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Clay mineralogical studies of
sediments and strontium isotope
analyses on calcretes at the prehistoric
site of Attirampakkam, Tamil Nadu
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Archaeological excavations at the Palaeolithic site of
Attirampakkam, Tiruvallur District, Tamil Nadu, yielded
artefacts dating to the Lower and Middle Palaeolithic
cultural phases assigned to the Middle to Late Pleisto-
cene. This communication reports preliminary results
of clay mineral analysis, which suggests the influence
of both provenance and climate during the Pleisto-
cene. The higher ®Sr/%Sr values suggest chemical
weathering of silicate minerals present in the host
sediments as the predominant source for Ca in the
calcretes.

Keywords: Calcretes, clay mineralogy, palaeoclimate,
sediments, strontium isotopes.

THE prehistoric site of Attirampakkam forms one of a
complex of numerous Palaeolithic archaeological sites of
northern Tamil Nadu'. Excavations were conducted at
this site (under the direction of S.P.)*®, aimed at under-
standing hominin-adaptive strategies over the Middle to
Late Pleistocene in relation to past environments. A notable
feature at the site was the presence of a continuous strati-
fied sequence of Palaeolithic industries ranging from the
Lower Palaeolithic (Acheulian) to the Middle Palaeo-
lithic, signifying long-term occupation of the site.

This communication presents a preliminary analysis of
the variation in clay mineralogy in the sequence studied,
identifies the source for Ca in the calcrete lenses or nodules
noted in all layers, and reports inferences on possible
climatic changes. The study of clay minerals®™ indicates
that their formation depends on climatic as well as geo-
logical and topographical features of a region®. Clay
minerals are commonly used to determine the type and
intensity of weathering processes'’. Calcium carbonate
concretions known as calcretes are widespread in arid and
semi-arid climate, and strontium (Sr) isotopes are used as
tracers to determine the provenance of Ca sources™.

The site of Attirampakkam (locally known as Manamedu;
13°13'50”"N and 79°53'20"E) is situated less than 1 km
from the River Kortallayar, Tiruvallur District, Tamil
Nadu (Figure 1). Annual rainfall of 96 cm was recorded
for Chennai, whereas the study area, located about 50 km
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Figure 1.

west, receives lower rainfall compared to Chennai. The
regional topography comprises the NNE-SSW-trending
Allikulli Hills (200-380 m asl) lying to the west of Atti-
rampakkam. These are uplifted and well-preserved pa-
lacodeltas of early Cretaceous age™®. The cobble conglo-
merate in the Allikulli Hills was sourced from the quartzitic
Cuddapah ranges of Mesoproterozoic age to the west.
The lower-lying areas of the piedmont are underlain by
shaly marine sediments of the Avadi Formation. Being
coeval and intertonguing with the conglomerate beds, it
may represent the palaeodelta bottomset beds. The shales
are capped by Tertiary laterites. During the excavation,
six sedimentary units were recognized, comprising a
laminated argillaceous bed (layer 6), disconformably over-
lain by a thick sequence of ferricretes in a silty matrix
(layer 5), which was capped by clayey-silt (layers 3 and
4). These were overlain by ferricretes supported by silty
matrix (layer 2) and argillaceous colluvium (layer 1).
Acheulian industries were noted in layer 6, with a Late
Acheulian in layer 5 and industries transitional to the
Middle Palaeolithic in layers 3 and 4. Middle Palaeolithic
assemblages were noted in layer 2 of this site.

The most important aspect of the site is presence of a
stratified sequence of cultural phases, indicating long-
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term occupation of the site over the Middle to Late Pleis-
tocene. Further, the discovery of Lower Palaeolithic
Acheulian artefacts within layer 6, which was previously
termed the Avadi or Sriperumbudur Formation (Creta-
ceous), was unique. This led to the revision about under-
standing the local geology and geomorphological features
of this area. Variability in the assemblage structure through
time, when studied along with regional archaeological re-
cord, also indicates movement of prehistoric populations
across the landscape and pointed to the varied ways in
which this site was used through time. The importance of
this research also lies in the use of multidisciplinary sci-
entific approaches towards addressing research ques-
tions™™>.

