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time has thus come for immediate documentation of sites and 
quantification of the cultural and environmental impacts to 
which they are being subjected (http://whc.unesco.org; 
http://www.icomos.org /icahm/). 
 
Research and Heritage Management Planning: An 
Integrated Approach 
 

In the course of our research project investigating prehistoric 
archaeology and Pleistocene palaeoenvironments in parts of 
Tamil Nadu, we built in a component of impact assessment 
and conservation, including a framework suggesting long-
term strategies for managing these sites. The region studied is 
well known for the richness and diversity of its prehistoric 
heritage (Pappu 2001, 2007a). The current project drew on 
the foundation of excavations at the Palaeolithic site of 
Attirampakkam (Blackwell et al., 2007; Gunnell et al., 2006; 

Pappu and Kumar 2006, 2008; Pappu et al., 2003a,b, 2004; 
Sreedhar et al., 2008); and was then expanded to investigate 
regional patterns in hominin landuse in relation to changing 
Quaternary environments. The first phase of the project 
considers an area of 8000 km2 in northern Tamil Nadu 
(Figure 1), following which studies are now being initiated in 
the southern parts of the state. There have been relatively few 
attempts to use satellite remote sensing in archaeology in 
India (Balaji et al., 1996; Chakrabarti et al., 2007; Nageswara 
Rao et al.,1997; Ramasamy et al., 1992, 2006; Ray and 
Ravindranath 2007; Tripathy 2005). Our project is the first 
attempt in Indian prehistory, to use a combination of satellite 
images, GIS, field and laboratory studies; integrating research 
aims with those of impact assessment, management planning 
and predictive modelling (Allen et al.; 1990; Mehrer and 
Wescott 2005). We provide here an overview of this work, 
with a focus on impact assessment studies on prehistoric sites.  

 

 
 

Fig.1. Location of Prehistoric Sites in the Study Region in Relation to Landuse Patterns (derived from satellite data: 50 m buffer) and inset: 
closeup of landuse at the site of Gurupuram. (Site type A: discovered by the team/previous scholars and re-visted/restudied; Site  type B:site 
description based on existing literature (work of previous scholars). 
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Satellite Remote Sensing, GIS and Fiels Studies  
 

As regards satellite remote sensing, a three tiered approach 
was adopted for creating a database of the study region.  The 
regional context of each site was studied through medium 
resolution satellite data of IRS 1D LISS 3 (Nov 2004) of 23 
m. To understand the local context of sites, IRS 1D PAN + 
LISS 3 (Nov 2004) merged satellite data of 5.8 m resolution 
was used.  High resolution IKONOS 1 m satellite data (April 
2005) was used to get an in-depth understanding of the site of 
Attirampakkam and its surroundings. Following geo-
referencing of the images and use of image fusion techniques, 
enhanced images could be generated. This was accompanied 
by digitisation of relevant information from reference maps 
related to topography, hydrology, etc. The satellite images 
were interpreted and updated and thematic maps were 
prepared on various themes like landuse/landcover, 
geomorphology, geology, elevation, transport network, 
modern settlement patterns, surface water bodies, canal 
networks; drainage, etc. Archaeological sites and important 
sections studied for palaeoenvironmental purposes were 
examined in relation to these parameters. A codification 
scheme was evolved for various thematic maps. A database 
was created for all environmental, landuse, and archaeological 
parameters. Village cadastral maps for key sites were also geo-
referenced and tiled together.  GIS based spatial analysis 
techniques like overlay, proximity and query were used for 
generating various combination thematic maps. This 
relational database was then organised with systematic 
structuring of the tables and records with one to many 
relation. The multiple tables were linked through unique 
identification numbers and concatenation (as required). The 
entire RDBMS was linked to the geospatial database for 
prognostic analysis. In addition to this, predictive locational 
modelling was also attempted to infer the location of 
archaeological sites. This was used to address specific 
archaeological research questions and for Heritage 
Management studies. Sites studied included those discovered 
by our team, those discovered by previous scholars and re-
examined by us. The work of previous scholars was also 
referred (Pappu 2001).  
 
Field studies included surveys, test-pits, studies of Quaternary 
geomorphology; analysis of artefact typology and technology, 
sedimentological and palynological studies, geochronology, 
etc. Data from excavations at Attirampakkam was included 
to provide stratigraphic and chrono-cultural controls. At each 
site/section, GPS readings were taken with the help of 
Garmin Etrex handheld GPS (error around 10 m), followed 
by a DGPS survey which recorded accurate locations of key 
sites in the study area. Although salvage operations are the 
last strategy in any management program, we were forced to 
adopt them at sites which were under immediate threat by 
quarrying, e.g. Senrayanpalayam, Sirunai quarry, 
Singadivakkam, etc. Sampling strategies ranged from random 
collections to grid-based sampling and synchronized walking 
across transects.  

