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ABSTRACT :  Major sedimentary sequences are characterised by variations in geotectonic activities such as environmental
changes, mega faulting, depositional breaks as unconformities, etc. The Paleocene-Cretaceous boundary in Cauvery Basin of
Southern India is characterised by a distinct ‘unconformity’. Geological and Paleontological evidences establish this to be an
“Erosional Surface”. This boundary is well marked on the logs in terms of variations of log responses such as high Gamma
activity, faster sonic travel time, reduced neutron porosity and higher density value for the Cretaceous section as against the
Paleocene section. The authors have attempted to look into the nature of this unconformity by integrating various log data such as
density, neutron, sonic and spectral gamma ray and analyzing through various cross plots, trend and cluster analysis. The study
reveals that there is no significant mineralogical change between the Paleocene and Cretaceous shales around the unconformity.
The changes are more of physical in nature and are reflected as variation in compaction, which is in confirmation with the
Paleontological evidence.

INTRODUCTION

The Cauvery Basin is located in the southern part of
India. Oil and gas has been found in various sediments all the
way from Oligocene, Eocene, Paleocene, and Cretaceous to
Basement sections. All these sedimentary units are
characterized by their distinctive log responses,
paleontological evidences and reservoir type. The Paleocene-
Cretaceous boundary is well marked by higher gamma ray
response, increased shale resistivity, faster sonic travel time,
reduced neutron porosity and higher density values against
the Cretaceous section. Log variations along with the
paleontological evidences indicate this boundary to be an
‘Unconformity’ (Ref. 1&2).

The present study is an attempt to look  into the nature
of this unconformity surface by analyzing various logs
available using cross plot and cluster analysis technique.
Neutron-Density and ∆T-density cross plots generate two
distinct clusters, one for Paleocene and one for Cretaceous
sections. The Cretaceous section appears to be more
compacted compared to Paleocene section. But the most
revealing thing comes out of the SGR cross plots of Thorium,
Potassium and Uranium. The distinct cluster which were
manifested in the cross plot for conventional logs for Paleocene
and Cretaceous sections are no more seen in the SGR cross
plots, which seem to form a single cluster for both the sections.
This single clustering in SGR cross plot indicates no major
changes in mineralogical composition across the K/T
boundary. On the other hand the clustering in the cross plot

for conventional log can be attributed to a change of physical
nature. This supports the Paleontological model of this
Unconformity as an ‘Erosional Surface’. The erosion of
Cretaceous top and subsequent deposition during Paleocene
age has resulted in more compacted Cretaceous sediments and
less compacted Paleocene sediments without any marked
change in the environment of deposition.

STUDY SAMPLE

Four selected wells, one from Ariyalur-Pondicherry
sub basin and three from Tranquebar sub basin have been
chosen for the study. Only in two wells, viz., well A & B,
Spectral Gamma Ray (SGR) was recorded and is included in
the study. The choice of the wells have been made to ,i)cover
a wide area in the Basin, ii) ensure that the study interval
around the K/T boundary is within shale-shale sequence and
not in sand-sand or sand-shale sequence,  for reasons
elaborated in the analysis below.

RESULTS

      The established Cretaceous-Paleocene boundary
in the wells has been picked up. Around the boundary
approximately 50m section within Paleocene and another 50m
section within Cretaceous have been set aside for the study.
Cross plots are generated between neutron - density and ∆T
and neutron porosities. For the spectral gamma ray logs,
thorium/potassium vs. thorium cross plot and photo electric
absorption coefficient (P

e
) vs. thorium/potassium cross plots

have been generated.
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DENSITY-NEUTRON AND DT-NEUTRON
CROSS PLOT

Density-Neutron cross plots (Figs1to 3) and
∆T - Neutron cross plots (Figs 4 and 5) show distinct clusters
for Paleocene and Cretaceous sections. The Cretaceous section
appears to be more compact. Though Paleocene and
Cretaceous points form two clusters, they seem to lie on a
single slope indicating a normal mono compaction trend. An
attempt has been made to generate this cross plot where the
Cretaceous-Paleocene boundary is a sand-shale sequence
using data from well D (Fig. 3). The distinct clustering which
is observed where the boundary is within a shale-shale
sequence (Figs 1, 2, 4 and 5) is not that prominent in a sand-
shale sequence. This is due to the fact that, bulk modulus of
compression for sand is one order of magnitude more than
that of shale (Ref. 3). This implies that under same overburden
pressure, shales undergo more compression than sand. The
two clusters seen in the Density-Neutron and DT - Neutron
cross plot is mainly due to differential compression. The gap

Figure : 1

Figure : 2

Figure : 3

Figure : 4

Figure : 5

PHIN - ∆T CROSS PLOT

PHIN - ∆T CROSS PLOT
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between the two clusters is indicative of the period of erosion.
The Paleocene cluster appearing after the gap represents the
period of subsequent deposition following the erosion.

POTASSIUM-THORIUM CROSS PLOTS

Spectral Gamma Ray tool provides directly the
amount of Potassium and Thorium present in the formation.
Different clay minerals have different concentration of
Thorium and Potassium minerals. Therefore in the standard
cross plot of T vs. K concentrations various predefined
windows are marked for these clay minerals. Low Potassium
(2%) and moderate value of Thorium (10 ppm) defines the
Kaolinite area. Similarly, higher value of Potassium (10%)
and higher value of Thorium (20ppm) defines Muscovites.
The concentration of the clay mineral varies depending upon
the environment of deposition and process of deposition. For
well A, the Thorium-Potassium cross plot for Paleocene
section (Fig.7), for Cretaceous section (Fig.8) and for both
(Fig.9) indicate almost a single cluster between the Kaolinite
and Illite line. Virtually there is no difference between the
Paleocene and Cretaceous points except that the Thorium
percentage is slightly higher in Cretaceous compared to
Paleocene section. Similar responses are seen for well  B
(Fig 10 to Fig. 12).

Figure : 6

In addition to this, P
e
 (Photo Absorption Coefficient)

value is available in well A. A cross plot between Pe and
Thorium/Potassium ratio (Fig.13) generates a single cluster
for both Paleocene and Cretaceous around the Illite window.

All these observations indicate that there has been
no significant mineralogical change between the Cretaceous
and Paleocene shales around the unconformity. This along

Figure : 7

Figure : 8

Figure : 9

∆T VS RHOB XPLOT

∆T IN µsec / ft.
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Figure:10

Figure : 11

Figure:12

Figure:13

with the geological findings (Ref.1) of lesser sedimentary
thickness and no observable mixing of older fauna with
younger fauna reconfirms the hypothesis that the Paleocene-
Cretaceous unconformity is an ‘Erosional Surface’ with an
Erosion-Deposition sequence without any change in the
depositional environment.

CONCLUSION

l The study reveals that there is no mineralogical change
between the Paleocene and Cretaceous shales around the
unconformity. The changes are due to differences in
compaction.

l The changes in log responses and distinct clustering on
conventional cross plot for Paleocene and Cretaceous
sections around the unconformity is prominent in a shale-
shale sequence. Lesser compaction of sand compared to
shale does not generate such distinct cluster when the

sequence is sand-shale. In such a situation the
identification of Paleocene - Cretaceous boundary is
difficult by the conventional log and cross plot analysis.
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