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ARTICLE INFO ABSTRACT
Aftic(e history: Recent studies have unearthed and recovered multiple sites with evidences of past human habitations
Received 24 September 2021 in terms of ceramic, metal, precious stone, jewel, and stone tool industries and places of varied meth-
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ods of burial and worship are being unearthed at different stratigraphic levels from floodplains of the
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Vaigai River Basin, Southern India. In this contribution, we present high-resolution ™C chronology of the
archaeological artefacts, cultural evidence and the textural characteristics of sediments collected from the

Keywords: excavated pits. These data along with the information on regional geology, geomorphology, sedimentary
AI_ICient settlements facies, texture, petrography, and mineralogy constrain the older phase of the Vaigai River Basin Civiliza-
Climate change tion to be microlithic in age, followed by affirmative evidence of ca. 5511-5147 BCE (7455-7091 cal yr

Extreme climatic events
Forced abandonments
Habitation continuum
Vaigai civilization

BP). This was followed by few more colonization/cultural/habitation sites/surfaces at ca. 2976-2961 BCE
(4938-4908 cal yr BP), 1860-1489 BCE (3543-3503 cal yr BP),530-390 BCE (2435-2314 cal yr BP), 596-629
CE (1353-1321 cal yr BP) and post 1225-1312 CE (729-619 cal yr BP). These are designated as habita-
tion sites/surfaces namely HS-1, HS-2, HS-3, HS-4, HS-5 and HS-6, respectively. Evidences of urbanism,
industrial and leisure activities besides cohabitation of at least three groups that practiced mutually ex-
clusive burial customs are documented. Microlithic tools and buried habitation stages, together with the
prevalence of modern habitations, make this basin unique with human occupation at least since the mid-
Holocene. Major shifts of the trunk channel of the Vaigai River, perhaps associated with flood events, ma-
rooned/buried/destroyed the ancient habitation sites that forced the inhabitants to abandon old sites and
led to the reestablishment of newer ones. Inevitable dependence of the ancient societies on the river-
banks and the flood plains for settlements and livelihood compounded with the lack of knowledge on
extreme climatic events possibly caused the decimation of several settlements of this important civiliza-
tion from south India.
© 2021 The Author(s). Published by Elsevier Ltd on behalf of Ocean University of China.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

1. Introduction deposition processes and impact landscape development
(Bookhagen et al., 2005). Settlements of ancient civilizations

Natural climate change as well as extreme weather events such along water bodies such as rivers, lakes and along coasts were

as floods and droughts exert control over erosion-transportation- under the vagaries of seasonal-short and/or long-term climatic
changes and natural hazards (Singh et al, 2017). Catastrophic
flooding, associated with extreme weather conditions also result

* Corresponding author. in calamity, forcing either abandoning of these habitation sites for
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Fig. 1. Location of the Vaigai River Basin and the archaeological sites examined/excavated. a: Location of the study area within the Vaigai River Basin, embedded on a Digital
Elevation Model. It also depicts the inherited nature of the river basin. b: Location of archaeological sites wherein natural exposures were examined and excavations were
made. Yellow lines show the paleochannels inferred through image processing and interpretation. (For interpretation of the references to color in this figure legend, the

reader is referred to the web version of this article.)

survival and/or perishing in calamity (e.g., Ramkumar et al., 2018,
2019). The relationship between climate change and major cultural
transitions was extensively evaluated on the Mayan civilization
with about 3-13 million habitants that flourished during <200
CE in the Yucatan Peninsula of southeast Mexico (P.D. Roy et al.,
2017). Multi-year droughts with intervals of 40-50 years between
750-950 CE have been linked to the abandonment of densely
populated urban centers (Haug et al., 2003; Medina-Elizalde et al.,
2010; Roy et al., 2017). Deposition of authigenic calcite between ca.
944-1096 CE through droughts, and aeolian activity also reflect dry
conditions, coeval with the abandonment at another Mesoamer-
ican urban center at Xochicalco with an estimated maximum
population of about 9-15 thousand (Roy et al., 2020). A recently
published paleoclimate time series dataset from a speleothem
oxygen isotope composition from Northern India covering the past
5700 years shows a possible connection between climate change
and the decline of the Indus Valley Civilization at ca. 1900 BCE
(Malik, 2020). Erratic rainfall lasting for about 900 years during
this interval in the north-west Himalayas dried up water supply
to the Indus Valley located at the north-west India and south-east
Pakistan. Nevertheless, human responses to these climatic fluctu-
ations varied considerably from region to region. In Gujarat, the
faunal analyses and isotopic data in tooth enamel did not show
any evidence for significant changes in pastoral landuse practices
through this drought interval, indicating considerable resilience on
the part of local pastoral producers (Chase et al., 2020).

The sophisticated monitoring and forecasting equipment and
infrastructure of the modern era can mitigate the effects of ex-
treme climatic events to some extent. These facilities were not
available to our ancestors who faced similar natural hazards and
were prone to loss of life and infrastructure, including settle-
ments (e.g., Nigam et al., 2016; Nigam and Chaturvedi, 2006;
Roy and Sethumadhav, 2014; Rao, 1991; Roy et al., 2017; Similox-
Tohon et al, 2006; Singh et al, 2017; Valdiya, 2008). Folklore,
rock art, culvert and the documented evidence including archae-

ological artefacts unequivocally stand testimony to the vulnera-
bility and periodic susceptibility to natural catastrophes, espe-
cially coastal and fluvial flooding (Rao, 1991; Roy et al., 2017;
Ramkumar et al., 2018, 2019). Influences of climatic shifts on
streamflow have the potential to increase/decrease sediment flux
and thus, affect riverbed elevation by altering flood frequency and
magnitude (Ramkumar, 2009; Slater and Singer, 2013). These un-
foreseen responses of bed elevation to exogenic forcing and climate
change have important implications for survival-demise/burial of
the ancient civilization sites located along riverbanks (Slater and
Singer, 2013; Thakur et al., 2016; Ramkumar et al., 2015a, 2015b,
2018, 2019; Sofia and Nikolopoulos, 2020). In this paper, we doc-
ument the episodic channel avulsion, perhaps associated with ex-
treme climatic events and resultant episodic abandonment and re-
settlement in the Vaigai River Basin, Southern India.

