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Abstract

Climate change is increasingly recognised as a significant component in the biological
evolution and cultural development of our species. It is widely assumed that it has an impact
on behavioural plasticity, as well as the development of more efficient technologies and
associated subsistence strategies. However, detailed research on such possibilities has not yet
been explored in South Asia, despite the fact that our knowledge of palaeoenvironmental
records from the Late Pleistocene have improved in this region and South Asia plays an
important role in human migrations outside of Africa. Late Pleistocene habitation in South
Asia currently spans a diverse range of ecologies, from desert to tropical rainforest and from
large low-lying river basins to high-altitude settings. North-central and western India
probably acted as vital biogeographic dispersal corridors and cultural and biological
crossroads for diverse hominin populations, including modern humans, for a large part of the
Quaternary. The current study aims to better understand the hominin-environmental interface
by investigating various types of paleoanthropological sites in western India (Gopnath,
Guijarat), central India (Different localities in Narsinghpur, and Nehlai in Madhya Pradesh)
and north-central India (Doma in Uttar Pradesh). It also explicitly focuses on understanding
the Palaeolithic/microlithic assemblages and related palaeoenvironmental dynamics of the
Lower Son Valley (LSV) in the Sonbhadra District of Uttar Pradesh in north-central India.
This research incorporates three different aspects: 1) A. To carry out surveys to locate new
Palaeolithic and microlithic sites in the LSV, Sonbhadra, Uttar Pradesh, B. To collect
sediment samples from a geological trench to characterise the Quaternary stratigraphy and
palaeoenvironments of the study area. 2) Compile published sources for the Late Pleistocene
palaeoenvironmental reconstruction of South Asia; 3) To visit the previously reported Late
Pleistocene Palaeolithic and fossil sites or museum/university collections to collect enamel

samples of fossil teeth and carbonates for the reconstruction of Late Pleistocene
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paleoenvironments. To achieve the objectives, five seasons of geological, palaeontological
and archaeological field surveys have been conducted from 2017-2021. During these surveys,
61 new Palaeolithic and microlithic sites have been identified along with three vertebrate
fossil sites in the LSV, Sonbhadra, Uttar Pradesh. Furthermore, a ~11-meter-deep geological
excavation was also conducted to reconstruct the regional Late Pleistocene
palaeoenvironmental framework and date the associated sediments through collaboration.
Along with that, fossil enamel samples or carbonate samples were collected from select sites
mentioned above for palaeoenvironmental reconstructions. It is the first such project that
attempts to understand the Late Pleistocene environments and hominin adaptations in the
Indian subcontinent via multidisciplinary techniques and through a multi-site study. The
study incorporates the lithic analysis of Palaeolithic and microlithic artefacts, the stable
isotope analysis on fossil tooth enamel, calcrete collected from western and central India,
grain size analysis, X-ray fluorescence (XRF) geochemistry and OSL dating on sediments
from LSV. For lithic analysis, Palaeolithic and microlithic artefacts were collected from
seven sites in LSV belonging to periods ranging from Late Acheulean to microlithic age,
probably spanning from ~140 kyr to 48 kyr based on currently-known evidence. The Late
Acheulean to Upper Palaeolithic sites were generally located on the south side of the Son
River, while microlithic sites were found all around the study area. The dominant raw
material porcellanite is quite versatile and unique in nature which allowed Late Acheulean to
microlithic populations to exploit it for artefact production. Preference for other raw materials
was observed for successive technologies, especially those found away from the raw material
sources. Compiled published resources: Late Pleistocene environmental studies conducted to
date in South Asia and associated implications are broadly derived from different proxies,
i.e., sediment, carbonate, ostrich eggshell, pollen, speleothem, and multiproxy approaches,

including some archaeological sites. The compiled records tentatively show that the period

vii



from 125-80 kyr was predominantly characterised by humid environments and was followed
by varied results/changes in climatic conditions at 79-70 kyr and arid environments at 69-60
ka. Between 59 and 30 kyr, South Asia’s environmental conditions were again generally
humid. The period from 29-20 kyr again represents varied results, which were later followed

by arid conditions from 19-11 kyr, following the Last Glacial Maximum or LGM.
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1 Introduction

1.1 Human Evolution: A broad perspective

The oldest hominins known are Sahelanthropus tchadensis (6-7 myr) from Chad (Brunet et
al., 2002) and Orrorin tugenensis (5-6 myr) from Kenya (Senut et al., 2001).
Australopithecus appeared roughly four million years ago, with the first specimens
discovered in South Africa in 1924 (Dart, 1925). Australopithecus was a highly successful
genus that endured for about three million years, based on the abundance of fossils found in
eastern and southern Africa. Famous Australopithecus species include A. afarensis (3.6-2.9
myr) and A. africanus (3.2-2.0 myr) from East Africa. The Australopithecus foot may have
had a human-like arch, according to fossilised Laetoli footprints and metatarsals (Ward et al.,
2011). The oldest Homo fossil mandible was discovered from Ledi-Geraru research area,
Afar Regional State, Ethiopia, and dated to 2.8 myr. The oldest member of the genus Homo,
H. habilis (2.3-1.4 myr), is associated with butchered animal bones and simple stone tools in
East Africa (Blumenschine et al., 2003). Its more formidable and ubiquitous descendant, H.
erectus, was distributed throughout Africa and Eurasia and survived from 1.9 myr to 100 kyr
and possibly later (Anton, 2003). Its spatiotemporal persistence implies that H. erectus was
ecologically adaptable and had the cognitive capacity to flourish in drastically different
environments. H. erectus has smaller molars than Australopithecus, reflecting its softer, more
nutritious diet. Around 700 kyr or maybe earlier, H. erectus in Africa gave rise to H.
heidelbergensis, a species remarkably similar to us in body proportions, dental adaptations,
and cognitive ability (Rightmire, 2009). The lineage of H. sapiens presumably originated in
Africa at least 500 kyr (Stringer, 2016), and eventually, H. sapiens evolved around 315 kyr

(Hublin et al., 2017; Scerri et al., 2018).



1.2 Modern Human origins

The origin and dispersal of H. sapiens has drawn both popular and academic interest (O'Shea
and Delson, 2018). The discovery of a fossilised forehead of the cranium at Zuttiyeh in Israel,
dated between 500 and 200 kyr, indicates that it is either an early Neanderthal or from a
population ancestral to both Neanderthals and H. sapiens (Freidline et al., 2012).
Additionally, Sima de Los Huesos site (Atapuerca, Spain) dates possibly early H.
Neanderthalensis/sapiens to 430 kyr (Arsuaga et al., 2014). It is nearly universally accepted
that H. sapiens evolved in Africa, with the first representative of our species dating to
approximately 315 kyr at site Jebel Irhoud, Morocco (Hublin et al., 2017) and roughly 260
kyr at site Florisbad, South Africa (Grun et al., 1996). Also, see Scerri et al. (2018) for
multiple origins of H. sapiens within Africa. Fossilised hominin crania from Herto, Middle
Awash, Ethiopia, dating to 160-154 kyr, possibly bridge the gap between archaic African
hominin species and modern humans (Clark et al., 2003; White et al., 2003). Fossil remains
of modern humans from the Kibish Formation of the lower basin of the Omo River, southern

Ethiopia, were dated to 195 kyr (Aubert et al., 2012; Butzer, 1969).

Apidima Cave in Greece contains the oldest H. sapiens fossil outside of Africa, dating back
to 210 ka (Harvati et al., 2019). This discovery shows that two hominin species (humans and
human relatives, i.e., Neanderthals) inhabited southeastern Europe for roughly 200 kyr
(Delson, 2019). A jaw of an early modern human from Misiliya Cave in Israel has been dated
between 194 - 177 kyr (Hershkovitz et al., 2018). Skhul and Qafzeh include another 130-90
kyr old human fossil (Groucutt et al., 2019). These early Eurasian human fossils represent
what may be termed a failed dispersal from Africa (Delson, 2019). A phalanx of H. Denisov
was discovered from Denisova Cave and dated between 48 to 30 kyr (Krause et al., 2010).

H. Denisova fossils have also been found from the Tibetan Plateau, dating to 160 ka (Chen et



al., 2019). The qualitative and quantitative studies of the parietal bones, mandible, and lower
second molar of Nesher Ramla Homo fossils from Israel, dated to 140 — 120 kyr, revealed
that this Homo group possessed a unique combination of Neanderthal and archaic
characteristics. It is postulated that these fossils represent the late survivors of a Middle
Pleistocene paleodeme that was most likely involved in the evolution of the Middle

Pleistocene Homo in Europe and East Asia (Hershkovitz et al., 2021).

Multiple locations in China have revealed fossils believed to represent early H. sapiens
(Michel et al., 2016), with the most recent discovery of Homo longi dated to 146 ka (Ni et al.,
2021). Other discoveries include teeth from Fuyan Cave, which were estimated to be older
than 80 kyr based on the dating of an underlying speleothem a few metres from the fossils
(Liu et al., 2015) and teeth from Luna Cave, which were discovered in strata dated between
129.9 ka and 70.2 ka (Bae et al., 2015). Teeth and a jawbone from China's Zhiren Cave have
been attributed to H. sapiens, but additional species attributions are plausible (Liu et al.,
2010). H. sapiens bones recovered in Tam Pa Ling, Laos, date between 86 and 46 kyr
(Demeter et al., 2017; Freidline et al., 2023). H. sapiens teeth from the Lida Ajer Cave in
Sumatra were found in a breccia dating to 68 ka, with fauna dating to 75 ka (Westaway et al.,
2017). The metatarsals recovered from Callao Cave (Northern Luzon, Philippines) have been
assigned to a new Homo species, H. luzonensis dating to 67 ka (Détroit et al., 2019; Mijares
et al., 2010). A complete skeleton of H. sapiens was recovered from Lake Mungo in

Australia, which dates to 62 ka (Throne et al., 1999).

H. floresiensis fossils, cranial and some post-cranial remains from Liang Bua Cave of
Indonesia date between 38 ka to 18 ka (Brown et al., 2004; Morwood et al., 2004). Another
fossil similar to H. floresiensis was found in Mata Menge of So’a Basin of central Flores,
dating to 700 ka (Van den Bergh et al., 2016). It is currently a matter of debate whether H.

3



floresiensis and H. luzonensis evolved from early Asian Homo erectus or from an older genus

like Homo habilis (see Argure et al., 2017; Roberts et al., 2023).

A handful of fossils of H. sapiens have been found in South Asia dating between 38 ka to
mid-Holocene at Fa Hien Cave in Sri Lanka (Deraniyagala, 1992; Kennedy, 1999, 2000;
Kennedy and Deraniyagala, 1989; Kennedy et al., 1987; Perera, 2010; Wijeyapala, 1997). H.

sapiens fossils found from Sarai Nahar Rai, Uttar Pradesh, date to 10 ka (Dutta 1984).

Other notable hominin fossils found in India are Homo sp. indet. (Athreya, 2007), from
Hathnora (Sonakia, 1984; Sonakia and Biswas, 1998) with a maximum age of 236 ka
(Patnaik et al., 2009) and another hominin from Netankheri is to ~ 80 — 70 ka (Sankhyan,

2012).

1.2.1 Dispersals of Homo sapiens out of Africa and the distribution of other Late Pleistocene

species across Eurasia

There is considerable interest in determining the timing and location of successful and
unsuccessful dispersals of hominins (including modern humans) from Africa. H. erectus is
believed to have been the first hominin species to leave Africa approximately two million
years ago and colonise Asia (Dennell and Roebroeks, 2005). A second wave of migration
occurred between 800 and 600 kyr when the ancestor species that gave rise to Neanderthals
entered Europe. H. sapiens were likely the third group to depart Africa during the Late
Pleistocene (Delson, 2019). During the Late Pleistocene, two models of dispersal are
prevalent: 1) The traditional "out of Africa™ model, which proposes a dispersal of modern H.
sapiens across Eurasia as a single wave around 60 — 50 kyr (Marine Isotope Stage (MIS) 3)
and the subsequent replacement of all indigenous populations (Stringer and Andrews, 1988);

and 2) multiple dispersals beginning at the start of the Late Pleistocene (MIS 5) (Bae et al.,



2017; Boivin et al., 2013; Dennell and Petraglia, 2012; Groucutt et al., 2015; Petraglia et al.,

2010).

The first model is supported by early genetic research and, to various extents, archaeology,
geochronology and palaeoanthropology (Krings et al., 1997; Klein, 2008; Macaulay et al.,
2005, Mellers, 2006; Oppenheimer, 2003; Oppenheimer, 2009). The 60 ka dispersal is still
predominantly supported by genetic studies of present-day human population variance across
the globe. Given the genetic clock's unpredictability (because of different mutation rates and
other uncertainties), it is plausible that this event occurred before or after the 60 ka marker
(Oppenheimer, 2009; Scally and Durbin, 2012). Recent whole-genome investigations
(Malaspinas et al., 2016; Mallick et al., 2016; Mondal et al., 2016) imply that "all present
non-Africans diverged from a single ancestral population” [(Tucci and Akey, 2016), p. 179]
during the Late Pleistocene (Sikora, 2017). Archaeologists have also established the border
between 60 and 50 ka based on the behavioural and technological shift from the Middle to

Upper Palaeolithic (Kaifu et al., 2015; Klein, 2008; Mellers, 2006).

Given the increasing number of palaeontological and archaeological reports of H. sapiens
from sites across Eurasia that supposedly predate 60 ka, it appears that earlier dispersals out
of Africa reached the Levant, Greece, Qafzeh, Skhul and perhaps also South, East, and
Southeast Asia (Bae et al., 2014; Demeter et al., 2012; Harvati et al., 2019; Petraglia et al.,
2007; Liu et al., 2010, 2015; Michel et al., 2016; Mijares et al., 2010; Norton and Jin, 2009;
Shen et al., 2002; Westaway et al., 2017). At least some remnants of these earlier dispersals
are likely to exist in the modern record. 2% of the DNA of current Papua New Guineans
derives from the lineage that precedes the hypothesised 60 ka expansion of modern humans

out of Africa, according to a recent genomic study (Pagani et al., 2016).



1.2.2 Interbreeding

Neanderthals and Denisovans are extinct human species (of the genus Homo) closely related
to modern humans (Hublin, 2009; Krause et al., 2010). Recent genetic studies have revealed a
higher Neanderthal admixture in East Asians than in Europeans (Vernot and Akey, 2015),
indicating that at least two independent gene flow events must have occurred in early modern
humans and that the early ancestors of East Asians experienced more admixture than those of
Europeans after the divergence of these two groups (Kim and Lohmueller, 2015; Vernot and
Akey, 2015). Before the ancestors of current non-Africans moved across Eurasia, the first
interbreeding with Neanderthals occurred in the Middle East. The progenitors of present
Europeans and Asians were then separated from this migrant group (Kim and Lohmueller,
2015), along with the beginning of interbreeding between the ancestors of East Asians with
Neanderthals again. It is estimated that the first humans with proto-Neanderthal
characteristics existed in Eurasia between 350 — 600 kyr, while the first population with
classic Neanderthal characteristics appeared between 200 — 250 kyr. This discovery suggests
that Neanderthals and Denisovans were more closely connected than either was to
contemporary humans (Harmon, 2012). Studies have established the influence of Denisovan
heritage in the islands of Oceania, particularly Papua, New Guinea, and some parts of
mainland Asia, such as Tibet, despite the disputed extent of Denisovan territory (Reich et al.,

2011).

Prehistoric ancestors of all living H. sapiens have interbred with Neanderthals, Denisovans,
or other hominins. We know that these hominin groupings persisted longer and interbred
more in some world regions than others. Besides Denisovans and Neanderthals, archaic
hominin species were replaced by H. sapiens that moved out of Africa. Still, substantial

interbreeding with Denisovans and Neanderthals in Eurasia left a significant impression on



contemporary human DNA (Prufer et al., 2014). Contemporary South Asian populations
preserve substantial evidence for Denisovan introgression, as compared to South West Asians
(Sankararaman et al., 2016), suggesting that Denisovan populations inhabited South Asia

during the expansion of modern humans into Asia.

1.3 The Late Pleistocene Period

The Late Pleistocene (Upper Pleistocene or the Tarantian) is a stage of the Pleistocene Epoch
(Rafferty, 2011). The beginning of the stage is defined by the base of the Eemian interglacial
phase before the final glacial episode of the Pleistocene ~126,000 years ago. The end of the
stage is put nearly 11,700 years ago (Cohen and Gilbbard, 2011). The Late Pleistocene is
further divided into four MIS stages: 1) MIS 2 (14-29 ka), 2) MIS 3 (29-57 ka), 3) MIS 4 (57

— 71 ka), 4) MIS 5 (71-126 ka).

Changes in climate across the last glacial cycle in the Northern Hemisphere and the melting
of high-latitude ice sheets at the end of MIS 6 around 130 ka marked the end of the last
glacial period. A brief interglacial followed deglaciation during MIS 5e (128 - 120 ka) that
ended approximately 117 to 115 ka when glacial inception during MIS substage 5d started
building enormous ice sheets over Europe and North America, and the sea level was low, and
ice volume was high (Kukla, 2000). MIS 5d culminated at 111 ka, followed by the brief
interstadial MIS 5c¢ that lasted until 106 ka, a progressive climatic degradation throughout
MIS 4 (71-57 ka) led to complete glacial conditions (Imbrie et al., 1984). Throughout the last
glacial cycle, there was a gradual but variable decline in global relative sea levels, beginning
with a peak a few metres above the present level around MIS 5e (Lambeck et al., 2002) and
reaching between 118 and 135 m below the present levels during the Last Glacial Maximus

(LGM; Clark and Mix, 2000; Shannon et al., 2009).


https://fossil.fandom.com/wiki/Faunal_stage
https://fossil.fandom.com/wiki/Pleistocene
https://fossil.fandom.com/wiki/Epoch_(geology)

Timmermann and Friedrich (2016) conducted a climate-induced human dispersal experiment,
which accounts for a numerical representation of gradual human adaptation to climatic
conditions over the past 125 ka. According to their simulations, approximately at 115-106
kyr, the first low-density migrant wave of H. sapiens diffused through vegetated regions and
reached the coast of northeast Africa along the Bab-el-Mandeb. Two rapid dispersals
occurred between 107-95 and 90-75 kyr, coinciding with wet phases that made the Arabian
Peninsula and Sinai favourable pathways for migration. Southern Europe is projected to have
had extremely low densities from 95 to 72 kyr. The following arid conditions during the
period 71-60 ka (MIS4) prevented the interaction between the inhabitants in north-eastern
Africa and the rapidly expanding population in southern Asia. It contradicts prior claims
(Oppenheimer, 2012) that the southern Arabian Peninsula was an active migration corridor
during this time. During the succeeding precession minimum (increased boreal summer
insolation) between 60 and 47 kyr, the simulation model predicts that the increase in rainfall
increased net primary output in northern Africa, the Levant and the Arabian Peninsula. A
second significant migration wave exited northern Africa approximately around 60 kyr,
correlating with the youngest estimates of the L3-haplogroup-based age range for the time to
the most recent common ancestor (Oppenheimer, 2012; Soares et al., 2012) and the
subsequent development of mitochondrial DNA (mt DNA) haplogroups M, N, and R. This
wave eventually merges with the Eurasian population, increasing population density
throughout Europe and southern Asia. Approximately 60 thousand years ago, H. sapiens
crossed the Indonesian archipelago, altered by sea-level changes, arriving in Papua New

Guinea and Australia.

For the subsequent 60-30 kyr (MIS 3), the model predicts a continuous Africa/Eurasia flow

of H. sapiens across the Levant and a second wave (45-30 kyr) across the Bab el-Mandeb



and the Arabian Peninsula. The Laschamps Excursion at 42 kyr caused a global
environmental crisis, resulting in the extinction of the Neanderthals and many large mammals
during the Late Quaternary, which occurred during geomagnetic field strength minima
(Channell et al., 2019; Cooper et al., 2021). H. sapiens completed the simulated grand trip
from Africa to the Americas by crossing the Bering Land Bridge into North America between
14 and 10 thousand years ago. As a result of rising sea levels, the Bering Land Bridge was
submerged near the end of the glacial period, terminating the geographical connection
between Asia and North America. In congruence with a plethora of studies (Field et al., 2007
Groucutt et al., 2005; Liu et al., 2015; Nicholson et al., 2022; Petraglia et al., 2010),
Timmermann and Friedrich’s (2016) research also shows the early exit climate/human
dispersal simulation reproduces an early MIS 5 exodus of H. sapiens out of Africa and a
rapid dispersal along the southern rim of Asia into southern China and eventually into

Australia during MIS 3 and MIS 4.

Thus, the effect of climatic change on the timing of early human migrations has been a topic
of extensive research and discussion. All hypotheses share the fundamental premise that
climate influences resource abundance, which, in turn, determines a region's carrying
capacity - the maximum population that can be supported; this then guides the distribution of
humans. Other different factors can also affect resource richness and, ultimately,
dispersal/migration, including significant volcanic eruptions (Ambrose, 1998), glacial
"Heinrich events" associated with ice-sheet collapse (Carto et al., 2009), orbital monsoonal
rainfall changes (every 21,000 years, Earth's orbit undergoes slight changes in its rotational
axis, which affects seasonal solar radiation and thus monsoonal climate) (Castaneda et al.,
2009; Eriksson et al., 2012; Osborne et al., 2008) and sea-level changes (Armitage et al.,

2011).



The Late Pleistocene is a time of relatively quick technological replacements, variations in
behaviour, rapid movements of H. sapiens (Table 1) and several significant environmental
events. There are different technological and hominin species overlaps in the Late Pleistocene
(e.g., Bruggemann et al., 2004; Clark and Brown, 2001; Lee, 2013; Li et al., 2018; Li et al.,
2019; Michel et al., 2013) and variable climatic conditions. The Acheulean culture could
possibly last until 120 -29 kyr globally (Key et al., 2021). The origins of the Middle Stone
Age/Middle Palaeolithic can be traced to 500 kyr (Porat et al., 2010) and lasted up to 20-10
kyr (Lombard et al., 2012; Scerri et al., 2021). While the origins of symbolic behaviours
might be difficult to trace (Nowell, 2010), one of the earliest appearances is evident at 105
kyr for the intentional collection of non-utilitarian objects (calcite crystals) and ostrich
eggshells in the southern Kalahari Basin (Wilkins et al., 2021). The collection of quartz
crystals intentionally transported to the site of Singi Talav with no clear utilitarian purpose
(d’Errico et al., 1989) marks the oldest dated non-utilitarian objects in the South Asian record
(Blinkhorn et al., 2021). The origin of microlithic technology at Pinnacle Point at the African
sites of (71 ka) (Brown et al., 2012; Wilkins et al., 2017) and Howiesons Poort (65-60 kyr)
(Guerin et al., 2013; Roberts et al., 2016; Tribolo et al., 2009) is associated with and without

the impact of climate change, respectively.

Table 1. List of species present during the Late Pleistocene.

r. No. | Name of the Species
Homo erectus

Homo neanderthalensis
Homo floresiensis
Homo luzonensis
Homo Denisova

Homo longi

Naser Ramla Homo
Homo sapiens

(N[O | (WIN|IFLPIW
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Understanding the effect of the environment on hominin adaptation and the effect of
anthropogenic activities on environments (Foley and Lahr, 2015) has led to many long-
standing debates. The former has been the most intriguing for Palaeolithic archaeologists
(Rodriguez et al., 2010; Zhao et al., 2021; Zingher et al., 2013, to name a few), and most of
the studies show that technological innovation/adaptation occurs due to environmental
change (McHall et al., 2007; Fronco et al., 2016; Wilkins et al., 2017; Zhao et al., 2021;
Zingher et al., 2013), while some imply no effect of environment on technological change

(Roberts et al., 2016; Rodriguez et al., 2010).