A total of 31 samples were collected vertically down-
wards at intervals of 10 cm from the west wall of the
trench T7A (Figure 2). Three samples were also collected
from the in situ Avadi shale in the gully near the village
of Attirampakkam. From each sample, 50 g was removed
for clay mineral analysis after coning and quartering. The
samples were subjected to ultrasound treatment for about
10 min; and silt- and clay-sized fractions were separated
from the coarser fractions by wet-sieving using ASTM
230 mesh. Further clay mineral separation was carried out

CURRENT SCIENCE, VOL. 94, NO. 6, 25 MARCH 2008
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Photograph of west wall and south wall of trench T7A at Attirampakkam. Various layers of the west

wall are delineated based on nature of sediments and artefacts found in them.

using settling columns following procedures detailed in
Deepthy and Balakrishnan'’. The separated clay minerals
were saturated with KCI and CaCl, solutions to homoge-
nize the interlayer cations. Subsequently, slides were pre-
pared by pipetting out a few drops onto a glass slide. The
samples treated with KCI underwent different heat treat-
ments: 130°C (12 h), 300°C (4-5h) and 550°C (3 h).
Glycolation was done on samples treated with CaCl, (at
60°C for 8 h).

Samples were analysed using an X’pert PRO PANa-
lytical X-ray diffractometer equipped with ¢-6 type gonio-
meter, at the Department of Earth Sciences, Pondicherry
University. The samples were scanned between 2 and 30°
260 with a speed of 0.01 (°/s), and at 40 kV acceleration
voltage and 25 mA current. Clay minerals were identified
adopting standard procedures®?,

Six calcrete samples were collected from each of the
six sedimentary units of trench T7A. About 100 mg of
these samples was placed in a Teflon® beaker, washed
with double-distilled water, and subsequently subjected
to ultrasound treatment for 15 min. The residues were
collected and the above processes were repeated four
times to remove surface contaminations. The dried sam-
ples were weighed in an electronic balance and 1 ml of
1 M acetic acid was added. These were then left for 12 h to
complete the reaction. The samples were then passed
through filter paper and the clear solutions representing
CaCOg; were dried. Two millilitres of double-distilled 2N
HCI was added to the samples and passed twice through
cation exchange columns to concentrate Sr. A few samples
of sediments that host calcretes were also taken to study
the isotope composition of exchangeable Sr. Extraction of
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exchangeable Sr was carried out following the procedure
outlined by Bullen et al.?*. Sr isotope composition was
measured using a Thermal lonization Mass Spectrometer,
at the Department of Earth Sciences, Pondicherry Univer-
sity.

Kaolinite, smectite and clay-mica are present in strati-
graphic layer 1 (argillaceous colluvium; archaeologically
sterile) and layer 6 (laminated argillaceous bed; Acheulian);
whereas layer 2 (ferricretes in a silty matrix; Middle Pa-
laeolithic), layers 3 and 4 (clayey-silts; transitional be-
tween Lower and Middle Palaeolithic) and layer 5
(ferricretes in a silty matrix; Late Acheulian to Early—
Middle Palaeolithic) contain only kaolinite and clay-
mica. However, comparatively higher percentage of
smectite is noted within sections of layers 3 and 4 (2.1-
2.2m). Clay minerals such as kaolinite, smectite and
clay-mica predominate the original Avadi shales, which
constitute the pre-Pleistocene bedrock in the region.