2. Location and regional setting

The southern Indian Shield is a mosaic of several crustal
blocks with a variety of geological signatures engrained during
different intervals ranging since the early Archaean (GSI, 1975;
Santosh et al., 2020; Gao et al., 2021). The Vaigai River, located in
the Tamil Nadu state of southern India flows on an antecedent nar-
row valley (Fig. 1a), and its directional change imparted by preva-
lent tectono-morphological events under the influence of inherited
Proterozoic structures is unique to the region (Ramkumar et al.,
2016, 2019). However, the location of deltahead at/or near to the
tectonic line suggested a shared/common mechanism for this flu-
vial basin with that of adjacent basins. Incision of paleo-alluvial
fills, development of Miocene-Pliocene kankar/paleosol, recycling
of paleosol and development of Holocene-to-Recent soil, and his-
torical changes of river courses occurred in response to tectonic
events and short-long term climatic reversals (Ramkumar et al.,
2016, 2019). The Vaigai River Basin consists of 10 sub-basins, cov-
ers an area of about 7000 Ha and lies within the tropical monsoon
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Fig. 2. Litholog and photolog of the Agaram Pit. Stratigraphic locations of the sediment, artefact and bone samples are also marked in the log and shown in the associated
photographs. The stratigraphic locations of the photographs in the litholog are marked by labeled bars.

climatic zone with an average annual rainfall of about 775 mm
(http://nwm.gov.in/sites/default/files/Vaigai_Basin-17.07.17.pdf). The
Southwest (SW) monsoon, spanning from June-September and the
Northeast (NE) monsoon, spanning from October-December bring
rainfall to this basin. Most of the rainfall of this basin occurs in a
short spell (about 40 days in a year) during the NE monsoon sea-
son.

3. Methods and materials
3.1. Excavation and sampling

The presence of man-made structures and artefacts in the sub-
surface was affirmed through conventional, geophysical and vi-
sual interpretation and image processing of remotely sensed data.
Based on these studies, we determined locations for the examina-
tion of natural and anthropogenic structures, lithofacies character-
istics and sediment/soil/artefact sampling. The methods employed
for site determination, field logging and sampling protocols are de-
tailed in Ramkumar et al. (2021). Two pits of archaeological ex-
cavation, one at Agaram (Fig. 2) and another at Keezhadi (Fig. 3)
were chosen for sediment and artefact sampling. After photograph-

ing and logging, the sediment samples were collected at 20 cm in-
tervals, in addition to artefacts and archaeological remains (Fig. 6).
Approximately 1 kg of sample from each stratigraphic location was
packed in airtight PVC bags, labeled and transported to the labo-
ratory. A total of 28 sediment samples for granulometric analysis
and a charred bone clast for petrographical, mineralogical and '4C
analyses were collected from the Agaram Pit. Few pot shreds, pa-
leohearth, and chunks of charcoal were also recognized in this pit
(among which one turned out to be a charred bone during labo-
ratory examination and subsequent petrographic analyses, details
of which are presented in the petrography section) and sampled
(see Fig. 2 for the stratigraphic locations and field photographs) for
14 analyses. Five organic carbon rich-layers were recognized in the
Keezhadi pit (Fig. 3) and were sampled for granulometric and C
analyses.

3.2. Granulometric analysis

Granulometric analysis of the sediments in the Sedimentology
lab of the Department of Geology, Periyar University, and compu-
tation of textural parameters were attempted following the proce-
dures detailed in Ramkumar et al. (2000) and Ramkumar (2001,
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Fig. 3. Fieldphotolog of the Keezhadi pit. Environmental interpretations, stratigraphic locations of samples and '“C calibrated age with Bayesian curve are annotated. Facies
and other characteristics indicate the episodic habitation followed by abandonment principally under the influences of catastrophic floods. Changing environmental condi-
tions, as reflected by the stratigraphic successions of geomorphic units also indicate stream avulsion events on a temporal scale. In the Bayesian curve, dark blue shade
indicates 95.4% probability and the light blue shade indicates 68.3% probability. (For interpretation of the references to color in this figure legend, the reader is referred to

the web version of this article.)

2007, 2015b) and are briefly presented herein. The samples were
air-dried, thoroughly mixed, homogenized and cone and quar-
tered to obtain approximately 50 gm of sediment subsample. Large
pieces of shell fragments, organic material or pebbles were re-
moved. These subsamples were transferred to a pre-cleaned glass
beaker. The samples were cleaned through three stages of treat-
ments by hydrogen per oxide, 10% v/v HCL and quasi-distilled wa-
ter to remove organic matter, shell calcite and other contaminants.
These subsamples were then dried in an air-oven overnight at
60 °C and weighed and dry-sieved in an automated sieve-shaker
with ASTM test sieve sets of 4 @ intervals for about 20 min. The
separated size classes of sediments were then weighed and tabu-
lated. These data were converted into ' @ intervals with a com-
puter algorithm (Ramkumar, 2001, 2007; Ramkumar et al., 2000,
2015b), and then cumulative percent according to @ interval were
calculated and plotted in a semi-log graph sheet for generating
requisite data to compute the graphic mean (Mz), the standard de-

viation (SD), the skewness (Sk) and the kurtosis (Kg). In addition,
the input data required for a few bivariate and other discriminant
plots of environmental (Friedman, 1967; Moiola and Weiser, 1968),
energy (Stewart, 1958) and transport mode (Passega, 1957) inter-
pretations were also generated from the plots of cumulative per-
cent of the sediment samples.

3.3. Petrography

Polished sections and petrographic thin sections were prepared
in the sedimentology lab of the Department of Geology, Periyar
University, from the charred bone clast recovered from the Agaram
pit. Chips were cut from the bone clast at right angles in order to
examine the bone structure at longitudinal and cross-sections. The
cut-chips measuring 30 mm X 20 mm were polished and exam-
ined under reflected light binocular microscope at various magni-
fications and then photographed. These chips were then mounted
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in glass slides, polished further into thin sections (~30 pum) for
examination under the polarized light in the petrographic micro-
scope for documentation of microstructure, texture, mineralogy
and other parameters.

3.4. Mineralogy

A total of 8 samples from both the pits were powdered using
an agate mortar and pestle to <63 um size and the powders were
analyzed for mineralogy through X-Ray Diffraction. Analyses were
performed in the IUAC (Inter-University Accelerator Centre), New
Delhi. The samples were measured at 2 theta (6) angles between
3° and 80° continuously with a step size of 0.01°. The resultant
diffractograms were examined with the help of HighScore Software
manufactured and licensed by Panalytical B.V., for peaks, patterns
and phases to identify mineral species present in the samples.