1.3.1 Late Pleistocene Extinctions - Overkill Hypothesis

Paul Martin, a palaeontologist, proposed in 1967 that humans were the primary cause of Late
Pleistocene megafaunal extinctions. Megafauna represents animals whose mature body
weight exceeds 44 kg (Martin, 1984). He proposed that a) large mammals were decimated
during the Late Pleistocene, b) small mammals (except on islands) were relatively untouched,
c) large mammals survived best in Africa, d) the extinctions were often quite abrupt, e)
regional extinctions were diachronous, f) the extinctions occurred without replacement by
new taxa, g) the extinctions followed in man's footsteps and h) archaeology of extinction is

obscure.

Martin hypothesised that big-game Palaeolithic hunters preferred large mammals. Species in
continents never colonised by humans have little to no fear of humans, making them easier to
kill. Martin envisioned waves of human hunters fanning into newly colonised North and
South America and Awustralia and killing large mammals in a "blitzkrieg," triggering
megafauna extinction. Conversely, megafaunal losses in Eurasia and Africa were less severe
due to lengthy coexistence with humans. He hypothesised that human advent on "“colonised

continents" led to the extinction of megafauna.
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Mosimann and Martin (1975) and Martin (1984, 2005) hypothesised that the slaughter
occurred so quickly that it left little trace in the fossil record, mainly in response to the
perception that there were too few 'kill sites' (i.e., sites with projectile weapons and
megafaunal remains) in North America. Computer modelling by Alroy (2001) and others
support the notion that human hunting could have resulted in extinctions, mainly if the model
permits the hunters to switch to other more common prey yet maintain opportunistic hunting

of rarer slow-breeding species.

Some scholars argue that anthropogenic extinctions began when the first modern humans left
Africa between 200 and 100 kyr, which is supported by recent megafaunal extinctions in
Australia, New Zealand, and Madagascar (Kolbert, 2014). The most compelling evidence for
this theory is that 80% of North American large mammal species vanished within 1000 years

of humans arriving in the western hemisphere (Martin, 1984).

1.3.2 Late Pleistocene fauna and its extinction in the Indian Subcontinent

All Quaternary vertebrate fossil evidence can be arbitrarily divided into three broad
chronological groups: a) the Early Pleistocene evidence, which is primarily found in the
Siwalik Hills of Pakistan, India, and Nepal; b) fossil assemblages found in several river
valleys, which are generally assigned to the Late Pleistocene; and c) the Holocene fossils,
sub-fossils, and unfossilised bones (Chauhan, 2023). The areas yielding Late Pleistocene -
Holocene fossils include river valleys: Ganga, Son, Narmada, Godavari, Mahanadi, Manjra,
Krishna, Ghod and other areas such as Kurnool Cave complex, northeastern India, West
Bengal, Rajasthan, Gujarat, Tamil Nadu and Sri Lanka (See Badam, 1988; Badam, 2002;
Chauhan 2008). Most of the recovered species belong to the orders Artiodactyla,
Perissodactyla, and Proboscidea. Most sites were devoid of carnivorans, primates, small

mammals, birds, and other vertebrates (Jukar et al., 2021). Chauhan (2023) highlights the
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lack of identification and absolute dates for fauna within Middle Pleistocene contexts in the
subcontinent, except for the Middle Pleistocene fauna from the Kurnool Caves, which shows

their continuity to Late Pleistocene and modern times (Roberts et al., 2014).

During the end Pleistocene and earliest Holocene, the Indian subcontinent underwent an
extinction that was highly size (large) biased but of low significance. Climatically, the period
is distinguished by the last glacial maximum (LGM), Heinrich Event | (H1), and Younger
Dryas (YD) (Jukar et al., 2021). The monsoon intensity decreased throughout these seasons,
particularly in H1, resulting in widespread droughts (Dutt et al., 2015; Stager et al., 2011,
Tierney et al., 2015). During the late Quaternary, the Indian Peninsula witnessed the
extinction of four large animal species and one avian species. Although the four species
comprise 4% of the mammalian fauna, they account for 20% of the megafauna of the Indian
subcontinent (Jukar et al., 2021). The extinction magnitude is most like that observed in
regions of Africa, consistent with the findings of regional research (Roberts et al., 2014) and
giving direct evidence to support the co-evolution concept for megafaunal persistence outside
Africa (Faurby and Svenning, 2015; Sandom et al., 2014). While the substantial size bias is
evidence of human impact (Smith et al., 2018), the low magnitude shows that most faunas
were resistant to prehistoric H. sapiens. However, preliminary chronology indicates that
faunal extinctions did not begin until at least 20,000 years after the arrival of modern H.
sapiens to India (Bae et al., 2017). In addition, H. sapiens in the Indian subcontinent may
have favoured smaller forest-dwelling prey (such as monkeys and rodents) over larger
species, as observed in Sri Lankan Palaeolithic populations (Roberts et al., 2015; Wedage et

al., 2019).

13



1.4 Indian Subcontinent

The Indian subcontinent® is a land with abundant geomorphic diversity and magnificent
scenery, and it correlates with South Asia’s political region (Bangladesh, Bhutan, India,
Nepal, Pakistan, and Sri Lanka). The Subcontinent comprises practically every geomorphic
feature on Earth, from glacier-carved valleys and ice summits to extensive mangrove
swamps, coral island chains, and a burned rocky sand desert. Additionally, the Indian
subcontinent contains some of the oldest rocks on the Earth's surface, ranging in age from the
Archean to the Quaternary can be found (Kale, 2014). The Indian dubcontinent consists of
five significant provinces (1) the Himalayas, (2) the Indo-Gangetic Plains, (3) the Irrawaddy
Plains, (4) the mountains, uplands and plateaus of Peninsular India, and (5) the Coastal
Plains. Each of these divisions is a contrasting structurally, lithologically and
physiographically separate geomorphic region with a distinct evolutionary history.
Interestingly, about 11 % of the geographic area of India comprises high mountains above
2100 metres (m) mean sea level, 18 % area is small mountains and hills of elevation 900-
2100 m, and 28 % is made up of plateaus in the altitudinal range of 300-900 m, and 43 %

area encompasses the plains (Valdiya, 2016)

The Himalayan Mountain belt divides India from the rest of Eurasia by bordering the Indian
subcontinent in the northwest, north, and northeast like a massive wall. The mountainous
province consists of several curved mountain ranges, including the Kirthar and Sulaiman in

the west, the central Himalaya in the centre, and the Patkai—-Naga—Arakan Yoma in the east.

! Valdiya, K.S., 2016. Physiographic layout of Indian subcontinent. In The Making of India (pp. 1-19).
Springer, Cham.

Kale, V.S., 2014. Geomorphic history and landscapes of India. In Landscapes and landforms of India (pp. 25-
37). Springer, Dordrecht.
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The Himalayas consists of four contrasting physiographic and lithostructural terranes, mainly
between the Ravi in the west and the Arun in the east: Siwalik, the Himachal (Lesser
Himalaya), the Himadri (Greater Himalaya) and the Tethys Himalaya. In the Holocene, the
Brahmaputra, Ganga, and Sindhu River systems created the world's most extensive alluvial
plains in front of the Himalaya Mountain range. The plains span 3,200 kilometres from the
southern boundary of the Ganga—Brahmaputra delta in the east to the terminal of the Sindhu
delta and the Rann of Kachchh in the west. Between the Patkai—Naga—Chin—Arakan, Yoma
Ranges in the west and the Kachin—-Shan-Tenasserim Ranges in the east are lowlands
produced by the Irrawaddy, its tributary Chindwin and the Sittang rivers that run north to
south. The Irrawaddy Basin consists of various plains, including the Putao and Hukawang

plains, with Indaw Lake in the upper reaches of the Irrawaddy and Chindwin, respectively.

Peninsular India is about 1600 kilometres long in the north-south direction and 1400
kilometres wide in the east-west direction. The southernmost point of the triangle,
Kanyakumari, is its apex. It consists of three major physiographic units: mountain ranges
along its borders on three sides, uplands and plateaus inside the bounds of the bordering
ranges and coastal plains along the eastern and western coastlines. Peninsular India is divided
into two sections by the Satpura Range. The northern section contains the Malwa,
Bundelkhand and Vindhyan plateaus in Maharashtra, Karnataka, and Andhra Pradesh, and
the southern section contains the Deccan, Mysore and Telangana plateaus. While the southern
portion gently slopes eastward, the northern portion's rivers flow northward. The 500-600 m
high Malwa Plateau consists of flat-topped hills and undulating plains of Late Cretaceous
lavas and is drained by the Banas and Chambal rivers, which flow northeast. It encompasses
the 250-300 m undulating terrain of the eastern Rajasthan Aravalli Range. Bundelkhand

Upland, 300-600 m above mean sea level and composed of Late Archaean gneisses and
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granites, is located to the northeast. Before joining the Yamuna River, the Chambal, Betwa,
and Dhasan rivers carve their valleys through the undulating terrain of Bundelkhand, creating
deep gorges and stunning ravine land known as the Chambal Badlands. The Vindhyan
Plateau in Madhya Pradesh is surrounded by Kaimur in the north and the Bhander in the
south. Both have frontal escarpments and a general elevation of 300-650 m. The 610-meter-
high Kaimur cliff overlooks the Yamuna and Ganges alluvial plain in southeast Uttar

Pradesh.

The Chambal, Sind, Betwa, and Ken rivers drain northward from the Proterozoic sedimentary
strata that compose the Vindhyan Plateau. South of the Satpura Range and east of the
Sahyadri, the Deccan Plateau stretches across almost all of Maharashtra and portions of
Telangana and Karnataka. The landscape comprises flat terraces of Late Cretaceous lavas,
some of which contain a lateritic mantle. The Deccan has an average elevation of 600 m, and
it is drained by the Godavari and Krishna rivers, which flow east-southeast. The rivers have
carved out narrow valleys in highland Maharashtra around the foot of the Sahyadri Range,
but their middle reaches are vast with gentle valley slopes. The Mysore Plateau is composed
of Archaean gneisses, granites, and high-grade metamorphic rocks, and it encompasses all of
Karnataka and portions of Tamil Nadu and Telangana. It consists of two distinct regions:
Malnad, a dissected hilly tract adjacent to the Sahyadri, and Maidan, a rolling flat region in
the east. Several NNW hills traverse the plateau—SSE- to N-S-trending linear hills and chains
of isolated hillocks, such as Bababudan with its 1913-m-tall Mullayanagiri Hill,
Ramanagaram with its 1255-m-tall Madhugiri peak, the Bangalore range with its 1467-m-tall
Nandidurga Hill, the Chitradurga Range, the Kolar Range and so the Bangalore range with
gneissic hills stretches south with a gradual increase in altitude, giving place to the

charnockitic Biligirirangan—Mahadeswaramalai Ranges in eastern Tamil Nadu. The highest
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point of the Biligirirangan is a 1,750-meter peak, whereas the highest points of the
Mahadeswaramalai are 1,487- and 1,316-meter peaks. The 500-600 m planation surface of

the Andhra Pradesh Telangana Plateau flanks the 900 m Bangalore surface to the northeast.

The narrow coastal plains along the seaboards of Peninsular India are over 6,000 kilometres
long, extending from the deltas of the Sindhu and Saraswati (Ghaggar—Nara) rivers in the
west, through the southern tip of the peninsula, to the delta of the Ganga—the Brahmaputra
and then along the Arakan Coast to the deltas of the Irrawaddy and Salween rivers in the east.

Vast coastal plains surround the island of Sri Lanka.

1.4.1 Monsoon

According to India's Meteorological Department Climate Profile, the average southwest
monsoon (June to September) rainfall is 877.2 mm, accounting for around 74.2 % of the
annual rainfall (1,182.8 mm). The monsoon is a stable atmospheric system that has never
failed and has fluctuated by roughly 20-30% around a mean southwest monsoon value of ~
877 mm. There is significant regional and temporal variability in monsoon rainfall, which
leads to droughts and floods. Thus, 20-30% less rainfall signals dryness in a location and

more widespread rainfall may indicate floods.

On the other hand, the long-term average of rainfall remains practically constant. The rainfall
varies geographically, with the lowest average annual rainfall of ~ 130 mm in Jaisalmer and
the maximum average annual rainfall of 11,410 mm in Mawsynrum (near Cherrapunji) in
Meghalaya. The oceans, notably the Bay of Bengal, provide a large portion of the moisture.
Thermal stratification is essential for monsoon formation, with the essential sea surface
temperature being ~28°C. The Arabian Sea contains colder waters and is extensively mixed

with wind fields. As a result, except for the western parts, it does not contribute significantly
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to precipitation across the subcontinent. The Sun-Earth geometry, the state of the North
Atlantic Ocean, the level of snow cover in Eurasia, vegetation change, EI Nino Southern
Oscillation (ENSO), and other factors affect seasonal monsoon strength; determining their
precise impact and long-term stability is challenging. Statistical studies show that the
monsoon system is 50% predictable at best; factors like rainfall commencement, duration and
intensity cannot be forecast with the accuracy necessary for the planning of water resources
and agriculture (Kelkar, 2009; Singhvi and Kale, 2009; Singhvi et al., 2010). The impacts of
past monsoon cycles have been studied only to Holocene archaeological data (Lasker and
Bohra, 2021; Sarkar et al., 2016) and not for prehistoric records barring a few exceptions

(Blinkhorn et al., 2021; Paddayya and Petraglia, 1993).

1.4.2 Toba, LGM and other events

Global geological events such as Toba supereruption and LGM, among others, are also
expected to have affected the ecology of the Indian subcontinent. There is an ongoing debate
about the Younger Toba Tephra (YTT) and its potential impact of the eruption on global
climate and ecology. The YTT is known to occur at multiple locations across India, and some
African locations, representing its largest terrestrial extent. Tephra deposits found at Indian
Acheulean sites, such as Morgaon and Bori, have been thought to belong to the Older Toba
Tephra (Gaillard et al., 2010; Mishra et al., 2005), but recent studies indicate younger ages

(Biswas et al., 2013).

Various hypotheses have been proposed by different researchers regarding the ecological and
biological impacts of the YTT events. Ambrose (1998) suggested that the eruption likely had

significant repercussions on global climate and ecology 74 kyr, which may have impacted the
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adaptations of hominin groups and resulted in possible population bottlenecks. However,
Petraglia and colleagues (2007; Blinkhorn et al., 2012; Clarkson et al., 2012; Haslam and
Petraglia, 2010; Haslam et al., 2010a; 2012a) challenged this theory, proposing that Middle
Palaeolithic artefacts found below and above the YTT in southern India statistically compare
with those made by modern humans in southern Africa, suggesting that modern humans must
have reached South Asia before ~74 kyr and that the supereruption had minimal impact

overall.

Despite these theories, the exact impacts of the supereruption on regional environments,
hominin groups, and their behavioural adaptations and lithic technologies across India are
still uncertain (see Williams, 2012b). More research is necessary to determine how much the

YTT influenced the development of hominin adaptations in the region.

During the Last Glacial Maximum or LGM, cold and dry conditions prevailed over the Indian
subcontinent, and the southwest monsoon was weak (Bolton et al., 2013; Caley et al., 2011;
Clemens and Prell, 2003; Singhvi and Kale, 2010). The geomorphological archives of
environmental conditions immediately following the LGM are diverse, including a
combination of sand dune accretion and fluvial reactivation, which resulted in the formation
of numerous playas in blocked drainages across the Thar (e.g., Achyuthan et al., 2007;

Deotare et al., 2004).

The LGM also had an impact on vegetation and animal populations in India. Studies have
shown that the colder and drier climate during the LGM caused a shift in vegetation patterns

and the extinction of some animal species (Clarkson et al., 2009; Jukar et al., 2020).

Lonar Lake, also known as Lonar crater, is a lagoon lake formed by a meteorite collision

impact approximately 52,000 + 6,000 years ago (Sengupta et al., 1997) or 576,000 + 47,000
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years ago (Jourdan et al., 2011). The exact age and its formation are a matter of debate. One
theory suggests that the lake was formed by a meteorite impact, while others propose that it
was formed by volcanic activity or tectonic activity, with the former being the more popular

theory.

Despite its unique geological formation, Lonar Lake has not been studied in detail from a
paleoanthropological perspective. It is possible that the lake may contain significant evidence
of prehistoric human activity, as the region of Maharashtra is known to have been inhabited

by prehistoric hominin populations.

1.5 Late Pleistocene dynamics of the Indian Subcontinent

With the spread of H. sapiens from Africa and their interbreeding with archaic species
(Clarkson et al., 2012; Green et al., 2010; Rasmussen et al., 2011; Reich et al., 2010), human
demography and behaviour in Asia changed substantially during the Late Pleistocene
(Athreya, 2015; Deraniyagala, 1992; Liu et al., 2015). Because of its physical location with
major east-west human migration routes across Asia, the Indian subcontinent is a vital region
to explore to understand human dispersals (Blinkhorn and Petraglia, 2017; Boivin et al.,
2013; Petraglia et al., 2010; Reyes-Centeno et al., 2014). However, understanding the Late
Pleistocene of the Indian subcontinent is both necessary and challenging. Researchers must
deal with various factors to conclude, such as 1) which species were dominant on the Indian
subcontinent during the Late Pleistocene: a) modern humans or b) archaic hominins or both?
2) What kind of technologies did they employ to make their adaptations in different
landscapes and environments? 3) What impact did environmental factors have on the
expansion of hominin populations? 4) How did the Toba super-eruption affect the hominin
populations? 5) How did incoming populations gradually replace archaic populations? 6)

How many dispersals of H. sapiens were there into the Indian subcontinent?
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Figure 1. Late Pleistocene dynamics of the Indian subcontinent.

Considering the dearth of hominin remains in the Indian subcontinent, Palaeolithic tools have
served as the primary source of interpretation for the species that may have produced them.
Present scenarios show that the Indian subcontinent could have been inhabited by archaic
hominins (Haslam et al., 2011) and H. sapiens (Deraniyagala, 1992; Mellars et al., 2013;
Mishra et al., 2013; Perera et al., 2011; Petraglia, 2007) populations during the Late
Pleistocene. It is also evident that South Asian hominin/human populations were utilising 1)
Lower Palaeolithic (Blinkhorn et al., 2021; Haslam et al., 2011), 2) Middle Palaeolithic (
Blinkhorn, 2013; Blinkhorn et al., 2019; Perera et al., 2011; Petraglia, 2007), 3) Upper
Palaeolithic (Dennell et al., 1992; Funaki et al.,2022) and 4) microlithic technologies (Basak
and Srivastava 2017; Clarkson et al., 2020; Mellars et al., 2013; Mishra et al., 2013) during
the Late Pleistocene period. It is challenging to infer the plausible manufacturers of these

technologies because of the lack of definite dates and chronological overlaps (Figure 1, 2).
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As mentioned above, understanding the effect of the environment on hominin adaptation and
the effect of anthropogenic activities on the environment is a long-standing debate. In the
Indian subcontinent, only a few attempts have been made to understand the
palaeoenvironments and hominin adaptations, and the data shows fragmented evidence. The
predation of ostriches and the exploitation of OES by Late Pleistocene populations (for
engravings, bead making and as water containers) specify a significant geographic overlap of
humans and ostriches in Sahel-like and savannah habitats (Cooper et al., 2009). The presence
of ostrich in the Late Pleistocene before 60 kyr in India favours the rapid coastal dispersal of
modern humans with advanced technological and social adaptations (Blinkhorn et al., 2013,
Mellars et al., 2013). Ostriches appear to be restricted to Sahel-like vegetation, while modern
humans have the capability to adapt to different environments. If the Sahel-like environment
was a factor in the dispersal of ostriches and human populations, then it can be considered
that both taxa could have dispersed during MIS 5, based on the available
palaeoenvironmental reconstructions (Blinkhorn et al., 2013). While Chauhan et al. (2015)
suggest that the expansion of ostriches and modern humans in South Asia is associated with
palaeoenvironmental changes, the correlation between particular lithic technologies and OES
specimens remains currently weak in the subcontinent. The comparison of the Middle-Late
Pleistocene (100 kyr) fossil record from the Billasurgam Cave complex, Indian subcontinent,
with contemporary faunal ranges indicates some geographical redistribution of mammalian
taxa within India; this suggests that most taxa adapted to ecological change in suitable

habitats (Roberts et al., 2014).

Furthermore, it is suggested that deteriorating environmental conditions at 38 ka in
Jwalapuram led modern humans to develop microlithic technology (Petraglia et al., 2009).

Middle Palaeolithic technologies were widespread in the Thar Desert during MIS 5 when
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wetter conditions supplied riverine corridors, greater vegetation diversity and landscape
stability (Blinkhorn et al., 2013). The absence of evidence for occupation during MIS 4 is
likely linked to prohibitive levels of aridity, yet Middle Palaeolithic occupations resume at
the onset of MIS 3 (Baskaran et al., 1986; Blinkhorn, 2013). Middle Palaeolithic technology
did not dramatically alter in the face of the 74-kyr old super eruption and any subsequent
climatic effects at the onset of MIS 4 (Petraglia et al., 2012), nor did Late Palaeolithic
microlithic technology vary substantially across the LGM (Clarkson et al., 2009). Much
research has been done on the Toba super-eruption (e.g., Ambrose, 1998; Blinkhorn et al.,
2012; Clarkson et al., 2012; Clarkson et al., 2020; Petraglia, 2007; Williams et al., 2009), but
its understanding is still contentious. Ambrose (1998) suggested a consequence of the
behaviour of hominin groups and possible population bottlenecks due to volcanic winters
caused by the Toba super-eruption. Williams et al. (2009) suggested a change of vegetation
from Cs to C4 type due to Toba. However, some researchers (Blinkhorn et al., 2012; Clarkson
et al., 2012; Clarkson et al., 2020; Haslam and Petraglia, 2010; Haslam et al., 2010a, 2012a;
Petraglia et al., 2007) suggested the minimal impact of Toba, based on the presence of
Middle Palaeolithic stone tools from below and above the YTT, meant to highlight the lack of

technological change across the extreme event.

The Lower Palaeolithic in the Late Pleistocene is denoted by the terminal or Late Acheulean
artefacts from Middle Son Valley, Madhya Pradesh, dated 140-120 kyr and 85 kyr at Singi
Talav in Rajasthan (Blinkhorn et al., 2021; Haslam et al., 2011). It is suggested that these
tools were made by the last surviving archaic hominin species (Haslam et al., 2011). The
younger Middle Palaeolithic of the Indian subcontinent is thought to represent the earliest
arrival of H. sapiens in the Indian subcontinent during MIS 5 (Blinkhorn et al., 2015;

Haslam et al., 2012a; Petraglia, 2007), although fossil evidence for this is currently lacking.
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The Middle Palaeolithic is also present in Sri Lanka around 80 kyr (Deraniyagala, 1992;

Perera, 2010).
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Figure 2. Late Pleistocene technological and human evolution dynamics in the Indian
subcontinent, along with three archives of monsoonal intensity, including oxygen isotope
records from the Bay of Bengal (Bolton et al., 2013), and two alternative Summer Monsoon
Stacks from the Arabian Sea (middle Clemens and Prell, 2003; and bottom Caley et al.,

2011).