The major clay minerals present in the samples are
kaolinite, smectite and clay-mica. Kaolinite was identi-
fied using 7 and 3.5 A peaks. These peaks disappeared on
heating to 550°C. Smectite was identified by a 15 A peak,
which shifted to 17 A on glycolation. The 10 A peak, rep-
resented by clay mica, remained as such up to 550°C
(Figures 3 and 4). The relative percentage of clay miner-
als was calculated using the relation:

lgo; Clay mineral N
> gy all clay minerals

Relative percentage =

where lgo; is the intensity of the 001 peak.
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Figure 3. a, X-ray diffraction pattern of samples from layer 1, which have significant quantities of the clay mineral smectite. Clay fractions of the
samples were subjected to various treatments for identification of clay minerals. The 15 A peak of smectite shifted to 17 A on glycolation. There is
not much variation in the intensity of the kaolinite peak with increase in temperature up to 300°C; however, its peak disappeared at 550°C. The
10 A peak remains as such even after heating to a temperature of 550°C, suggesting that the mineral is clay mica. b, Clay mineralogy of layers such
as 2-5 which contain kaolinite and clay-mica, but not smectite. sm, Smectite; ka, Kaolinite; cm, Clay mica; qtz, Quartz and ca, Calcite.

Counts
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900~ 527 KCl and 550 clay
ka
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100+
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Figure 4. X-ray diffraction pattern of samples from layer 6 in which smectite appears at a depth of 2.9 m. However, the intensity of the smectite
peak is lower compared to layer 1.
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Among the CaCl, and KCl-treated samples, the strongest
peak was selected for relative percentage calculations for
the clay mineral of interest. The clay mineralogical com-
positions and their relative percentages in each sample
are given in Table 1.

At surface pressure and temperature conditions, most
clay minerals are the result of an incongruent dissolution
of silicate minerals during weathering. As suggested by
Tardy et al., the alteration of primary minerals such as
biotite and plagioclase can produce smectite under semi-
arid climate. If there is low rainfall, the water/rock ratio
decreases. As a result, Si** ion concentration and metals/H*

Table 1. Depth, stratigraphy and clay mineralogical information of
samples collected from the west wall of the trench T-7A at Attirampakkam

Clay mineral assemblages
with relative percentages

Sample Depth

no. (cm) Layer sm ka cm
S1 30 1 52.4 35 12,5
S2 40 1 49.3 44 6.6
S3 50 1 59.9 29.2 10.9
S4 60 1 55.5 37.6 7
S5 70 1 31.6 42.9 25.5
S6 80 1 35 48.6 16.3
S7 90 1 22.8 57.8 19.4
S8 100 1 314 58 19.4
S9 110 1 28.8 60.5 10.7
S10 120 2 - 86.5 135
S11 130 2 - 50.9 49
S12 140 2 - 74.5 25.5
S13 150 3 - 95.4 4.6
S14 160 3 - 68.3 317
S15 170 3 - 90.1 9.9
S16 180 3 - 88.4 11.6
S17 190 3 - 54.6 454
S18 200 3 - 70.3 29.7
S19 210 3 18.2 63.7 18.1
S20 220 4 19 66.2 14.6
S21 230 4 - 82.9 17
S22 240 4 - 79.5 20.5
S23 250 4 6.2 75.7 18
S24 260 4 - 80.8 19.2
S25 270 5 - 47.3 52.7
S26 280 5 - 89.3 10.7
S27 290 6 175 69.4 13
S28 300 6 35 60.3 5
S29 310 6 38.2 41 21
S30 320 6 40.8 49.5 9.7
S31 330 6 34.3 45.6 20
AV1 83 - 48 44.4 8
AV2 158 - 48.2 36.7 15
AV3 210 - 41.6 26 323

ka, Kaolinite; sm, Smectite; cm, Clay-mica and AV, Avadi shale.

Layer 1: Argillaceous colluvium (archaeologically sterile).

Layer 2: Ferricrete-rich layer (Middle Palaeolithic).

Layers 3 and 4: Clayey-silts (Middle Palaeolithic transitional from

Acheulian).
Layer 5: Ferricrete-rich layer (Late Acheulian to Early Middle Palaeo-
lithic).

Layer 6: Laminated argillaceous bed (Acheulian).