Impact Assessment Studies  
 
In addition to generating a database on sites, we quantified 
impacts affecting site integrity as a first stage for heritage 
management planning. Parameters considered in this study 
(Figure 2) include agriculture, construction and 
infrastructure development, water bodies (natural and man-
made), forested areas, wastelands and quarried areas. Other 
impacts include persistent disturbance by random collection 
of artefacts, and trampling by students and visitors. The 
magnitude and severity of these impacts was assessed by 
expert judgment and were assigned weights on a scale of 0 (no 
impact) to 1 (maximum impact). Impacts were analysed at 
several levels; viz-: a) based on field studies (2005-2009); b) 
based on satellite data of the actual site area sampled and 
studied;  c) based on satellite images within a buffer radius of 
50 m, 500 m and 1 km around sites, for purposes of 
standarised comparisons. Broad �Prehistoric Zones� were 
demarcated, within which landuse patterns were analysed. 
These comprise areas with clusters of prehistoric sites (areas 
with low to high density scatters in clusters; those with low 
density scatters across several kilometers, and those with 
single or a few artefacts only). Impact indices were generated 
using a generic 50 m buffer from satellite data and from field 
studies; the index was calculated as a product of weight and 
area affected for each type of landuse impact. A long term 
perspective on impacts could be obtained by plotting sites on 
the 1917 topographic sheets (published under Colonel Sir 
S.G. Burrard, K.C.S.I., R.E., F.R.S, Surveyor General of India; 
with a scale of 1 inch is to 1 mile or 1:63,360), and studying 
observations in the writings of Foote (1870, 1916a, b), and 
other sources (Crole 1879).  
 
The Prehistoric Archaeological Record  

The study area chosen covered an area of 8000 km2, in the 
districts of Thiruvallur, Kanchipuram and Chennai; i.e. the 
basins of the rivers Arani, Kortallaiyar, Cooum, Adyar, Palar 
and Cheyyar (12° 15’ 00’’ to 13° 30’ 00’’ N; 79° 30’ 00’’ to 80° 
22’ 00’’ E). The geology of this region has been discussed 
elsewhere (see Geological Survey of India 2006; Gunnell et 
al., 2006; Kumaraguru and Trivikrama Rao 1994; 
Muralidharan et al., 1993; Pappu 2001; Pappu et al., 2003 b; 
Sreedhar et al., 2008; Subramanian and Selvan 2001). 
Palaeolithic sites occur within Quaternary formations 
consisting of a range of ferricretes, lateritic/ferricreted 
sediments and gravels, reworked ferruginous and lateritic 
cobble to boulder beds, within silty-sands and clays, and on 
the surface of Cretaceous formations and Cenozoic laterites. 
A total of 197 sites/sections within 154 site complexes, were 
studied for both archaeological purposes and for generating 
palaeoenvironmental data. A complex is a broader term for a 
locality which may comprise one or more sections or sites 
(defined as low to high density clusters of artefacts within 
limited areas; low to medium density scatters of artefacts 
across several kilometers, or spots with individual or a few 
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artefacts) (Pappu 2001). Of these, 165 are prehistoric sites 
within 138 site complexes. Lower Palaeolithic Acheulian 
assemblages were noted at 95 sites within 82 complexes. 
Although concentrated in the basins of the rivers Arani and 
Kortallaiyar, occasional scatters of Acheulian artefacts are 
found further south, up to the north bank of the river Palar. 
Such sites occur within lateritic gravels and sediments, on the 
surface of Cretaceous deposits and Cenozoic laterites, and 
within argillaceous sediments at Attirampakkam (Pappu et al. 
2003b, 2004; Gunnell et al., 2006). Middle Palaeolithic sites 
number 133 within 119 complexes;  they overly Acheulian 
horizons occurring within a range of lateritic/ferricreted 
gravels; on the surface of Cenozoic laterites or Cretaceous 
formations; and are also noted within non-
lateritic/ferruginous fluvial gravels, silts and sands, and on the 
surface of charnokites. They have a wider distribution 
extending further south of the river Palar. Raw materials now 
include occasional use of gneiss, quartz, chert and chalcedony, 
in addition to quartzites. Late Palaeolithic sites comprising 
assemblages with a distinct blade element and with/without 
microliths (regional variants of the Indian Upper 
Palaeolithic), occur at 43 sites, in 34 complexes. There are 
only 7 sites with a truly microlithic assemblage. Although 
fewer in number, they have a greater range of distribution as 
compared to earlier phases, and extend far south of the river 

Palar. They occur on the surface of and within lateritic gravels 
and fluvial deposits, and on the surface of various other 
formations. There is an increase in the diversity of raw 
material used, including silicified wood, in addition to types 
noted earlier. There are very few truly microlithic 
assemblages.  In addition to surveys, excavations at 
Attirampakkam (locally known as Manamedu; 13°13 50 N 
and 79°53 20 E) yielded a stratified cultural sequence ranging 
from the Lower to the late Middle Palaeolithic. This aided in 
establishing controls by which assemblages across the region 
could be correlated (Pappu and Kumar 2008).  
 
Assessing Impacts on Prehistoric Sites  
 
Results of impact assessment studies at prehistoric sites are 
presented below (Pappu, 2008; Figure 2).  
 