3.5. Chronology through ™ C analyses

A total of 15 samples (charcoal, charred bone clast, bone, and
organic carbon-rich sediment) were measured for total organic car-
bon, and 14 of them were considered for radiocarbon dating on the
basis of available organic carbon contents. Out of these, only 10
samples were qualified for the analysis after the physical exami-
nation. They were chemically pretreated using the ABA (Acid-Base-
Acid) protocol. Sediment and charcoal samples were mixed with
15 mL 0.5 M HCI and kept for 3 h on a thermo-shaker at 60 °C
and 700 rpm to remove carbonates. After acid treatment, samples
were cleaned with deionized (DI) water up to pH 7. To remove hu-
mic acid, samples were treated with 15 mL 0.1 N NaOH at 60 °C
and 700 rpm for 2.5 h. Again, after cleaning with DI water, the
samples were pretreated with 0.5 M HCI at 60 °C and 700 rpm
for 1.5 h to remove any absorbed CO, during base treatment. After
cleaning with DI water, the samples were freeze-dried for 8-10 h
and subsequently graphitized using an Automated Graphitization
Equipment (AGE) at IUAC.

Bone sample (n = 1) was first cleaned using ultrasonic, dried
and then powdered to < 63 pm size. The powdered sample was
demineralized using 0.2 M HCl and stored for 10 days in a re-
frigerator. Samples were monitored for effervescence continuously
and acid was replaced with fresh acid after 24 h. After demineral-
ization, the samples were cleaned with DI water and mixed with
10 mL 0.1N NaOH and kept for 30 minutes at room temperature to
remove any humic acid contamination. After rinsing with DI water
up to pH 7, 0.2 M HCl was mixed into the sample and the mixture
was kept for 30 minutes at room temperature to allow reaction for
removal of CO, possibly absorbed during the base treatment. The
sample was finally washed with DI water and again mixed with DI
water and 3-4 drops of 0.5 M HCI to make solution pH 3 and kept
for gelatinization at 90 °C for 24 h (Longin, 1971). The gelatinized
(collagen) sample was freeze-dried and graphitized using AGE.

The ™C measurements were made using AMS (Accelerator
Mass Spectrometry) at IUAC, following the procedures described
in Sharma et al., 2019. ™C/12C ratio in the graphite produced af-
ter graphitization was measured in all the samples using XCAMS
(The compact Carbon Accelerator Mass Spectrometer extended for
10Be and 26Al) and sample ratios (14C/12C) were converted to ra-
diocarbon ages as described in Stuvior and Polach (1977). All the
radiocarbon ages (BP) were calibrated using OxCal (v 4.4.4) soft-
ware using IntCal 20 calibration curve and converted into calendar
year before present (cal yr BP) scale. Bayesian age depth modeling
was also done using OxCal (v 4.4.4) software (Bronk Ramsey, 2009)
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4. Results
4.1. Facies and textural characteristics

Litholog of the Agaram pit shows the occurrence of massive,
poorly sorted, fining upward, fine sand deposit of riverine origin
(Fig. 2) at the bottom part of the excavated surface. This facies
grades to the overbank deposit of massive, poorly sorted, fine sand
with appreciable quantities of carbon, possibly derived from ash
and charcoal. This bed has a non-depositional and erosional sur-
face at the top, and it is overlain by loamy soil facies of flood plain.
The floodplain facies are represented by massive, poorly sorted,
fine sand with intermittent non-depositional surfaces. A prominent
non-depositional surface separates this facies from the overlying
massive, thick, silty sand of natural levee. This facies have an ero-
sional surface at the top and is overlain by flood deposits of poorly
sorted, fine sand in which scattered bone clasts occur. It shows
gradational contact with flood plain deposits of poorly sorted, fine
sand. This sequence contains evidence for human habitation, such
as ring-well and hearth, etc. The lithology at Keezhadi pit has sim-
ilar facies representing river channel-overbank-floodplain-natural
levee-floodplain (Fig. 3). The frequency of the carbon-rich layers,
however, is more, perhaps associated with flooding and human
habitation.

Texturally, the sediment samples collected from both the pits
are mainly fine sand, interspersed with very fine sand towards the
lower part and interlayers of medium sand and coarse sand at the
top. Stratigraphic representations of the textural parameters such
as mean size (Mz), standard deviation (SD), skewness (Sk) and kur-
tosis (Kg) appear to be monotonous at the bottom that changes
to high-frequency variations in the middle and extreme variabil-
ity at the top (Fig. 4). Except for three with moderate sorting, all
the samples are poorly sorted. The skewness of the studied sam-
ples shows a range from fine skewed to very coarse skewed. Most
of the samples are leptokurtic to extremely leptokurtic. Sediments
representing the erosional surfaces and intense human-habitation
surfaces are coarse and very coarse-skewed. A gradual fining up-
ward nature superimposed on episodic changes in these textural
characteristics indicates an overall long term linear trend of fining
(Fig. 4a), shift from moderate to poor sorting (Fig. 4b), change from
very coarse skewed to symmetric-fine skewed (Fig. 4c) and change
from mesokurtic to very leptokurtic (Fig. 4d). The polynomial trend
shows a significant shift in sediment characteristics (Fig. 4).

All the samples fall within riverine fields of the discriminant
diagrams (Figs. 5a and 5b) of Friedman (1967) and Moiola and
Weiser (1968). In Stewart (1958) plot, all the samples are within
river process and are scattered near deposition under quite wa-
ter fields (Fig. 5c¢). Based on relative maturity of the sediments
following Glaister and Nelson (1974) plot, the samples are within
immature range and are distributed within braided bar, point bar
and delta front microenvironments/geomorphic units (Fig. 5d). In
the discrimination diagram of Passega (1957), the samples sug-
gest prevalent dominant transportation by suspension with rolling
mode (Fig. 5e).

4.2. Microstructure and pore-fills

Partially rounded external morphology of the charred bone
clast is discernible from megascopic observation. Examination of
the polished and thin sections of this charred bone clast un-
der reflected and polarized light (Fig. 6) revealed that the mi-
crostructures are completely obliterated by burning and the pores
within the original microstructures are filled by fine-silt to sand-
sized clastic grains of quartz, plagioclase feldspar, oxidized/oxide-
coated ferromagnesian mineral grains, and calcitic cement and
neomorphic spars of multiple generations (Ramkumar, 2008;
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Fig. 4. Stratigraphic variations of the textural parameters, Agaram section. a: Mean size; b: Standard Deviation; c: Skewness; d: Kurtosis. The solid line shows the absolute
values the dashed line shows the linear trend and the dotted line shows the polynomial trend.