CURRENT SCIENCE, VOL. 94, NO. 6, 25 MARCH 2008

ratio come into equilibrium with the rock. Under this
condition K*/H*, Na*/H", Ca**/H" and Mg*'/H" ratios in-
crease, which favours the formation of smectite on weather-
ing of silicate minerals?®®. Clay-mica can also form by
alteration of muscovite and biotite.

Rainfall exceeding 100 cm results in higher water/rock
ratio, which lowers the Si*" ion concentration, as well as
metals/H" ratio. This will favour the formation of kaolin-
ite directly from silicate minerals. Extremely low Si and
metals/H" ratio result in the formation of gibbsite and
goethite!?*?*, Based on detailed clay mineralogy of
weathering profile developed on either side of Western
Ghats, India, it has been suggested that with sufficiently
higher rainfall, kaolinite will develop irrespective of sili-
cate rock composition®’.

Various studies'®?* have empirically determined that
kaolinite forms when the mean annual precipitation (MAP)
is above 50 cm, while smectite will be dominant when
MAP is below 100 cm. Occurrence of both kaolinite and
smectite in the weathering profile could indicate rainfall
between 50 and 100 cm (MAP). On the other hand, pres-
ence of only kaolinite in some layers may suggest that
rainfall was more than 100 cm.

In terms of both clay mineralogy and appearance, layer
6 sediments are similar to the original in situ Avadi shale
(Figure 5) and were termed as such by previous research-
ers>. The presence of numerous Lower Palaeolithic
Acheulian tools within sediments of layer 6 led to the in-
terpretation that these sediments represent Pleistocene
floodplain deposits of fluvial origin, consisting of re-
worked Avadi shales, inevitably containing some of its
original foraminiferas. Layer 6 aggraded during site oc-
cupation and therefore corresponds to Acheulian horizons>;
further studies are in progress regarding this aspect.

Counts
E_Cacd
900
. BM
400 F
'-'\-_,J" .k*
1 ks
qez
I‘a e | %
“.u i ' 5 W&‘ \l. '
L Tyt | e T Aty
L SRS
o T T 1
5 10 15 20 25

Position [*2Theta]

Figure 5. X-ray diffraction pattern of a sample of the Avadi shale
collected from Attirmapakkam gully. Totally three samples are studied,
and all have identical clay mineral assemblage of kaolinite, smectite
and clay mica. The clay-mineral assemblage of samples of Avadi shale
is similar to that observed for the layers 1 and 6 of the Palaeolithic site.
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a, Relative percentage of smectite vs depth plotted for sediment samples from Attirampakkam. Smectite is

higher in the top 1.1 m (layer 1) depth. Between 1.2 and 2.8 m depth, smectite is absent, although it appears between 2.1
and 2.2 m depth just below a lens of ferricrete sediments. Further, below 2.9 m depth (layer 6), the relative percentage of
smectite steadily increases, but is comparatively less than that of layer 1. b, Kaolinite is present in all layers but the rela-
tive percentage is higher at depths ranging between 1.2 and 2.8 m (layers 2-5).

Table 2. 87Sr/®Sr values of calcretes, soil leachates and their depth
Sample no. Depth (cm) 87gr/%5sr 87Sr/%Sr of leachates
S2L1 40 0.713908 £ 8 0.714768 £ 6
S211L2 130 0.715022 £ 7 -

S15L3 170 0.714609 £ 5 -
S221L.4 240 0.715856 + 4 0.715551 + 4
S26L5 280 0.715288 + 4 -
S30L6 320 0.714979 £ 9 0.715467 £ 5
S, Sample number; L, layer number.
O mxv v @ 0O 0ooQ©@ A
o
€41 _
= °
= ® Calcretes from Y
% ol Attirampakkam i
[a) O Palar River
B Present day L
seawater °
3 | Vv Calcretesfrom ]
Coimbatore [}
0.708 0.712 0.716 0.720
873r/86sr
Figure 7. ¥ Sr/*®Sr ratios measured on calcretes from Attirampakkam

plotted against depth where calcretes occur. Note that ¥Sr/®Sr ratios of
calcretes fall within the range of Sr isotope ratio of the Palar river
water samples. Sr isotope ratio of present-day sea water?, 0.70910 + 4,
and ®'Sr/%sr ratios of calcretes from Coimbatore®® area are also shown
for comparison.