Furthermore, the Late Pleistocene hominin adaptations in South Asia are driven by two
opposing concepts about the initial arrival of prehistoric modern humans in the region. One
idea connects the Middle Palaeolithic technologies in India to the arrival of modern humans
from Africa during MIS 5 (130-70 kyr), with populations surviving the Toba super-eruption
at 74 ka (Groucutt et al., 2015; Petraglia, 2007; Petraglia et al., 2010). Due to deteriorating
environmental conditions, these modern humans are assumed to have later innovated
microlithic technology (Clarkson et al., 2009, 2018; Petraglia et al., 2009). Discoveries of
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older microliths challenge the alleged impact of later environmental deterioration on
technological innovation, which is younger (elaborated upon later). The second idea links the
Indian Middle Palaeolithic with pre-existing archaic species, emphasising the initial
appearance of modern humans with microlithic assemblages and other cultural and

behavioural traits only after MIS 4 or 3 (71-57 ka) (Mellars et al., 2013; Mishra et al., 2013)

The discovery of Middle Palaeolithic assemblages at Sandhav in Gujarat at 114 ka
(Blinkhorn et al., 2019), Katoati in Rajasthan at 95 ka (Blinkhorn et al., 2013), and
Jwalapuram in Andhra Pradesh at 77 ka (Korisettar, 2014) may provide evidence to support
the first theory (Petraglia et al., 2007). In contrast, new data from Attirampakkam, Tamil
Nadu (Akhilesh et al., 2018) and Andhra Pradesh (Anil et al., 2022) demonstrate a limited
Lower to Middle Palaeolithic changeover at about 385 ka and 247 ka showing that the latter
was developed locally rather than being brought into India by incoming dispersals. A new
question arises: What are the evolutionary and technological links between older and younger
Middle Palaeolithic evidence? Do they represent the continuity of archaic populations or

represent multiple species (including Homo sapiens) using the same technology?

The South Asian Upper Palaeolithic remains ambiguous due to a lack of chronological dates
and multidisciplinary excavations despite the presence of stratified, multicultural sequence
sites such as 16R (Blinkhorn, 2013; Singhvi et al., 2010), Bhimbetka (Misra, 1982;
Wakanker, 1973), Dhaba (Haslam et al.,, 2012b), Patne (Sali, 1989), including
stratigraphically exclusive Upper Palaeolithic assemblages. These assemblages provide
insights into the long-term hominin occupation and ecological stability in the region. Some
stratigraphic breaks are observed at these sites; it is thus hard to distinguish between the
absence of hominin occupation and post-depositional disturbance/destruction of cultural
layers (Chauhan, 2009). In short, interpretations of the transition from terminal Middle
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Palaeolithic to Upper Palaeolithic and Upper Palaeolithic to microlithic phases in India
remain contentious. Moreover, the disconformities in the number of species producing
Middle Palaeolithic in the OIld World, compounded by Middle Palaeolithic, Upper
Palaeolithic and microlithic evidence denoting high technological diversity and overlap
across India during Late Pleistocene, makes it challenging to identify associated hominin

species (Akhilesh et al., 2018; Chauhan et al., 2015; Clarkson et al., 2012).

1.5.1 Late Pleistocene lithic technologies in the Indian Subcontinent

The Indian subcontinent has a rich history of technological advancements, with evidence of
nearly every known technology discovered thus far. These include Acheulean (Lower
Palaeolithic) (1.5 Ma — 85 kyr), Prepared Core (Middle Palaeolithic) (385 — 38 kyr), Laminar
(Upper Palaeolithic and microlithic) (48 kyr — historical times), arguably Oldowan (2.6, 2.0
myr) as well, except Lomekwien (Akhilesh et al., 2018; Blinkhorn et al., 2021; Clarkson et
al., 2020; Dennell et al., 1992; Sao et al., 2016; Harmand et al., 2015; Hurcombe 2017,

Mishra et al., 2013; Pappu et al., 2011; Rendell et al., 1987).

15.1.1 Late Acheulean (Lower Palaeolithic)

Late Acheulean assemblages are characterised by a low proportion of bifaces, a high ratio of
cleavers to handaxes, an exceptionally high ratio of flake tools such as scrapers, and the
extensive use of the soft-hammer and Levallois and discoid core techniques (Misra, 1987).
The bifaces are generally smaller, thinner, and more morphologically refined, with increased
retouching and controlled thinning and flaking (Pappu, 2002). Most South Asian Late
Acheulean evidence is in central and peninsular India, including parts of Rajasthan, Gujarat,
Maharashtra, Madhya Pradesh, Bihar, Karnataka, Andhra Pradesh, and Tamil Nadu
(Chauhan, 2009; Pappu, 2001). The recent advancement and use of scientific methods on

Palaeolithic sites in India have helped us assign dates to Palaeolithic assemblages/cultures.
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The Indian subcontinent has produced the allegedly youngest Acheulean (Late Acheulean) in
the world, dated to 140-120 kyr at Bamburi and Patpara, north-central India (Haslam et al.,
2011) and at Singi Talav (85 kyr), western India (Blinkhorn et al., 2021). Additionally, the
earliest date of Acheulean at 1.5 Ma from Attirampakkam (Pappu et al., 2011) indicates a
long-lasting Acheulean culture in India. At 385 ka (Akhilesh et al., 2018), the site with the
oldest known Acheulean evidence (Attirampakkam) also has the oldest known early Middle
Palaeolithic evidence in South Asia outside Africa. This suggests that the shift from the
Lower Palaeolithic to the Middle Palaeolithic in South Asia was long, irregular in geography
and chronology, and behaviourally complicated. Defining the Late Acheulean remains
complicated whether the presence of bifaces is a cultural maker for determining a Palaeolithic
assemblage as (Late) Acheulean (Haslam et al., 2011; Shipton et al., 2013) or is it also an
integral part of the Indian Middle Palaeolithic (Akhilesh et al., 2018 and references therein).
In the Middle Son Valley, Late Acheulean assemblages are also associated with Levallois and
blade elements, while Bifaces at Patpara (n=26) form only 1% of the total assemblage (n=
2284) (Shipton et al., 2013) and at Bamburi (n= 2), comprising only 4% of the complete
assemblage (n= 47). This may indicate that many (if not all) of the Middle Son Valley
bifaces are part of the regional Middle Palaeolithic record, as initially noted by Blumenschine
et al. (1983). Bifaces from Layer 3 (85 kyr and defined as Late Acheulean) at Singi Talav are
represented by only handaxes (n = 3), without any cleavers, and these handaxes form only
0.75% of the total assemblage (n = 401) of Layer 3 (Blinkhorn et al., 2021; Gaillard and
Rajaguru, 2017; Gaillard et al., 1985). Overall, it is more significant to analyse the transition
from Lower to Middle Palaeolithic by looking at a wide range of variables rather than just

one, such as the presence or lack of bifaces (as suggested by Dennell, 2021).
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15.1.2 Middle Palaeolithic

The Middle Palaeolithic assemblages appear to have been first collected in 1893 from the Son
Valley of Uttar Pradesh (Kennedy, 2000). Nevertheless, the credit for identifying the Middle
Palaeolithic in India goes to Sankalia (1956), who discovered a flake industry comprising
scrapers, points and borers made on siliceous materials such as chert chalcedony, agate, and
jasper at Nevasa. The Middle Palaeolithic assemblages are developed from the Lower
Palaeolithic assemblages (Akhilesh et al., 2018; Anil et al., 2022; Kennedy, 2000). Essential
tools of the assemblage are flakes and scrapers, usually made using the Levallois technique.
In comparison with the South Asian Acheulean, it is distinguished by four features: (a) a
decrease in the size of the artefacts, (b) a noticeable shift from large Acheulean bifaces to
smaller, specialised tools, (c) an increase in the prepared core technique and (d) a preference
for fine-grained raw material crypto-crystalline silica, such as chert, jasper and chalcedony
(Kennedy, 2000). The Middle Palaeolithic assemblages are found all over the Subcontinent,
including the Himalayas, sub-Himalayas, western, central, eastern, southern and coastal

regions (Pal, 2002).

The Middle Palaeolithic of the Indian subcontinent was thought to represent the earliest
arrival of H. sapiens during MIS 5 (Blinkhorn et al., 2015, 2019; Haslam et al., 2011;
Petraglia et al., 2007). However, a recent study by Akhilesh et al. (2018) suggests an
indigenous development of the Indian Middle Palaeolithic at Attirampakkam, which dates to
385 ka, and re-evaluates the African models. While recent work at Hanumanthunipadu in
Andhra Pradesh has established a date of 247 kyr for the local MP there (Anil et al., 2022),
and the Middle Palaeolithic site of Sandhav in Gujarat dates to 114 kyr (Blinkhorn et al.,
2019). In contrast, there is some dispute regarding the carriers of these technologies, whether
they were modern or archaic humans. However, the archive demonstrates the prevalence of

cultural variability alongside the development of many technologies. The Middle Palaeolithic
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is also reported from Sri Lanka at around 80 kyr (Deraniyagala, 1992; Perera, 2010). The
Middle Palaeolithic industries were widespread across the Subcontinent until the appearance
of Late Palaeolithic technologies, such as microlithic tool-kits associated with bone tools and
personal ornamentation from at least 36 kyr (Clarkson et al., 2009) and possibly 48-45 kyr

(Basak and Srivastava, 2017; Clarkson et al., 2020; Mishra et al., 2013).

The debate continues over the relationship between the Middle Palaeolithic and microlithic
industries, with which H. sapiens inhabited South Asia. Proponents of a quick, single
southern path of human dispersal from Africa around 60 kyr point to the similarities between
contemporary industries in Africa and South Asia (Mellars, 2006; Mishra et al., 2013). In
contrast, indigenous transitions from the Middle Palaeolithic to microlithic, encouraged by
contextual demographic and environmental shifts, have been utilised to infer a more gradual,
early human dispersals into South Asia from Africa, as well as local technological
development (Lewis et al., 2014; Petraglia et al., 2009). According to a preliminary
assessment (Pers. Comm. with Mr. Yezad Pardiwalla) (Chauhan, 2020) of published data, at
least 750 Middle Palaeolithic/Middle Stone Age sites are reported in India. While previous
scholars recognised Middle Palaeolithic sites based on the absence of bifaces, the prevalence
of flake-based assemblages, and the presence of Levallois elements, many Middle

Palaeolithic assemblages may lack an unambiguous signature of this phase.

1.5.1.3 Upper Palaeolithic

The presence of the Upper Palaeolithic in South Asia was recognised in the 19" century with
the discovery of osseous bone tools in Kurnool Caves (Foote, 1885; Newbold, 1844) and
blade-and-burin tools (Brown, 1889). Nevertheless, the position of the Upper Palaeolithic in
South Asia remained uncertain until the 1970s, when discoveries of stratified sites, bone

tools, art and radiocarbon dating enabled its recognition (Raju and Venkatasubbaiah, 2002).
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While the Upper Palaeolithic remains enigmatic and ranges from 45 kyr (Site 55 in Pakistan)
up to ~7 kyr (Baghor) (Dennell et al., 1992; Misra, 1989, Funaki et al., 2022), some scholars
use Late Palaeolithic to include chronologically overlapping technologies, specifically Upper
Palaeolithic blade elements and microlithic technologies (James and Petraglia, 2005).
However, the recent dates for the microlithic assemblage at Mehtakheri, Batadombalena and
Dhaba display the distinct presence of this technology as early as 48 kyr, contradicting the
‘Late Palaeolithic’. While the Upper Palaeolithic chronology remains problematic and
overlaps with Middle Palaeolithic and microlithic, the Subcontinent preserves well-marked
examples of Upper Palaeolithic, i.e., multiple blade and burin dominated sites and site
complexes across India, some clear examples being Gunjana Valley, Reningunta, Cuddapah
region, Kurnool Caves, Site 55, Bhimbetka, Birbhum region and Mayurbhanj region among
many others. Although these sites lack absolute dates, the blade and burin components are
known to occur in three contexts at the pan-Indian level: overlapping with terminal Middle
Palaeolithic elements, occurring exclusively and overlapping with early microlithic elements.
According to preliminary data from published sources (Pers. Comm. with Ms. Martina
Narzary), India has at least 530 reported Upper Palaeolithic/Late Stone Age sites (Chauhan,
2020). This technological stage is distinguished by the increased production of more
specialised laminar implements such as blades and burins. Flakes, awls, borers, scrapers,
cores, choppers, and bone tools were also used at this time. Even though multiple sites have
been documented, there are few absolute dates for most of the Upper Palaeolithic
assemblages in India. The single known date for a blade-dominated assemblage in the
Subcontinent is 45 kyr for Site 55 in Pakistan (Dennell et al., 1992), which corresponds to
late Middle Palaeolithic assemblages in northern India (Tewari et al., 2002) and microlithic
assemblages in central India and Sri Lanka (Clarkson et al., 2020; Langley et al., 2020;

Mishra et al., 2013).
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Aside from chronology and ecological adaptations, the nature of transitions in South Asia
between the Middle Palaeolithic, Upper Palaeolithic and early microlithic is a critical topic
still inadequately understood. The dearth of associations between Upper Palaeolithic
assemblages and symbolic behaviour (James and Petraglia, 2005) is the likely cause for
insufficient investigation and preservation during the period. Given the spatial mosaic of
ecological variation over the Indian subcontinent, classic Upper Palaeolithic technologies are
likely to exist as distinct techno-chronological entities only in a few areas. Their absence in
other geographical zones could be explained by a lack of suitable raw materials, such as
siliceous rocks (e.g., chert, fine-grained quartzite), as well as other factors, such as a lack of
geographic movement in some zones because of various climatic, ecological, and adaptive
constraints. More surveys and research are needed to describe, characterise and date the

Upper Palaeolithic in South Asia.

1.5.1.4 Microlithic

Microliths are an essential component of the Mesolithic period, but the antiquity of
microlithic technology is much older. The first microliths were discovered by Carlleyle in
1867 from the Vindhyan rock shelters, Mirzapur district (now Mirzapur and Sonbhadra) of
Uttar Pradesh (Misra 2002). The microliths dated to ~50 kyr are reported from various
localities in South Asia; Dhaba (48 kyr), Mehtakheri (48-45 kyr), Jwalapuram 9 rock shelter
(34 kyr), Kitulgala, Batadombalena, Fa Hien Cave (30 — 48 kyr) and Mahadebbera and Kana
in West Bengal (25 and 42 kyr) (Basak and Srivastava, 2017; Clarkson et al., 2009; Clarkson
et al., 2020; Mishra et al., 2013; Roberts and Petraglia, 2015; Roberts et al., 2015; Wedage et
al., 2019). The presence of microliths is continuously debated over its timing and appearance
in the Indian subcontinent; this has led to two opposing views for their genesis 1)
indigenously developed due to climate deterioration, or 2) microlithic technology was

introduced by modern humans dispersed from Africa. The indigenous development of
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microliths was suggested by Petraglia et al. (2009) due to climatic deterioration from the
Jwalapuram 9 site dated 38 ka. The second theory suggests the introduction of microlithic
technology by modern humans from Africa around 60-50 kyr (Mellars et al., 2013, Mishra et
al., 2013). Moreover, the arrival of modern humans in South Asia remains contested. Two
dominant schools of thought are prevalent 1) the initial arrival of modern humans in the
Subcontinent with Middle Palaeolithic technology possiblely during MIS 5 (Blinkhorn et al.,
2015a, 2019; Haslam et al., 2011; Petraglia et al., 2007); 2) arrival with microlithic
technology during MIS 4-3 (Mellars, 2006; Mishra et al., 2013). Mellars proposed the
introduction of microliths (2006a, 2006b, Mellars et al., 2013) based on similarities between
the microlithic assemblages of South Africa’'s Howieson Poort and Indian microliths and the
presence of beads and engraved artefacts in both regions. Lewis (2015) and Lewis et al.
(2014) undertook a detailed comparative study of the Howieson’s Poort and South Asian
microlithic assemblages from India and Sri Lanka. A considerable variation was found within
all three; additionally, the Howieson’s Poort and South Asian assemblages indicated different
technological systems and did not have much in common. "Not only have geometric shapes
such as segments shown to be in the minority at all of the sites analysed here, but the

proportions of microlithic morphologies vary considerably between sites” (Lewis et al., 2014,

pp 17).

Microlithic technologies first appeared in the archaeological record in South Asia around 48
kyr and were used by hunter-gatherer populations for much of the Holocene (3 kyr), when
they are known as Mesolithic industries (Clarkson et al., 2020; Mishra et al., 2013) until early
Historical Times (IAR 1976-1977: 29-30). Microlithic sites have been discovered almost
everywhere in the subcontinent, from near Peshawar in the northwest to the tip of the

peninsula in the south, including Sri Lanka, and from Saurashtra in the west to West Bengal
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in the east (Misra and Kanungo, 2019). The long temporal span of microliths in South Asia is
accompanied by the development of symbolic representations such as rock art, burials, and
ornamentations (Misra, 2002). Evidence for symbolic social behaviours has been found as
early as 48 kyr at Fa-Hien Lena Cave in Sri Lanka (Langley et al., 2020), where perforated
shell beads were discovered. A fragment of ostrich eggshell carved with an intricate

"bounded crisscross” design dating to 30 kya has been discovered in Patne, India (Sali, 1989).

1.6 Introduction to the Research

Climate change is increasingly recognised as a significant component in the biological
evolution and cultural development of our species. It is widely assumed that it has an impact
on behavioural plasticity, as well as the development of more efficient technology and
subsistence strategies. However, detailed research on such possibilities has not yet been done
in South Asia, although paleoenvironmental records from the Late Pleistocene have improved
in this region, and South Asia plays a vital role in human migrations outside of Africa. Late
Pleistocene habitations in South Asia currently span a diverse range of ecologies, from desert
to tropical rainforest (Deraniyagala, 1992; Perera et al., 2011; Roberts et al., 2017; Wedage et
al., 2019) and from large low-lying river basins to high altitude regions (Corvinus et al.,
2007; Petraglia et al., 2012). The Indian subcontinent has been studied extensively from
archaeological perspectives. However, few attempts have been made to study the impact of
the environment on human dispersal, landscape adaptation, and technological
development/innovation. The current study aims to better understand the hominin-
environmental interface by investigating previously collected faunal samples from various
sites in western (Gopnath, Gujarat) and central (Davakachar, Talyaghat, and Nehlai, Madhya
Pradesh) India. It also focuses on understanding the Palaeolithic and palaeoenvironmental
dynamics of the Lower Son Valley (LSV), Sonbhadra district of Uttar Pradesh in north-

33



central India. North-central and western India probably acted as a vital dispersal corridor and
cultural and biological crossroads for diverse hominin populations, including modern
humans, for a large part of the Quaternary (Chauhan et al., 2017; Field et al., 2006). The
nearby Middle Son Valley has produced one of the youngest Late Acheulean sites in the
region (Haslam et al., 2011). The study area has also reported the first-ever discovery of
Middle Palaeolithic (Kennedy, 2000) and microliths (Misra, 2002) in the Subcontinent. It
makes the area highly suitable for understanding the Late Acheulean to microlithic period
transitions and the possible impact of climate change (if any) on those transitions. This study
incorporates stable isotope analysis on fossil teeth collected from western and central India,
grain size analysis and X-ray fluorescence (XRF) geochemistry on sediments collected from
the LSV. It is the first-ever project to attempt to understand the Late Pleistocene
environments and hominin adaptations across northern India through multidisciplinary

techniques.
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2 Late Pleistocene environments of South Asia: A review of multidisciplinary
research and palaesoanthropological implications?

2.1 Introduction

Palaeoclimatic studies play a significant role in improving our understanding of past climate
variability on lengthy timescales. Different types of records, such as lacustrine (e.g. Anoop et
al., 2013; Rosenmeier et al., 2002), marine (e.g. Gupta et al., 2003; Ponton et al., 2012),
speleothems (e.g. Burns et al., 2002; Kotlia et al., 2015), tree rings (e.g. Borgaonkar et al.,
2011; Yadav et al., 2011) and ice cores (e.g. Jouzel et al., 2007; Lorius et al., 1985; Petit et
al., 1999) have been used to document climate variability during the Late Quaternary period
in many parts of the world. At a broader level, palaeoenvironmental data from Europe, Africa
and the Levant have been variably applied to explain milestones in relation to hominin
evolution, dispersals, adaptations, and cultural transitions (e.g., Collard et al., 2016;
deMenocal and Stringer, 2016; Potts, 2013). In this thesis, an attempt has been made to
obtain a broader picture of Late Pleistocene environmental variability across South Asia. An
integrated review of different climatic proxies, i.e., pollen, carbonate, sediment, varve, and
speleothem, is presented geographically and historically, a few of which include
archaeological evidence while the majority do not. Almost all the compiled data is presented
here collectively for the first time, while some of the data has already been reviewed earlier
by some researchers (e.g. Deo et al., 2004). The studies reviewed in this thesis are primarily
restricted to well-dated ones published in recent decades as the historically-older studies
warrant further scientific attention using modern methods to confirm or challenge the original

results. The compiled palaeoenvironmental data has been presented geographically by

2 This is an updated version of published article by Mehra and Chauhan, 2021.
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broadly dividing the Subcontinent into the following broad zones: Himalayan (H) includes
Himachal Pradesh, Ladakh, Jammu and Kashmir, Kashmir, Pakistan and Nepal; northwestern
(NW) includes Rajasthan, Gujarat and Arabian Sea; Ganga plains (GP) includes Uttar
Pradesh, central (C) includes Madhya Pradesh and Chhattisgarh; northeastern (NE) includes
Manipur, Meghalaya, West Bengal, Bay of Bengal, Arunachal Pradesh and Bangladesh; and
southern (S) includes Andhra Pradesh, Kerala, Tamil Nadu, Maharashtra, East coast of India,
Arabian sea core and Sri Lanka. This is followed by a discussion of the implications of the
data for understanding human adaptations and natural events, including the extinction of
specific species at the end of the Pleistocene. The ecological mosaic of South Asia may
suggest that different populations across the subcontinent responded differently to
environmental/climatic change (Boivin et al., 2013). Likewise, the entry-exit opportunities
and the timing of arrival of modern humans into different zones (Langgut et al., 2018) need
not match a specific condition, distance, group size, dispersal speed, intermediate climate,

barrier, environment and so forth.

South Asia, or the Indian subcontinent, is a landmass with a mosaic of diverse ecozones such
as the Thar Desert, the Himalayas, the Ganga plains, the Eastern and Western Ghats, various
plateaus (including Chotanagpur and Deccan), tropical and rainforest environments such as
parts of southern and northeastern India, temperate environments and patches of grasslands,
an 18-myr-old bi-annual monsoon (Retallack et al., 2018) and home to the wettest place on
Earth (Murata et al., 2017). The region also has a unique vertebrate faunal history (Roberts et
al., 2014), preserves the largest terrestrial source of Youngest Toba Tephra (Williams, 2012b)
and geographically links various palaeoanthropological records by being located in the centre

of the Old World.
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A minimum number of 120 studies have been addressed here, with broadly seven proxies
(sediments, carbonates, ostrich eggshell (OES), pollen, fossil teeth/wood/seed, and multi-
proxy) in the region (see Figure 3-6; Table 2-7). The sediment proxy approach has been
reported at the maximum level, followed by multi-proxy, pollen, carbonates and fossil
teeth/wood/seed. Only two ostrich eggshells and three speleothem datasets were found for
understanding the palaeoclimates. The studies with palaeoclimatic inferences drawn only on
sediment types/correlation without any absolute dates or those focussing primarily on the

Holocene period were excluded in this review.

