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Abstract: 14 

Diatom analysis, despite its existence in archaeological science for over seven decades, 15 

remains an underutilized technique. While diatoms are often employed in site-based 16 

paleoenvironmental reconstructions, their application in pottery sourcing, and typology is 17 

relatively limited. This paper focuses on diatom analysis of pottery sherds collected from six 18 

Iron Age sites in the lower Kaveri River Basin. Scanning Electron Microscopy was utilized to 19 

examine diatoms in 78 samples from 26 pottery sherds across these sites. The analysis 20 

revealed the presence of aquatic diatoms, predominantly from freshwater environments, 21 

along with desiccation-tolerant taxa belonging to the genera Nitzschia, Hantzschia, Luticola, 22 

Stauroneis, and Tryblionella. Notably, the dominant genera were Nitzschia (70.73%), 23 

Hantzschia (21.95%), and Luticola (4.87%). These findings confirm the presence of a 24 

lacustrine environment with mesotrophic to eutrophic conditions and suggest that the clay 25 

used in pottery production originated from a freshwater source. Moreover, the study 26 

highlights the potential of diatom analysis in reconstructing local environments and shedding 27 

light on the paleoenvironmental conditions underlying archaeological sediment deposition in 28 

a tropical context. 29 

 30 

Keywords: algae, freshwater, Iron age, Kaveri, paleoenvironment, pottery sherds  31 



Unedite
d ve

rsi
on publish

ed onlin
e on 18/01/2024

3 
 

Introduction: 32 

Human settlement in the Indian subcontinent traces its roots back at least 500,000 years, 33 

encompassing two broad periods: prehistoric, preceding the advent of writing, and historic, 34 

following its emergence. Within the prehistoric era, the timeline is categorized into the Stone, 35 

Bronze, and Iron Ages. The Stone Age is characterized by three distinct periods: the 36 

Paleolithic, Mesolithic, and Neolithic, each representing different stages of human 37 

development and cultural advancements. Paleolithic and Mesolithic periods represented the 38 

nomadic, hunting-gathering way of life, relying on natural resources for their survival. 39 

However, during the Neolithic period, people began to settle down and adopt a more food-40 

producing way of life with the development of agriculture and animal husbandry1. Following 41 

the Neolithic period, there is the Chalcolithic period, often referred to as the Copper Age, 42 

characterized by the smelting of copper. This period preceded the Bronze Age in certain parts 43 

of India. Chalcolithic culture is largely absent in Tamil Nadu.  Concurrent with the Neolithic 44 

period, the Megalithic period, (also known as Iron Age culture), ensued in Karnataka, Andhra 45 

Pradesh, and Tamil Nadu. The primary defining feature of megaliths is their purpose as 46 

sepulchral and commemorative structures2. Research on Megaliths since the colonial period 47 

was undertaken by various scholars like Babington3, Wheeler4, Gururaja Rao5, Leshnik6, 48 

Rajan7, and Mohanty and Selvakumar2.  49 

As far as Tamil Nadu is concerned, more than 2,000 megalithic monuments were discovered, 50 

of which few burial sites have been excavated. The recent excavation conducted at several 51 

sites including Kodumanal8, Thandikudi9,  Mayiladumparai10, Adichchnallur11–13, Keeladi14, 52 

and some more sites reveal important information on Megalithic burials.  The C14 dates are 53 

available for many megalithic sites which helps to do a comparative study of this region. 54 
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The carbon dating of rice husk from the burial of Sivakalai near Tirunelveli dates back to 55 

1155 BCE15 and Adichchnallur to 850 BCE. The Optically stimulated luminescence (OSL) 56 

dating of Adichchnallur urn burials somewhere between 1000 BCE to 775 CE16 and another 57 

sample dates to 1500 BCE12. Taking into account these dates, the upper limit for Iron Age 58 

burials in Tamil Nadu can be traced back to 1500 BCE. However, the current understanding 59 

indicates that South India transitioned into the Iron Age around 500 BCE.  60 

The majority of studies conducted on these sites primarily focus on characterizing the 61 

artifacts, with limited attention given to exploring chemical and biological proxies that can 62 

provide insights into the environmental conditions of the past. Considering these scenarios, 63 

the present study attempts to understand the nature of the Megalithic period, particularly the 64 

Iron Age in the lower Kaveri River Basin, based on the diatoms associated with the pottery 65 

sherds derived from the urn burial sites. The exploration was carried out in this region by one 66 

of the co-authors of this communication as a part of the ongoing research on identifying Iron 67 

