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Introduction
Although procurement and use of red ochre/haematite 

(α-Fe2O3) date back to the Lower Palaeolithic times [1], several 
early and late Middle Stone Age sites in Africa provided evidence 
for use of red ochre dating back to about more than 200-300 ka 
onwards [1-10]. In Europe recent studies have shown more 
than forty Middle Palaeolithic sites associated with possible red 
ochre/manganese oxide pigment use between MIS 6 and 3 time 
range, from at least 60-40 ka onwards [11-13]. Significantly, the 
Maastricht-Belvedere site in The Netherlands and the Benzu rock 
shelter in Spain [14] have produced evidence for use of this mineral 
by the Early Neanderthals dating back to about 200–250 ka (MIS 
7). Recent debates have focused on the nature of human behavioral 
evolution in the Middle-Late Pleistocene period and use of red 
ochre is considered as one of the indicators of development of early 
symbolic behavior among the early/modern hominins [7, 15-21]. 

Recently, a large number of Late Palaeolithic open-air and 
rock shelter sites have been reported and studied from across 
South Asia [22-29]. However, evidence for red ochre/iron oxide 
use at open air sites in the Late Pleistocene context has not yet 
been reported from most of these microlith-bearing sites in South 
Asia. At Jwalapuram, Locality-9 rock shelter, striated red ochre 
crayon with several grinding facets have been reported from N3, 
Level 34, Stratum C/D interface, belonging to the Late Pleistocene 
sedimentary context dating back to about 34–33 BP [23]. Use of red 
ochre in the Late Pleistocene cultural contexts has also been widely 
reported from Sri Lanka but, in most of the cases those have been 
documented from cave and/or rock shelter sites, leaving large gaps 
in our understanding pertaining to the use of this mineral in the 
open-air site contexts.

of our Recent prehistoric investigation at the site of Torajunga in 
the Bargarh Upland of Odisha has brought to light, for the first time, 
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Abstract
Red ochre or hydrated iron oxide widely used by the H. sapience since the Middle Palaeolithic/Middle Stone Age times or even 

earlier, is often considered as one of the most significant proxies of early/modern human behavior, emergence of symbolic behavior 
and advanced cognitive abilities in the prehistoric material records. In the present paper we tried to explain the geo-archaeological 
contexts of the occurrence of red ochre milling stone with pestles and made a preliminary attempt to trace the source area of this 
material. Results of our analysis clearly shows that red ochre blocks/pebbles were imported from distant sources from fro about 
60-70 kilometers away from the open-air site of Torajunga for manufacturing powders, purpose of which is still little understood. 
However, ethnographic and archaeological sources have been used to possible use of this material at the site.  
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evidence for systematic use of red ochre from the Late Pleistocene 
microlith-bearing sedimentary context, overlying the typical early 
Middle Palaeolithic deposit, characterized by the occurrence of 
small-medium-sized handaxes and cleavers (50-100mm), besides 
blades and blade cores, and Levallois cores, tanged points, discoids, 
etc. [30,31]. This paper aims at presenting the results recent 
investigation carried out at the site of Torajunga in the Bargarh 
uplands with particular reference to the early use of red ochre in 
the Late Palaeolithic/Pleistocene period. 

The Area and its Physical Settings
The Bargarh uplands, spreading about 5837 square kilometer 

area, occupies the westernmost part of the state of Odisha bordering 
the eastern part of the Chhattisgarh state. Physiographically,the 
upland is divided into two distinct units, namely, the northern and 
north-western area represented by rugged denudational hills of 
varying elevation, from 190->600m above mean sea level, and a 
vast pedimented surface with isolated inselbergs gradually sloping 
towards the east up to the river Mahanadi (Figure 1). The area forms 
a part of the plateau region comprising several rows of dissected 
hills with a nearly north-south alignment. Geologically, three types 
of litho assemblages are represented in the area (Figure 2), namely, 
i) Gondwana Supergroup (Talchir Formation) of Carboniferous (?) 
/Permian age, ii) Chhattisgarh Supergroup (Chandarpur Group) of 
Middle to Upper Proterozoic age, rock formations of Proterozoic 

