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A storm event during the Maastrichtian
in the Cauvery basin, south India

Mu. RAMKUMAR

Abstract. Sedimentary structures in the Kallankurichchi Formation of the Ariyalur Group, South India have
been examined with a view of assessing the depositional setting of these rocks. Of the different sedimentary
structures, such as cross bedding, cut and fill, etc., hummocky cross stratification is significant as it resulted
from a major storm event. This paper deals with the recognized sedimentary structures, their genesis and envi-

ronmental implications.
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Ancrpakr. CequMeHTHE CTPYKType popmanuje Kanankypuun, Apujanyp rpyna, jyxkHa MHaunja, npoydyaBaHe
Cy pajgu yTBpbuBama eNO3uIOHOT MPOCTOpa THX cTeHa. Meby pa3nmunTiM CeIMMEHTHAM CTPyKTypama, Kao
IITO Cy YKPIITEHA CIOjJeBUTOCT, CTPYKTypa CUpama HUTH., OpesKylbKacTa Koca CIOJeBUTOCT je 3HavajHa Kao
HOCIIe/INNa JieNoBamba CHaXKHE OJyje. Y OBOM pajy ce TOBOPU O YTBPHEHHM Ce[UMEHTHUM CTPYKTypama,
HUXOBOM IIOPEKIIy U YTUIIajUMa Ha ICHO3UIMOHY CPE/IUHY.

Kibyune peun: yrunaj onyja, mactpuxt, Kamaakypuun opmanuja, Apujanap rpyna, jyskaa Muamja.

Introduction

Sedimentary structures play a vital role in the inter-
pretation of depositional conditions and hence an attempt
was made to understand the depositional environment of
the Kallankurichchi Formation of the Ariyalur Group,
Tamil Nadu based on its sedimentary structures. The
study area is situated east of the town Ariyalur and forms
a part of the Kallankurichchi Formation (Fig. 1). The
general stratigraphic setup is as follows (after SASTRY et
al., 1968; CHANDRASEKARAN & RAMKUMAR, 1995).

Age Formation Gross Lithology

Kallamedu Formation Sandstone

Maastrichtian Outakoil Formation Sandstonc

Arivalur Kallankurichchi Formation Limestone

_____ i e G
Group Unconformity

Campanian Sillakkudi Formation Sandstone
----- Unconformity ==--

Trichinopoly Group

In the study area, the Kallankurichchi Formation is a
prominent carbonate unit and is exposed as isolated out-
crops (GUHA & SENTHILNATHAN, 1990). The formation is
40 m thick and has N-S extension of 35 kilometers with

a width varying from 500-3500 m. Based on the faunal
composition, Maastrichtian age has been assigned by
SASTRY et al. (1972) and later refined to Lower Maas-
trichtian by RAMAMOORTHY (1991) & RapuLoviC and
RAMAMOORTHY (1992). HART et al. (2000) speculated the
commencement of the deposition of this formation dur-
ing the late Campanian—Earliest Maastrichtian. The gen-
eralized lithological succession of this formation was
provided by RAMKUMAR (1999) and is presented herein.
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Department of Earth Sciences, IIT-Bombay, Powai, Mumbai-400 076. E-mail: muramkumar@yahoo.co.in




36 Mu. RAMKUMAR

53
78° 90| O 5

The Kallankurichchi Formation

500 km

—_—

= I:l Alluvium
- Cuddalore sandst. Fm e
Kallamedu Fm
[] ottakoil Fm
- Kallankurichchi Fm
[_] silakkudi Fm
— Older sedimentaries
- Archaen Rocks\‘\'l

\\

Ariyalur S
N

Sillakkudim

1

78°

commenced with a transgression
during the Latest Campanian—Ear-
ly Maastrichtian (HART et al.,
2000). Towards the top, the con-
glomeratic deposits show a reduc-
tion in proportion and size of si-
liciclastics which were increasing-
ly replaced by gryphean colonies.
In due course, the gryphean bank
shifted towards shallower regions
and the locations previously oc-
cupied by coastal conglomerate
become middle shelf, wherein ty-
pical inoceramus limestone started
developing. The break in the sed-
imentation of inoceramus limesto-
ne was associated with a regres-
sion of the sea level, resulting in
the erosion of shell banks and mid-
dle shelf deposits and their re-
deposition into biostromal depo-
sits. Again the sea level rose to
create a marine flooding surface,
as a result of which gryphaean
shell banks started developing mo-
re widely than before. Towards the
top, shell fragments and minor
amounts of siliciclastics are observ-
ed, indicating the onset of regres-
sion and higher energy conditions.
The occurrence of a non-deposi-
tional surface at the top of this for-
mation and the deposition of shal-
low marine siliciclastics (Ottakoil
Formation) immediately over the
carbonates and a conformable of-
flap of much younger fluvial sand
deposits (Kallamedu Formation)
are all suggestive of a gradual re-