Ramkumar et al., 2013), and irregular-shaped patches of iron-oxide
fillings. The micropores are filled with cement spars of rhombic
calcites that depict compromise structures (sensu, Bathurst, 1972,
1987) and gradual increase in spar size toward the centre, a
trait affirmative of cementation under meteoric conditions (e.g.,
Bathurst, 1972, 1987; Ramkumar, 2008) of diagenesis. Cross-cutting
fractures of the microstructure pore-fills are filled with later stage
calcite cement spars with various stages of weathering and de-
structive neomorphism (e.g., Bathurst, 1972, 1987). Reduction of
pore-fillings and concomitant increase of empty pores of the orig-
inal bone microstructure are recognized from the outer periph-
ery towards the centre. Similarly, the iron-oxide coating along the
walls is ubiquitous along the periphery of bone clast that shows
distinct reduction toward the centre to become completely absent
at the centre.

4.3. Mineralogy

The mineral species identified are presented in the Table 1
which shows ubiquitous occurrence of quartz as the dominant
mineral, followed by feldspars (plagioclase feldspars: Albite and
oligoclase and K-Feldspar-orthoclase and microcline), can be rec-
ognized. Feldspars are followed by the occurrences of the ferro-
magnesian minerals such as orthopyroxene and clinopyroxenes.
Muscovite mica and its weathering products such as illite and
montmorillonite clays are recognized. Minor to noticeable amounts
of calcite, and apatite followed by insignificant amounts of lan-
thanite, zirkelite and sapphirine also occur. Mineralogical data

along with petrographic observations suggested the presence of
hematite as iron oxide coatings on the grains and pore walls.

4.4. Chronology

Agaram pit: Except for one bone clast, all the radiocarbon ages
are stratigraphically consistent (Table 2). The bone at 170 cm
depths from this pit yielded the youngest (1312 CE; 619 4 39 cal
yr BP) radiocarbon age of this sequence (Table 2). However, the
charcoals of the same sequence at depths of 216 cm and 198 c¢cm
yielded comparable ages of 596 CE (1353 + 25 cal yr BP) and
629 CE (1321 &4 17 cal yr BP). Both were collected from a layer of
flood deposit (Fig. 2). The bulk organic carbon constrains the sedi-
ment at 430 cm depth to 2976 BCE (4938 + 84 cal yr BP). Charred
boneclast is recovered from sediments at 200 cm depths represent-
ing the oldest (5511 BCE; 7455 + 73 cal yr BP) of this sequence and
it was recovered from the same layer of flood deposit indicating its
reworked nature.

Keezhadi pit: The deepest sediment layer at 325 cm was de-
posited at ca. 5147 BCE (7091 4 109 cal yr BP) (Table 2). Other
sediments of this pit show a systematic younger depositional age
with decreasing depths between 2961 BCE (4908 + 192 cal yr BP)
and 1082 BCE (3038 + 57 cal yr BP) (Fig. 3). The lower and upper
limits of the bulk organic sediments at 240 cm and 205 cm depths
are almost similar and the stratigraphically inconsistency of both
these sediment layers might represent the reworking of older sed-
iments in the flood deposit at 205 cm depth.
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the Keezhadi pit are shown in solid squares. A distinction of plotting areas/locations/regions of the samples from two different pits suggests differences in transport mode,
depositional energy, and depositional environmental settings. a: Environmental discrimination based on mean size and standard deviation (after Friedman, 1967 and after
Moiola and Weiser, 1968); b: Environmental discrimination based on skewness and kurtosis (after Friedman, 1967 and after Moiola and Weiser, 1968); c¢: Determination of
intensity of energy conditions and directional movement of sediments (after Stewart, 1958); d: Determination of relative maturity and depositional setting (after Glaister and
Nelson, 1974); e: Determination of modes of sediment transport (after Passega, 1957). The field M-O indicates sediments that are transported by rolling, O-P rolling and
suspension, P-Q suspension with rolling, Q-R graded suspension, and R-S indicates uniform suspension. The upper dashed horizontal line indicates maximum grain size
transported by graded suspension and the lower dashed horizontal line indicates maximum grain size transported by uniform suspension.
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Fig. 6. Reflected and polarized light photomicrographs of the charred bone clast. a: Polished section under reflected light. Sample cut in the longitudinal direction of
the charred bone clast exposing the occurrence of completely filled pores along the periphery and gradual increase of empty pores towards the centre; b: Polished sec-
tion under reflected light. Sample cut across of the charred bone clast exposing the occurrences of bands of empty pores interspersed with relatively stabilized, but car-
bonized/graphitized bone microstructure walls/bands. Comparison between the longitudinal and cross -sections shows that the pore-fillings of the original bone microstruc-
ture progressed from the periphery of the clast during its initial burial and is the reason why the pores in the inner part of the clast are empty. Subsequent exhumation
and redeposition in another depositional downstream site, perhaps introduced the clast to relatively dry-hot climate with occasional wetting, that might have contributed
toward weathering of the Fe-bearing minerals (see Table 2), the release of iron oxide and coating them on the grain surfaces and pore walls; c: Photomicrograph showing
the oxide-coated grains and pore walls; d: Close-up view of the polished section under reflected light showing the pore wall structure, pore-filling and oxide-coated grains
within the pores; e: Micropore filled completely with rhombic calcite cement, typical of phreatic zone. Photographed under crossed nicols; f: Close-up view of pore-filling
calcite cement showing typical rhombic cleavage; g: Photomicrograph under crossed nicols showing the angular plagioclase grain, probably drawn from proximal source
during a major erosional event in the catchment region of the river. Shorter transport distance ensured that the grain got deposited before inheriting roundness. Deposition
occurred at the region wherein kankar developed, during which the grain got cemented and later exhumed and redeposited in the downstream region. The grain shows
typical cleavage of feldspars, besides fracture (shown by black arrow) that cross-cuts the cleavage planes, oxide coating around the periphery (shown by yellow arrow) and
development of weathering product, probably sericite (shown by red circle); h: Photomicrograph showing the pore-fill cross-cut by a late-stage fracture, which in turn was
filled with microspars of calcite. These cement spars have undergone destructive neomorphism due to which regionally varying crystal sizes, morphologies and translucent
nature were imparted, typifying the neomorphic origin. i: Photomicrograph showing iron oxide patch forming pore-fill within the microstructure of the charred bone clast;
j: Photomicrograph showing iron oxide-coating on the pore wall; k: Photomicrograph showing the calcite cement spar as pore-fill that has undergone destructive neomor-
phism. The ghost structures reveal the compromise structure, i.e., original cement spar character of the calcite spar, that was precipitated in a meteoric phreatic zone that in
turn was later subjected to exhumation, transport, redeposition and experienced hot-dry, meteoric vadose zone of alteration/late-stage diagenesis; 1: Photomicrograph under
crossed nicols showing the pore-filling calcite cement spar that has undergone destructive neomorphism. Pore-filling nature and compromise structure are recognizable as
ghost structures. Also, note the destructive neomorphism that approaches from the periphery of the pore-wall towards the centre. Sharp contact between the pore-wall
(made up of charred carbon of the bone marrow) and the calcite cement is typically recognizable. Similarly, the reaction frond between the destructive neomorphism and
original pore-filling calcite is also discernible through tonal differences and spar morphologies; m: Microphotograph showing oxide-coated grains in a close-up view; n:
Microphotograph showing the spread of the oxide coating from the periphery toward the centre and complete occupation. (For interpretation of the references to color in
this figure legend, the reader is referred to the web version of this article.)
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Table 1
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Mineral species recognized in the sediment samples from both the pits of the Vaigai River Basin through the X-Ray Diffraction. Plagioclase: Albite, Oligoclase/both**; X* -
both orthoclase and microcline; X* - Actinolite; X**-Hornblende; Clinopyroxene: Diopside, Aegirine.