If Avadi shales were reworked and deposited as layer 6
under more humid climate with MAP exceeding 100 cm,
then smectite + kaolinite assemblage present in the Avadi

784

shale should have undergone further chemical weathering
to give kaolinite + goethite + gibbsite assemblage. Whereas,
both the Avadi shale and layer 6 contain smectite +
kaolinite assemblage, which indicates a semi-arid climate,
with MAP less than 100 cm at the time of deposition of
layer 6.

Predominance of smectite and kaolinite in the top
1.1 m of the deposit comprising layer 1 (archaeologically
sterile), suggests deposition under a semi-arid climate
with MAP below 100 cm (Figure 6), and therefore, simi-
lar to the present-day climate or slightly drier.

Differences in clay mineral assemblage between layers
1 and layers 2-5, could be explained by differences in
provenance and derivation of sediments from sources that
had similar differences in clay mineral content as noted in
other studies?™. However, even accounting for differ-
ences in provenance, clay minerals during deposition are
expected to undergo transformation to remain in equilib-
rium with the prevalent climatic conditions. In this context
timescale of deposition of these Pleistocene sediments is
an important factor to be taken into consideration to
firmly establish the relationship between climate and clay
mineralogy, and results of the OSL, palaeomagnetic and
cosmogenic Be studies are awaited.

The formation of calcrete is common under arid and
semi-arid conditions®*?, which are ideal for the precipita-
tion of CaCOj;. The calcrete forms through evaporative
precipitation of water in phreatic and capillary fringe en-
vironments. Since Sr can replace Ca in mineral structures,
it can be used as a tracer for the source of Ca?"%, Calcretes
noted in layers 1-6 exhibit ®Sr/%®Sr ratios between
0.715856 + 4 and 0.713908 + 8 (Table 2).

Durand et al.® have reported that the calcretes near
Coimbatore, Tamil Nadu have ®Sr/®Sr ratios similar to
the present-day seawater, and considered that Ca and Sr
of the calcretes were derived from marine sources.
Whereas the ®’Sr/*®Sr ratios of the Attirampakkam cal-

CURRENT SCIENCE, VOL. 94, NO. 6, 25 MARCH 2008
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cretes are higher than the marine values and close to
those reported for the lower reaches of Palar (Figure 7)
flowing through granulites, Lower Gondwana formations
and Recent alluvium. The 'Sr/®Sr ratios of the calcretes
are lower than those of the upper reaches of Palar river
(Figure 7). Hence, there is a possibility that Sr and Ca
found in calcretes could have been derived from two dis-
tinct sources.

The #Sr/%sr ratio of leachates of sediments that host
the calcretes needs to be taken into consideration while
modelling relative contributions of Sr from the sediments.
Their ¥Sr/®sr ratios vary between 0.715551 +4 and
0.714768 £ 6 (Table 2), and the relatively more radio-
genic Sr isotope composition of the leachates is a result
of alteration and release of Sr by silicate minerals with
high Rb/Sr ratio derived from Precambrian rocks. The
most radiogenic value of the leachates is considered as
one end member and the other end member is that of ma-
rine carbonates of Upper Cretaceous age (0.708375). To
quantify the contributions, two-component mixing calcu-
lation?®3° was done and the results are shown in Figure 8.