A comprehensive comparison of available records from South Asia reveals that there is a lack
of concordance between the studies and as a result, it is not possible to ascertain a regional
context of the environmental factors. Over and above, several drawbacks and limitations of
individual proxy records, a lack of uniformity in representing the data and a variable
resolution of analysis further contribute to the uncertainty of comparison comparative
approach. For example, the data presented in the studied articles are interpreting the
signatures of environmental settings during a particular phase in terms of at least 39 different
terminologies (Figure 6). That warrants a regional scale understanding of the Quaternary
environments and a focused long-term planning to address major issues. Considering these
aspects and the requirement of focused research to be incorporated by Quaternary scientists
to obtain a common regional understanding, this is an attempt to comprehend the studies
through only two different aspects, viz., based on a chronological perspective and
geographical level. We assume this work should provide the first-hand ready reference for
researchers working on aspects of Late Pleistocene climates and associated human

adaptations. We constrain ourselves from making any major critical evaluations of the
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reported results due to the major geographic, chronological and methodological gaps, and

rather, focus more on quantifying the factual figures and discussing their implications.

2.2 Late Pleistocene signatures from a chronological perspective

221 MIS5 (~126-70 kyr)

The onset of the Late Pleistocene is characterised by high intensified monsoonal rainfall due
to which climatic conditions were broadly humid. Within this period, 23 studies have been
reported, out of which 12 are from the NW region (Achyuthan et al., 2007; Blinkhorn et al.,
2017; Blinkhorn et al., 2019; Blinkhorn et al., 2021; Caley et al., 2011; Jain et al., 2005; Juyal
et al., 2000; Juyal et al., 2006; Kathayat et al., 2016; Prabhu et al., 2004; select references in
Sinha et al., 2020; Thokchom et al., 2017) and two from the NE region (Alam et al., 1997;
Bolton et al., 2013) represent humid or high precipitation environments throughout MIS 5.
Four studies demonstrate humid environments as specific periods i.e., Juyal et al. (2006) for
90-80 kyr, Agrawal et al. (2012) for 110-100 kyr, Blinkhorn et al. (2017) for 100 -80 kyr
from NW region and Alam (1997) for 125-110 kyr from the NE region. Raghvan (1987) (also
see Deo et al., 2004) reported a semi-arid to arid environment for the Thar Desert throughout
the Late Pleistocene, Dhir et al. (2004) also demonstrates arid climates during the Late
Pleistocene within Jodhpur, Birla, and Nagaur regions of the Thar Desert. Likewise, Pal et al.
(2005) denote semi-arid environments from the Middle Son Valley (C region), while William
et al. (2009) reported cold climatic conditions in Middle Son Valley, Kalpi in the GP region
(110-100 kyr), and arid climatic from 100-90 kyr. Farooqui et al. (2014) and Reddy et al.
(2013) report arid conditions at 90 ka, Kajale (1979) and Umarjikar (1984) report semi-arid
conditions from 110-80 kyr. Allu et al., 2015 (in Sinha et al., 2020) denote high precipitations

at 82-80 kyr in S region (see Deo et al., 2004 for the most recent review of such studies).
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222  MIS 4 (~70-57 kyr)

MIS 4 in the Indian subcontinent is represented by 15 studies, all of which reported
dominantly arid climatic conditions except select references in Sinha et al., 2020, which show
high fluvial aggradation during that period. Overall, arid conditions are demonstrated by
(Andrews et al., 1998; Caley et al.,, 2011; Kathayat et al., 2016; Juyal et al., 2006;
Pandarinath et al., 1999; Prabhu et al., 2004) from the NW region, Bolton et al. (2013) from
the NE region and Singh (2005) and Srivastava et al. (2003) from the GP region. Studies in
the southern (S) region yielded both semi-humid (Reddy et al., 2013) and semi-arid (Kajale,

1979 and Umarjikar, 1984, see Deo et al., 2004) conditions throughout the Late Pleistocene.

2.2.3 MIS 3 (~57-29 kyr)

A total of 43 studies dated to MIS 3 have been reported from all six regions across India. At
this stage, a shift in climatic conditions was observed, and environments tended to be more
humid than arid. This period showed similar environments throughout the Subcontinent and
is identified with intensified monsoon/ rainfall and humid climate. However, intensified
monsoon/ rainfall and humid climate are not recorded at all studied sites dated to this time
period. Out of the 43 studies reported, 33 of them represent humid conditions (Andrews et al.,
1998; Blinkhorn et al., 2017; Caley et al., 2011; Jain et al., 2005; Juyal et al., 2000; Juyal et
al., 2006; Kar et al., 2001; Kathayat et al., 2016; Pandarinath et al., 1999; Prabhu et al., 2004;
Srivastava et al., 2001; Tewari et al., 2002) from the NW region, (Bhandari et al., 2009;
Kotlia et al., 1997; Nag and Phartial, 2015; Owen et al., 1997; Phartriyal et al., 2005 (sub-
tropical to warm)) from the H region; (Pal et al., 2005; Quamar, 2015) from C region,
(Agarwal et al., 2012; Chauhan et al., 2015; Pal et al., 2005; Singh et al., 2005; Srivastava et
al., 2003; Tewari et al., 2002) from GP region; (Bolton et al., 2013; Bhattacharya et al., 2014;

Dutt at al. 2015) from the NE region, (Babeesh et al., 2017; Maya et al., 2017; Powar et al.,
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1993; Rajagopalan et al., 1997; select references in Sinha et al., 2020; Tiju et al., 2021) from
the S region. While nine studies (Pandarinath et al.,1999; Srivastava et al., 2001) from the
NW region (Singh, 2005; Srivastava et al., 2003; Trivedi et al., 2012), from the GP region
(Verma and Rao, 2011) and S region represent arid environments until 32 kyr and after that,
largely semi-arid; (Bhattacharya, 1989; Kotila et al., 1997; Phartiyal et al., 2005; Ranthora et
al., 2007) from the H region and Sadakata et al. (1995) from the S region shows arid
conditions. Although many more studies are required, there is currently no clear evidence for
widespread climatic deterioration at the subcontinental level after ~40 kyr (contra Petraglia et
al., 2009). Mishra et al. (2013) suggest an expansion of modern humans from India to

adjoining regions during interglacial climates of MIS 3.

224  MIS 2 (~29-14 kyr)

Between 30 — 11 kyr, the environment across the Indian subcontinent was broadly
characterised by more arid conditions and is represented by the maximum number of

scientific inferences (n = 85).

2.25 Period 29 — 20 kyr

This sub-period has at least 38 studies but has a weak resolution in terms of chronological
continuity. It suggests a broad shift from humid to arid conditions and probably marks the
end of the Last Glacial Maximum (LGM); 15 of these studies infer humid conditions until 25
kyr, and 17 studies represent arid conditions after 25 kyr. The NW region shows mostly arid
conditions except Andrews et al. (1998) who show a humid climate until 25 kyr. The work of
Kale et al. (2003) demonstrates a catastrophic flood in the central Narmada valley at 25 ka,
while Patnaik et al. (2009) shows arid conditions at 24 ka, also in the C region and Sanwal et

al. (2019) also shows arid conditions at 22-18 kyr.
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2.2.6  Period 19-11 kyr

The general trend from the period 19-11 kyr is observed to be largely arid and this period
provides the maximum number of studies (n = 53). Here, 20 studies (Achyuthan et al., 2007;
Agrawal et al., 2012; Andrews et al., 1998; Basavaiah et al., 2004; Bhattacharya, 1989;
Bolton et al., 2013; Deotare, 2004; Ghosh et al., 2014 in Kar and Quamar, 2020; Kajale and
Rajaguru, 1989; Pandarinath et al., 1999; Prabhu et al., 2004; Rajendran 1979; Sharma et al.,
2006; Srivastava et al., 2001; Srivastava et al., 2003; select references in Sinha et al., 2020;
Thokchom, 1987; Trivedi et al., 2012; Vaidyanadhan and Ghosh, 1993) represent absolute
dry climatic conditions. The span of arid conditions is also noticed in patches from the
following studies: (Bera et al., 1996; Bhattacharyya et al., 2011; Bohra et al., 2017;
Rajagopalan et al., 1997; Rajaguru et al., 2011; Sadakata et al., 1995; Sharma, 2001; Sharma
et al., 2004; Singh, 2005; Quamar and Chauhan, 2012; Quamar and Bera, 2017; Van Campo,

1986; Wiunnemann et al., 2010).

Only six studies (Jain et al., 2005; Khonde et al., 2017; Lasker et al., 2010 (NW region), Nag
and Phartiyal, 2015; Sanwal et al., 2019; Khan et al., 2022 from (H region)) show absolute
humid climates, while patches of humid climate can be observed from different parts of
South Asia reported by (e.g., Bera et al., 1996; Bohra et al., 2017; Dixit and Bera, 2013;
Ranhotra et al., 2018 and Sadakata et al., 1995). Broadly, the subcontinent exhibits a cool and
dry climate until 15 kyr and at the onset of Holocene, when more intensified precipitation and

humid climate is recorded.

2.3 Late Pleistocene environments at a regional geographic level

The Himalayan region includes Jammu and Kashmir, Uttrakhand, Himachal Pradesh, Nepal

and parts of Pakistan. The Upper Alaknanda basin shows the large extension of glaciers due
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to high precipitation during 80-65 kyr (Singhvi and Kale, 2010). The Kathmandu valley
(present-day Nepal) witnessed a change from subtropical to warm climate between at 53-49
kyr (Bhandari et al., 2009), and from 50-25 kyr, a comparatively cold climate was reported
(Phartiyal et al., 2005). Between 40-20 kyr, a humid climate was reported with high
precipitation (Babeesh et al., 2017 (41 ka); Bookhagen et al. 2005; Dar et al., 2015; Datta et
al., 2012 in Sinha et al., 2020; Gupta et al., 1982; Ghosh and Bhattacharya, 2003; Kotlia et
al., 1997; Ranthora et al., 2007) and a contemporaneous study (Bhattacharya, 1989) reported
a cold and dry climate at the period of 30-28 kyr. After 28 kyr, the Himalayan belt shows
significant variation in climate, warm and humid climate was reported between 24-18 kyr,
followed by a cold and dry climate (Bhattacharya, 1989), contemporaneous studies in
Bharatpur, Upper Lahaul valley sequentially shows an arid phase (24-22 kyr), followed by an
increase in monsoonal precipitation (22-20 kyr), followed by a decrease in precipitation with
arid conditions (20-18 kyr) and humid climate at 18-11 kyr (select references in Sinha et al.,

2020) before ending with warm and humid climate between 18-15 kyr (Bohra et al., 2017).

The Northwest region (Thar Desert) includes mostly Rajasthan and Gujarat and presents
longest continuous Late Pleistocene records retrieved from the Indian subcontinent are from
this region, covering the period from 126 kyr to 11 kyr. A minimum of 28 studies have been
done with absolute dates and associated palaeoenvironmental interpretations. The period
from 130 kyr to 70 kyr broadly indicates high precipitation with warm and humid climates in
the general desert area (Blinkhorn et al., 2017, 2019, 2021; Caley et al., 2011; Dhir et al.,
2004; Jain et al., 2005; Juyal et al., 2000, 2006; Kathayat et al., 2016; Prabhu et al., 2004;
Thokchom et al., 2017) while the river valleys in Gujarat were reported to have high fluvial
deposition (Raj et al., 2016) and intense monsoon. From the 70-60 kyr context, only a few

studies were reported with overlaps, which indicate a broad shift towards an arid climate
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(Andrews et al., 1998; Caley et al.,, 2011; Juyal et al., 2006; Kathayat et al., 2016;
Pandarinath et al., 1999; Prabhu et al., 2004; select references in Sinha et al., 2020). This is
followed again by a period of high and intensified monsoon and humid climate, which lasts
until ~30 kyr (Andrews et al., 1998; Blinkhorn et al., 2017; Caley et al., 2011; Jain et al.,
2005; Juyal et al., 2000; 2006; Kar et al., 2001; Kathayat et al., 2016; Mishra and Rajaguru
2001; Pandarinath et al., 1999; Srivastava et al., 2001; Raj et al., 2016). From 30 to ~15/12
kyr, a climate shift is broadly indicated from humid to arid environment (Andrews et al.,
1998; Dhir et al., 2004; Juyal et al., 2003; Mishra and Rajaguru 2001; Srivastava et al., 2001)
and after 15/12 kyr, re-establishment of the monsoon was reported with a humid climate (Jain
et al., 2005; Juyal et al., 2003; Lasker et al., 2010; Parbhu et al., 2004; Srivastava et al.,

2001).

The Ganga plains region includes floodplains of the river Ganga which are mostly present in
the state of Uttar Pradesh. In this northern region, periods of intensified monsoon were
reported at 100 ka, 40 ka, 25 ka (Agrawal et al., 2012) and arid to humid climate shift is
reported between 100-75 kyr by Jha et al., 2020. Humid climate at Kalpi between ~50-40 kyr
(Singh, 2005; Srivastava et al., 2003; Tewari et al., 2002), Belan and Yamuna at 60-45 kyr
(Pal et al., 2005) has been reported. A contemporaneous study shows cool and dry climate at
Jalesar Tal between 42-13 kyr (Trivedi et al., 2012) and from 15-13 kyr, dry climates with
low rainfall was reported with an exception Kumar et al. (2022) showing humid conditions;
after 13 kyr, the climate became more humid with high rainfall (Chauhan et al., 2015; Sharma

et al., 2006).

The Central region broadly includes Madhya Pradesh, Chhattisgarh and Odisha. In
comparison with other regions, a limited number of palaeoenvironmental studies have been
done in the C region. Pal et al. (2005) studied the palaeoclimate of the Quaternary formations
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of the Middle Son Valley and which were bracketed to the Late Pleistocene. Palaeoclimatic
interpretations of this valley include a semi-arid climate with irregular rainfall prior to 100
kyr, and a relatively dry climate at ~100 kyr. Williams et al., 2009 suggest cold climatic
conditions at Middle Son Valley after 73 kyr. Quamar (2015) further assessed the Late
Quaternary here as a period of humid climate. At 32 ka, and ~12 kyr to 7 ka cool and dry
climates were reported from the Hoshangabad (Madhya Pradesh) area and the Baikunthpur
forest range (Chhattisgarh) (Quamar and Bera, 2017; Quamar and Chauhan, 2012; Verma and
Rao 2011). For the period from 30.5 ka to 24.5 ka, Verma and Rao (2011) reported warm
and semi-arid conditions at Shakarghat and Chahin Nala in the central Narmada valley and
Kale (2003) reported a catastrophic flood in the same region at ~25 kyr and arid conditions
were demonstrated at Hathnora at ~ 24 kyr (Patnaik et al., 2009), ~16-15 kyr in the same

region (Jukar et al., 2019) and at 17 ka in Pratappur (Odisha) (Patnaik et al., 2019).

A minimum of 13 studies have been reported from the northeast region of the Subcontinent
including Bangladesh. The earliest Late Pleistocene palaeoclimate record is currently known
from Darjeeling, West Bengal, where the following conditions were revealed: low monsoon
and high temperature between 46.4-31 ka, high precipitation and cooler temperature between
31-22.3 ka and low temperature and low precipitation after 22.3 ka onwards (Ghosh et al.,
2015). The Ziro Valley, Arunachal Pradesh, showed an increase in the SW monsoon from 43-
34 kyr, and after that, a relative decline in rainfall; the area experienced a peak warm and
humid phase around 36-34 kyr (Bhattacharyya et al., 2014). Dutt et al. (2015) shows a strong
wet phase at 33.5-32.5 ka and a weak and dry phase at 26 — 23.5 ka and very weak phase
from 17-15 ka. The work of Alam et al. (1997) shows a humid climate at Chandril village
(northwest Bangladesh) during the Late Pleistocene. The semi-arid conditions within an

overall sub-humid phase are reported from Terafeni Valley, West Bengal at 18 ka (Basak et
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al., 1998) and a very less amount of precipitation is observed in the Bay of Bengal and
Andaman Sea during 18.2-14.6 ka (Rashid et al., 2011). Ghosh et al. (2014) in Kar and
Quamar (2020) show humid conditions at 20 kyr and dry conditions after 20 kyr onwards.
The Manipur valley shows dry conditions during the terminal Late Pleistocene (Thokchom,
1987). The persistent fluvial activity from ~15-12 kyr and from ~12-10 kyr cool and dry
climate with weakened monsoonal precipitation is also reported from Kamrup (Assam) by
Dixit and Bera (2013). Also, see Bolton et al. (2013) in (Table 5) for palaeoclimatic

inferences based on a marine core from the Bay of Bengal.

The Southern region includes Maharashtra, Kerala, Karnataka, Tamil Nadu, Andhra Pradesh,
Goa and Sri Lanka. Based on the present climate, the parts of southern region and Sri Lanka
are wet regions getting high precipitation throughout the year (John, 2018; Wedage et al.,
2019). Reddy et al. (2013) report a semi-humid climate at Kanigiri in Andhra Pradesh during
Late Pleistocene with arid phases at 90 ka, 48-45 kyr, 33-30 kyr, 21 kyr, and at 11 kyr.
Farooqui et al. (2010) reported a warmer climate with intensified monsoon from 80-40 kyr
from Vazhapally and Chaganachery (Kerala). The work of Allu et al. (2015) denotes a dry
climate at MIS 5c and Farooqui et al. (2014) show intense precipitation at MIS 5a. During
MIS 3 (57/46 kyr), evidence for a strong monsoon was reported from Kerala (Maya et al.,
2017), and the Pravara River basin, Maharashtra (Sadakata et al., 1995). A study by (Tiju et
al., 2021) shows marine transgression at 42-40 kyr on a Kerala coast. A shift from warm to a
wetter climate was linked with the tectonic upliftment of the Konkan coastal belt (Powar et
al., 1993). Climate aridity and a decrease in rainfall were reported from 40-25 kyr from the
Pravara River basin, Maharashtra (Sadakata et al., 1995, also see Jagtap and Deo, 2016 for an
absolute chronology of the Maharashtra region), low surface productivity denoting less

precipitation is observed from the Arabian sea during 42-20 kyr (Singhvi and Kale, 2010) and
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warm and semi-arid conditions from Coimbatore were reported at 30-21 kyr (Achyuthan et
al., 2012). The contemporaneous studies, however, in the Nilgiris in Tamil Nadu indicated
high monsoonal precipitation at 40-28 kyr (Rajagopalan et al., 1997) and at the Kerala coast
at >40 and 28 kyr (Tiju et al., 2021). During 25-14 kyr, a decrease in rainfall/weakening of
monsoon and arid conditions were reported (Kajale and Rajguru, 1989; Rajagopalan et al.,
1997, Sadakata et al., 1995, Tiju et al., 2021; Vaidyanadhan and Ghosh, 1993; Van Campo
1986;) as well as a cold and dry climate (Bera et al., 1996 and Kumar et al., 2017) and a dry
humid climate (Premathilake and Risberg, 2003). From 15 kyr to the Holocene, a humid
climate was reported from an Arabian Sea core and Berijam Lake in Tamil Nadu (Bera et al.,
1996; Kumar et al., 2017; Van Campo, 1986). Based on geomorphic studies at different river
basins (Luni, Mahi, Sabarmati, Narmada, Tapti, Godavari, and Bhima) (Mishra and Rajaguru,
2001) shows a humid climate at 50- 30 kyr and a rapid transformation from glacial to post-

glacial environment at 14 kyr.

2.4 Late Pleistocene hominins and environmental adaptations in South Asia

Contexts near the Middle-to-Late Pleistocene transition (~150-100 kyr) in South Asia have
yielded both Lower Palaeolithic evidence at 140-120 kyr (Haslam et al., 2011) and Middle
Palaeolithic evidence spanning from 385-74 kyr (Akhilesh et al., 2018) in north-central and
southern India, respectively. With the exception of 16R in Rajasthan, which preserves a
multi-cultural sequence from the last ~200 kyr (see Singhvi et al., 2010), there are currently
no well-dated palaeoanthropological sites spanning the entire Late Pleistocene in the
Subcontinent (Table 2-8). After the Large Flake Acheulean disappears at ~100 kyr, the South
Asian record is first dominated by Middle Palaeolithic assemblages with diminutive bifaces,
followed by exclusively flake-based Middle Palaeolithic assemblages from about ~80 kyr
until 38 kyr (Korisettar, 2014). However, these technological overlaps are chronologically
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variable across the subcontinent, and very few absolute dates are available to provide a clear
picture of the transitions. While the Lower Palaeolithic is generally associated with archaic
hominins (Haslam et al., 2011), our current understanding of Late Pleistocene hominin
adaptations in South Asia is dominated by two opposing theories regarding the initial arrival
of prehistoric modern human into the region. One theory relates Middle Palaeolithic in India
with the arrival of modern humans from Africa during MIS 5 (130-70 kyr), with populations
surviving the Toba super-eruption at ~74 kyr (Groucutt et al., 2015; Petraglia et al., 2007;
Petraglia et al., 2010). These modern populations are thought to have later developed
microlithic technology due to deteriorated climatic conditions (Clarkson et al., 2009; 2018;
Petraglia et al., 2009). The second theory associates the Indian Middle Palaeolithic with pre-
existing archaic species and highlights the first arrival of modern humans with microlithic
assemblages and other cultural and behavioural features only after MIS 4 or 3 (71-57 kyr)
(Mellars et al., 2013; Mishra et al., 2013). The former theory may be supported by Middle
Palaeolithic assemblages found at Sandhav in Gujarat at 114 ka (Blinkhorn et al., 2019),
Katoti in Rajasthan at ~95 kyr (Blinkhorn et al., 2013) and Jwalapuram in Andhra Pradesh at
77 Ka (Petraglia et al., 2007). However, new data from Attirampakkam suggests a localised
Lower-Middle Palaeolithic transition at ~385 ka (Akhilesh et al., 2018), suggesting the
indigenous development of the latter instead of its introduction into India via incoming
dispersals. As that evidence includes a highly diverse tool-kit including large bifaces,
diminutive bifaces, Levallois elements, points and laminar technology (i.e. blades and blade
cores), we need to be more cautious about automatically linking all Middle Palaeolithic
technologies in South Asia with Homo sapiens. It is also possible that the entire South Asian
Middle Palaeolithic was innovated, utilised, and dispersed by different hominin species over
time, including archaic and H. sapiens, all conjectures that future fossil discoveries can better

confirm. For instance, the multiple Late Pleistocene absolute dates obtained for the
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depositional context at the fossil hominin site of Hathnora (Patnaik et al., 2009) suggest the
possibility of late survival of archaic species in India and, thus, complex interactions with the
first incoming moderns (whenever that may have been). It is also possible that archaic
populations were declining in the subcontinent due to various factors prior to their integration
with moderns. Due to the lack of fossils and adequate palaeoenvironmental evidence, it is
unclear whether there were multiple dispersals of moderns in India, and what specific
environmental factors stimulated and facilitated their arrival(s), as well as their subsequent

spread within the subcontinent.

