and
McElhinny 1970; Baksi 1990) resulted in a paleolatitude position of 43S and the Deccan Traps
dated to be 65.5 ± 2.5 Ma (Baksi 1987) resulted in
a paleolatitude position of 30S for the Indian
subcontinent. Thus, there occurred a drift of
about 13o from Rajmahal Traps to Deccan Traps
period, for which there is no direct evidence of
Paleomagnetic data from the continental rocks.
Achache et al. (1983) reviewed the relevant paleomagnetic data for the late Mesozoic and Cenozoic
of southeastern Asia and compared them with the
predictions of the model and put constraints on
future tectonic models of the area. Paleomagnetic
data are very scarce in southeastern Asia, since no
paleomagnetic data available on Indian part and
also the gap exists in the research data related to
the drift history of the Indian plate during the
Upper Cretaceous. This gap is studied with
paleomagnetic signatures of Campanian–Maastrichtian on-shore sediments of Cauvery Basin in
southern India in order to address the drift history
of the Indian plate and also to construct the
magnetostratigraphy column during the Upper
Cretaceous.

2. Geology and sampling
The Cauvery Basin has undergone at least two
major tectonic phases during its evolution. The
early sheared rift extensional faulting initiated
during Lower Jurassic/Lower Cretaceous (Shyam
Chand and Subrahmanyam 2001; Scotese 1997)
and was followed by a progressive rift that seems
to have continued until the end of Turonian
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(Watkinson et al. 2007). The syn-rift mega
sequence spans the Barremian to late Turonian
part of the sedimentary basin Bll and corresponds to the Gondwana, Dalmiapuram, and
Karai formations. The post-rift mega sequence is
a relatively attenuated succession. This includes
the Trichinopoly and Ariyalur Groups in which
there is a major hiatus in the sedimentary
record. The post-rift sequence is characterized by
its punctuated regressive nature of deposition.
The post-rift mega sequence is composed of
shallow marine and Cuvial sandstones and sandrich carbonates.

2.1 Ariyalur Group
The Ariyalur Group covers approximately 200 km2
area with a disconformable, overlain by the
Trichinopoly Group. The general trend of these
sedimentary sequences is northeast–southwest
invariable, dipping regionally at 4–8 towards east
and divisible into four formations on the basis of
lithological character, viz., Sillakkudi, Kallankurichchi, Ottakovil and Kallamedu, in the
ascending stratigraphic order (Sundaram and Rao
1986). Figure 1 shows the sampling location map
displays Lower Cretaceous (late Aptian) to Upper
Cretaceous (late Maastrichtian) successions of the
outcrop sediments in Cauvery Basin. At the base,
the Sillakkudi Formation is dominated by sandstones that are well exposed along the Mettol and
Nochikulam areas. Sedimentological studies indicate that the sandstones are mineralogically and
texturally immature and poorly sorted. Abundance
of feldspar, especially acid plagioclase, indicates
rapid deposition from a nearby granite/gneiss
provenance. Figure 2 shows the Beld photograph of
outcrops of Ariyalur sections. The Sillakkudi Formation (Bgure 2a, b) is characterized by clastic
sediments with carbonate fractions and having a
thickness of 600 m. The sediments consist of oAwhite to buA coloured, coarse-grained, texturally
immature, poorly sorted, friable to hard sandstone
with occasional calcareous cement. The presence of
glauconitic pellets in the sandstones suggests
deposition during a transgressive episode in a
paleo-water depth of 30–60 m (Nagendra et al.
2001). The Sillakkudi sandstone underlies the
Kallar Conglomerate Member, which is exposed in
stream sections near Kallar. Orange to yellow
pebbles with abundant sub-angular to angular,
pink to white pebbles and cobbles characterize the
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Figure 1. Sampling (red boxes) location map of Ariyalur area, Cauvery Basin, southern India.