Mineral/Sample No. AP1-1 AP1-7 AP1-8 KLMB-1 KLMB-2 KLMB-3 KLMB-4 KLMB-5
Quartz/Quartz low X X X X X X X
Plagioclase X X X X X X X
K-Feldspar X X X X X X X
Orthopyroxene X X
Clinopyroxene X X X X X
Amphibole Xt Xt Xt X+ X+t
Muscovite X X X X X X
Calcite X
Apatite X X
Chloroapatite X
Illite X X
Montmorillonite X
Graphite X X X
Lanthanite X
Zirkelite X X
Sapphirine X

Table 2

Radiocarbon ages of selected sediment, charcoal and bone and charred bone clast samples. Ages are presented in calibrated before present (cal yr BP) and Common Era

(BCE/CE) scales.

Location/Pit Sample type Depth (cm) Calibrated Radiocarbon Calibrated age in Common Era scale at 95.4%
below surface Age (cal yr BP) Probability (BCE/CE)

From To Median
Agaram Bone 170 619 + 39 1278 CE 1390 CE 1312 CE
Varusanadu® Organic Carbon 45 729 + 31 1167 CE 1269 CE 1225 CE
Agaram Charcoal 198 1321 +£ 17 599 CE 659 CE 629 CE
Agaram Charcoal 216 1353 + 25 555 CE 644 CE 596 CE
Keezhadi* Sediment 230 2314 £ 29 412 BCE 237 BCE 390 BCE
Keezhadi* Sediment 250 2435 + 34 752 BCE 406 BCE 530 BCE
Keezhadi Sediment 160 3038 + 57° 1211 BCE 997 BCE 1082 BCE
Keezhadi Sediment 240 3543 + 54° 1613 BCE 1414 BCE 1489 BCE
Keezhadi Sediment 205 3503 + 52° 2136 BCE 1620 BCE 1860 BCE
Keezhadi Sediment 270 4908 + 192° 3346 BCE 2589 BCE 2961 BCE
Agaram Sediment 430 4938 + 84 3307 BCE 2878 BCE 2976 BCE
Keezhadi Sediment 325 7091 + 109° 5359 BCE 4942 BCE 5147 BCE
Agaram Charred Bone clast 200 7455 £ 73 5627 BCE 5370 BCE 5511 BCE

* Data from Ramkumar et al. (2021).

# Data from Ramkumar et al. (2019).

All other data are generated during the present study.
@ Modeled data.

5. Discussion
5.1. Nature and controls of the depositional environments

Plots based on the discriminant lines of Friedman (1967) and
Moiola and Weiser (1968) unequivocally suggested riverine origin
for the sediments (Figs. 5a and 5b). This inference is substantiated
in the discriminant diagram of Stewart (1958), wherein the en-
ergy conditions are differentiated based on the relative intensity of
energy conditions and direction of flow (unidirectional: river pro-
cess and bidirectional: wave process). The studied samples plot-
ting within the river process and slow deposition fields reiterated
the previous inference of riverine origin. In addition, the discrim-
inant diagram of Stewart (1958) also provided clues to the preva-
lent variations in energy conditions as a result of changes in flow
regime and |/ or various microenvironments located within a delta
system (Fig. 5¢; Ramkumar, 2001; Ramkumar and Murty, 2000;
Ramkumar et al., 2000). General immature nature of the sediments
and their deposition in various microenvironments/geomorphic
units of the delta system are affirmed by the samples in the
braided bar, point bar, and delta front fields of the discriminant
diagram of Glaister and Nelson (1974) (Fig. 5d). These observa-
tions also support the inference of changes in depositional re-
gions/microenvironments as well as flow conditions and/or en-

ergy conditions. The discriminant plot of transport mode proposed
by Passega (1957) suggests variable intensities of the transport
(Fig. 5e), perhaps due to the prevalent monsoon-flow controlled
nature of the sediment transport. All the samples plot on eastern
side of the C = M discriminant line paralleling the field of sus-
pension with rolling mode. Together, they indicate deposition in a
deltaic system, probably under the influence of seasonally varying
flow conditions, in regions principally juxtaposed in and around a
major river channel. The differences between the sample clusters
of the Agaram and Keezhadi pits are suggestive of spatial variation
of sediment character influenced by variations in sediment trans-
port, deposition, energy and environmental setting.