One key topic of contention has been the impact of the Toba volcanic eruption (Sumatra) on
existing hominin populations ~74 kya (Williams, 2012a; 2012b). Today, the Younger Toba
Tephra (YTT) is known to occur at multiple locations across India, representing its largest
terrestrial source including some African locations. Tephra deposits at Indian Acheulean
sites, such as Morgaon and Bori, thought by some to belong to the Older Toba Tephra
(Gaillard et al., 2010; Mishra et al., 2005), indicate younger ages (Biswas et al., 2013) and
thus may actually be reworked YTT. Regarding the debate of the ecological and biological
impacts of the YTT, several hypotheses have been proposed by different researchers.
Ambrose (1998) was one of the first to hypothesize that the eruption probably had significant
repercussions on global climate and ecology 74 kyr, and as a consequence, on the behaviour
of hominin groups and possible population bottlenecks. Petraglia and colleagues (2007,
Blinkhorn et al., 2012; Clarkson et al., 2012; Haslam and Petraglia, 2010; Haslam et al.,
2010a; 2012a) challenged that, based on new evidence from southern India where they
reported Middle Palaeolithic stone tools from below and above the YTT. They then proposed
that the Jwalapuram artefacts statistically compare with those made by modern humans in

southern Africa, and thus modern humans must have reached South Asia >74 kyr and that the
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supereruption had minimal impact overall. Multiple issues later arose in relation to the dating
results, contexts of the artefacts and interpretations (Balter, 2010; Petraglia et al., 2012;
Williams, 2012a, 2012b; also see Chauhan et al., 2015). Additionally, some researchers
(Mellars et al., 2013) have also challenged the presence of modern humans at Jwalapuram,
stating that the first such dispersal involved microlithic technology. Indeed, it is possible that
such assemblages reflect independent but parallel technological progression rather than a
dispersal event from elsewhere. In the absence of fossil evidence and the contemporaneous
timing of the Lower to Middle Palaeolithic transition across the Old World between 500 and
300 kyr, including India (Akhilesh et al., 2018), archaic hominin species can still be
considered as a candidate responsible for (some if not all of) the younger Middle Palaeolithic
assemblages also. While the Jwalapuram work yielded a problematic wide age range (77 kyr
and 38 kyr) for the pre-and-post-Toba lithic evidence, a similar investigation at the site of
Dhaba in north-central India has chronologically narrowed that gap to 79 kyr and 65 kyr
encouraging another interpretation of no technological change (Clarkson et al., 2020).
Nonetheless, the large time gap of 10,000 years after the Toba event makes it challenging to
draw major conclusions regarding true occupational continuity. It is also not clear if fluvial or
other processes facilitated occupational/technological continuity by minimizing the
ecological impact of the Toba tephra in the immediate region. Thus, it remains ambiguous
exactly how the supereruption may have impacted regional environments, hominin groups,
and their behavioural adaptations and lithic technologies across India (see Williams, 2012a).
From a broader theoretical perspective, Jones (2010; 2012) has suggested that the YTT
probably had variable impacts across the entire subcontinent, and a single widespread,
homogeneous effect should not be expected. Singh and Srivastava's (2022) research suggests
that the YTT eruption had a limited impact on Southeast Asia's climate and ecology, with

minimal effects on hominins, vegetation, ecosystems, and animal species. During most of the
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Late Quaternary to Holocene period, warm and arid to semi-arid climatic conditions
alternated, which were favourable for living populations, including flora. It is asserted that
human populations did not disappear outright from the Indian subcontinent; nonetheless, they
may have suffered marginally. The first record of rhizospheres, preserved in the pre-tephra
Quaternary succession of the entire Purna alluvial basin in Central India, indicates the
existence of vegetation long before the YTT eruption and the continuation of the same after
the above-said eruption, suggesting that the eruption had minimal impact on the vegetation.
In addition, it is inferred that the mixed Cs- C4 vegetation existed long before and during the
YTT eruption, although various changes in the same have been observed during the past 75
kyr. Still, these variations had no direct relationship with the effects of the YTT eruption. In
addition, it is concluded that there is no direct relationship between the human bottleneck and

their movement, deforestation, animal mortality and the YTT-induced climate hostility.

Further understanding of the presence of Toba ash as a stratigraphic marker remains
ambiguous. Geethanjli et al. (2020) date Toba ash deposits in Sagileru and Gundlakamma
Valley, Andhra Pradesh, between 65 kyr — 0.35 kyr, suggesting the presence of Toba ash is
not a reliable chronological marker in South Asia. Furthermore, research is required at the
site-specific level (Toba ash associated with Palaeolithic artefacts) in pan-India before any
conclusive statements can be made about the actual short-term and long-term impacts of

Toba.

Despite the earliest microliths occurring at 48 kyr in Sri Lanka (Wedage et al., 2019) and at
48-45 kyr in central India (Mishra et al., 2013; Clarkson et al., 2020), the Middle Palaeolithic
persists until 38 kyr in southern India (Clarkson et al., 2009; Petraglia et al., 2012) and
perhaps other zones also. The Middle Palaeolithic is also present in Sri Lanka c. 80 kyr and
appears to be the earliest evidence of human occupation of the island (Deraniyagala 1992;
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Perera 2010). The Middle Palaeolithic assemblages occur extensively across the subcontinent
until the appearance of ‘Late Palaeolithic’ technologies (James and Petraglia, 2005),
including microlithic toolkits, associated with bone tools and personal ornamentation from at
least 36 kyr (Clarkson et al., 2009) and perhaps 45 kyr onwards (Mishra et al., 2013; Basak et
al., 2014). Proponents of a rapid, single southern route of human dispersal from Africa ~60
kyr argue for the dispersal of microlithic industries from Africa and across South Asia
(Mellars, 2006; Mishra et al., 2013). By contrast, suggestions of indigenous transitions from
the Middle to Late Palaeolithic, stimulated by contextual demographic and environmental
changes, have been used to suggest more gradual, early human dispersals into South Asia
from Africa and local technological development (Clarkson et al., 2018; Lewis et al., 2014;

Petraglia et al., 2009).

A review of archaeological and palaeoenvironmental data from three different ecological
regions of South Asia i.e., Thar desert, Jurreru River Valley and Sri Lanka’s wet zone
broadly demonstrate the effect of climate change leading to the development of the new
technologies and cultural behaviours rather than developing independently without any
external factors (Roberts et al., 2017). While the Thar Desert, shows humid climates during
MIS 5, favouring the hominin occupations, and climatic aridity led to the discontinuity of
occupations at Katoati during MI1S4 (Blinkhorn et al., 2017). At the site of Jwalapuram, the
transition from Middle Palaeolithic to the Late Palaeolithic industries is thought to happen
due to climatic deterioration. The wetlands of Sri Lanka were exploited by human foragers,

utilising bone tools and Late Palaeolithic microlithic around ~36 kyr (Roberts et al., 2017).

However, the alleged innovation of microliths due to population expansion and climate
deterioration after 40 kyr (Petraglia et al., 2009) is now challenged by the discovery of older
microliths at 48 kyr in Sri Lanka (Wedage et al., 2019) and 48-45 kyr in central India
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(Clarkson et al., 2020; Mishra et al., 2013). While it remains unclear whether South Asian
microliths were indigenous innovations or introduced through dispersals, the link between
climate change and microlithic innovation is currently tenuous, and more multidisciplinary
evidence is required to test it. Not only is the current palaeoenvironmental evidence
inadequate to identify clear climatic deterioration at a pan-Indian level, but the South Asian
Upper Palaeolithic itself remains an ambiguous entity (Chauhan, 2019; James and Petraglia,
2005; Haslam et al., 2010a). For example, ample evidence of laminar technology has been
reported from various parts of the subcontinent. However, the associated assemblages appear
to spatially and chronologically overlap with the preceding Middle Palaeolithic technologies
and the following microlithic technologies, in addition to occurring exclusively at numerous
sites (Chauhan, 2009). Despite this abundance of evidence, almost no absolute dates exist for
the South Asian Upper Palaeolithic, except Site 55 in Pakistan, where Dennell et al. (1992)
have reported blade-dominated assemblages dated to 45 kyr. The Upper Palaeolithic horizon
in the 16R dune cultural sequence in Rajasthan was recently re-dated to 80-40 kyr by Singhvi
et al. (2010), and thus this archaeological sequence was re-classified by Blinkhorn (2013) as
Middle Palaeolithic. The site shows intermittent occupation dated to MIS 5 and MIS3 with

humid climates.

2.5 Discussion and conclusions

Based on the broad review above, the number of studies is currently of low resolution to
reveal any discrete geographic and chronological patterns for Late Pleistocene environments,
with the possible exception of some northern zones and those dated to <50 kyr, especially
closer to the terminal Pleistocene. This chronological disparity appears to be due to research
bias, preservation bias, variable abundance of geological exposures, logistical access to

stratigraphic sampling and methodological limitations in geochronology. Another major issue
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why a critical comparison of different regions and time periods is not yet possible is because
the environmental results of these studies are highly variable and subjective. For example, the
results of many of these studies include humid, semi-humid, less arid, arid, semi-arid, semi-
humid to semi-arid and wet-semi-arid. From all of these known studies, even fewer have
focused on palaeoenvironmental reconstructions at prehistoric sites, infact only a handful of
such examples are known. Most Late Pleistocene environmental reconstructions have been
done in the Himalayan zone, the Thar Desert, and the Ganga plains. The remaining studies
are more randomly scattered throughout central, western, northeastern and southern India, as
well as in Sri Lanka and deep-sea cores in the Arabian Sea. Major geographic gaps need to be
critically filled through future work across India, in addition to Pakistan, Nepal, Bhutan,
Bangladesh and Sri Lanka. In India, vast areas of central India, northeastern India and
peninsular India require focused attention through problem-oriented multidisciplinary
projects. For example, future palaeoenvironmental datasets may help answer key questions
regarding the following issues (among others): i) technological dispersals, innovations and
transitions; ii) the absence of specific technologies and technological dispersals across some
geographic zones (e.g., northeast India see Jamir et al., nd); iii) pan-Indian impact of the Toba
super-eruption; and iv) factors of hominin and other faunal extinctions like Palaeoloxodon
namadicus, Stegodon namadicus, Hexoprotodon sp., Equus namadicus and Struthio camelus
(see Jukar et al., 2020). At a broad and tentative level, the Late Pleistocene climatic
framework for the region represents a linear trend with a relatively humid climate throughout
the period, with some exceptions at 69-60 kyr and 19-11 kyr, representing arid climates. One
primary explanation for such a trend from 125 to 80 kyr might be the lack of adequate
research: only 15 studies have been reported, of which nine are from the NW region. The
period from 79-70 kyr shows almost equal inferences for humid and dry climates with a total
number of 15 studies. In the period from 69-60 kyr, more studies show a dry climate and for

the period from 59-30 kyr, out of a total of 84 inferences, 60 represent humid climate. Again
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from 29-20 kyr, almost an equal number of inferences are drawn for both humid and arid
climates and demonstrate the dynamic climatic history of the region during the Late
Pleistocene. The terminal Late Pleistocene (19-11 kyr) shows 35 dry environmental examples
out of 49 inferences, while the remaining are humid, semi-humid or semi-dry. For the time
being, almost all studies representing MIS 5 show humid climatic conditions, probably due to
regional research bias. MIS 3 is the only phase that is represented by studies across all six
regions. Based on current evidence, there is no marked climatic deterioration at the
subcontinental level at ~40 kyr. In fact, the current data also does not show any chronological
congruency at the subcontinent level, highlighting the sub-regional ecological and climatic
diversity across South Asia. Therefore, to better understand the Late Pleistocene
environments of South Asia and linked palaeoanthropological events, significant work needs
to be done at the regional level and preferably approached from ‘bio-eco-geographic’
perspective. We also need to develop a high resolution palaeoclimate database for South Asia
and associated palaeoanthropological records. Further, there is major scope for multi-proxy
approaches which will provide more definitive scientific evidence to strengthen
palaeoclimatic inferences at key sites. To understand human-environment interactions during
the Quaternary, emphasis needs to be given for developing regional/site specific
palaeoenvironmental records from prehistoric archaeological sites and also contemporaneous
non-archaeological contexts in surrounding regions (including well-preserved geological
contexts without any diagnostic evidence preserved, such as lithic assemblages or Toba
tephra). This compiled section has aimed to provide an empirical update of Late Pleistocene
environments in South Asia, and associated implications for different specialists in
Quaternary  studies, palaeoanthropology, prehistoric archaeology and vertebrate
palaeontology. The compilation also shows which geographic zones require urgent scientific
attention across South Asia, especially in light of widespread anthropogenic activities that are

rapidly destroying key Quaternary geological features and related sites of scientific relevance.
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Figure 3. Number of palaeoclimatic reconstruction studies proxy-wise.
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Figure 4. Map of South Asia showing the Late Pleistocene palaeoclimatic studies with

different proxies (source: ArcGIS).
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Table 8. Prehistoric archaeological sites with palaeoenvironment reconstructions (see Figure

4 for locations).

Sr. Site Age Technology Palaeoclimate References
No.
1 16 R 126- 70 kyr Late C4 vegetation Achyuthan et
Acheulean? al., 2007
Middle
Palaeolithic
2 Sandhav 114 kyr Middle Cs  vegetation | Blinkhorn et al.,
Palaeolithic with  enhanced | 2019
monsoon
3 Katoti 96-60 kyr Middle Humid Blinkhorn et al.,
Palaeolithic environments 2017
4 Jwalapuram 80-38 kyr Middle Mixed Cs/C4 | Haslam et al,,
Palaeolithic environment, 2010a
Variable rainfall
5 Fa Hien cave 36 kyr microlithic Wet Climate Roberts et al.,
2017
6 Pratappur 17875 Cal BP microlithic Ca arid | Patnaik et al.,
environments 2019
7 Singi Talav 177 — 65 kyr Late Acheulean | C4  vegetation | Blinkhorn et al.,
- Middle | with warm and | 2021
Palaeolithic humid climates

74



6002 ‘[e 32 Luepueyg

21
21]
21
2
2
2
21
21]
21
2
21

6867 ‘eAseyoeneyg

R k\
100Z ‘|23 BJoypuey = = .

19|
21
21

0T0Z '[E 19 UUBWAUUNAN

2867 ‘B3dn9

21

1102’ 30 eAKieyoeneyg| s

5002 ‘e 18 [eAndeyd NHEHEEEHEEEEEEEEEHEEEEEERERE

4]
24

7002 '[e 18 Yereneseg| [~

ST0Z ‘leAaeyd pue Ben NENNNE

Himalayan region

0002 ‘1€ 33 BIpoX

L66T 1813 e1poy|

102 '[2 3 Aspued

1867 ‘e 18 Jabuoirg

€002 1€ 38 Ysoyo

020¢ 'le3s dexn|

6002 ‘e 13 swej|

6T02 ‘19 Yreuned

21|

6002 ‘&18 reuned

22

€002 'le 33BN

TT0Z 0BY puB BULIBA

Central region

2102 ‘ueyneyd pue sewend

21| 21
21| 21|

/702 ‘edag pue Jewend

5002 '3 led

1202 219 Wwoyy]

20
20|
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
2
20|
20|
20]
20
20

0T0Z 318 pue 1yBuis

0202 ‘1818 eyuis B e R R R B e ] Rl R e B B Rt B Rl R R R R Rl

6702 e 38 LIy

1]
1]
1]
1]
1]
1]
1
1]
1]
1]
1
1
1]
1]
1
1
1]
1]
1
1]
1]
1]
1]
1]
1]
1
1
1]
1]
1
1
1]
1]
1
1
1]
1]
1
1]
1]
1]
1]
1]
1]
1]
1
1]
1]
1
1
1]
1]
1
1]
1]
1]
1
1]
1]
1]
1
1]
1]
1]
1
1]
1]

LT02 '[e 3 wioyyung

; 7 ; PEEEEEEEEEEEEEEE EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE
(T702 ‘I8 13 A31ED) (9T0Z ‘T8 18 1eAeipen) & i i B B
BEEEEEEEEEEEEEEEEEEEAEEEEEEEEEEREEEEEE R R R EEEE R EEEEEEEEaaaaae
9002 12 38 [eAne e EEEEEEEE
I D e e e I e e

000z ‘[ 30 [RANC

RN R EEEEE N R EE RN R NN RN R R EEEE RN EEEEEEEE

7002 ‘1€ 38 nyqedd

A== ==

0702 '[e 38 JaxseT]

LT02 ‘[ 18 Weyddaoy L

=[5
9102 ‘[2 39 3pUoy|
- B EEEEEEEEEEEE EEEEEE BB EEEEEEE EEEENENENN N NN NN NN EEEE EEEEEEEEEEEEEEEEEEE EEEEEEEEEEEEEEEEEEE BEE
Kl 700z e @ eneseans |21 1S S T S T T S RN E R P E R E R P R E R
£ SE SIS RS E R[S E =SS === SRS ERS R RS SRR R R
5 0002 ‘2135 [efng)
g 700z ranberes pue e | S B S EE R E s e e e
£ 1702 2 12 unbley S SRREEREEREEEREEREEEREEEEEFREEERE SEREER EEE 3
= 06T '[2 32 ybuis CEEEEEEE
SN SIS SRR R[S S SRR =E == EEEEEEEEEEEEEEEEEEEE 35
R CEEE EEEEEEEEEEEEEEEEEEEE E
RN ENEEREEERNEEREEERNEEEEEENEEREEENEEEEEEEE RN BN ENEE R RN R
66T ‘(210 LpEULIEpUEY
=
9702 ‘1213 Ybuis
EENEERCEEEEE ERNEEEEEEEE
9002 ‘232 eYulS
’ BIEy =
¥002 ‘2181080
~
€002 ‘1e13 [eng)
- = e e e B e e B e e e e e e e e e e e e e e e e E e e e e e
5002 ‘23 Ure|
; =
2661 ‘eIMeyD
002 ‘232 41Q
- e S 1 5 1 1 ] 1 1 6 1 6 o o S [ [ [
866T 212 Smapuy
2002 ‘210 UeLnAyoy 8]8|3|8|3|8|3|8]3|33|83|3 | L] L] |l [ 3|3/3|3|3)3|3|3|3|3|3|3|3|3|3|3|3|3|3|3|3|3|3|3|3|3|3|3|3|3|3|3|3|3|3|3|3|3| 3| 3
01234567&90123455759012345675901234J67890123456759012345675901234567890123456789012345J789012345 |49 <
B B Bl B EE E BRI A N RN NN S R R E S B S B R R B R E R E E R R R B B E EEE R BB EE G EE R ENEE RS EREBEEEBEEEBEEEEE EEEE BEEEEEE 3 E
a51MUO163. B0USIRRY /B L
TSIN SN ESIN _ ySIN _ SSIN




8388_838822222222333333333333333333333333

0202 ‘e 33 eyr|

2202 ‘e 2 dwenyy x_s ®
ep00z Te 18 eweys| | ®|®|S

19
19|

£102 '[e 38 ybuis

500z ubuIs B EEEEEEEEEE]
500z s PR R B E R BT R B P e P P F I R P P e

€007 '€ 13 BABISBALIS

BN N Y

(L102 ‘e 38 Jewny)) GTOZ ‘[2 18 UBYNRYD

Ganga plain region

BRI

(2702 "[e 18 Jewny}) 900Z e 19 BULIRYS

21
21
2
2
2
2
2
2
21
21
21
21
21
2
2
2
2
2
2
21
21
21
21
21
21
2
2
2
2
2

2T02 e 38 IpaALIL

2002 ‘1€ 33 emi ||

2702 '1e 18 [emeuby| E]

#T02 '|e 18 InbooJe

1202 32 M|

0202 '[e18 BABDRA pUe pueg Ul |e 33 Nj|V|

2102 '|e 10 misndeg

0TO0Z ‘e 38 wejseH

2702 ‘1€ 33 sU3qoy

STOZ '[e 19 BABISEALIS {ETOZ 2 19 UBJewn

1102 ‘230 eAe\

L1667 "I 30 uejedobeley

1]

1]

1]

31

6867 unBefey pue sefex| 2|2 2|22 23S 2[2[2

£66T ‘le 38 Jemod

Southern region

G66T ‘133

(£T02 ‘e 18 Jewny) 966T ‘[B 12 elog

0702 ‘[e 18 Inboose

2861 'B1dno

£102 ‘233 Appay

2702 '€ 18 ejiypewald

2102 ‘|8 18 uryInAYoy

9861 odweo uep| |™ SIS
s10z Tee nnal®[®|°|%|°|°|3| 3| HEEE EEE
$T0z ‘|2 10 Arejewnseg EEENEHENESEEEEE
020z Jewny) pue Jey| ul $T0z ‘e 18 ysoys | &S| &| S| K[| &
s - AN EEEEFEEEEEEEEERFEFFRNERNENENRENEENE
= GTOZ "1e18 YsoyD| N[ N| NSNS N| NN NN & B RN R RN RN RN RN RN RN R SRR RN RN BN
2 1 1
z TT0Z 'Ie 18 piysey & i
g (v002 12 10 03Q)T00Z ‘euLIEyS B
5 €702 1210 UONOg N e e e e e
z NEEEIE
2102 "esag pue uxiq| NSNS S
8661 '[2 13 Yeseg ¥
£ e EEEEEEEE

102 ‘[e 18 eAKieyoENRYg 3

¥ NN EE N EEEEEEEEREEEEEEE EEEE E]
0202 ‘238 YeyS 3|8|8|3|3(8 38|83 8
NEEEER
220 1B 33 Ueyy[@| @)@ oo o
" o NEBREIE ]
67028 33 [emues &
N RFEE R EEEEEEE R EEEEEEEREEEEREEEEEEEREEEE
BB S| || || & &) || )| & & & & ) & & & S & & &

020Z Jewny| pue Jey ‘eg86T ul eAKreyoeneyg| ™ | N NIS| K|S TS NEH

LT02 'le 13 yssaqeg

0T0Z 3[e3 pue 1AyBuIs

0202 ‘e 38 BYUIS Ul ‘J81 18|8S

Himalayan region

0202 ‘[e 38 eyuIS Ul ZTOZ BN

L66T ‘[e 18 UBMO

5002 [ 19 Uabeyyoog

4702 ‘Te30 eayog | | &R[ AR 7| 7| AR =] VY

; R

1102 210 eNOYUERY &
EIEIEIE EE] =] o = [wf o NE | BEIE £ ol
il 2 = 33]5[% EE EEEEEE EEEREE

asIMUOIBa1 30UBIRJRY /AW L

82]
83
84
108

TSIN SIN £SIN




Figure 6. Compilation of Late Pleistocene palaeoclimate reconstructions carried out in the
Subcontinent. CODES: 1-humid; 2-arid; 3-semi-humid; 4- semi-arid; 5- less arid; 6- semi
humid to semi-arid;7- low lake level with large fluctuation and variable salinity; 8- monsoon
strengthening /strong monsoon; 9- wet; 10- aeolian phase; 11-channel activation phase;12-
unstable climate;13- hyper-saline; 14- wet-semi-arid; 15- rapid transition from glacial to
post glacial climate; 16- fluvial deposition; 17- fluvio-aeolian; 18- aggradation; 19- weak
monsoon; 20- low surface activity (a proxy for monsoon); 21- cool and dry climate; 22-
flood; 23- deglaciation; 24- cooling event; 25-cold climate; 26- less arid; 27- subtropical to
warm; 28- glacier retreat; 29- incision; 30- moderate climatic conditions; 31- Ca/ C4 plants;
32- moist grasslands; 33- fluctuation in rainfall; 34- weak and dry phase; 35- warm and
moist/humid; 36- Marine transgression; 37- cool and moderate humid climate; Cs - high Cs
plants; C4 - high C4 plants.
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3 Study Area and Background

3.1 Sonbhadra

Lying between 23.52 and 25.32°N latitude and 82.72 and 83.33°E longitude, Sonbhadra
District is the second largest district in Uttar Pradesh; it extends from north to south with a
maximum length of 79.36 km and 74.56 km in the east-west direction covering an area of
approximately 6788 km?. Sonbhadra District is bounded by the districts of Rohatas (Bihar)
and Palamu (Jharkhand) in the east, while the Sarguja District of Chhattisgarh and the Sidhi
District of Madhya Pradesh form the southern and western boundaries, respectively.
Administratively, the district is divided into eight blocks, i.e., Robertsganj, Ghorawal,

Chatara, Nagawa, Chopan, Meyorpur, Dudhi and Babhani.