Fig. 1. Location map of the study area

The rocks of this formation consist predominantly of
skeletal limestones and fragmental limestones analo-
gous to the bank and bank-derived materials of NELSON
et al. (1962). They contain whole shells and bioclasts
of mollusca, bryozoa, foraminifera, brachiopoda, echin-
odermata, ostracoda and algae. Minor to significant
amounts of peloid, quartz, lithoclasts and intraclasts are
also observed. The six standard types of microfacies of
WIiLsoN (1975) are recognized from this formation
(RAMKUMAR, 1995) and interpreted to have been de-
posited in a distally steepened carbonate ramp setting
(RAMKUMAR, 1999). The depositional history of this
formation was elucidated by RAMKUMAR (1995, 1999)
and a brief note of it is presented herein.

gression associated with the estab-
lishment of a fluvial system during
the end of the Cretaceous.

Sedimentary structures
Cross Bedding

Tabular cross bedding is a common in fragmental li-
mestone. The maximum thickness of the cross bedded
unit is of the order of 1.8 meters. Due to the presence
of shell fragments, the foreset beds do not exhibit well
defined layers in the vertical section. However, they do
appear as uniform layers on the surface (Fig. 2A). The
cross bedding structure is found in a limited region with-
in finely fragmented limestone and can be seen in the
southwest wall of mine pit I of the Tancem mine (locat-
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ed west of Kallankurichchi Village and north of the Ari-
yalur—Kallankurichchi road — Fig. 1). This cross bedded
unit can be termed as large scale cross bedding (REINECK
& SINGH, 1986). The individual laminae have a more or
less uniform thickness varying from 1.5-2.3 cm. The
bounding surfaces of the foresets are sharp. The indi-
vidual laminae can be traced throughout the length. The
grains are well sorted irrespective of the nature of the
clasts. High roundness is observed in both the bioclasts
and peloids. Since this unit is bounded by bank deposits,
the cross bedded deposits can be described as large un-
derwater sand dunes developed in the shelf region which
might have originated by shoaling waves (Chakraborty,
personal communication). Like the carbonate sequence
of the Middle Eocene of Peninsular Florida, described
by RANDAZZO et al. (1990), this cross bedded unit also
has abundant burrows.

Cut-and-Fill Structure

Cut-and-fill structures characterized by a shallow
concave base and a flat top are common. These are
observed in the Tancem mine I along the SW wall of
bench I (located west of Kallankurichchi Village and
north of the Ariyalur—Kallankurichchi road — Fig. 1).
These have a maximum length of 150 cm and a height
of 20 cm. These structures occur above the cross bed-
ded strata and form the base of the hummocky cross
bedding. The channel fill material does not show any
cross bedding and the channels are filled up with fin-
ing upwards coarse grained carbonate sand. This car-
bonate sand consists of minor amounts of intraclasts,
ferruginous matrix and fine quartz sand. These channel-
fill structures gradually merge into hummocky cross
stratification (HCS).

Hummocky Cross Stratification

Hummocky cross bedding is found near the location
where cut-and-fill structures predominate. Its character-
istics are described herein.

a. The laminae are curved both in hummocks (con-

vex up) and swales (concave up) sectors.

b. The laminations dip at 12°; but the bed sets ap-
pear to meet at very low angles in such a way
that, at times, they are parallel to the lower
bounding surface.

c. Individual laminae have a maximum thickness of
4 cm at swales and 1.8 cm at hummocks, reflec-
tive of a thickening (at swales) and a thinning (at
hummocks) nature. Maximum wave height is 97 cm
and wave length 6 meters.

d. The laminations show no preferred orientation.

e. The rocks showing HCS structures are composed
of polished fragmental shells (Fig. 2B, C). These
are sandwiched between normal bedded and cross

bedded carbonate sand. The upper contact of the
hummocky cross stratification unit is also sharp.