age, and Eastern Ghat Super Group (Khondolite Group) of Archaean 
age [32]. While the Easter Ghats rocks comprising charnockite, 
quartzite, khondolite and garnetiferous granite gneiss occur in the 
vast eastern part of the upland, the Chhattisgarh Group of rocks 
are represented by quartzite, silt stone, shale and limestone which 
have been intruded at places by dolerite dykes and quartz veins. 
At several places massive chert beds/dykes of blackish/grayish/
greenish colours have also been found. The area has undergone 
intense tectonic deformations, as evident by the presence of 
numerous faults and joints in the granitic rocks. Many of the 
fault zones are silicified and some are filled with quartz veins. 
The silicified rocks are massive, fine-grained and are of various 
colours, from dirty white, yellowish to brown.The granitic terrain 
is weathered to varying depths at different places leaving behind 
isolated patches of unweathered rocks. The massive weathering 
has given rise to the formation of the extensive pedeplain in 
the region. The upland is not a leveled tract, but an expanse of 
undulating country sloping down from the Saraidamak-Debrigarh-
Lohara massif in the north-west and north to the Mahanadi valley 
in the east and south-east. Thin to thick quaternary deposits overlie 
the eroded and weathered granitic basement with a prominent 
unconformity [33]. The Quaternary deposits have undergone large-
scale erosion at many places, particularly in the western part of the 
upland, which is evident from the presence of numerous alluvium 
filled palaeo-channels thatcut across the deposits.

Figure 1: A General View of Topographic Features of the Northern Sector of Bargarh Upland drain by the river Jira.

In terms of drainage system, the Bargarh uplands may be 
divided into two segments, as the northern sector is drained by the 
river Jira and its tributaries, the southern sector is drained by the 
Ong and its tributary rivers, and perennial as well as ephemeral 
streams. The present area of investigation lies in the Jira river valley 
system which is a major western tributary of the river Mahanadi. 

Except the Jira all other major tributaries of this river, like the 
Jhaun, Danta, etc., originate from the Debrigarh-Lohara massif lying 
towards the northern part of the Bargarh upland (Figure 1).

While dense woodland forest of dry deciduous type is presently 
confined to the hilly areas, the vast pediment is covered mostly with 
shrubs and agricultural farm lands (Figure 3). The forest of this area 
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abound in a variety of small to large wild game animals, besides 
carnivores. The climate is hot, dry and arid, and during summer, 
the temperature rises up to 48ºC and in winter mercurydrops to 

around 7ºC. The rainfall is moderate to heavy with annual average 
of 1500mm .

Figure 2: General geological formation found in the Northern Sector of Bargarh Upland, and Jharsuguda and Sundargarh 
districts of Odisha.

Figure 3: Map showing Land Use Pattern in Odisha with particular reference to the Study Area (Source-ORSAC).

Materials and Methods
Our intensive investigation in the northern sector of the Bargarh 

uplands, particularly in the upper courses of the Danta and other 
tributaries of the Jira, brought to light a large number of localities 
associated with Late Acheulian-Middle Palaeolithic/microlithic 
assemblages with dense to thin scatters of lithic materials exposed 
on the surface in primary/semi-primary contexts (Figure 4). Only 
two sites have been subjected to limited excavations, viz., Barpadar 
(21º 22’59.88”N; 83º29’20.87” E) on Jira [34] and the site of 
Torajunga (21º29´22.70´´N; 83º32´ 23.11´´E), which is located on 
the upper course of the Danta stream, a tributary of the Jira. The 
site is relatively well preserved with intact physical condition and 
without any evidence for fluvial intervention (Figure 5); however 
major part of the southern part is badly eroded with reel and gully 
erosion (Figure 6) with scatter of artefacts exposed on the surface. 