Sonbhadra District has the highest percentage of forest cover in Uttar Pradesh. The district
has 35.29% forest cover, with 138.32 km? of very dense forests, 940.62 km? of moderately
dense forests, and 1357.81 km? of open forests. The district also has scrub forests covering

30.18 km? (ISFR, 2021).

The part of the district north of the Son River lies in the dry deciduous forest ecoregion of the
Lower Gangetic plains. The portion south of the Son lies in the Chhota Nagpur dry deciduous
forests ecoregion. The Kaimur Wildlife Sanctuary is located primarily within the district,
generally reaching east and west along the spine of the Kaimur Range and extending to the

Son River at its eastern end.

The temporal pattern of land use shows forest (48.01%), barren cultivable wasteland (2.02%),
present fallow land (6.28%), other fallow lands (2.91%), barren and non-cultivable land
(1.92%), land put to non-agricultural use (8.44%), pasture land (0.03%), bush, forest and

gardens (6.67%) and Net sown area (23.73%).
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The year is divided into winter (November to February), summer (April to mid-June) and
rainy (late June to October) seasons due to the tropical monsoon climate. The average
monthly minimum temperature ranges from 13.4 ° C to 30.7 ° C, while the average monthly
maximum temperature ranges from 23.4 ° C to 40.2 ° C. Due to the southwest monsoon,
approximately 87% of the total annual precipitation (mm) falls during the wet season, which
lasts approximately three months. Average precipitation ranges from 850 to 1300 millimetres,
and approximately 85% of annual precipitation occurs during the rainy season of the

southwest monsoon (Sunita and Meenal, 2013).

3.2 Flora and Fauna

The region north of the Son River is part of the humid deciduous forest ecoregion of the
Lower Gangetic plains. The ecoregion of the Chhotanagpur Plataeu is a dry deciduous forest
that forms the area south of the Son River. The northern section of the district is part of the
Vindhyan Range Plataeu and is flooded by tributaries of the Ganga River, such as the Belan
and Karmanasha rivers. The Son River, which flows from west to east through the district, is
located south of the steep escarpment of the Kaimur Range. The southern half of the district
is hilly, with fertile stream valleys intermingled. The entire area is covered with scrub
vegetation and thick forests in some places. A consistent horizontal stratification of rocks
characterises almost the entire plateau. The top of the plateau is unfavourable for the growth
of broad-leaved plants and is characterised by homogeneous scrubby dry vegetation. Broad-
leaved plants are commonly found on the slopes of the plateau. The forest is mainly dry
deciduous, but there are few evergreen trees in the ravines. The forest type in the Sonbhadra
District is dry tropical deciduous, according to a new classification of forest types in India by
Champion and Seth (1968). Due to the variable plains, slopes, hills, and climate of the
district, the entire region offers a remarkable range of flora and vegetation, represented by dry
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deciduous vegetation, natural scrub, jungle, grass patches and dense forests. The entire
district is densely forested, with trees at the top, shrubs in the intermediate, herbs, climbers,
and twiners at the ground level; identified 705 angiosperm species in 459 genera and 110
families, including 78 cultivated species that had been established in the region for various
purposes. That has a land area of 500.73 km? in the semi-arid zone of northern India (Rodgers
et al., 2000) with a geographical extent of 82°20' 15" E to 24°52' 00" N and 83°08' 23" E to

24°27' 51" N.

The Kaimur Wildlife Sanctuary in the district is separated into four administrative ranges:
Halia, Ghorawal, Robertsganj, and Gurma. Geologically, most of the sanctuary's topography
is mountainous and undulating. The soil of this area is red clay, which is hard and ferruginous
in composition. The dry bamboo brakes make up the bamboo forest, and the scrub forest is
surrounded by open dry scrubby vegetation. On the other hand, the dry deciduous forest
comprises mixed dry deciduous woody species. (Biodiversity Impact Assessment Report,

2019, OCBTL, Bareilly, Uttar Pradesh).

3.3 General Geology

Geologically, the district comprises diverse rock formations, including Chhotanagpur Granite
Gneiss Complex (CGGC), Vindhyan Supergroup and Gondwana Supergroup, and younger
alluvium ranging in age from Archaean to sub recent. The oldest exposed rock (CGGC) in
Sonbhadra District belongs to the Archaean age, occupying the southernmost part of the
Dudhi Tahsil, covering an area of 1694 km?. Since they are the bases for successive younger
rocks, they are also known as the basement rocks of the basement complex (granite,
amphibolite, magnetite, gneisses, and mica-schist). The Vindhyan Supergroup comprises the
Mahakoshal Group (slate, phyllites, dolerite dykes, sandstone), the Semri Group (limestone,

sandstone, porcellanite, shale) and the Kaimur Group (sandstone, shale, minor carbonates);
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the Gondwana Supergroup (sandstones and shales) and Quaternary alluvium of the Son River
and associated tributaries consist of gravels, sand, silt and clay. The Vindhyan Supergroup
comprises stratified, metamorphosed groups (Semri and Kaimur) of rocks mainly represented
by sandstones, shales, and limestones-porcellanitic rocks (Table 9). Lower Vindhyan rocks
consist mainly of limestone, shales, sandstone and porcellanitic beds. In the study area, these
outcrops are located in the Son Valley, which occupies approximately 653 km? of area. The
Gondwana Supergroup overlies the Vindhyan rocks and is divided into two subgroups: 1) the
Lower Gondwana and 2) the Upper Gondwana. The Sonbhadra District is occupied by
Lower Gondwana, which consists of carbonaceous shales and coal seams. In general, the
Lower Gondwana in Sonbhadra is spread over about ~259 km? and is of very little
importance in the development of topography, and more than 90% of this outcrop forms the
bottom of the G.B. Pant Sagar Reservoir (Census of India, Sonbhadra, 2011; Maharana and

Tripathi, 2018).

The Vindhyan Supergroup comprises the Semri and Kaimur Groups; archaeologically, both
groups are essential and well-exposed (Figure 7-9) in the region. 1) Semri Groups consist of
different rocks from which porcellanite is used as the primary raw material for making
Palaeolithic artefacts, and 2) in the Kaimur Groups, the Kaimur sandstone is used for the

depiction of prehistoric and younger art in the region.
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Table 9. Stratigraphic succession of Sonbhadra (after Census of India, Sonbhadra 2011;

Maharana and Tripathi 2018).

Group Sub-groups & | Lithology Period

Formation
Quaternary Alluvium Sand, Silt and Clays Recent
Gondwana Shale and Coal Permo-Carboniferous
Supergroup

Unconformity

Vindhyan Kaimur Sandstone, shale, minor | Neoproterozoic
Supergroup carbonates

Semri Limestone, Sandstone, | Meso - Proterozoic

Porcellanite, Shale

Unconformity

Mahakoshal Group

Slate, Phyllites, Dolerite
dykes, Sandstone

Palaeo- Proterozoic

Tectonic Contact

Chhotanagpur Granite Gneiss Complex (CGGC)

Granite, Amphitotite,
Magnatite, Gneisses,
mica-schist

Archean
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Figure 7. Detailed geological map of Vindhyan Supergroup in and around Sonbhadra and
Mirzapur districts, U.P., India (modified after Auden, 1933).

Semri Group — It overlies Mahakoshal in the Son Valley by distinctive mappable units such

as Patherwa, Arangi, Kajrahat, Chopan Porcellanite, Kheinjua shale, Fawn limestone,

Glauconitic sandstone, and Rohtas limestone. The Chopan porcellanite unit is the primary

source of Palaeolithic raw material.
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Figure 8. Detailed geological map of Vindhyan Supergroup, Group and Formations in and
around Sonbhadra, Uttar Pradesh.

3.4 Raw Material

Porcellanite rocks (an impure form of chert) constitute an essential formation of the Lower
Vindhyan (Semri Group) stretching over a distance of 380 km in the Son Valley region,
extending from Palamu District of Jharkhand towards the east and Sidhi District of Madhya
Pradesh in the west (Mehrotra and Banerjee 1983; Srivastava et al., 2003). It is associated

with tuffaceous shale, sandstone, pyroclastic breccia, banded cherty rock and porcellanite.
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The Porcellanite Formation is attested to be of explosive origin by many earlier workers
(Auden, 1933; Chakrabarti et al., 2007; Ghosh, 1971; Law, 1954; Mishra et al., 2017,
Srivastava, 1977; Singh and Srivastava, 1982). This formation is referred to as Chopan
Porcellanite (in the eastern part) and Deonar Porcellanite (in the western part) of the

Vindhyan Supergroup exposed in the Son Valley (Bhattacharyya, 1996).
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Figure 9. Geological map of Chopan Porcellanite along Son River (modified after Srivastava
etal., 2003

The Chopan Porcellanite Formation (CPF) comprises pyroclastics of mainly tuffaceous
sediments that occur in both massive and banded varieties. The black and white bands in the
banded porcellanite are parallel to the general strike of the Vindhyan Supergroup. The banded
variety of porcellanite constitutes 80% of the total porcellanite exposure in Son valley.
Massive tuffaceous sediments occur in variegated colours ranging from opaline green, grey,
buff, olive green, bluish grey and black. In the area around Kone, massive black and buff

varieties of tuffaceous porcellanite are exposed (Figure 10-11) (Srivastava et al., 2003).
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Figure 10. a) Different shapes and sizes of porcellanite clasts available in the study area, b)
porcellanite clast representing the original colour in the centre (dark olive/black) and outer
cortex in yellow (Site: Doma).
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Figure 11. Exposure of Semri Group (porcellanite) near Sugwa Ghati.

The compact massive black porcellanite is thickly bedded, and quartz phenocrysts and
calcite-filled vesicles can be observed with the naked eye. The buff-coloured porcellanite is
thinly bedded. The thin section study indicates that the black and buff-coloured massive
porcellanite are welded to ignimbrites displaying various textures such as spherulitic and

porphyritic (Mishra et al., 2017).

3.5 The Son River and its drainage

The Son River is a significant tributary of the Ganga River and covers a course of 784 km. Its
basin stretches from 22°37'58.6" N to 25°43'48.12" N latitude and 80°5'35.68" E to
84°58'31.47" E longitude. The basin area is ~68 km? and includes parts of Madhya Pradesh,
Uttar Pradesh, Bihar and Jharkhand. The Son River originates from the Amarkantak hills of
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the Maikal range at an elevation of ~600 m in Madhya Pradesh, and it flows north-northwest
through Madhya Pradesh and turns east after encountering the southwest-northeast running
Kaimur range of Vindhyan Supergroup and covers Sonbhadra District of Uttar Pradesh and
merges with the Ganga River in Patna, Bihar (Rai et al., 2017; Maharana and Tripathi, 2018).
The Son has been known to change its course, as is noticeable from numerous old beds near
its east bank. The valley itself owes its formation partly to tectonics and partly to the action of
the river. In these areas, tributaries of Son discharge their waters and sediments, forming
accordant junctions from the right hand and a complex one from the left (Figure 12,13). In
general, the valley is flat, with high walls of the highlands that overlook it from the north and

south, differing significantly in the nature of their local elevations (Rai et al., 2017).
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3.5.1 Drainage System

3.5.1.1 Karamnasa River

It begins near Sarodag, on the northern side of the Shahabad continuation of the eastern

Kaimur and flows approximately 26 km west to Rohtasgarh in Bihar. It flows from north to
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south through rocky and forested terrain in the Sonbhadra, Chanduli and Varanasi Districts of
Uttar Pradesh. It is a border between Uttar Pradesh and Bihar for a considerable distance and
consists of the Nagwa Block and the eastern part of the Chatara Block of Sonbhadra District

(Tewari, 2013).

3.5.1.2 Ghaghar River

The Ghaghar River is a tributary of the Son River; it starts in Pargana, Vijaygarh and joins
Son near Markundi Valley after flowing through Nagwa Block. The Dhandraul dam was built

on Ghaghar in 1917 to help with irrigation.

3.5.1.3 Rihand River

The Rihand River is also a tributary of the Son River that flows through Chhattisgarh, Uttar
Pradesh and Madhya Pradesh in India. The Rihand River Basin has three sub-basins: Moran,
Mahan, and Ghunghutta. The Rihand River originates in the Matiranga hills, southwest of the
Mainpat plateau, approximately 1100 m above mean sea level. The river flows roughly north
for 160 km through the central Surguja District. It flows north into Sonbhadra District, Uttar
Pradesh, via Singrauli District of Madhya Pradesh, known as Rhed, before joining the Son

(Kumar et al., 2018; Verma and Patel, 2021).

3.5.1.4 The Kanhar River

The Kanhar River is an important Son tributary; it flows through Chhattisgarh, Jharkhand and
Uttar Pradesh, covering an area of 5,654 km?. The Kanhar originates at Gidhadhodha on the
Khudia plateau in the Jashpur District of Chhattisgarh. It initially flows north, forming the
boundary with Garhwa District in the Palamu division of Jharkhand. After that, it flows about
100 km through the Surguja District of Chhattisgarh. Subsequently, it runs parallel to the Son
River in Garhwa District, turns northwest, and flows through the Sonbhadra district in the

Mirzapur division of Uttar Pradesh. The Kanhar River confluences with the Son River
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northeast of the Kota village. The elevation of the basin ranges from a low height of 180 m,
where the Kanhar meets the Son River, to 1,223 m (Gaurlpat) at Kavradara in Sarguja
District of Chhattisgarh. The tributaries of the Kanhar River are Pangan, Thema, Lauwa,
Malia, Pandu, Goitha, Banki, Hathi nala®, Suria, Chana, Sendur, Kursa, Galphulla, Semarkhar

Rigar, Cherna nala (Rao 1975; Rai 2017; Maharana and Tripathi, 2018).

3.5.1.5 The Panda River

Panda River, one of the tributaries of the Son River, is in the Chopan block of Sonbhadra
District and has a drainage area of 216 km2. Panda originates near Kuarava village in
Sonbhadra district and flows northward, eventually meeting Son in Garhwa district,

Jharkhand (Raju et al., 2011).

3.6 Son Valley and its Archaeological background

From an archaeological perspective, the Son Valley can be divided into three parts; 1) Upper
Son Valley, 2) Middle Son Valley (Sidhi district) and 3) Lower Son Valley (Sonbhadra
district, Uttar Pradesh). Prehistoric explorations in the region started in the early 1960s in the
Upper Son Valley, including the districts of Jabalpur, Shahdol, Sidhi, and Bilaspur (Bilaspur
is now in Chhattisgarh). A total of 65 Stone Age sites belonging to the Early, Middle, and
Later Stone Age have been located in Upper Son Valley, including the famous sites of
Nakjhur Khurd, Sihawal, Bahgor Ramnagar (all in Sidhi District in the 1960s) (Ahmad,

1984). Later, in the 1980s, Son Valley in Sidhi district was termed Middle Son Valley.

In the early 1980s, extensive palaeoanthropological, archaeological, and geological research

was carried out in the Middle Son Valley (mainly in the Sidhi District of Madhya Pradesh),

3 Nala = small seasonal stream
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leading to the discovery of more than 6000 animal fossils, at least 47 Lower Palaeolithic, 86

Middle Palaeolithic, and 120 Upper Palaeolithic sites and ash deposits from the

74,000-year-old Toba supereruption (Figure 14) (Haslam, 2011; Haslam and Petraglia, 2010;

Haslam et al., 2012a; Clarkson et al., 2020; Sharma and Clark, 1982; Sharma and Clark,

1983; Williams and Clarke, 1984; Williams and Royce, 1982; Williams et al., 2009).

The late Quaternary sedimentary sequence of the Middle Son Valley has been extensively

analysed, and five wide-spread alluvial formations were mapped and defined (Williams and

Clarke, 1995; Williams and Royce, 1983; Williams et al., 2006). The chronology of the

oldest to youngest formations is the Sihawal Formation, Khunteli Formation, Patpara

Formation, Baghor Formation and Khetaunhi Formation. The most important and well-

studied evidence of the Formations is summarised below for comparative purposes.
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3.6.1 Sihawal Formation

The initial excavation at Sihawal resulted in a 1.5 m deep sequence (Figure 15) divided into
three primary members, underlined by shale bedrock (Kenoyer and Pal, 1983). The lower
member is a gravel deposit comprising rolled to angular clasts of quartzite, sandstone, chert,
and shale, within a clay matrix, with a higher ratio of calcium carbonate and iron/manganese
components that attain greater convergence at the base of the stratum. The upper part is a
culturally sterile, mottled-brown clay loam up to 0.5 m thick, with a high concentration of
carbonate nodules at its base. The lower gravel unit yielded 119 artefacts with handaxe and
cleaver forms, a discoidal core, and a range of flake tools reported from the site (Haslam et

al., 2011; Shipton et al., 2013).

T | Brown clay containing angular to rounded clasts of sandstone and
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Figure 15. Type-section of Sihawal Formation - Sihawal village (William and Royce, 1983).
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3.6.2 Khunteli Formation

A new formation was identified on the right bank of the Son, near the village of Khunteli.
This formation dates before the Patpara Formation and precedes the Sihawal Formation. This
formation has a maximum exposed thickness of 10 m. A basal unit of unconsolidated pale
yellow-brown medium sand is up to 6 m thick, a discontinuous bed of pure volcanic ash up to
1.5 m thick, at least 4 m of a cross-bedded and planar-bedded medium, coarse sand and fine
gravel, and an upper unit of carbonate-cemented gravels make up the formation (Figure 16)
(Williams et al., 2006). A lateral version of this formation is a 30 m thick portion on the left
bank of the Son River near its confluence with the Rehi River, which comprises a locally
obscured base unit of medium brown sand up to 8m thick, capped by a laterally discontinuous
unit of pure volcanic ash up to 4m thick (Williams and Royce, 1983). The ash acts as a
channel filler, although it is eroded and partially replaced by multiple lenses of alluvial

gravel.
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Figure 16. Type-section of Khunteli Formation (Williams et al., 2006).

3.6.3 Patpara Formation

The Patpara Formation is at least 10 m thick and overlies the Khunteli Formation. It has a
distinctive reddish colour and contains rounded to sub-angular quartz, sandstone, and
mudstone clasts like the underlying bedrock; agate, chalcedony, and other microcrystalline
silicic rocks are also found in abundance. The Deccan Trap basalts in Son's headwaters gave
rise to these far-flung clasts. The size of the sediments/clasts varies from coarse sand to
cobbles, with 1-2 cm pebbles being the most prevalent, all set in a clay-rich matrix. The
bedding comes in various shapes and sizes, from large to flat or undulating laminations
(Figure 17). Iron is partially cemented in the formation, giving the sediments their distinctive

reddish colour. Unless terminated by the overlying Baghor Formation, the formation is
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overlain by up to 1 m of hard, dark reddish-brown, mottled silty clay (Williams et al., 2006).
Most of the artefacts belonging to the Lower and Middle Palaeolithic are recovered from the
lowest, dark red, clayey-sand layer, dating to 137-140 kyr (Haslam et al., 2011). The
Palaeolithic site of Patpara has produced 2284 artefacts showing both Lower and Middle
Palaeolithic components; most of these were made of quartzite and chert (Sharma and Clark,

1983; Haslam et al., 2011).

L _
~07m | _ _ _ _ | Massive red brown clays mottled
O-~0-Q HO
Q—QQ’QQ [ron-stained (red brown) coarse to very coarse sands and granules;
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Q\O/“QOQ developed, crude subhorizontal lamination; platy or tabular clasts
* s« .+ .| ofsandstone to Scm diameter define the lamination or occur
.0 ... | subparallel to low angle (10 degree) internal scour planes; dark red-
~57m|." " . «. | brown fine gravels and occasional cobbles to 12cm diameter from
.+ +."."| lag gravels an erosional scour planes.
:O o« %
A 4 -t .| Datum top of Sihawal Formation

Figure 17. Type-section of Patpara Formation - Patpara excavation site (William and Royce,
1983).

3.6.4 Baghor Formation

An erosional unconformity separates the Baghor Formation (20 m thick) from the underlying
Patpara Formation. The lower coarse and fine upper members comprise two distinct
members, each around 10 m thick. Individual sets of unconsolidated cross-bedded medium to

coarse sands comprise the coarse component, particularly sets 5-85 cm thick and generally
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limited by planar horizontal surfaces (Figure 18). Sandstone, mudstone, quartzite,
chalcedony, agate and chert lenses, ranging in size from granules to pebbles, commonly
appear as pebble trains on scour surfaces between cross-bedded layers. Throughout the coarse
component, discontinuous sheets of enormous carbonate cemented sands contain well-
preserved fossils such as buffalo, hippo, crocodile, antelope, elephant and tortoise, as well as
rolled and abraded Middle Palaeolithic artefacts. With an elevation of at least 30 m above low
water level, the fine member forms the highest aggradation surface in the Son Valley and
rests conformably on the coarse member with no trace of an erosional break. It is made up of
interbedded silt, clay, and fine sand. Each bed is 1 to 4 m thick and can be tracked 2 to 3 km
laterally. Soil-forming processes have altered primary depositional structures, and irregular
carbonate nodules, tubules and plates occur in well-defined layers. The concretions become
more concentrated, moving up the fine member, indicating extended periods of little flood-
plain sedimentation and longer periods of soil formation. Fresh Upper Palaeolithic artefacts

have been discovered in-situ inside the fine member's silt and clay and on the surface.
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Figure 18. Type-section of Baghor Formation - Baghor Nala (William and Royce, 1983).

3.6.5 Khetaunhi Formation

The Khetaunhi Formation is 10 m thick and consists of interbedded silts, clays, and fine
sands that form a well-defined alluvial terrace (Figure 19). Laterally homogeneous parallel
lamination can be seen in the silts and clays, while ripples and ripple cross-laminations can be
seen in the fine sands. The current Son may overtop the terrace during a flood, allowing
sedimentation to continue. The strata dip 10-15° towards the current river along the right
bank opposite the Sihawal Formation and exhibit exceptionally well-preserved sedimentary

features, indicating a relatively rapid deposition of the beds in recent times.
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Figure 19. Type-section of Khetaunhi Formation, opposite Son River and Rehi River
confluence (William and Royce, 1983).