The lithofacies on a stratigraphic context establish the preva-
lence of centennial-to-millennial scale channel avulsion producing
the alternating/cyclic channel-flood plain deposits intervened by
overbank and/or natural levee deposits. These overbank and nat-
ural levee surfaces were colonized by humans. The occurrences
of bone clasts including charred bone clasts and pot shreds in-
dicate that the deposited sediments did not have a distal prove-
nance, if not exactly from the vicinity. This is inferred based on the
fragility of the charred bone clast and its delicate nature to acquire
roundness even during short distance transport. Documentation of
monotonous granulometric/textural characteristics suggested tec-
tonic quiescence and monsoon driven climatic extreme events over
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the late Holocene that enforced channel avulsion and resultant ma-
rooning and or catastrophic burial of human habitation sites. The
subtle changes were indicated by the absolute values, linear and
polynomial trends of the sediment characteristics that indicate a
drastic shift of environmental conditions, probably corresponding
with the major events of flood and habitation abandonment sur-
face followed by gradual restoration of fluvial dynamics and reha-
bilitation. Evidence of habitation on the overbank and/or natural
levee adjoining/juxtaposed the river channel shown in the Agaram
and Keezhadi pits suggests a choice of ancient human society for
selecting habitation sites. Most of them were marooned and/or de-
stroyed by burial under flood deposits following their abandon-
ment by humans (Figs. 2 and 3). The extreme climatic event(s),
exhumations of upstream settlements and depositions of the de-
bris over downstream habitation sites, were possibly episodic and
the ancient human society was ignorant and/or ill-prepared about
them. In an earlier report, Ramkumar et al. (2021) documented ex-
tensive use of the Quaternary-to-Recent kankar and paleosol de-
posits as preferred burial grounds of the ancient society. They were
episodically eroded by the shifting channels, especially during ma-
jor catastrophic floods and exhumation, transportation and redis-
tribution of the burial urn pot shreds and all other paraphernalia
contained in them, including the human bone remains in the re-
sultant younger flood deposits.

The easterly flowing peninsular rivers of southern India are
known for catastrophic flooding (Ramkumar et al., 2015b, 2016,
2018). Recently, the religious-cultural site buried under the flood
deposit of the Cauvery River and similar site(s) in the apex of the
Vaigai River delta were unearthed (Ramkumar et al., 2018, 2021)
and affirmed that the Vaigai River, similar to the Cauvery River
and Thamirabarani River have marooned historic-prehistoric sites
of habitations and buried them under thick flood deposits. The
sedimentological inference of highly varied flow conditions and
prevalence of extreme flood events associated with climate change
played havoc on ancient settlements of the Vaigai Civilization. The
clast morphology, microstructure, pore-fillings and inferred para-
genetic sequence suggest that the charred bone clast might orig-
inally be a human bone, charred by burning, perhaps as a burial
ritual representing the mid-Holocene (5511 BCE; 7455 4 73 cal yr
BP). This oldest human evidence of the Vaigai Civilization in the
sedimentary archive of this study was however reworked during
the extreme flood events between ca. 629-596 CE (1321-1353 cal
yr BP), representing the late Holocene. Documentation of compara-
ble C age of carbon-rich sediment layer in the Keezhadi pit sup-
ports the inference that the charred bone clast might have been
exhumed from the proximal regions of the erstwhile habitation
site. The circulated groundwater into the periphery of the charred
bone and commencement of precipitation of cement spars in the
available pores, occurred under meteoric phreatic conditions, i.e.,
below the water table. It might have been exhumed by preva-
lent erosion associated with the flood events and deposited at the
sampling site. The compaction-fracturing-cementation in fractures,
oxidation, and precipitation of oxide coating along pore walls re-
flects neomorphism and weathering. Compilation of these events
in a genetic-paragenetic sequence suggest plausible initial period
of habitation-ritual burial understable climatic conditions and the
subsequent unstable conditions caused oxidation of ferromagne-
sian minerals and enforced weathering and neomorphism due to
modified hostrock-circulating fluid conditions.

5.2. Chronology of prehistoric-historic natural and anthropogenic
events

The Vaigai River flows on an antecedent valley. The Holocene-
Recent sediments of this river rest over paleovalleyfill and
kankar. The sprawl of kankar on the surface corresponds to ad-
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joining terraced uplands and Jor historic-modern river channel
(Ramkumar et al., 2016, 2019). The Quaternary age kankar de-
posits were incised during the Early Holocene, forming the ter-
raced upland adjoining the river courses (Ramkumar et al., 2019).
This information, together with the observation that the kankar
deposits served as burial grounds for the Microlithic-Neolithic hu-
man societies (Fig. 7; e.g., Ramkumar et al.,, 2021) suggest habi-
tation and/or utilization of the kankar surface for burial by the
ancient human community at least since the early Holocene or
Microlithic age. Thus, the burial grounds could be considered as
the initial colonization surface/time as they contain three different
types of burial/ritual materials. The absolute timeline could be de-
rived from the oldest radiocarbon date of the present study, i.e.,
the age of charred bone clast recovered from the Agaram pit (5511
BCE; 7455 + 73 cal yr BP). Depositions representing river chan-
nel, natural levee and overbank sediments with possible avulsion
in the Keezhadi pit (5147 BCE; 7091 + 109 cal yr BP), and con-
temporary to the charred bone clast age reflect a relatively stable
hydroclimate. This habitation surface in the kankar after nomadic
microlithic age hereinafter referred as habitation surface 1 or HS-
1. The shifting of the channel courses through avulsions possibly
occurred under stable conditions as a result of reduced channel
slopes due to less frequent or minimal flooding events and resul-
tant erosions (Ramkumar et al., 2019, 2021). The petrography and
microstructure analyses suggest that the charred bone clast got its
pores cemented and filled with matrix grains, to be later exhumed,
transported and redeposited by flood events between 596-629 CE
(1353-1321 cal yr BP).

The next habitation surface/time, referred as HS-2, is related
to the carbon rich sediment layer at the Agaram Pit (2976 BCE;
4938 + 84 cal yr BP) as well as the contemporary sediment layer
at Keezhadi Pit (2961 BCE; 4908 + 192 cal yr BP). This habita-
tion surface was buried under the flood deposits and yielded an
amalgamation of transported artefacts. The third habitation sur-
face rests over the flood deposit and dated to be around 1860-
1489 BCE (3543-3503 cal yr BP). Ramkumar et al. (2021) recorded
the fourth habitation surface (HS-4) with an age of 530-390 BCE
(2435-2314 cal yr BP). The fifth habitation-colonization (HS-5) was
during 596-629 CE (1353-1321 cal yr BP) and the most recent
habitation-colonization occurred during post 1225-1312 CE (729-
619 cal yr BP). Occurrences of flood deposits superimposing habi-
tation surfaces, for example, HS-1 (5511-5147 BCE), HS-2 (2976 BCE
in Agaram and or 2961 BCE in Keezhadi), HS-3 (1860-1489 BCE),
HS-4 (530-390BCE), after HS-5, (596-629 CE), and post 729-619 CE
suggest episodic flooding and/or marooning as a result of chan-
nel avulsion as the cause(s) of erosion-deposition in the Vaigai
River system. Attendant was the destruction of the habitation sur-
faces and the settlements that forced the inhabitants/survivors to
move and colonize newer settlements, which were subsequently
buried under successive younger flood deposits. Documentation of
oxide formation, indicating changing conditions from wet-humid
to dry-hot climate suggested that it is imperative to examine the
role of climate including extreme climatic events on the survival
and abandonment of ancient civilization sites. These inferences are
summarized in the Fig. 8.