Hummocky cross stratification is commonly associ-
ated with storm deposits (“Tempstites” of AGER, 1973;
KRrREISA & BaMBACH, 1982; LOOPE & WATKINS, 1989;
MENG et al., 1997). It is observed on the continental
shelf of the northwest Atlantic Ocean in water depths
of 10-40 meters. It is also found in tidal flats (MUK-
HERJEE et al., 1987; WEIDONG et al., 1997). It has been
reported from clastic sediments (Bose et al., 1997), as
well as from carbonate skeletal deposits (MENG et al.,
1997; WEIDONG et al., 1997). The HCS is interpreted
as being due to a combination of storm generated and
geostrophic currents (SWIFT et al., 1983).

In the present area, reworked autochtonous fauna in
the HCS with little lateral variation of texture and
structures are found to occur. This suggests that this
particular unit of the Kallankurichchi Formation did not
receive material from distant sources during the storm.
The absence of whole unabraded, well marked layer-
ing, edge-polished shell fragments of fossils (Fig. 2B,
C), in addition to the occurrence of storm deposits as
a single thick unit, etc., suggest that the prevalent
major storm might have mobilized already deposited
sediments on the bottoms (MENG et al., 1997; KROH &
NEBELSICK, 2003). According to the descriptions of
AIGNER (1982) and AIGNER & REINECK (1982), the
exposures of HCS at Tancem mine I SW wall bench I
represent a proximal storm bed in view of the follow-
ing characteristics.

a. This storm depositional unit is a very thick bed.

b. The beds are composite and intermixed with var-

ious bedforms and materials.

c. It is composed of bioclasts which are coarse grained

(Gravel to coarse sand).

These characteristics of this sequence are spread
over short distances and die out towards the east where
the size of the bioclasts decreases. Further east, thinly
bedded, mud dominated rocks with unabraded fossils
are observed, which may represent the distal end of
storm beds (TUCKER & WRIGHT, 1990). BOUOUGRI &
PorADA (2002) and MENG et al. (1997) also observed
the deposition of mud and finer grain rich deposits after
major storm event in the Neoproterozoic deposits of
Morocco. As has been observed in storm associated
deposits elsewhere (MENG et al., 1997; SAVRDA &
NANSON, 2004), due to the reduction of intensity of the
storm, the finer grade materials also started to settle
and hence, this sequence shows fining upward grada-
tion from gravel to sand. The grains were carried and
settled from a suspension cloud. These interpretations
are supported by the horizontality of platy shell mate-
rial with reference to the original sedimentation sur-
faces. Comparison of these characteristics based on the
criteria enlisted by GOFF et al. (2004) clearly affirms
the storm generated nature to these deposits. This type
of typical storm deposit and its distal expression (MAR-
TINI & BANKS, 1989) are interpreted to be of inner and
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Fig. 2. A, Field photograph of planar cross bedded limestone exposed in a mine floor. Due to low dip and planar bedding, the
exposure at the mine floor depicts only feeble bedding planes, indicated by dashed lines; B, Field photograph showing the nature
of the HCS sequence in a mine section. The shoal facies is superposed by HCS beds. Note the sudden change from shoal facies
limestone (lower) to edge polished fragmental limestone (HCS bed) as reflected by the sudden change in skeletal composition.
Differential compaction of the shoal facies limestone and the HCS limestone has obliterated the sharp erosional bedding plane
(indicated by pen in the photograph) between these two units; C, Close-up view of the HCS bed showing fragmented and round-
ed shell material. Also note the presence of Stigmatophygus in life position (indicated by pen in the photograph); D, Typical
gryphean limestone deposit of the Kallankurichchi Formation. Occurrence of these gryphean colonies over the HCS unit denotes
the return of normal depositional conditions after a major storm event.

middle shelf in origin respectively (DROSER & BOTTIER,
1988; BURCHELL et al., 1990).