Agriculture 
 
Most sites are affected to some degree by agricultural 
practices (Figure 2). In 1917, only 34 sites fell within zones 
classified as comprising agricultural land. Recent satellite 
images indicates that 121 sites are affected by some form of 
agriculture, of which crop lands predominate, followed by 
plantations (Figure 2). 
 

Landuse as per Satellite Images Actual Site 
Area 

50 m buffer 
radius 

1 km buffer radius Prehistoric 
Zones 

Discr_L1 Discr_L4 N Area 
(km2) 

N Area 
(km2) 

N Area (km2) N Area (km2)

Agriculture Coconut 2 233.65 0 0.00 6 578.86 7 1716.91 

  Aquaculture 0 0.00 1 1.88 2 24.30 1 8.23 

  Permanent Fallow 1 221.69 1 7.35 9 1946.52 3 565.54 

  Current Fallow 24 1744.31 34 187.83 423 44784.91 129 39726.52 

  Kharif 18 720.84 14 54.80 267 27851.54 69 27581.17 

  Kharif + Rabi 
(double cropped) 

20 2862.01 18 100.52 211 32545.75 70 25816.98 

  Rabi 28 3241.99 28 127.94 479 54769.99 80 52460.77 

  Plantations 28 1133.33 23 133.05 426 63159.17 123 49742.62 

Agriculture 
Total 

  121 10157.82 119 613.37 1823 225661.05 482 197618.74 

Built-up Mixed Built-up 
land 

0 0.00 1 6.33 3 1176.74 2 112.52 

  Open 
Spaces/Vacant 
Land 

1 63.66 2 4.38 12 3311.07 8 2682.70 

  Residential 1 14.04 5 34.53 19 7187.78 5 2887.49 

  Villages (Rural) 13 589.28 12 54.81 328 29855.20 133 14054.40 

  Airport 0 0.00 0 0.00 3 65.92 1 156.08 

  Industrial 0 0.00 0 0.00 20 671.55 21 586.83 
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Landuse as per Satellite Images Actual Site 
Area 

50 m buffer 
radius 

1 km buffer radius Prehistoric 
Zones 

Discr_L1 Discr_L4 N Area 
(km2) 

N Area 
(km2) 

N Area (km2) N Area (km2)

Built-up 
Total 

  15 666.98 20 100.05 385 42268.25 170 20480.03 

Forest Forest 
(Indeterminate) 

1 516.62 1 7.81 1 1282.58 3 2450.04 

  Forest Plantations 5 160.63 3 3.59 26 6364.35 8 31561.59 

  Open Forest 1 21.20 1 7.08 8 742.15 3 1182.84 

  Scrub Forest 13 2024.18 8 32.41 63 15403.82 15 45986.33 

  Dense/Closed 
Forest 

0 0.00 0 0.00 2 131.21 1 1914.47 

Forest 
Total 

  20 2722.62 13 50.90 100 23924.12 30 83095.27 

Wastelands Barren 
Rocky/Stony 
Wastelands 

0 0.00 1 7.81 3 1258.78 3 4371.14 

  Land with 
gullies/ravines 

3 28.66 7 22.25 53 2035.67 8 2046.22 

  Land with scrub 32 6719.38 33 226.11 211 52162.59 86 107708.64 

  Land without 
scrub 

16 2157.37 18 119.31 91 18159.32 51 23401.59 

  Salt Affected 
Land 

15 2179.13 12 81.99 85 21130.11 37 19313.80 

  Mining process 0 0.00 0 0.00 3 255.96 1 115.91 

  Mining/Industrial 
waste 

0 0.00 0 0.00 5 608.97 1 19.07 

Wastelands 
Total 

  66 11084.55 71 457.47 451 95611.41 187 156976.38 

Water 
bodies 

River bed 
Vegetation 

1 22.62 0 0.00 53 1847.35 5 455.01 

  River bed 
Cultivation 

0 0.00 0 0.00 4 153.60 2 104.90 

  Reservoir with 
Vegetation 

0 0.00 0 0.00 20 1104.77 5 399.02 

  Tank bed 
vegetation 

22 524.93 2 11.06 440 18974.17 250 12965.49 

  Tank bed 
cultivation 

0 0.00 0 0.00 1 33.98   0.00 

  Water channel 
area 

1 11.97 0 0.00 24 1373.98 1 23.36 

  Water spread area 13 1303.51 1 0.22 230 11371.64 97 10011.87 

  Sandy area 4 151.23 2 8.36 152 9509.37 54 1715.81 

Water 
bodies 
Total 

  41 2014.26 5 19.64 924 44368.86 414 25675.45 

N=counts of areas within sites                  
 

Fig. 2. Landuse patterns at Prehistoric Sites as derived from Satellite Data. The counts indicate the number of areas within sites affected by 
different landuse patterns. Each site may have one or more types of landuse within the same broad category (1 km buffer data updated from 

Pappu et al. 2008, which lists average area impacted). 
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