Age habitation and burial sites17. Pottery sherds have been used in India for a variety of 68 

purposes, including dating archaeological sites, reconstructing ancient environments, and 69 

studying the technology and manufacturing processes18–21. However, to our knowledge, 70 

biological micro-organisms like diatoms, that are widely used to infer both present and past 71 

environmental conditions such as pH fluctuations22, conductivity changes23, water 72 

temperature changes24, fluctuating water levels25 have not typically been studied from pottery 73 

sherds in Asia. 74 

Diatoms are microscopic, unicellular, golden-brown algae that are present in all aquatic and 75 

sub-aerial environments26. They make an extremely diverse group with around 1000 genera 76 

ranging up to more than 2 million species27. Diatoms possess cell walls made of silica, which 77 

ensures fossil preservation in the sediments compared to other biological proxies, making 78 
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them one of the most widely used paleoecological and archaeological proxies26. Due to 79 

narrow ecological optima and tolerances, they have been used to infer a range of physical, 80 

chemical, and biological measures. In archaeological contexts, diatoms are often utilized in 81 

site-based paleoenvironmental reconstruction, and in a few cases, diatoms recovered from the 82 

pottery sherds were used for pottery sourcing and typology28. Diatoms regularly have been 83 

analyzed from pottery across Europe and North America28–32. 84 

 Despite having a history spanning over 70 years and the potential for revealing past 85 

environments in archaeobiological studies, diatom analysis is still relatively underutilized in 86 

an Indian archaeological context, particularly in pottery sherds. In light of the 87 

aforementioned, the present study aims to assess the potential of diatoms in the Indian 88 

context by investigating diatoms found in pottery sherds recovered from the Iron Age 89 

excavation in the lower Kaveri River Basin of Tamil Nadu. This work is the first attempt at 90 

applying diatoms to understanding the environmental setup in an archaeological context in 91 

the Indian subcontinent. 92 

The present study attempts to understand the nature of the Iron Age in the lower Kaveri River 93 

Basin based on diatom assemblages recovered from the pottery sherds from various localities.  94 

Materials and methods: 95 

The Pottery sherds were collected from six different Iron Age sites in the lower Kaveri River 96 

Basin, including Nallur (NLR), Tiruvaymur (TVM), Avur-Saluvanpettai (AVSUP), Milalai 97 

Nattam (MNM), Tirubuvanam (TBM) and Tepperumalnallur (TPN) (Figure 1). The typical 98 

collection of representative pottery samples is shown in Figure 2. The outer surface, inner 99 

surface, and crushed powder of sherds were analyzed for the occurrence of diatoms in the 100 

respective samples and the figure 3 provides an overview of methods followed in the present 101 

study. The pottery sherds were ground into a fine powder using a cleaned agate mortar and 102 
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pestle, and the resulting material was then sprinkled over the carbon tape using sterile forceps 103 

for scanning electron microscopic observation. Samples were mounted on the carbon tape 104 

fixed on an aluminum stub and gold coated with the sputtering machine (Emitech K575X). 105 

Prepared samples were screened for the diatoms under the scanning electron microscope 106 

(SEM, Zeiss MA15). Precautions were taken during the process to avoid cross-contamination 107 

during the sample preparation procedures. The processed samples are archived at the diatom 108 

collection of Agharkar Research Institute, Pune. Diatom identification was performed using 109 

Lange-Bertalot et al.33, Karthick et al.34, and Spaulding et al.27. 110 

Results: 111 

The Lower Kaveri River valley lacks natural stone formations due to its alluvial plain, 112 

limiting access to stone for tools or building megalithic structures, resulting in a high 113 

prevalence of urn burials. In terms of diatoms, a total of 78 samples, covering 26 pottery 114 

sherds across six Iron Age sites in the Kaveri River Basin were analyzed, and 41 diatom 115 

individuals were identified. Four out of the six sites showed the presence of diatoms, with the 116 

highest number found at the Milalainattam (MNM) site, which had 26 individuals. 117 

Tepperumalnallur (TPN) had 10 individuals, Avur-Saluvanpettai (AVSUP) had four, and 118 

Nallur (NLR) had one. The pottery sherds from the two remaining sites, namely Tiruvaymur 119 

(TVM) and Tirubuvanam (TBM), lacked diatom valves. Most of the diatom valves (~70%) 120 

were found in the powder form of pottery samples compared to the bulk form (~30%). At 121 

AVSUP1 and MNM1 sites, diatoms were found in powder form, whereas in the rest of the 122 

sites, such as AVSUP 4, TPN 5, and NLR 2, they were found in hard sherds. The analysis 123 

and identification of diatoms represented 41 individuals belonging to the genera Nitzschia 124 