Since the storm bed with HCS is found to occur in
between normal bedded and cross bedded deposits, the
energy of the shoaling waves is presumed to have been
short lived. The gradual change of the storm beds to
cross bedded, well sorted carbonate sands is indicative
of the waning period of the storm. The escape struc-
ture in a ‘V‘-shaped burrow at the base of the storm
deposit (HECKEL, 1972) suggests the sudden appearance
of storms. Oyster beds above the bedded and cross bed-
ded carbonate deposits suggest that the colonization of
oysters (Fig. 2D) started after the major storm event.

Conclusion

From the nature and sequence of the sedimentary
structures, particularly the hummocky cross beds, it can

be concluded that during the deposition of the Kallan-
kurichchi Formation, there were storm events, which
contributed to the continuous and homogenous deposi-
tion of bank deposits and middle shelf deposits. The
intensity of the storm event was very high in the dep-
osition of 1.8 meters thick fragmental shell beds. From
the change in the nature of sediments within the storm
bed, an easterly storm condition has been inferred. The
storm deposits of the Kallankurichchi Formation show
similarities in broader terms with that of the Cretaceous
Mzamba Formation of South Africa, as reported by Liu
& GREYLING (1996).
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Pe3unme

Ounyjna nojasa 3a Bpeme MacTpUXTa y
o0aceny Kaysepn, jy:kna Unmuja

Kpeumwauke Hacnmare ¢opmanuje Kamankypuum,
Apmujanyp rpyne y jyxuoj Munuju, cagpske KapakTe-
PUCTUYHY acolWjandjy CEIUMEHTHHUX CTPYKTypa orpa-
HUYEHUX Ha ofjpeheHy oOinacT y onus3unu cena Kanan-
kypuurd. Kako cy ceguMeHTHE CTPYKType OuTHE 3a
TyMayeme NaJeocpefrHe, YUUIbEH je IOKYyIIaj ga ce
YIIO3HAjy IJIaBHU YCIIOBH TallOXKeHha, a TUME ce JIOILIIO
U 10 JOKa3a MojaBa CHaXKHE OJlyje TOKOM MacTpUXTa y
6aceny Kaysepu y jyxxnoj Mupuju.

dopmanmja Kamankypyuu ce cactoju IpeTeskHO Off
CKEJIETHUX Kpeumaka M (PparMeHTapHUX Kpeumaka
HITO OAroBapa OOAaJCKNM W MOPEKIOM O0AICKHM Ma-
TepyujaauMa. 3anakeHe ¢y Mame JO 3HaTHE KONUYMHE
nejouja, KBapla, JIMTOKJIAacTa M MHTpakiacra. YT-
BpbeHO je mIecT cTaHfgapiHUX TUIOBa MHKpodaiuja
oBe (popMaIyje U BUXOBO TAIOXEHE Y CPEMHNA TOHET
Kpaja cTpMe KapOOHATHE paMIle.

TaGymapHa Koca CIIOjeBHTOCT je decTa KOjf| CliojeBa
MOJOMJLCHUX Kpeumaka ¢opmanmje Kamarkypyun.
MakcumMantne fieGbrHA KOCO YCIIOjeHHMX Kpeumaka je
pena 1,8 meTapa. 360r npucycTBa ofjloMaka IIKOJbaKa,
KOCH CJIOjeBU He TOKa3yjy jacHO fepUHUCaHE CII0jeBE Y
BEPTHUKATHOM ipodpuity. MebyTiM, Ha TOBPIIMHY ClTOje-
BHU M3rJIefajy yjeqHaueHo. OBa KOCO yClojeHa jeInHNIA
ce MOXe y3€THU J1a IpefcTaBba KOCy YCIOjeHOCT Behux
pa3mepa. Kako je oBa jenuHmMIa orpaHmdeHa 00aJICKuM
Hacarama, Koco yclIojeHe Hacare ce Mory OIicaTi Kao
TIOIBOJTHE BEJIMKE TIEIIYaHe AWHE HajBepoBaTHHje (op-
MHUpaHe TajlacuMa y obsactu orrhanor menda.