5.3. Episodic extreme climatic events and destructions of habitation
sites

Floodplains and natural levees located along the perennial
rivers were the preferred landforms for ancient human settle-
ments (Singh et al, 2017). With the advancements of ancient
civilization and population, these settlements grew into well-
organized and structured cities. This might be the reason for
the unearthing of remnants of the ancient civilizations in river
deltaic regimes. In India, the Indus and the Saraswati settlements
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Fig. 7. Field and megascopic evidences of multiple prevalent cultural traits. a: Microlithic stone tool, perhaps used as a small handy blade found at Maranadu. This finding,
together with the carbon isotope dates and existence of the modern city of Madurai, suggest continuous habitation in the Vaigai River plains since at least microlithic age
until today. b and c: Burial urns found to occur in the kankar. The morphologies, external designs and contents of these are different and are inferred to have been meant
for varied customs/communities/social hierarchical groups. d. and e: Burial urns with aesthetic epirelief features. The urns are multifold thicker than all other pot shreds
and contain three different types of human bone remains viz., i. charred/burned bone remains without any skull and or complete skeletal remains, ii. bone remains with
other utensils/artefacts, perhaps used by the person who might have used and iii. complete bone remains including skull, jaw apparatus, etc. Ramkumar et al. (2021) have
documented these and interpreted that these three types of burial characters indicate at least three different cultural traits and or cultural groups that inhabited the region,
almost simultaneously, as these are found at similar stratigraphic levels. f. Completely burned/charred bone remains found within a burial urn.

were found along the banks of the Indus River (Giosan et al.,
2012, 2018) and the ancient Saraswati River (Radhakrishna and
Merh, 1999; Tripathi et al., 2004; Valdiya, 2013). As the settle-
ments located along the water bodies are under the vagaries of
seasonal-short and or long-term climatic changes and natural haz-
ards (Singh et al., 2017) the very landforms that support human
activities and sustenance, wreak havoc and force the settled com-
munities to shift or vanish from the habitat. These geohazards
bury and/or maroon the settlements causing loss of life and infras-
tructure (e.g., Menier et al., 2017). Extreme weather events exert
control over erosion-transportation-deposition processes, and im-
pact landscape development (Bookhagen et al., 2005). The influ-
ences of climatic shifts on stream flow have the potential to in-
crease/decrease sediment flux and thus, affect riverbed elevation
by altering flood frequency (Slater and Singer, 2013) and magni-
tude (Ramkumar, 2009). The sudden/faster and unforeseen bed el-
evation events (Slater and Singer, 2013; Thakur et al.,, 2016) and
subsequent and or associated changes in stream courses and ma-
rooning of adjoining regions as responses to climate change and
extreme climatic events have important implications for survival-
demise/burial of ancient civilization sites located along the river-
banks (Ramkumar et al., 2015a, 2015b, 2018, 2019).

The natural cataclysms such as earthquakes, landslides, vol-
canic eruptions, tsunamis, droughts and coastal and fluvial flood-
ing have affected the modern as well as ancient human societies.
The developments of scientific methods and instrumentation over
the past decades have helped to mitigate their effects and re-

n

duce the loss of life. The lack of natural hazard preparedness of
our ancestors might have made them highly vulnerable causing
loss of life and infrastructure, including settlements. The climate
variation and coeval development-destruction of civilization sites
and exodus-migration of the human race are well documented
(e.g., DeMenocal, 2001; Butzer, 2012; Weiss, 2016; Giesche et al.,
2019; Mehrotra et al, 2019). In India, the thick fortifications
found in the Dolavira city walls were the results of the preva-
lent awareness among the inhabitants and mitigation effort against
geohazards including tsunami (Nigam et al.,, 2016) and storms
(Nigam and Chaturvedi, 2006). Roy and Sethumadhav (2014) and
Valdiya (2008) argued that the prevalent neo-morphotectonics in
catchment of the Cauvery River were the reasons for the burial
of man-made infrastructure. Similarly, Roy et al. (2017) reported
destruction and abandonment of villages in Jaisalmer due to pa-
leoseismicity that occurred about 200 years ago. Paleoseismicity
has also been attributed to the devastations of ancient civiliza-
tion sites at Sagalassos, Southwest Turkey (Similox-Tohon et al.,
2006). According to Rao (1991), catastrophic floods have devastated
the ancient Harappa cities at Dolavira. Singh et al. (2017) docu-
mented multiple ancient civilization sites along the paleochannels
of the Indus and the Sutlej. They have also opined that the stream
avulsions (i.e., shifting of stream courses in the flood plains on
a century, millennial and longer time scales) have caused diver-
sion of stream flow along the new and/or paleochannel courses,
which could be considered as one of the causes for abandonment
of ancient settlements. Examination of paleolithic-historic archae-
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Fig. 8. Chronology of habitations interspersed with channel avulsion and flooding
events. In addition to the episodic habitations and abandonments interspersed with
flooding and channel avulsion continuum of habitation of the Vaigai River flood
plains could also discerned from this figure.

ological sites in Tamil Nadu state of southern India suggests ex-
tensive occurrences of archaeological sites in the deltahead region,
and their ubiquitous occurrences below catastrophic flood deposits
(e.g., Ramkumar et al., 2018, 2019) necessitate the role of exogenic
forcing including that of extreme climate events. The catastrophic
floods in the Upper Cauvery River were either controlled by pe-
riods of intense climate change and/or superimposed on paleo-
present seismically active zones (Kale et al., 2010; Ramkumar et al.,
2016). Few of the flood events that wrecked havoc and destroyed
ancient habitats found their mention in cave carvings/paintings,
stone inscriptions, inscriptions on palm leaves, and copper plates,
and Sangam literature representing 11000-2000 years BP.