Hassall, Hantzschia Grunow, Luticola D.G.Mann, Stauroneis Ehrenberg, and Tryblionella 125 

W.Smith. The most dominant genera were Nitzschia (70.73%), Hantzschia (21.95%), and 126 

Luticola (4.87%). The diatom species belonging to the genus Nitzschia was found in almost 127 



Unedite
d ve

rsi
on publish

ed onlin
e on 18/01/2024

7 
 

all pottery sherds across all the sites, whereas Luticola was present in the pottery sherds from 128 

Avur-Saluvanpettai (AVSUP), and Hantzschia was found only in the pottery sherds from 129 

Tepperumalnallur (TPN) site. All diatom species have been identified up to the genus level 130 

due to the unavailability of enough valves to document all characters for species-level 131 

identification. The detailed presence-absence data of diatoms across the six sites are 132 

presented in Table 1, and the list of various diatom genera and their corresponding relative 133 

abundance are shown in Table 2 and Figure 4. 134 

Discussion: 135 

Jansma's35 work in the Netherlands in 1981 and Alhonen et al.'s36 work in Finland in 1980 136 

were early studies that demonstrated the potential for diatom survival in ceramics and 137 

pioneered the use of diatoms in pottery research30. Additionally, diatoms have been analyzed 138 

from pottery in several studies from Europe and North America, including Battarbee29, 139 

Gibson30, Håkansson and Hulthén31, Jansma32, and Juggins and Cameron28. Gibson30 and 140 

Matiskainen and Alhonen37 conducted studies on diatoms from pottery in Northumberland 141 

and Finland, respectively, to understand pottery typology, trace potential sources of clay and 142 

gain insights into the local environment during that period. Matiskainen and Alhonen's study 143 

provided additional information on the provenance of clay materials, and they observed a 144 

correlation between changes in pottery decoration styles and the composition of diatom flora. 145 

In Battarbee's29 observation, diatoms extracted from ceramics were examined in multiple case 146 

studies. These diatoms were found to be useful in identifying pottery typology, relating clay 147 

to local sources, excluding local clay sources, and indicating preferences for clay types in 148 

pottery38. The present study documented aquatic, mainly freshwater, and a few terrestrial or 149 

desiccation-tolerant diatom taxa from the pottery sherds, indicating that the clay used had 150 

been sourced from a freshwater environment. The majority of dominant taxa identified in the 151 
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study are aquatic, and all were of freshwater origin. The diatom taxa belonging to the genera 152 

Nitzschia (70.73%) dominated all the samples, indicating mainly freshwater, benthic 153 

environment39–41. Nitzschia is a group of mainly pollution-tolerant taxa; many taxa from this 154 

genus have an affinity for polluted waters, which are rich in nutrients, alkaliphilous, and poor 155 

in oxygen40. Nitzschia taxa are particularly numerous in areas that receive nutrients or organic 156 

material by human impact42. After Nitzschia, the diatom species belonging to the genera 157 

Hantzschia (21.95) and Luticola (4.87) dominated the samples. Hantzschia was found only in 158 

the pottery sherds from Tepperumalnallur (TPN) site. Presence of these taxa, such as 159 

Hantzschia and Luticola, found at the Tepperumalnallur (TPN) and Avur-Saluvanpettai 160 

(AVSUP) archaeological sites, indicates that the clay used in the pottery production 161 

underwent prolonged drying periods during deposition. As the presence of these taxa 162 

suggests nearly stagnant or slow-running water and soils, with terrestrial or subaerial 163 

environments, and are desiccation-tolerant taxa40,43.  164 

The dominance of mainly benthic forms of diatoms may indicate that the prehistoric potteries 165 

used clays deposited and sedimented in shallow water. Gibson30 found similarities among 166 

diatom species in different pottery sherds and suggested that a similar type of clay source 167 

may have been used for their preparation. The diatom analysis conducted by Håkansson and 168 

Hulthén31 on a Neolithic pottery fragment in Sweden showed that the clay used to make the 169 

sherd was obtained from a freshwater environment. The prevalence of planktonic diatoms 170 

over benthic diatoms suggested that the clay was sedimented in deep water. Moreover, 171 

identifying diatoms with a specific association to a nearby lake close to the site adds to the 172 

likelihood that the clay utilized for the pottery fragment was obtained locally. Similarly, in 173 

the present study, most of the pottery sherds exhibited a similar diatom flora, indicating the 174 

use of a comparable type of clay found in prehistoric stream beds. However, it cannot be 175 

confirmed that the manufacture was necessarily local, as the recent observation suggests that 176 
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taxa reported here are widespread and occurs across the various biogeographic zones of 177 