conglomerate bed, which is non-calcareous and
indicative of sub-aerial deposition marks a hiatus
during the late Campanian. The Kallar Conglomerate is considered as the upper member of the
Sillakkudi Formation and permits for easy regional
correlation (lithostratigraphic marker). The Kallankurichchi Formation (Bgure 2c, d) and its three
members are marked by marine carbonates with a
thickness of 44 m and conformably overlie the Sillakkudi Formation. It starts with the Ferruginous
Limestone (FL) Member and above this is the
Lower Arenaceous Limestone (LAL) Member
marked by yellowish, massive, and compact limestone rich in silica. Overlying the LAL is the
Gryphaea Limestone (GL) Member identiBed by
its reddish-brown colour and Bne-to-medium
grained carbonate. At the top is the Upper

Arenaceous Limestone (UAL) Member marked
by high terrigenous inCux. Sillakkudi and Kallankurichchi formations have equivalents in the
adjoining Krishna–Godavari Basin (Raju and
Reddy 2016). The Ottakovil Formation (Bgure 2e,
f) contains mollusks, bryozoans and rare burrows
with 600 m thickness. The lower contact with
the Kallankurichchi Formation is conformable,
whereas the upper contact with the overlying
Kallamedu Formation (300 m after Sundaram et al.
2001) is unconformable. The Kallamedu Formation
contains cross-bedded sandstones indicative of
Cuvial channel deposits that mark the end of the
Cretaceous in the Ariyalur area (Nagendra et al.
2002). Sillakkudi Formation is represented by
Campanian age, Kallankurichchi Formation is
represented by lower to middle Maastrichtian age
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Figure 2. Field photographs showing the outcrops from Sillakkudi (a, b); Kallankurichchi (c, d) and Ottakovil (e, f) of Upper
Cretaceous, Cauvery Basin.

and the late Maastrichtian is represented by
Ottakovil and Kallamedu Sandstone, respectively
in Ariyalur Group.
A total of *200 specimens from 60 oriented blocks
of 13 sites were catalogued for the paleomagnetic
studies from the qualiBed Campanian–Maastrichtian
sedimentary lithosections in Ariyalur area of Cauvery
Basin.

3. Methods
The natural remanent magnetisation (NRM) of
all the specimens was measured using Spinner
Magnetometer (Model JR-6, AGICO, Czech
Republic), magnetic susceptibility using Kappa
bridge (Model MFK1-FA, AGICO, Czech

Republic) system and AF demagnetization
(Molspin; Magnetic Measurements, UK) and
thermal demagnetization (MMTD-80; Magnetic
Measurements, UK) were carried out for magnetic cleaning. Isothermal remanent magnetization (IRM) was imparted on representative
specimens to identify the magnetic minerals
and their domain state using pulse magnetizer
(MMPM-10; Magnetic Measurements, UK).
Selected samples were subjected to progressive
AF demagnetization at incremental steps from 5 to
150 mT followed by thermal demagnetization at
the intervals from 100 to 700C. Results from each
sample were plotted to evaluate the demagnetization response. Principal component analysis
(Kirschvink 1980) was used to estimate mean
directions of the magnetic components.
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Figure 3. Representative orthogonal vector diagrams (a), stereo plots (b), and intensity decay curves (c) for the AF
demagnetization. The data points marked by closed circles fall on to the horizontal plane and open circles on to the vertical plane
in orthogonal projections.
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Figure 4. Representative orthogonal vector diagrams (a), stereo plots (b), and intensity decay curves (c) for the thermal
demagnetization. The data points marked by closed circles fall on to the horizontal plane and open circles on to the vertical plane
in orthogonal projections.
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Figure 6. Section-wise mean directions with grand mean (red
circle) and a95 = circle of conBdence at 95% probability level
(green circle) for Upper Cretaceous Formations, Cauvery
Basin, southern India.

Figure 5. Curves of susceptibility measurements during thermal demagnetization for Ariyalur sections, Cauvery Basin.