The site was selected for limited excavations between 2015 and 
2018. In 2015 a detailed survey and documentation of exposed 
surface artefact scatters was carried out in and around the site 
[31], which resulted in the discovery of 670 artefacts of Early-
Late Middle Palaeolithic phases, represented by small to medium 
sized bifaces, a variety of scrapers, denticulates, notched tools, 
awls, burins, tanged points, etc., besides Levallois, Kombewa and 
flake-blade cores, all made out of medium-fine grained quartzite, 
as well as flakes-blades and microliths of cryptocrystalline silica 
group of rocks, particularly locally available chert (Figure 7).The 
site is located about 250 meterssouth of the right bank of the Danta 
stream, the channel bed (Elevation: 191m amsl) of which is about 
fifteen meters below the highest point of the site with elevation of 
206m amsl. In 2015 an exposed section was thoroughly scrapped 
to determine culture sequence and stratigraphic succession (Figure 
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8). The upper level of litho unit-2, yielded microliths of quartz and 
chert and dated by OSL to 12.8 ± 2.8 ka (TBO-1). Subsequently, 
three trial trenches were taken east of the undisturbed surface, 
a comparative lithostratigraphy of which is given in Figure 9. 
Although microliths of chert and milky quartz occur in almost all 
the excavated trenches overlying sedimentary unit of fine-coarse 
rubble in lateritic matrix associated with Early Middle Palaeolithic 
artefacts, Trench-III is particularly significant for yielding red ochre 
milling-stone and used pestles on a floor associated with microliths 
(Figure 10). Based on the colour, texture, compactness and material 
remains, six sedimentary units could be identified (Figure 11). While 
stratum five, with a thickness of about 25-30cm, composed of fine 
to coarse rubbles in a lateritic matrix yielded thoroughly prepared 
miniature handaxe of triangular shape, besides tanged point and 

a few flakes including scrapers with semi-invasive retouching, all 
made out of medium to fine grained quartzite, the overlying deposit 
(Stratum-4), particularly from the lower level with a thickness of 
about 15-20cm yielded flakes-blades, bladelets, backed bladelets, 
lunates and other artefacts made out of chert, milky quartz and 
a few quartz crystal. An activity floor was detected at a depth of 
110cm with scatter of lithic materials (Figure 12). Significantly, the 
assemblage recovered from above the Stratum-5 did not yield any 
artefact ofquartzite. Interestingly, the chert used in the manufacture 
of tools and otherartefacts were locally procured, several exposed 
beds of which have been documented nearby the area, adjacent 
to the southern flank of the Debrigarh-Lohara massif during our 
survey.

Figure 4: Distribution of Late Acheulian-Middle Palaeolithic/Microlithic Assemblages in the Northern Sector of Bargarh 
Upland.
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Figure 5: A-Site Map of Torajunga, B- Topographic Features of the Site with the Location of Trench-III.

Figure 6: A general View of the Southern part of the Torajunga site with eroded badland topography.
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Figure 7: Artifact belonging to the early Middle Palaeolithic/Microlithic (A,B,C) and concentration of exposed Flake-Blade of 
Chert on the eroded surface.

Figure 8: Stratigraphic Profile of Section with Litho-stratigraphic description taken in 2015.
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Figure 9: A Composite View of the Stratigraphic Profile at Torajunga.

Figure 10: A- General View of the Excavation of Trench-III, B- View of the Working Floor at a depth of 110m from the surface 
with the Location of Ochre milling stone along with Microliths.
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Figure 11: Litho-Stratigraphic Profile of Trench-III.

Figure 12: Scatters of Lithic Artifacts/Microliths along with the location of Used Red Ochre Blocks.
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The activity floor exposed at a depth of 110cm has yielded a 
large roughly rectangular-shaped lump of used grinding block/
milling stone of red ochre with ground shallow surface on one of the 
faces and two small ovaloid-shaped used polishers/pestles, which 

were found beneath the grinding stone (Figure 13). The details of 
these specimens are given in the Table 1. The available evidence 
clearly suggests production of red ochre powder through grinding 
technique at this site. 