As discussed above, comprehensive research has been carried out in the Middle Son Valley,
but only a few archaeological explorations have been carried out in the Upper (Ahmad 1984)
and Lower Son Valley in the 1970s-80s (IAR 1977; Tewari et al., 1995). Researchers laid the
foundation of archaeological investigations in the geographical area of the LSV in the late
nineteenth century by discovering some painted rock shelters depicting scenes of prehistoric
people hunting, dancing and other activities (Cockburn 1883, 1899). During his
investigations in what are now Mirzapur and Sonbhadra districts in the 1950s, G.R. Sharma
unearthed various Palaeolithic, microlithic, and rock art sites (Indian Archaeological Review,
1957). Lower Palaeolithic sites have yielded cores, handaxes, cleavers and scrapers made on

quartzite and chert. Cores, flakes, and various types of scrapers, points, and blades made on
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quartzite, chert and quartz have been found at Middle Palaeolithic sites. (IAR 1956, 1962,
1977, 1980, 1982; Tewari et al., 1995). The Upper Palaeolithic and microlithic artefacts were
made on various raw materials such as chert, quartz, and jasper (Table 10). Six hundred
faunal fossil remains eroding from cemented gravel/sand strata have also been recorded from
Patvadh, Rendia, Mahalpur and other sites, including faunal genera such as Bos, Elephas, and

Gharialis (1AR, 1980).

Although some post-Acheulean sites have been discovered in the LSV (IAR, 1980, 1983), no
systematic multidisciplinary investigations have been conducted. This is remarkable because
it is an extension of the nearby Middle Son Valley, where intriguing palaeoanthropological
evidence has been identified and examined using a variety of multidisciplinary approaches

(Sharma and Clark, 1983; Jones and Pal, 2005; 2009).
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Table 10. Pre-reported sites in the LSV.

Sr. Site Name Site Type Reference

No.

1 Devagarh Microlithic Narain and Pant, 1962-63, p. 132

2 Bhagahi Microlithic IAR- 1977-78, p. 56-57; Misra, 1977, p. 45

3 Chaura Middle Palaeolithic and Microlithic IAR- 1980-81, p. 73; Pant, 1982: 32

4 Nevari Upper Palaeolithic IAR- 1977-78, p. 56

5 Rijula Upper Palaeolithic and Microlithic IAR- 1977-78, p. 56; IAR- 1956-57, p. 48

6 Semia Upper Palaeolithic IAR- 1977-78, p. 56-57

7 Mandaha Microlithic Narain and Pant, 1962-63, p. 132

8 Ghoria Upper Palaeolithic IAR- 1977-78, p. 56

9 Chitwar Upper Palaeolithic IAR- 1977-78, p. 56-57

10 Alaur Upper Palaeolithic IAR- 1977-78, p. 56

11 Bijara Middle Palaeolithic and Microlithic IAR- 1980-81, p. 73

12 Mitapur Middle Palaeolithic IAR- 1977-78, p. 56

13 Gothani Lower Palaeolithic IAR- 1977-78, p. 56; Misra, 1977, p. 45

14 Mahalpur Middle and Upper Palaeolithic IAR- 1977-78, p. 56

15 Bardiya Microlithic IAR- 1977-78, p. 56-57; Misra, 1977, p. 45

16 Kandakot Microlithic IAR- 1956-57, p. 13-14

17 Bashauli Microlithic IAR- 1956-57, p. 13-14

18 Kurhul Upper Palaeolithic IAR- 1977-78, p. 56

19 Rendia Middle and Upper Palaeolithic IAR- 1977-78, p. 56

20 Sinduria Middle Palaeolithic and Microlithic IAR- 1977-78, p. 56-57; Misra, 1977, p. 45

21 Obra Microlithic Narain and Pant, 1962-63, p. 130

22 Chopan Middle Palaeolithic and Microlithic IAR- 1962-63, p. 33,37; IAR-1977-78, p. 56-
57,
IAR-1980-81, p. 73; IAR- 1982-83, p. 145;
Misra, 1977, p. 33; Narain and Pant, 1962-63,
p. 130, Pant, 1983, p. 91.

23 Patvadha Tool Series | IAR- 1977-78, p. 56; IAR- 1956-57, p. 48

24 Salai Banava Microlithic IAR- 1977-78, p. 56; IAR- 1956-57, p. 48

25 Kotta Upper Palaeolithic IAR- 1977-78, p. 56

26 Raja Nala ka Tilla | Stone artefacts, scrapers Tiwari and Srivastava, 1994

27 Kone Upper Palaeolithic IAR- 1977-78, p. 56

*Microlithic sites associated with rock shelters and sites with coordinates are not mentioned

above. For that, see (Tiwari et al., 1995).

*The table provides info and terminology as originally reported, and most reports show

inconsistent format.

Considering the above information, the Sonbhadra District of Uttar Pradesh was selected for

the research. The selected study area includes the downstream extension of the Son River but

has not produced much Lower Palaeolithic evidence; therefore, by thoroughly studying the

area, one can try to fill the technochronological gaps. The primary objective of the current
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research was to perform 1) a systematic exploration to understand the palaeoanthropological
potential of the region, 2) to locate new prehistoric sites and associated transitional
assemblages (Lower Palaeolithic to microlithic) with dateable context as found in the Middle
Son valley to the west, and 3) to locate new vertebrate and invertebrate fossil locations. These
preliminary objectives were partially obtained in the first year (2017) of fieldwork by
discovering 48 new prehistoric sites, tentatively ranging from the Middle Palaeolithic to the
microlithic periods and two vertebrate fossil sites, thus confirming that the area is suitable for

further research.

3.7 Research Objectives

Based upon the study area’s importance (discussed above), and archaeological and

geographical gaps in the region, the following objectives were aimed to be achieved.

1) a} To carry out surveys to locate new Palaeolithic and microlithic sites in the Lower Son
Valley (LSV), Sonbhadra District, Uttar Pradesh, b} To collect sediment samples from a
geological excavation to characterise the stratigraphy and palaeoenvironment of the study

area.

e Landscape-level comparison between Late Acheulean to microlithic sites from the
LSV (raw material variability and selection, regional adaptations, site formation
differences, lithic typo-technology)

e Optical Luminescence (OSL) dating of a part of the LSV to understand the

chronology and link the paleoenvironmental data with lithic occurrences

2) Compile published sources for the Late Pleistocene palaeoenvironmental reconstruction of

South Asia.
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3) To visit the previously reported Late Pleistocene Palaeolithic and fossil sites or
museum/university collections to collect enamel samples of fossil teeth and carbonates to

reconstruct Late Pleistocene paleoenvironments.

3.8 Methodology

Numerous methods have been applied to fulfil the objectives mentioned above, i.e., surveys,

collection of artefacts, lithic analysis, stable isotope analysis and OSL dating.
3.8.1 Survey and site mapping

The study region is limited to the Sonbhadra District of Uttar Pradesh, with a total area of
6788 km?, with only 1897 km? along the north and south of the Son River considered for
surveying and named LSV for this study. Preliminary surveys were conducted in the first
week of June 2017 to locate previously known sites for mapping and to understand the
geomorphological setting of the region. Based on previously documented sites, different
survey strategies were organised to explore the selected area. Exploration undertaken by the
author aimed to locate stratified sites in the region with a dateable context and understand
their distribution during different periods in the study area. A two-layer survey strategy was
applied to cover the whole area 1) Systematic surveys (Renfrew and Bahn 2012, 2016) were
conducted in June 2017, May — June 2018, April — May 2019, December 2019, February —
March 2020 and February — March 2021; arbitrary grids (~3X3 kms?) (Figure 20) were
plotted in Google Earth, and then particular squares were targeted for surveying based on
analysing specific topographic, geographic and geological features. 2) Unsystematic and
systematic survey methods were applied in those squares. In the unsystematic survey, in one
selected square, walking across each part of the area was involved to locate a site. In the

systematic survey, transect surveys were conducted within the square. Features such as small
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streams, river channels, small hills and their sections, exposures and raw material outcrops

were also targeted for surveying.
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Figure 20. Arbitrary grids with (~3X3 kms?) squares plotted in Google Earth.

Extensive photographic documentation was done during the fieldwork, and sites were plotted

using a GARMIN eTrex 10.

“A site is concentration of humanly modified materials, associated materials and landscape
features, regardless of the concentrating agency (Foley 1981). An archaeological site can be
defined as a place where artefacts, features, structures, and organic and environmental
remains can be found together. However, finding all these landmarks at a Palaeolithic site is
very difficult; it can be simplified as a place where significant traces of human activities are
found (Renfrew and Bahn 2016). Off-site or non-site is the area with low density of artefacts,
which should be located and recorded in order to understand landscape archaeology (Foley

1981; Issac 1972; Renfrew and Bahn 2012). During the surveys conducted in the LSV, a site
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was defined as an area with an artefact density of ten or more artefacts, while areas with less
than ten artefacts were classified as off/non-sites due to their low density as compared to
other sites in the valley. There is no underlying assumption dictating the specific 500-meter
radius for defining a locality. Instead, this determination is based on several factors, including
typology, artefact types, and sedimentation patterns observed at each site. Typically, these are
made with consideration for the topographic characteristics of the area such as hills, or

riverbank or nearby villages.

The plotted sites were further transferred to Google Earth, later classified into different
periods, and utilised through Global mapper, QGIS, and ArcGIS for mapping. The surveyed

areas without sites are highlighted with a red cross (Figure 21).

Robertsga/nj TATAAAA

Figure 21. Red crosses represent the surveyed area without any site.
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3.8.2 Results

Six seasons of surveys (mentioned above) have led to the discovery of (n = 61) prehistoric
sites (Figure 22) belonging to Late Acheulean to microlithic periods and vertebrae fossil
localities. Rock-art sites were also located during the survey but were not considered for the

study.

On a typological basis, these sites (Table 11) were categorised as Late Acheulean (n = 1),
Middle Palaeolithic (n = 8); Middle/Upper Palaeolithic (n = 13); Upper Palaeolithic (n = 7);
Upper Palaeolithic/ Microlithic (n = 15); microlithic (n = 12); Middle Palaeolithic/Upper
Palaeolithic/microlithic (n = 3). The sites were defined as: (1) Late Acheulean - manufacture
of large flake blanks for bifaces production (Sharon 2007); (2) Middle Palaeolithic — prepared
core and flake based technology (Akhilesh et al., 2018; Akhilesh et al., 2018; Misra and
Rajaguru 1978; Pappu 2001; Sankalia 1964; White et al., 2011); (3) Upper Palaeolithic -
blades: flakes that are twice as long as they are wide, with a parallel margin and parallel

dorsal flake scars (Mackay, 2008) and (4) microlithic - artefacts <3 cm long (Shea, 2016).

As mentioned, most of the sites are described on a typological basis; the true nature of the site

can only be determined after technological and statistical analysis.
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Table 11. New discovered Palaeolithic and microlithic sites in the LSV.

Sr. | Sites Location Raw Material Probable period*
No.
1 Parva Chinguri Foothill Porcellanite, Chert, Chalcedony, | Microlithic
Quartz, Agate
2 Domakhari Hill slope Chert, Chalcedony, Quartz, | Microlithic
Agate
3 Newari Streambank Porcellanite, Chert, Chalcedony, | Microlithic
Quartz
4 Shemiya Top of | Porcellanite, Chalcedony, Agate | Upper Palaeolithic
hillock/River bank
Tilha Foothill Porcellanite, Chalcedony Middle Palaeolithic
Mahulia Top of hillock Porcellanite, Chert, Chalcedony, | Microlithic
Quartz, Agate
7 Kargara Loc. 1 River bank Porcellanite, Chert, Chalcedony, | Middle Palaeolithic/
Quartz Upper
Palaeolithic/Microlithic
8 Kargara Loc.2 Riverbank/foothill Porcellanite, Chalcedony, Quartz | Middle Palaeolithic/
Upper
Palaeolithic/Microlithic
9 MitapurLoc 1 Foothill Chert, Chalcedony, Quartz Upper Palaeolithic
10 MitapurLoc 2 River bank Chert, Chalcedony, Quartz Upper Palaeolithic
11 Mahalpur Foothill Porcellanite, Chert, Chalcedony, | Upper Palaeolithic/
Quartz Microlithic
12 Bardiya Top of hillock Porcellanite, Chalcedony, | Microlithic
Quartz, Agate
13 Kandakot Top of hillock Porcellanite, Quartz Upper Palaeolithic/
Microlithic
14 Bhandar Khurd Top of hillock Porcellanite, Chalcedony, | Microlithic
Quartz, Agate
15 Chopan Riverbank Chalcedony, Quartz Upper Palaeolithic/
Microlithic
16 R. Salai Banwa Foothill Chalcedony, Quartz Microlithic
17 Salai Banwa Loc | Foothill Porcellanite, Chert, Chalcedony, | Upper Palaeolithic/
1 Agate, Quartz Microlithic
18 Salai Banwa Loc | Foothill Porcellanite, Chert, Chalcedony, | Upper Palaeolithic/
2 Agate, Quartz Microlithic
19 Kota Foothill/Streamban | Porcellanite, Chalcedony, Quartz | Upper Palaeolithic
k
20 Devarta Foothill Porcellanite, Chalcedony, Quartz | Middle Palaeolithic/
Upper Palaeolithic
21 Piperhawa Foothill Porcellanite, Chalcedony, Quartz | Middle Palaeolithic/
Upper Palaeolithic
22 Hardi Tola Foothill Porcellanite, Chalcedony, Quartz | Upper Palaeolithic/
Microlithic
23 Chilbilia Hill slope Porcellanite, Chalcedony, Quartz | Middle Palaeolithic/
Upper Palaeolithic
24 Bhalu Kudhur Forest/foothill Porcellanite, Chert, Chalcedony, | Upper Palaeolithic/
Quartz, Agate Microlithic
25 Ismaila Nagar Forest/foothill Porcellanite, Chert, Chalcedony, | Upper Palaeolithic/
Quartz Microlithic
26 Mid Kone Range | Forest/foothill Porcellanite, Chert, Chalcedony, | Upper Palaeolithic/
Quartz Microlithic
27 Dharanwa Loc 1 | Foothill Porcellanite, Chert, Chalcedony, | Upper Palaeolithic/
Quartz Microlithic
28 Dharanwa Loc 2 | Foothill Porcellanite, Chert, Chalcedony, | Upper Palaeolithic/
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Quartz Microlithic
29 Khorcha Kholi Foothill Porcellanite, Chalcedony, Quartz | Middle Palaeolithic/
Upper Palaeolithic
30 Nodiha Foothill Porcellanite, Chert, Chalcedony, | Upper Palaeolithic/
Quartz, Agate Microlithic
31 Mardaha Top of hillock Chert, Chalcedony, Quartz Upper Palaeolithic
32 | Patana Streambank Porcellanite, Chalcedony Middle Palaeolithic/
Upper Palaeolithic
33 Darama Streambank Porcellanite, Chalcedony Middle Palaeolithic/
Upper Palaeolithic
34 Siltham Top of hillock Porcellanite, Chalcedony, Quartz | Upper Palaeolithic/
Microlithic
35 Kirhulia Top of hillock Porcellanite, Chert, Chalcedony, | Microlithic
Quartz
36 Silhat Top of hillock Porcellanite, Chert, Chalcedony, | Microlithic
Quartz
37 Deenari Top of hillock Porcellanite Middle Palaeolithic
38 Baijnath Top of hillock Porcellanite Middle Palaeolithic
39 Roravra Foothill Porcellanite, Chalcedony, Quartz | Middle Palaeolithic
40 Khempur Foothill Porcellanite, Chalcedony Middle Palaeolithic
41 SugwaGhati Foothill/Streamban | Porcellanite, Chalcedony Middle Palaeolithic/
Kk Upper Palaeolithic
42 Karaundiya Hill slope Porcellanite, Chert, Chalcedony, | Upper Palaeolithic/
Quartz, Agate Microlithic
43 Rahiya Foothill Porcellanite, Chalcedony, Quartz | Middle Palaeolithic/
Upper Palaeolithic
44 Navai Tola Foothill Porcellanite, Chalcedony, Quartz | Middle Palaeolithic
45 Bagia Foothill Porcellanite, Chalcedony Middle Palaeolithic
46 Mitihiniya Foothill Porcellanite Middle Palaeolithic
47 Saemar Khand Foothill Porcellanite, Chalcedony Upper Palaeolithic
48 Doma Foothill+ Porcellanite Late Acheulean to Upper
Riverbank Palaeolithic
49 Kone Foothill Porcellanite, Chert, Chalcedony | Microlithic
50 Basuhari Foothill Porcellanite, Chert, Chalcedony, | Microlithic
Quartz
51 Dala Picnic point | Foothill Chert, Chalcedony, Quartz, | Upper/Microlithic
Agate
52 Negai Foothill Porcellanite, Chert, Chalcedony | Middle/Upper
Palaeolithic
53 Padarach Foothill Porcellanite Middle/Upper
Palaeolithic
54 Belach Foothill Porcellanite, Chert, Chalcedony, | Microlithic
Quartz
55 Parari Foothill Porcellanite, Chalcedony Upper Palaeolithic
56 Dubey Kudwa Foothill Porcellanite, Chert, Chalcedony | Middle/Upper
Palaeolithic
57 Harra (DBT) Colluvium + | Porcellanite Middle/Upper
foothill Palaeolithic
58 Maheshwer Colluvium + | Porcellanite, Chert, Chalcedony | Middle/Upper
temple(3 foothill Palaeolithic/Microlithic
localities)
59 Barganwa Surface+ Riverbank | Porcellanite, Chert, Chalcedony | Middle/Upper

Palaeolithic
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3.8.2.1 Late Acheulean

Only one site (Doma) has been categorised as Late Acheulean in the study area. Doma
(Figure 23) comprises a range of artefacts such as bifaces (average length ~ 12 cm), large
flakes (>10 cm), prepared cores, prepared flakes, points, flakes, and blades (>3 cm) made on
locally available porcellanite (black/olive green). The maximum density of artefacts was
reported within an area of 200 m? along the slopes. Around 2 km of territory was investigated
to determine the full extent of the site. The location was the first to be discovered with
bifacial technology in the research area. The evidence at the site is part of a multicultural

sequence that may extend up to the Upper Palaeolithic, and adequate verification will require

long-term multidisciplinary research.

Figure 23. a) Landscape view of Doma, b) In-situ biface in colluvium, c¢) large flake, d)

prepared core.
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3.8.2.2 Middle Palaeolithic

The Middle Palaeolithic sites appear to be clustered around raw material sources. The Middle
Palaeolithic in the study region is best represented by the sites of Khempur and Bagia, located
near the foothills, within the vicinity of 4 — 5 km from the raw material sources. The sites
comprise prepared cores, Levallois flakes, prepared flakes, scrapers, and retouched flakes. At
Khempur, artefacts can be located in a 50-100 meter radius around a hillock, while Bagia has
an extension of around 200 L x 100 W meters. Hominins have used porcellanite, readily
available in the area, from raw material outcrops and colluvial deposits for artefact
production. Artefacts were discovered on the surface and eroding out of fine-grain sediments
(sand and silt) of a reddish-brown colour at the Khempur site. Bagia (Figure 24) is situated in
a ploughed field, with artefacts eroding from yellow-grey sediments and resting on worn

bedrock nearby. All artefacts discovered at the site have a yellowish-cream patina.

},*;“}A / \‘

Figure 24. a) Landscape view of Bagia, b) flake with calcrete, c) various flakes, d) prepared

core.
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3.8.2.3 Middle/Upper Palaeolithic

The Middle/Upper Palaeolithic sites could be considered transitional evidence and represent
the mixing of different technologies because they contain artefacts from both the Middle and
Upper Palaeolithic periods. More research is needed to rule out geomorphological mixing or
multiple (hominin) groups using the same region over time. The Maheshwer temple site
(Figure 25), a fine example of this type of mixed assemblage, is located in the foothill (200 L
x 100 W meter extension). Various artefacts, prepared cores, prepared flakes, scrapers,
retouched flakes, and blades have all been found at the site. Hominins used locally available
porcellanite and other raw materials like chalcedony and quartz for artefact production.

Avrtefacts were discovered on bedrock and eroding out of fine-grain sediments (sand and silt)

of a reddish-brown colour at the location.

Figure 25. a) Landscape view of Maheshwer temple, b) discoid core, c) distally snapped

blade, d) various flakes.

112



3.8.2.4 Upper Palaeolithic

The Upper Palaeolithic sites in the valley consist of blades, blade cores, fluted cores, and
scrapers without any or minimum presence of Levallois elements. Most sites feature a
minimum of 10 blades with an average length of 4-5 cm; these specimens are significantly
larger than microlithic blades. These Upper Palaeolithic sites can be found on the hillslopes,
foothills and hilltops of the Vindhyan range. Porcellanite, chert and chalcedony were the
preferred raw materials, which were most likely transported at least some distance at a few
sites because the raw material outcrops were unavailable in proximity. Other raw materials,
such as agate and quartz, were also used. The site of Samaer Khand (Figure 26) is located at

the foothill, and artefacts can be located within a 50-100 meter radius of the hill. Artefacts

like blade core, blade, and scrapers can be found at the site.

Figure 26. a) Landscape view of Samaer Khand, b) artefact scatter, ¢) blade core d) blade

and flake.
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3.8.2.5 Upper Palaeolithic/microlithic Sites

Artefacts from the Upper Palaeolithic (blades, blade cores, fluted cores, scrapers) and
microlithic (microblades and microblade cores) periods can be found at these sites. Like the
Upper Palaeolithic sites, these sites are found on the hill slopes, foothills, and hilltops of the
Vindhyan ranges. The primary raw materials used at these sites are chalcedony, chert, and
quartz; porcellanite was used sometimes. The site of SalaiBanwa (Figure 27) is an excellent

example of this type of site, with artefacts like flakes, blades, microblades, and fluted cores.

The artefacts can be located with an extension of 100 L x 100 W meters.

Figure 27. a) Landscape view of SalaiBanwa, b) core, c) flake, d) artefacts scatter

highlighting microblade core.
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3.8.2.6 Microlithic

Microlithic sites can be found all across the study area and were produced on quartz, chert,
chalcedony, and agate. Microblades, fluted cores, and points make up the majority of
microlithic assemblages in the area. During this technological phase, chert was the most
common raw material used in the area. Domakhari (Figure 28) is located on a hillside leading
to a rock shelter, and the rich scattering of more than 300 microliths, including microblades,

fluted cores, and points, covers an area of approximately 100 m?. Because the site is on a

hillside, artefacts were discovered on the surface without any sedimentation.

Figure 28. a) Landscape view of Domakhari, b) hammerstone with pit marks, c) various

points, d) artefacts scatter, e) various microlithic artefacts.
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3.8.3 Contexts of the sites

The sites were generally open-air and found near water sources, foothills, hill slopes, and
hilltops. Although several scattered sites were adjacent to rock shelters, this study did not
include a survey of rock shelters. The artefacts have been discovered on the surface and in-
situ, eroding from underlying fine-grain sediments. In the future, a few sections of the river or
stream that preserve in-situ artefacts will be considered for test trenches for retrieving
samples for dating. During the fieldwork, the following general trends were observed: sites
north of the Son River on the tableland were mostly Upper Palaeolithic or microlithic, with
very little sedimentation, whereas on the south side, most of the sites were Middle
Palaeolithic, sedimentation appears to be relatively higher, with artefacts in-situ and eroding
out of sediments. The discovered sites were primarily in the foothills and were associated
with fine-grained sediments or exposed bedrock outcrops. The assemblages on bedrock were
more abraded than those in fine-grained sediments. Sand and silt make up the fine-grained
sediments, ranging in colour from reddish-brown to reddish-orange to yellowish-brown. The
deposits contain calcrete primarily on the surface at some spots. Although most of the sites
are on the surface or have been eroded from sediments, two main stratigraphic findings have
been made: 1) artefacts eroding just a few millimetres above bedrock from sediments or
weathered bedrock; 2) artefacts eroding from fine sediments or fine sediments with calcrete
where bedrock is not visible (Figure 29). The site of Chopan appears in a primary context
and is promising for more in-depth multidisciplinary research, including absolute dating.