4. Results and discussion
The NRM intensity of magnetization range from
0.11 to 14.01 mA/m. The overall calculated susceptibilities range from 1 to 39 SI units. In a pilot
study, both step-wise alternating Beld (AF) and
progressive thermal demagnetizations were carried
out on representative samples. Figures 3 and 4
represent orthogonal projections (Zijderveld 1967),
stereo plots and intensity decay curves of the vectors during step-wise AF and thermal demagnetization, respectively. The linear curve passes
through the origin in most of the specimens and the
directions remain stable even at higher thermal
demagnetization steps. The magnetic susceptibility
measurements were done through successive thermal steps to check the chemical variations in the

samples and the same is shown in Bgure 5. Sample
and site mean directions were calculated statistically (Fisher 1953) isolating characteristic remanent magnetization (ChRM) directions. Figure 6
shows the section-wise mean directions with overall
mean direction along with Alpha 95. Table 1 gives
the paleomagnetic results of the Upper Cretaceous
Ariyalur sections.
Representative specimens were subjected to
IRM magnetization in steps from 15 to 3000 mT.
Preliminary IRM studies on few samples were
reported in Papanna et al. (2014). The IRM curves
(Bgure 7) explains that the specimens were unsaturated (Hs) up to maximum available Beld of 3000
mT suggesting hematite is the most significant
magnetic carrier.
4.1 Magnetostratigraphy
The record of geomagnetic polarity is established
from the Upper Jurassic (Oxfordian). Three distinct episodes of reversal behaviour are identiBed
during this time interval (Lowrie 2011). The oldest
episode, comprising frequent reversals in the Upper
Jurassic and Lower Cretaceous, is referred to as the
M-sequence (Lowrie 2011). The youngest episode,
comprising the Upper Cretaceous and Cenozoic,
consists of frequent reversals known as the C-sequence (Lowrie 2011). The M and C-sequences are
separated by an interval of 38 Ma span called the
Cretaceous Normal Polarity Superchron (CNPS),
in which correlated magnetic anomalies are absent;
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Table 1. Paleomagnetic results of the Upper Cretaceous sequences, Cauvery Basin, southern India.
Section

Dm

Im

a95

k

N/n

kp

Lp

km

KM
O
K
S
Mean

344
345
341
323
338

–26
–25
–65
–34
–38

15.89
18.58
12.35
23.85
23.91

34.40
19.71
42.69
22.59
15.73

5/13
12/45
22/84
11/36
50/162

60.5
61.5
29.5
42.9
51.3

292.1
291.0
273.9
310.3
292.7

–13.7
–13.1
–47.0
–18.6
–21.3

Note. KM: Kallamedu; O: Ottakovil, K: Kallankurichchi, S: Sillakkudi, Dm: mean declination,
Im: mean inclination, a95: circle of conBdence at 95% probability level, k: precision parameter,
N: number of samples, n: number of specimens; kp: VGP latitude, Lp: VGP longitude, and
km: paleolatitude.

4.1.1 Campanian section (Sillakkudi
Formation)

Figure 7. Isothermal remnant magnetization (IRM) curves
for Upper Cretaceous Formations, Cauvery Basin, southern
India.

evidently the Earth’s magnetic Beld did not reverse
polarity during this time (Lowrie 2011).
The episodes of reversing behaviour are long
enough to make tentative interpretations of the
reversal process. It is evident from the patterns of
reversals that they do not occur cyclically. Making
allowance for the time spent in transition between
opposite polarity states, statistical analysis indicates that the reversals in the M and C-sequences
occur randomly. There is no convincing evidence to
refute identiBcation of the CNPS as an uninterrupted period of constant normal polarity. There
are competing interpretations of its origin (Lowrie
2011). Whereas researchers consider that the
CNPS represents a special behaviour of the geodynamics and it has exceptionally long feature in a
continuous reversal process (Lowrie 2011).
Figure 8 represents the magnetic polarity
stratigraphy (MPS) of the Upper Cretaceous
Ariyalur Group, Cauvery Basin. MPS is correlated
with the standard geomagnetic polarity time scale
(GPTS) of LaBrecque et al. (1977). The correlation
of Cretaceous stage boundaries to polarity Chrons
is deBned in the geomagnetic polarity and stratigraphic time scale (Gradstein et al. 1995).