Peninsular India. The presence of these diatoms indicates that the clay may have originated 178 

from a similar environment to where the diatoms were found.  179 

The presence of pollution-tolerant taxa like Nitzschia and Hantzschia in many sherds may 180 

confirm that the local community might have used the source water for day-to-day activities. 181 

This reflects human interaction and dependence on nearby water sources for agricultural and 182 

livestock purposes, which has been mechanically added while preparing the pottery. 183 

Milalainattam (MNM) sherd had an exceptionally high presence of Nitzschiaceae valves; 184 

there can be two possibilities for the same, firstly, the pot has been made with the river-bed 185 

clay, bearing a Nitzschiaceae valve or Nitzschiaceae being water had been added either as a 186 

filler or unintentionally. 187 

Conclusion: 188 

The present study is significant in its contribution to understanding archaeological 189 

explorations in river valleys and the interaction of human communities with the nearby 190 

aquatic environment. However, further research is required to comprehensively understand 191 

the relationships between regional climate systems, human-environment interactions, and 192 

cultural processes that occurred in these river valleys. Ongoing geochemical studies 193 

analyzing the elemental structures of these pottery sherds will provide information about past 194 

climate conditions, cultural practices, and the ways in which communities interacted with 195 

their environment for sustenance. This multidisciplinary approach will contribute to a more 196 

comprehensive understanding of the Iron Age period in the Lower Kaveri River Basin and its 197 

connections to broader archaeological contexts. The relationship between the diatom 198 

community from the clay and potteries made need to be established using modern material 199 

across various bio-geographic regions of the country.  200 
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Table 1: Presence-absence of diatoms in the different pottery sherds across the 6 sites (outer 329 

surface, inner surface, and powder forms) 330 

Site: TBM Bulk outer Bulk Inner Powder 

1     –   –    – 

2     –   –    – 

3     –   –    – 

4     –   –    – 

Site: AVSUP Bulk outer Bulk Inner Powder 

1     –    –    3 

2     –    –    – 

3     –    –    – 

4     –    1    – 

5     –    –    – 

Site: MNM Bulk outer Bulk Inner Powder 

1     –    –   26 

4     –    –   – 

5     –    –   – 

Site: TPN Bulk outer Bulk Inner Powder 

1  –   –   – 

2  –   –   – 

3  –   –   – 

4  –   –   – 

5 10   –   – 

Site: TVM Bulk outer Bulk Inner Powder 

1  –   –   – 

2  –   –   – 

3  –   –   – 

4  –   –   – 

Site: NLR Bulk outer Bulk Inner Powder 

1  –   –   – 

2  1   –   – 

3  –   –   – 

4  –   –   – 

5  –   –   – 

Note: Data indicated with "–" represents diatom absence, and numeric values indicate 

the diatom abundance in each sherd  

331 
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Table 2: List of various diatom genera with their relative abundance  332 

Sr.No. Diatom Genera No. of Valves Relative Abundance 

1 Nitzschia  29 70.73 

2 Hantzschia 9 21.95 

3 Luticola 2 4.87 

4 Tryblionella/any Nitzschioid 

taxa 

1 2.43 

  333 
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FIGURE LEGENDS 334 

Figure 1. a, Map showing the locations of the Iron Age pottery sites from the lower Kaveri 335 

River Basin. b and c, showing the Urn burial site at Milalainattam.   336 

337 

Figure 2. Representative pottery sherds from different megalithic sites in the lower Kaveri 338 

River Basin. Photographs depicting pottery sherds from various sites, including a and e,339 

potsherd, and broken Urn from Avur-Saluvanpettai. b and f, Black-and-Red Ware Urn and340 

potsherd with Graffito Mark from Miḻalai Nattam. c, Habitation Mound from Tirubuvanam.341 

d, potsherd from Nallur. g, potsherds from Tiruvaymur. h, an image depicting the pottery342 

sherds from various sites such as Avur-Saluvanpettai and Tepperumalnallur.343 

344 

Figure 3. A detailed illustration explaining each step in the methodology (Created with345 

BioRender.com)346 

347 

Figure 4. Plate showing the dominant diatom taxa recorded from the pottery sherds across the 348 

various sites of the lower Kaveri River Basin. a–f, h–i, k–n, Nitzschia sp., g, Luticola sp., j, 349 

Stauroneis sp., o, Tryblionella/any Nitzschioid taxa, p, Hantzschia sp. (All images are350 

presented with scalebar corresponding to 1 μm).351 

352 

353 

354 

355 