Figure 13: Used Red Ochre Blocks.

Table 1: Metric and surface observation on the three used red ochre specimens, retrieved from the working floor of Trench-III.

Sl. No. and 
Depth (cm)

Maximum 
Length (mm)

Maximum 
Width (mm)

Maximum 
Thickness (mm) Weight (gm) Physical Description

III-H-1/110 100.88 65.01 29.13 188
Ovaloid shaped, dorsal surface contains grinding facets, 

ventral face partly broken during the contemporary 
period, probably during use and moderately patinated

III-H-2/110 86.45 74.92 38.36 223
Both the dorsal and ventral faces exhibit striated grinding 
marks, no sign of breakage, and moderately patinated, and 

ovaloidal shaped.

III-H-3/103 168.41 141.79 94.09 3330

Roughly rectangular shaped, heavy, dorsal surface bears 
ovaloidal shallow depression due to grinding, ventral 

surface does not have any modification, clear indication of 
use of the dorsal surface for producing red ochre powder.

In order to determine the provenance of red ochre/haematite 
deposit in the Bargarh upland, a detailed investigation was carried 
out, by using geological maps and other sources, like GIS and 
Geological Survey of India data base. Our study reveals that the 
lithological composition ofthis area does not include red ochre/
haematite formation. However, wide occurrence of haematite 
formations are reported from the southern part of the adjoining 
Sundargarh-Jharsuguda districts, where huge deposits of red ochre 
of different colours, like deep purple to light orange and red, occur 

in primary as well as secondary contexts in the form of pebbles, 
cobbles, boulders on the stream channel beds and stratified 
interbedded thick deposit. Geologically, these deposits occur in 
the Kamthi Formation of Gondwana Super Group belonging to 
the Permian to Triassic age. This is possibly the nearest source of 
red ochre procured by the Late Middle Palaeolithic hominins of 
Torajunga by way of exchange and/or trade. The reported source 
area lies about >50-60 kilometers from the site of Torajunga (Figure 
14). 
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Figure 14: Geological Map Showing Source of the Red Ochre towards North of the Bargarh Upland.

With a view to understanding the provenance of the red ochre 
artefacts recovered from Trench-III at Torajunga, powdered samples 
from the grinding stone/milling stone and samples collected from 
two localities, Sample-2 situated about 2.15 kilometers south of 
the town of Hemagiri, located about half a kilometer north of the 
village Kamalga, situated about60-70 kilometers north of the site 

of Torajunga, on the left bank of an ephemeral stream (Figure 15) 
and Sample-3 was collected from an interbedded thick deposit of 
haematite/red ochre exposed through road construction, situated 
about 5.06 kilometers from the town ship of Hemagiri near the 
village Brahmani (Figure 16). 

Figure 15: Picture showing upper course of an ephemeral stream near Kamalga village, showing an exposed red ochre/
hematite rocks on the bed of the stream (Sample-II).
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Figure 16: Inter bedded thick Hematite source detected near the Village Brahmani.

Ed-XRF Technique and Multivariate Analysis
One gram of finely ground powder samples (Sample-1 from 

Torajunga Trench-III of milling stone, Sample-2 from near the 
village Kamalga from an ephemeral stream bed, and Sample-3 
was collected from recently scrapped sedimentary context), were 
analysed using a Xenemetrix Energy Dispersive X-ray fluorescence 
(ED-XRF) spectrometer EX 3600. This is amultielemental analyser 
consisting of a liquid nitrogen cooled 12.5 mm2 Si (Li) X-ray 
detector, (150 eV resolution at 59 k EV), a Rh anode X-ray tube 
(maximum voltage and current being 50kV and 1mA respectively). 
The analysis was carried out in vacuum at different voltages for 
optimum detection of most elements high Quantitative analysis 
was carried out using the inbuilt software, nEXT. NIST soil standard 
was used as the standard reference material for validating the 
results. The results of the analysis are shown in the Table 2. The 
results clearly show counts and concentration of Fe and low counts 
and concentration of silica (Si) in Sample-1 and 2, while counts 
and concentration of Fe is much lower and those of silica (Si) is 