CrpykType chnupama (HaKHAJHO 3alyEeHE BOJO-
JAepUHE) Cy YecTe y MpOoydyaBaHOj OOJACTH M Kapak-

TEpUIIY Ce IUIATKOM KOHKAaBHOM OCHOBOM M 3apaBH-CH-
uM BpXoM. Te cTpyKType ce jaBibajy u3Ha/ YKPIITCHIX
cnojeBa u pOpMUpPajy OCHOBY OpeKyJbKacTe CIOjeBU-
TocTU. MaTepujan u UCIyHE BOLOfIEpHHA HE IOKa3yjy
HUKaKBY KOCY CJIOjeBUTOCT, Beh cy BofgopepuHe ucmy-
IbeHE KPYMHO3PHUM KapOOHATHHM IIECKOM KOju ce
HaBWIIEe YCUTHaBa. Te CTPYKType cnmpama MOCTENeHO
npesna3e y OpexylbkacTy Kocy cTpaTuduKanujy
(BKC).

Ha 6pexyspKacTy KOCy CIOjeBUTOCT ce Haujasu y
OJIU3UHU MecTa I'fie IpeoBnabyjy CTpPyKType Clupama.
BpexyibkacTa Koca cTpaTudukanyja ce 0OnIHO JOBO-
nu y Be3y ca onyjHuM HaHocuMa. BKC ce oGjammasa
na moTude off KOMOMHOBAHOT JI€jCTBa OJyjHE W Teo-
crpodre crpyje. Caja cy y Toj o6mnactu Hahene nmojase
npetanoxeHe aytoxtoHe ¢ayne y BKC ca manom
OOYHOM pa3iIuKOM y CTPYKTYpU U TeKCTypH. Ta cTpyk-
Typa yKasyje fla 3a BpeMe OJIyje Hije CTUrao MaTepujail
ca Behe yasbeHOCTH HAapOUHTO Y OBY jeAMHULY (popma-
mje Kamaukypmun. OjCycTBO YUTaBHX, M3PasKeHO
ClojeBUTHX, (pparmMeHaTa ocuia MKOIJbKH yriIadaHux
WBUIIA TIOpEe]] T0jaBe OJIYjHUX HAacjara y BHAY jefiHe
nebere jequHUIE W APYro yKasyje Aa je JOMUHAHTHA,
Beha onyja Moxpaa mokpeHyna ceguMeHTe Beh Hata-
soxeHe Ha HY. Ha ocHOBY ToOra mTo je mojaBa oiryjHOT
cnoja ca BKC nabena usmeby HopMaiHO yciaojeHUX u
KOCO YCIIOjeHUX Hacara, IpeTIocTaBlba ce Jia je eHep-
rdja Tajaca y oOIumMhaioj CpeguHU KpaTKO Tpajana.
[Nocrenenu mpesnas oONyjHUX CJIOjeBa y KOCO YCIIOjeHe
Hacnare, JoOpo cOpTHUpaHH KapOOHATHU MNECKOBH,
yKa3syjy Ha nepuop crabibema onyje. CTpykTypa ucnu-
pama y Opazgu y obnuky cioBa “V” y 6a3m onyjHe
Hacjare ykasyje Ha Hariy mnojaBy odnayja. CrojeBu
OCTpHra U3HaJ CIOjeBUTHUX U KOCO yCJIOjeHUX KapOOoH-
aTHUX Hacjara ykasyjy fla je KOJIOHH3aIlHja OCTpura
noueJa Ipe rjiaBHE ONyje.

Ha ocHOBy mpupoje W CEeKBEeHIEe CETMMEHTHHUX
CTPYKTypa, HaApOUYUTO OpexKyJbKacTO-KOCUX CJIOjeBa,
MOXeE Ce 3aK/byUUTH [a Cy Ce 3a BpeMe TaloxKema
Kanankypuun opmanumje jaBibaie oiyje Koje cy fo-
IpUHEeJle CTaJHOM U YjeHAY€HOM TalloXKemhy 00acKuX
Hacjara W Haciara cpemmer menda. Oinyje cy ouie
BpJIO BEJIUKOT MHTEH3UTETa Kajl Cy ce HaTaJOXKUIU
CJI0jeBU OjIOMaKa IIKOJbKH nebipuae 1,8 meTapa. U3
IpOMEHE NPUPOJE CelUMEHaTa yHyTap OJIYjHOI cloja
3aKibydyje ce fia je ONyjy cTBapao HCTOYHH BETap.
Oumnyjue Hacnare ¢opmanuje Kanmankypuuu mokasyjy
CIIMYHOCT Yy IIAPEM CMHCIY ca KPEJHUM OJYjHUM
Haciarama gopmanumje M3amba y JyxxH0j Adpunu.