Flood chronologies developed across the world have shown
that even minor changes in the climatic patterns can be asso-
ciated with more frequent occurrences of extreme flood events
(Kale et al., 2010; Knox, 2000). Independent studies of Kale et al.
(2010), Ramkumar et al., (2018), and Goswami et al., (2019) doc-
umented the flood deposits of the Cauvery River and found dis-
tinct flood clusters occurred during the times of major shifts in the
monsoon conditions, from fluvial dormancy to sudden outburst of
monsoons (~2 ka), from warmer to colder (onset of ‘Little Ice Age’
(LIA) ~ 14 century), from colder to warmer (end of LIA ~ 19t
century) and ~20th century, indicating that the climatic pattern
can be associated with more frequent occurrences of extreme flood
events. The study of Kale et al. (2010) also showed that the two
major flood events of the 20" century reported from the upper
Cauvery were produced by high-intensity short-duration storms,
suggesting that not all wet phases are associated with major floods
and all dry phases with low floods/droughts.
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In this context and precedents, documentation of flood deposits
in the studied sites located in the Vaigai River Basin, from upper
to downstream regions and associated shifts in river channel af-
firm the dominance of climatic reversals and or extreme climatic
events on the development and destruction of ancient settlements
of the Vaigai Civilization, as could be found elsewhere including
India (e.g., Giosan et al.,, 2012, 2018; Giesche et al., 2019). Previous
studies have established the relationship between enhanced ero-
sion and the influx of excessive sediments into the trunk chan-
nel due to the landuse changes (Ramkumar et al., 2015a, 2015c).
These excessive sediments can be flushed out of the channel dur-
ing extreme flooding (Ramkumar, 2000, 2003). They also become
the cause of bank breach and channel avulsion (Ramkumar et al.,
2015b). Giosan et al. (2012) showed that the monsoon-fed rivers
were active during the Holocene. As the monsoon weakened,
monsoonal rivers gradually dried or became seasonal, affecting
habitability of the ancient societies that were located along the
river courses. Present observations in terms of episodic stream
avulsion, marooning of ancient habitation sites/surfaces under
flood deposits, and subsequent abandonment of habitation sites
also evince a strong relationship between tectono-climatic fac-
tors on the river systems and thus, on the survival-abandonment
of ancient habitation sites, especially in the plains of the Vaigai
River.

On a geological, pre-historic and historic scale, the Vaigai River
was a dryland river, the dynamics of which might be different
from that of rivers flowing in the humid regions. According to
Tooth (2000), the dryland rivers have unique fluvial environments,
hillslope and channel hydrological and sediment transport pro-
cesses, river pattern and geometry, temporal and spatial aspects
of channel change, sedimentary structures and bedforms that con-
trast with more humid fluvial environments. The dryland rivers
experience extreme temporal and spatial variability of rainfall,
runoff and sediment transport, and poor integration between trib-
utary and trunk channels and the same has been reported for
the Vaigai River on a centennial scale (Ramkumar et al., 2018).
Above all, large floods control the channel morphology of the dry-
land rivers. This uniqueness might have played a significant role
in channel avulsion in the downstream reaches of the Vaigai River
and played havoc on ancient settlements since pre-historic times.
The occurrences of flood events at about 200-300 year intervals
as indicated by flood deposits immediately almost every habita-
tion surface, for example, after HS-1 (5511-5147 BCE), after HS-
2 (2976 BCE in Agaram and 2961 BCE in Keezhadi), after HS-
3 (1860-1489 BCE), HS-4 i.e. post 530-390 BCE, after HS-5, i.e.,
between 596-629 CE, and 1225-1312 CE concur with the find-
ings of Zhao et al. (2015) who have documented variations in
low-latitude monsoon precipitation driven by shifts in the mean
position of the intertropical convergence zone (ITCZ), which is
further mediated by solar activity and tropical sea surface tem-
perature . These authors have also stated that the Asian South-
ern Monsoon has 220-year cyclicity concordant with the domi-
nant cycle of solar activity (Zhao et al.,, 2015). However, in order
to ascertain this presumption, very-high resolution age control is
required.

The ancient city of Madurai in southern India has been under
habitation for many tens of centuries. This city found its men-
tion in the writings of Magasthenes (who visited the city during
300 BCE), Pliny the Younger (61-112 BCE), and Ptolemy (90-168
BCE) and Indian chroniclers such as Kautila’s Arthashastra (370-
283 BCE), and Sangam Literature (1200-100 BCE). Since then, vari-
ous parts of the Madurai continue to be inhabited along the Vaigai
River until Recent and our study attests to the continuous habita-
tion since the microlithic age (Fig. 6 and Fig. 7). The Sangam lit-
erature also mentions the havoc caused on agricultural fields and
ancient settlements by periodic flooding (Ramkumar et al., 2018,
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2021) of the Vaigai River and resultant mitigation efforts and shift-
ing of settlements of kings of yore.

6. Conclusions

The Vaigai River Basin in southern India is one of the contin-
ually habilitated regions, and the sedimentary deposits have pro-
vided evidence of microlithic-historic-recent settlements, hunting-
modern industries, agricultural and other structures. The previ-
ously published evidence of habitation in the Vaigai River Basin
during the microlithic age, combined with the present report of six
habitation surfaces/sites/events namely, 5511-5147 BCE (7455-7091
cal yr BP), 2976-2961 BCE (4938-4908 cal yr BP), 1860-1489 BCE
(3543-3503 cal yr BP), 530-390 BCE (2435-2314 cal yr BP), 596-
629 CE (1353-1321 cal yr BP) and post 1225-1312 CE (729-619 cal
yr BP) suggest habitation and abandonment of the flood plains of
the Vaigai River over the mid to late Holocene were episodic and
were subjected climate-related flooding and stream avulsion. Im-
plications of these results together with our previous studies could
be that while the evidences of urbanism, industrial and leisure ac-
tivities documented are comparable with other contemporaneous
known civilizations elsewhere, evidences of cohabitation of multi-
ple societal groups that practiced varied burial customs make the
Vaigai Civilization an unique one. In addition, the practice of rit-
ualistic burning-burial of deceased are also documented by the
present study and the carbon isotopic age for the charred bone
suggested the prevalence of this practice in the Vaigai Civilization
much earlier than other Civilizations of the World. These conclu-
sions necessitate integrated, systematic, very-high resolution cli-
matic, geomorphic, habitation and archaeo-cultural studies.
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