more in case of Sample-2. The colour of the streak is deep purple 
in case of Sample-1 and 3, while that of Sample -2 is light red. The 
results of the elemental analysis is presented through heat map and 
dendrogram (Figure 17). Heat map (Figure 17A) provides intuitive 
visualization of the data table, where each coloured cell on the map 
corresponds to a concentration value in data table, with samples in 
rows and features/compounds in columns. One can use heat maps 
to identify samples/features that are unusually high or low. The 
associated dendrogram (Figure 17B) clearly shows that sample-1 
and 3 are highly correlated and come under one cluster, whereas 
sample-2 comes in different cluster. Compounds such as Ba, Fe, 
Cd, Al, Si, V and K help highly clustering Sample-1 and 3 together. 
The results clearly reveals that hominins during post-early Middle 
Palaeolithic period not only exploited the local resources including 
raw materials like chert, quartz, etc., for manufacturing different 
types of tools, but they also procured exotic/specialised raw 
materials , like red ochre from more than 60-70 kilometres away 
from their settlement area.
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Table 2: Concentration of trace elements of Samples-1.2 & 3, detected through ED-XRF.

Sample-1 Counts Intensity Concen-
tration Sample-2 Counts Intensity Concentra-

tion Sample-3 Counts Intensity Concentra-
tion

Na 186 0.13 6403.7 Na 858 0.01 5325.62 Na 261 0.01 5327.56

Ca 6316 3.67 1845.95 Ca 6832 0 1169.72 Ca 6490 3.74 1859.84

K 12491 0 0 K 21770 65.77 11413.58 K 13803 4.47 0

Cl 14622 0 0 Cl 9968 0 0 Cl 15155 0 0

S 4664 0.38 0 S 6253 6.56 0 S 6591 3.73 0

P 7207 5.01 0 P 23503 0 0 P 9818 6.78 0

Si 40047 197.56 118554.4 Si 269179 1392.58 249360.3 Si 58276 288.67 128527.8

Al 13285 55.26 20393.35 Al 64319 267.65 79406.52 Al 21219 90.72 30246.74

Mg 1388 0.06 816.42 Mg 5319 0.03 765.1 Mg 1795 0.11 876.28

Ti 28739 0 1572.66 Ti 40548 68.02 6554.73 Ti 28975 18.83 2952.2

Zn 22680 0.37 0 Zn 17241 0 0 Zn 20674 2.24 16.74

Cu 21667 2.26 8.44 Cu 13010 5.86 49.8 Cu 17760 1.08 0

Ni 78771 0 0 Ni 79430 0 0 Ni 83741 0 0

Co 1552672 2221.74 0 Co 805121 0 0 Co 1445878 2128.53 0

Fe 9809837 14738.77 262710.3 Fe 5088930 11493.18 205953.8 Fe 9258641 14225.19 253729.1