The Campanian section is represented by Sillakkudi Formation (Sathurbhagam Sandstone,
Kilpavalur grainstone, Sillakkudi Sandstone and
Kallar Conglomerate). Eleven oriented block samples were investigated from two outcrops of
Sillakkudi Sandstone. The NRM intensities range
from 0.51 to 6.99 mA/m and susceptibility values
range from 6 to 39 SI units. Two magnetozones
were observed in this section with a normal event
and other is a reversed event and correlated with
Geomagnetic Polarity Time Scale (GPTS) of
LaBrecque et al. (1977) which corresponds to
Chron C33N (Bgure 8).
4.1.2 Lower-middle Maastrichtian section
(Kallankurichchi Formation)
The lower-middle Maastrichtian section is represented by Kallankurichchi Formation. A total of 24
oriented block samples from 11 limestone outcrops
show NRM intensities ranging from 0.21 to 14.01
mA/m and susceptibility values range from 1 to 24
SI units. The detailed demagnetization study
revealed two normal and one reversed polarities in
this section and correlated very well with the
GPTS, which corresponds to Chron C32N
(Bgure 8).
4.1.3 Late Maastrichtian section (Ottakovil
and Kallamedu)
The late Maastrichtian section is represented by
two formations, i.e., Ottakovil and Kallamedu
respectively. A total of 18 oriented block samples
from these two formations show NRM intensities,
range from 0.11 to 12.31 mA/m and susceptibility
values range from 1 to 28 SI units. The detailed
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Figure 8. Lithostratigraphy versus magnetic polarity stratigraphy (MPS) of the studied Ariyalur Upper Cretaceous sections,
Cauvery Basin, southern India. MPS is correlated with GPTS of LaBrecque et al. (1977). S.St: sandstone; L.St: limestone; VGP:
virtual geomagnetic pole; MPS: magnetic polarity stratigraphy; GPTS: geomagnetic polarity time scale. The listed numerical
ages are from Gradstein et al. (2004) and Ogg et al. (2008). Thickness after Sundaram et al. (2001).

Figure 9. Migration of the Indian subcontinent after the Gondwana break-up and position of the Cauvery Basin, India during
Upper Cretaceous (ModiBed after Klootwijk 1976).

demagnetization study revealed three normal and
three reversed polarities in this section and correlated very well with the GPTS, which corresponds
to Chron C31N and C30N (Bgure 8).
The magnetic polarity stratigraphy of Campanian
to Maastrichtian sequences of Ariyalur Group yielded 12 magnetozones consisting of six normal and six
reversed events that are correlated very well with
GPTS of LaBrecque et al. (1977) (Bgure 8).

The Alpha 95 is higher in Sillakkudi and Ottakovil due to the paucity of the samples since most
of the outcrops are placed in subsurface. The mean
directions may be correlated to the Deccan mean
directions with a difference of 10–15. Figure 9
shows the migration of the Indian subcontinent and
the position of the Indian subcontinent during
Upper Cretaceous period (Cauvery Basin). The
overall mean directions from paleomagnetic results
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from Upper Cretaceous sections (table 1) inferred
that the Indian subcontinent, during Upper Cretaceous, was placed little shallow southern latitudes to the Deccan Traps at 21.3S (Bgure 9).
5. Conclusions
Paleomagnetism and magnetostratigraphy study
on the Upper Cretaceous Cauvery Basin sediments
provide the following information:
• The rock magnetic analysis shows hematite as
the main remanence carrier.
• The mean direction results in the declination at
338 and inclination at –38 (a95= 23.91) and
the pole position at 51N, 293E with a paleolatitude of 21.3S.
• The MPS of Ariyalur Group sequences of Cauvery Basin recorded 12 magnetozones (6 normal
and 6 reversed events) and correlated with
GPTS of LaBrecque et al. (1977) from Chron
C33n to Chron C30n.
• The paleolatitude position highlights the higher
velocities of the drift of the Indian subcontinent
during Upper Cretaceous period.
Collection of more samples from Sillakkudi,
Ottakovil and Kallamedu may produce more
reBned paleolatitude position of the Indian subcontinent during Upper Cretaceous from Cauvery
Basin.
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