The calcretes plot to the left of the mixing line between
seawater and leachate because Sr abundance in the cal-
cretes is much higher (400-800 pg/g), while the sea water
and leachates have 8 and 6 pg/g Sr respectively. How-
ever, the Sr isotope composition of calcrete could be
compared with the mixing line to infer the relative con-
tributions. Calcrete in layer 1 received ca. 20% contribu-
tion from marine sources and the remaining 80% input
from water interacting with the sediments. Calcretes from
layers 3, 6, 2, 5 and 4 have progressively higher Ca and
Sr contribution, ca. 90-100%, by leaching of the sedi-

0.720 T : . . '
(}.5 0716 r .4!;_’ 1
2 38 90
= o
4 70
® 0712 1
B Marine (U.Cretaceous) 50
O  Sediment leachate 30
® Calcretes
0.708 : : : : :
0.00 0.04 0.08 0.12 0.16 0.20
1/Sr
Figure 8. Mixing line calculated for two-component mixing involv-

ing marine source (Upper Cretaceous) and sediment leachates. The cal-
cretes contain higher concentration of Sr (400-800 ng/g) than sea water
(8 ng/g) and sediment leachates (6 pg/g), and therefore, they fall on the
left side of the two-component mixing line. However, the relative con-
tribution could be inferred by horizontal shifting of the mixing line
close to the calcrete data. It is clear that calcretes from layer 1 received
ca. 20% Ca and Sr from marine sources and 80% from the weathering
of sediments that host calcretes, while for rest of the samples 90-100%
input was derived by the leaching of sediments.
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ments. Hence, it is inferred that Ca and Sr were predomi-
nantly derived from percolating water in the vadose zone,
which interacted with the sediments to form calcretes.

Attirampakkam is an important example of an open-air
Palaeolithic site in India, occupied for a long time-period,
with variability noted in the prehistoric assemblage struc-
tures marking changing hominin behaviour patterns.

Based on clay mineralogy of sediments of various lay-
ers, it is inferred that during the Acheulian period (layer
6), the Attirampakkam site experienced semi-arid climate
with MAP < 100 cm, which changed to more humid cli-
mate with MAP > 100 cm throughout Late Acheulian to
Middle Palaeolithic periods (layers 5-2). The archaeo-
logically sterile layer 1 was deposited under semi-arid
conditions as that of present day. From the Sr isotope
composition of calcretes compared to the two-component
mixing model involving sediment leachates and marine
sources, it is inferred that Sr as well as Ca were predomi-
nantly derived by water—sediment interactions in the
vadose zone of the Pleistocene deltaic sediments of this
site. Further studies are in progress, which will aid in
providing a better understanding of past climatic condi-
tions and hominin response during the Pliestocene epoch
at this site.
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Evidences and radiocarbon (**C)
ages of palaeo-high sea-level position
around Mandapam, southeast coast
of India
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A well-laminated, cross-bedded and coarse to very
coarse-grained calcareous (beach rock) sandstone unit
is exposed on either sides of Mandapam foreland
along the Palk Bay and the Gulf of Mannar coasts at
about 2 m asl. Presence of abundant coral debris and
pelecypod shells in the sandstone indicates its forma-
tion under high-energy beach facies. Coral debris
Acropora sp. and pelecypod shells, Arca sp. in living
positions collected from the sandstone unit yielded **C
ages of 6110 and 5650 yrs BP respectively. The level of
occurrence of calcareous sandstone and *C ages of
coral debris and pelecypod shells confirm that the
mid-Holocene high strandline stood at about 2 m asl
in this coastal segment between 5650 and 6110 yrs BP.

Keywords: Beach rock, palaeo-high sea-level, radio-
carbon ages, sandstone unit.

THE thrust on the study of past, present and future sea-
level positions is gaining momentum worldwide because
it concerns not only earth scientists, but climatologists,
glaciologists, biologists, environmentalists, city and town
planners, administrators, etc. In India, along the coastal
areas, evidences of palaeo-high sea-level positions from
the Pleistocene onwards are well established by remote-
sensing studies followed by ground-truth collection. The
datable materials collected from the palaeo-high sea-level
positions from western and eastern coastal segments have
yielded *C ages between 120,000 and 5100 yrs Bp. These
14C ages reveal that the Holocene sea level reached a
maximum between 6500 and 5100 yrs Bp.
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