Mn 197138 0 106.3 Mn 46940 0 106.3 Mn 169988 67.77 1924.29

Cr 58955 0 7.7 Cr 29466 3.28 119.39 Cr 52539 1.99 75.46

V 38357 0.1 0 V 23907 14.12 169.63 V 37361 0.06 0

As 562 0.47 6.91 As 726 0.46 6.91 As 460 0.3 6.9

Ba 3597 3.95 410.12 Ba 4590 10.73 389.36 Ba 3568 4.51 408.41

Cd 23003 0 2.32 Cd 35857 0.61 1.78 Cd 22296 0 2.32

Pb 537 0.46 0 Pb 696 0.45 0 Pb 449 0.29 0

Mo 6507 0.2 0.08 Mo 13326 0 0 Mo 6350 0.15 0.06

Sr 1721 0.86 0 Sr 3201 1.39 0 Sr 1757 0.39 0

Rb 2639 2.83 43.58 Rb 3267 3.29 37.7 Rb 2194 2.28 50.72

Br 710 0 0 Br 938 0.02 0 Br 626 0 0

Se 527 0 0.04 Se 681 0 0.04 Se 445 0.01 0.33

Figure 17: Cluster Analysis (CA) of Sample-I, II, and III.
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Discussion and Conclusion
The foregoing accounts on the investigation at Torajunga of 

Bargarh uplands clearly reveals two sets of lithic industries, one 
dominated by the use of quartzite as raw material for manufacturing 
tools, and another used locally available chert, milky quartz, quartz 
crystal for tool production. Notwithstanding exploitation of local 
raw material sources, the hominins at Torajunga also imported raw 
materials like red ochre from distant sources, as clearly suggested 
from our preliminary study. Although red/yellow ochre pigments 
have been extensively used in the rock art sites (caves, rock shelters 
and huge rocky outcrops) across South Asia, no report has yet been 
available on the characterisation of such pigments nor has any 
concerted effort been made to trace their sources. In this respect, 
the present effort made to establish the source area of red ochre in 
relation to archaeological context appears significant. Our recent 
investigation in the Bargarh uplands have brought to light a large 
number of flake-blade/microlithic assemblages associated with 
used/unused red ochre specimens in open-air context, details of 
which will be published later. Although scientific date has not yet 
been procured from the Early Middle Palaeolithic levels, though 
samples from different trenches have been submitted and results 
are still awaited, the only available OSL date of 12.8±2.8ka from the 
uppermost level of the sedimentary level associated with microliths 
from the scrapped section clearly reveals that those occur just 
above the Early Middle Palaeolithic level, must be chronologically 
much older. In all the excavated trenches at Torajunga flakes-
blades/microliths occur just above the deposit containing Early 
Middle Palaeolithic artefacts. 

The ED-XRF and statistical analyses clearly suggest procurement 
of red ochre bocks/nodules from distant sources, like Sundargarh-
Jharsuguda districts border area, geologically represented by 
the Kamthi Formation of Gondwana Super Group, which mostly 
comprise rocks of sandstone, silt stone, shale and grit. Numerous 
rock shelters with Prehistoric-Protohistoric and Early Historic 
pictographs and petroglyphs, representing wild as well as domestic 
animals, frogs, pangolin, deer, etc., besides an array of symbols of 
human foot, palm and female genital organs, and design patterns, 
have been documented in this area, majority of which have been 
executed in red ochre of different shades [35-38]. Though one 
of these rock shelters has been excavated by Pradhan in 1999, 
and retrieved microliths, cord-impressed pottery fragments and 
used red ochre artefacts, he has not yet published details of his 
excavated remains including the red ochre pieces [38]. Thus, more 
serious efforts have to be taken from scientific perspectives rather 
than broad descriptions of forms/shapes and subject matters 
represented on the rock shelter walls/cave. 

Although archaeologically, red ochre has been proved to be used 
as adhesive for tool hafting and hide processing , besides burial 
practices [39-43], ethnographic records reveal use of red ochre or 

a variety of purposes, like food preservation, preparation of animal 
hides, body decoration, mortuary/ritualistic practices, adhesive/
glue for lithic artefact hafting, insect repellent and also as medicine 
[3,4, 44-50]. Use of red ochre at Torajunga and similar other 
open-air sites in the Bargarh uplands still remains a significant 
question and investigations from multidisciplinary perspectives 
are undergoing to resolve this issue. Within the limitations of 
the present investigation the present preliminary investigation 
would definitely inspire future investigators to adopt scientific 
methodologies to determine the source areas of red ochre and 
thereby they will be able to understand the human-environment 
relationship in India and elsewhere.
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