Aside from these contexts, the artefacts can also be found in regolith and colluvial deposits.
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Figure 29. a) Artefacts eroding just a few millimetres above bedrock from

sediments/weathered bedrock at Baijnath, b) artefacts embedded in the regolith at Khempur,
c) refined handaxe in colluvial deposit at Doma, d) artefact layer in fine sediments at

Chopan.
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3.8.4 Lithic Collection

A systematic and random/comprehensive collection (Renfrew and Bahn 2016, Peregrine
2018) of lithic artefacts from sites - Khempur, Doma, Kone, Kargara, Bagia, Parva Chinguri
and Newari from the LSV, Sonbhadra, Uttar Pradesh was done (Table 12) in February-March
2020 after Dr. Parth Chauhan acquired the permit from the Archaeological Survey of India
(ASI). The random/comprehensive collection was made from sites with a low concentration
of artefacts and was collected wherever available from the site. Grid collection was made
from sites with a high concentration of artefacts with a less disturbed context. For systematic
collection, different sizes of grids were placed, and artefacts were collected square by square;
each square and artefacts were labelled accordingly. Grid collection was made only from two
sites 1) Doma and 2) Kone. At Doma, a 30 x 20 meter grid was placed with 24 squares of 5 x
5 meter, the squares were labelled D1 to D24, and a serial number was provided to the
artefacts in each square. At Kone, an 8 x 6 meter grid was placed with a total of 12 squares
(K1 — K12) of 2 x 2 meters, and serial numbers were provided for the artefacts from Kj to Ki2
squares. All artefacts collected from the sites were first brought to the base in the field; some
of the artefacts were washed and labelled at the base. After that, all artefacts were packed in
trunks and transported to the Palaeoanthropology and Archaeology (Palaeo — Arch) Lab at

IISER Mohali via SUVs and Indian Railways.

Artefacts were cleaned with water and a soft brush in the field and lab. Each artefact was
given a three-letter code related to the site name/code and a numerical number for
identification. A plastic 150 mm vernier calliper, an Aero Space 200 mm vernier calliper, and
a 180-degree national goniometer were used for various measurements. Some selected
artefacts were photographed using a Canon 1500D digital camera with 18-55 mm and 55-200

mm lenses, while smaller artefacts were captured using a magnifying glass lens in front of the
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mouth of the 18-55 mm lens and an Amazon Basics 60-inch lightweight tripod support. All
artefacts were photographed in the lab using artificial light, and all pictures were edited in
Photoshop. The artefacts were individually packaged in zip-lock bags with their unique
identifying numbers. The zip-lock bags were then classified and stored in stainless steel

trunks.

Table 12. The number of sites, their area, number of artefacts collected, collection method

and respective period.

Sr. Site Size (m) Collection Method Period

No. Artefacts

1 Doma 300 L x 100 | 820 Grid Late Acheulean to Upper
W Palaeolithic

2 Khempur | 50-100 meter | 153 Comprehensive/Random | Middle Palaeolithic
radius around
the hill

3 Kone 200 L x 70 | 510 Grid Microlithic
w

4 Kargara 100 L x 50 | 225 Comprehensive/Random | Middle/Upper Palaeolithic
W /Microlithic

5 Bagia 200 L x 100 | 164 Comprehensive/Random | Middle Palaeolithic
w

6 Parva 100 L x 50 | 443 Comprehensive/Random | Microlithic

Chinguri | W
7 Newari 30Lx50W | 567 Comprehensive/Random | Microlithic

3.8.5 Lithic analysis

After collecting lithic artefacts from the study area, they were washed and analysed in the
Palaeo-Arch Lab at IISER Mohali using various quantitative and qualitative methods.
Quantitative variables include measurements of artefacts and other attributes, i.e., length,
width, thickness, weight, edge angle, flake scars shape and the percentage of original cortex
retained (Table 13-16). Qualitative variables include raw material type, tool type, general
morphology, edge damage, retouching levels, and the amount of weathering (Table 13-16).

This resulted in a comprehensive typo-technological assessment of the assemblages. The

119



primary lithic analysis will be restricted only to the evidence collected from the LSV (U.P.).
The study area has yielded different sites, tentatively attributed to Late Acheulean, Middle
and Upper Palaeolithic and microlithic, that appear to be broadly contemporary with most of
the other selected sites for study outside the LSV. Broadly, the LSV lithics comprise flakes,

cores, bifaces, blades, microblades, scrapers, points, and notches, which are defined below:

Flake: Any piece of stone detached from a nucleus, be it a core/ another flake/ from a tool
during its manufacturing by percussion or pressure, that possesses one of the combinations of
the following: ring crack, platform, eraillure, positive bulb of percussion or clearly

discernible dorsal and ventral surfaces (Andrefsky and Andrefsky, 1998, Inizan et al., 1999).

Core: A nucleus/mass of rock/ block of raw material that shows the sign of detached piece
removal/flakes to produce tool blanks. These are different from core tools as core tools are
made by reducing the core by removal of flakes until it has a desired shape or edge and used
for chopping, cutting or some activity other than as a source of detached pieces (i.e., flakes)

(Andrefsky and Andrefsky, 1998, Inizan et al., 1999, Banning, 2022)

Bifaces:  In the bifaces category, only handaxes are found in the LSV. ‘In general, a
handaxe is a flake or core blank that has been reduced on both faces from two parallel but

opposing axes through percussion’ (Kelly, 1988, p. 718).

‘A tool with two surfaces that meet to form a single edge that circumscribes the tool. Both

faces usually contain flake scars that travel at least halfway across the face.” (Andrefsky and

Andrefsky, 1998, xxi).

Blade: The flakes that are twice as long as they are wide, with parallel or almost parallel

lateral margins and parallel dorsal flake scars (Mackay, 2008, p. 88).
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Microlith: Backed/truncated flake/flake fragments less than 3 cm long and less than 1 cm
wide (Shea, 2016); for this study, we consider blades which are <3 cm long with 1.5 cm or
less width, whether backed or not. Similarly, blade cores which are <3 cm are categorised as

microblade cores.

Notch: Notching refers to the production of a single, relatively deep concavity on the flake
margin. It can be produced in two ways: by a single blow or by several small, continuous

retouch scars that shape the concavity (Bordes, 1961; Debenath and Dibble, 1994).

Point: A flake or blade, Levallois or not, having convergent lateral edges or is
modified/retouched and is usually triangular or subtriangular in shape with a pointed end

(Bordes, 1961; Debenath and Dibble, 1994)

Scraper: An artefact made on flake or blade can be Levallois or not, with a continuous
retouch that is flat or abrupt, scaled or not on one or more margins, in order to produce a
more or less straight, convex or concave cutting edge with no deliberate notching or

denticulation (Bordes, 1961; Debenath and Dibble, 1994)

Measurements for the flakes, blades, and microblades were done along the technological axis,
while the morphological axis was considered for cores and handaxes. The lithic attributes for
analysis were adapted from various authors (Andrefsky and Andrefsky, 1998; Blinkhorn,
2012; Bordes, 1961; Boéda, 1993; Debenath and Dibble, 1994; Hogberg, 2016; Inizan et al.,

1999; Sharon, 2007; Thompson et al., 2014; Villa et al., 2018; Wojtczak, 2014).

The following attributes have been recorded on the artefacts (if an attribute is absent then

denoted as NA: not applicable/available).
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Table 13. Flake Attributes

Flakes
Attributes Features
1 Site Name/code/year LSV...
2 Length Maximum in mm
3 Width Maximum in mm
4 Thickness Maximum in mm
5 Weight Weight in grams (g)
6 Type of Flake Regular, side, oblique, end, indeterminate
7 Shape of flake Square, triangular, rectangular, elongated, amorphous
8 Eraillure Present, absent
9 Bulb of percussion Flat, prominent, broken
10 | Platform width Width of platform orientated by flaking axis (mm)
11 | Platform thickness Perpendicular to platform width at point of percussion (mm)

. Plain, facetted, dihedral convex, dihedral flat, punctiform, cortical,
12 | Platform preparation . .

indeterminate, abraded
13 | Platform appearance Crushed, small, big, oval, squared, rectangle
14 | Exterior Platform angle Angle between platform and dorsal surface
15 | Interior Platform Angle Angle between platform and ventral surface
16 | No. of Dorsal flake scars Total number of flake scars present on dorsal surface
17 | No. of ventral flake scars Total number of flake scars present on dorsal surface
18 | Dorsal flake scar pattern ;Jbr;iéjr::ectional, bidirectional, centripetal, crossed, irregular, indeterminate,
19 | Ventral flake scar pattern ;Jbr;i;jri:ectional, bidirectional, centripetal, crossed, irregular, indeterminate,
20 | Flake termination Step, feather, hinge
21 | Retouch Present, absent
22 | Retouch position Direct, inverse, alternating, alternate, bifacial, crossed
23 | Retouch delineation :?rfé:gt]ilj:;far, convex, concave, denticulate, notch, shouldered, nose, tanged,
24 | Retouch angle Low (10 or less), semi-abrupt (11-45), abrupt (46-90)
25 | Retouch localisation Right lateral, left lateral, mesial, proximal, distal
26 | Retouch morphology Scaled, stepped, parallel, sub-parallel
27 | Retouch distribution Continuous, discontinuous, partial
28 | Retouch extent Short, long, invasive, covering
29 | Tool Type Point, scraper, notch
30 | Raw material Chert, porcellanite, quartz, quartzite, limestone, agate, chalcedony
31 | Blank type Angul_ar clast, _rounded clast (cobble), rounded clast (pebble), sub-angular
clast, indeterminate

32 | Artefact condition (1-5) (1 — fresh, 5 — completely rolled)
33 | Position of cortex A, B, C, D (4 quadrant)
34 | Amount of cortex In %
35 | Completeness Complete, incomplete, broken
36 | Patination Patinated, double patinated
37 | Surface Abraded, plain
38 | Modern edge damage Present, absent
39 | Utilization marks Present, absent
40 QZ]:fr:sging/ex?gliatiog el Present, absent
41 | Remarks
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Table 14. Blade Attributes

Blades
Attributes Features
1 | Site Name/codel/year LSV...
2 Length Maximum in mm
3 | Width Maximum in mm
4 | Thickness Maximum in mm
5 | Weight Weight in grams (g)
6 | Shape Rectangle, point
. Distal, Mesio-distal, Mesial, Mesio-proximal, Proximal, Complete,
7 Fragmentation

Indeterminate

Blade

1 -Straight, 2- Curved along distal part, 3- curved along medial part, 4-

8 Curvature/Profile Curved along proximal part, 5- Curved, 6- Twisted, 7 - Indeterminate
. 1- Flat, 2- Triangular, 3- Trapezoid, 4- U-shaped, 5- Rectangular, 6-
9 Cross- section . .
Polyhydric, 7-Indeterminate
10 | Platform width Width of platform orientated by flaking axis (mm)
11 | Platform thickness Perpendicular to platform width at point of percussion (mm)
12 | Platform preparation Elain, fz_acetted, dihedral convex, d?hedral flat, punctiform, cortical,
indeterminate, abraded, absent (not applicable)
13 | Platform appearance Crushed, small, big, oval, squared, rectangle
14 | Dorsal cortex Presence of cortex on dorsal surface
15 | D . Number of Dorsal ridges extending over more than three-quarters of the
orsal ridges |
ength of the blade
16 | D Number of Dorsal flake scars extending over more than three-quarters of the
orsal flake scars |
ength of the blade
17 | Opposite negative scars Number of dorsal flake scars run in the opposite direction to which the
blade has been detached from the core.
18 | Axial percussion Parallel to length axis, from left, from right
19 | Termination Overshot, hinge, feathered, intermediate, step
1 — No shoulder, 2 — Shoulder slightly pronounced on one side (left or right),
20 | Shoulders 3 — Pronounced shoulder on both sides, 4 — Concave shoulder on one or both
sides
Transition line between 1- Smooth, 2- Marked, 3- Rhombic, 4- wing, 5- Double impact, 6 Double
21 | platform and ventral line
side
22 | Eraillure Present, absent
23 Er)](;?:or platform Angle between platform and dorsal surface
24 | Interior platform angle | Angle between platform and ventral surface
25 | Lip Present, absent
26 | Bulb of percussion Flat; prominent, broken
1-Blunt Platform; 2- Abraded platform; 3- Small preparation flakes on dorsal
side by platform edge; 4- One single preparation flake running down the
dorsal side; 5- One single preparation flake running down to the left on the
27 | Exterior core surface dorsal side; 6- One single preparation flake running down to the right on the
dorsal side; 7- Several preparation flakes running down the dorsal side; 8-
Several preparation flakes of same size running down of dorsal surface; 9-
Blade lacks preparation
28 | Raw material Chert, porcellanite, quartz, quartzite, limestone, agate, chalcedony
29 | Blank type Angul_ar clast,.rounded clast (cobble), rounded clast (pebble), sub-angular
clast, indeterminate
30 | Artefact condition (1-5) (1 — fresh, 5 — completely rolled)
31 | Position of cortex A, B, C, D (4 quadrant)
32 | Amount of cortex In %
33 | Completeness Complete, incomplete, broken
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34 | Patination Patinated, double patinated

35 | Surface Abraded, plain

36 | Modern edge damage Present, absent

37 | Utilisation marks Present, absent

38 Affected. by r_latyral Present, absent
weathering/exfoliation

39 | Remarks

Table 15. Core Attributes

Cores

Attributes Features

1 | Site Name/code/year LSV...

2 | Length Maximum in mm

3 | Width Maximum in mm

4 | Thickness Maximum in mm

5 | Weight Weight in grams (g)

6 No. of flake scars on Total number of flake scars present

face 1

No. of flake scars on

7 f Total number of flake scars present
ace 2
8 No. of flake scars on Total number of flake scars present
face 3
9 :c\lo. of flake scars on Total number of flake scars present
ace 4
10 Technlque of Direct, indirect, pressure
percussion
11 | Method of flaking Regular, discoid, prepared, kombewa, centripetal, laminar
L Unidirectional parallel, unidirectional convergent, radial/centripetal,
12 | Flake scar direction S ST . A
bidirectional-opposed, bidirectional, irregular, bidirectional convergent
13 | Elaking attern Unidirectional, Centripetal unidirectional, Bidirectional, Orthogonal,
gp Bipolar, Multidirectional, Centripetal, Discoid, Core-on-flake
Centripetal, prepared, Levallois, blade, discoid, multi-platform, amorphous,
14 | Type of core exhausted, core-on-flake, bidirectional, single platform (unifacial), single
platform (bifacial), double platform (unifacial)
15 | Raw material Chert, porcellanite, quartz, quartzite, limestone, agate, chalcedony
16 | Blank type Angul_ar clast,_rounded clast (cobble), rounded clast (pebble), sub-angular
clast, indeterminate
17 | Artefact condition (1-5) (1 — Fresh, 5 — completely rolled)
18 | Position of cortex A, B, C, D (4 quadrants)
19 | Amount of cortex In %
20 | Completeness Complete, incomplete, broken
21 | Patination Patinated, double patinated
22 | Surface Abraded, plain
23 | Modern edge damage | Present, absent
24 | Utilization marks Present, absent
25 Affected. by ne_1tu_ra| Present, absent
weathering/exfoliation
26 | Remarks
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Table 16. Biface Attributes

Bifaces

Attributes Features

1 Site Name/code/year LSV...

2 Length Maximum in mm

3 Width Maximum in mm

4 Thickness Maximum in mm

5 Weight Weight in grams (g)

6 L1 Distance from the base to the point of maximum width

7 Width at the tip (B1) Width at 1/5th Length

8 Width at the base (B2) Width at 4/5th Length

9 Width at Mid-point (B3) Width at 1/2" Length

10 | Thickness at Tip (T1) Thickness at 1/5th Length

11 | Thickness at Base (T2) Thickness at 4/5th Length

12 (TThs!)C kness at  Mid-point | .o nec at 1/21 Length

13 | Tip angle Measured in degree

14 | No. of flake scars on dorsal | Total number of flake scars present

15 | Flake scar length Maximum in mm

16 | Flake scar width Maximum in mm perpendicular to length

17 \';leoh traolf flake ~scars on Total number of flake scars present

18 | Flake scar length Maximum in mm

19 | Flake scar width Maximum in mm perpendicular to length

20 | Working edge length Maximum in mm

21 | Working edge shape Straight, convex, concave, sinous, jagged, irregular

22 | Type of Flake Regular, end, side, oblique, indeterminate

23 | Bulb of percussion Flat; prominent, broken

24 | Platform width Maximum in mm

25 | Platform thickness Maximum in mm perpendicular to width

26 | Biface shape Ovate, pick, triangle

27 | Butt shape Square, round, point

28 | Raw material Chert, porcellanite, quartz, quartzite, limestone, agate, chalcedony
Angular cl roun | le), roun | | -

29 | Blank type angguulaa; c;:agts,ti ndoeL:eErsl?n ;:tsst (cobble), rounded clast (pebble), sub

30 | Artefact condition (1-5) (1 — Fresh, 5 — completely rolled)

31 | Position of cortex A, B, C, D (4 quadrants)

32 | Amount of cortex In %

33 | Completeness Complete, incomplete, broken

34 | Patination Patinated, double patinated

35 | Surface Abraded, plain

36 | Modern edge damage Present, absent

37 | Utilisation marks Present, absent

38 Qzl;etﬁzging/eff){)liationnatu i Present, absent

39 | Remarks
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3.8.6  Stable Isotope Analysis

The atomic number of an element is the number of protons present in its atom. The atomic
mass of an element is the number of protons and neutrons present in its atom. Isotopes are
atoms of an element with the same atomic number but different atomic mass; they have

different numbers of neutrons.

There are two kinds of isotopes: radioactive (unstable) isotopes and stable isotopes.
Radioactive isotopes are isotopes that have an unstable ratio of neutrons and protons. Stable
isotopes have a stable proton-neutron pair that do not decay and hence produce no radiation.
The number of neutrons present in the nucleus determines the stability of the atom. The stable
isotopes of interest generally include H, C, N, O, S, B, and Li. Isotopic fractionation is the
relative partition of lighter and heavier isotopes in a natural system between two coexisting
phases. The slightly variable binding energy of each isotope causes isotope fractionation. The
heavier isotopes react at a slower rate and have stronger bonds. The reaction rate and bonding
energy difference are proportional to the isotope mass difference. Isotopic fractionation is
more evident in lighter elements than in heavier elements. The most abundant elements on

Earth are highly prone to isotopic fractionation: H, C, N, O, and S.

In this research, we are only focussing on carbon and oxygen isotopes. Stable isotope analysis
can be performed on different materials, but this research will focus on vertebrate fossil teeth.
The author collected the sample for stable isotope analysis and analysed by Dr. Shailesh

Agrawal, Birbal Sahni Institute of Palaeosciences (BSIP), Lucknow.
3.8.7 Carbon Isotopes

Carbon have three isotopes, which are used in palaeoclimate reconstruction and determining
age. Carbon-12 (*2C) is the most prevalent carbon isotope, with six protons and neutrons.

Carbon-13 (**C), which has seven neutrons, is the next heaviest isotope of carbon. Both
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carbon isotopes are stable since they do not decay further; the ratio of these two isotopes is
used to reconstruct the past ecology. Carbon-14 (**C), the rarest of the three isotopes, has
eight neutrons in its nucleus and is radioactive, unlike the other two. Almost 99% of all
carbon on Earth is *2C, with *C accounting for the remaining 1% and *C accounting for less

than 0.0001%.
3.8.8  Oxygen Isotopes

There are three stable isotopes of oxygen: 1°0, 1’0, and 80. Based on natural abundance, 1O
is the most abundant on Earth (99.76%), whereas the other two, 'O and 20, account for
0.04% and 0.20% of the total oxygen existing on the planet, respectively. 0 has eight
neutrons and 8 protons, 1’0 has nine neutrons, and ‘80 has ten neutrons and eight protons.
180 and 80 are classified as light and heavy isotopes based on their mass, and the ratio of

these isotopes is commonly used to reconstruct the palaeoclimate.

3.8.9 Carbonates

Carbonates are widely used as proxy records of palaeoclimatic change. Oxygen (5'%0) and
carbon (5'3C) isotopic signatures are indicative of temperature, aridity or vegetation at the
time of calcrete formation. The standard procedure for processing carbonate samples is
adopted from previously established studies (McLaren et al. 2012; Agrawal et al. 2013;
Adamson et al. 2015) - 1) Rinse carbonates nodules in distilled water and treats in ultra-sonic
bath for some 3 min. to remove adhering sediments. 2) Fine grained carbonate nodules are
preferred for analysis, nodules are crushed to powder; 3) For 8'3C and §%0 values, ~100—
300 pg of powdered carbonate samples is required, further putting the powder into screw
capped glass vials; divided into two parts. 4) One part is used for making a thin section for
microscopic study and the remaining part was used for isotopic analysis of carbonates and

organic matter. 5) The vials are flushed with pure Helium (He) gas followed by injected
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~100% phosphoric acid manually into each vial at 72°C temperature bath. The evolved CO>
will be purified by Nafion tube and Porapack column in Gas Bench and allowed into
Continuous Flow Isotope Ratio Mass Spectrometer (CFIRMS) for analysis. Each
measurement comprised of three pulses of reference followed by six pulses of sample CO 2
gas. The tank reference gas was calibrated by using IAEA 603. All samples including
standards were measured with respect to the calibrated tank gas. The isotopic data are

reported against VPDB with a precision of £0.1%o (10) for both 580 and §'3C values.
3.8.10 Fossil teeth enamel

Generally, stable isotope analysis on fossilised material can provide information about
drinking water using 880 values, and carbon (8'3C values) reveals dietary preference
(Besado et al., 2010). Several studies have been conducted internationally that undertake
stable isotope analysis on fossil/modern vertebrate tooth/teeth; 1) tooth enamel of 9 middle
Miocene mammalian herbivores from Fort Ternan, Kenya, were analysed for ! O and §3C
values. Where the 580 value of tooth enamel was compared with pedogenic and diagenetic
carbonate, this study confirms the use of stable isotope analysis of tooth enamel as a
palaeoenvironmental indicator. The 580 values show differences in water sources between
animals (Cerling et al., 1997). 2) In Lower Awash Valley, Ethiopia analysis of !0 and §°C
isotopic comparison on 80 herbivore tooth enamel samples was performed; 53C signified a
wide range of foraging strategies and (8'80) isotopic enrichment between evaporation
sensitive and insensitive taxa, indicates high rainfall season (Bedaso et al., 2010). 3) In the
Narok and Nakuru districts of southwest Kenya (Balasse and Ambrose, 2005), 40 modern
tooth samples of goats and sheep were analysed for distinguishing sheep and goats using
dental morphology and stable carbon isotopes in Cs grassland environments, and different

d13C values were assigned for sheep and goats showing their different dietary preferences.
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For the thesis, fossil teeth samples were collected from 1) Nehlai, Sihore, Madhya Pradesh;
2) various localities from Narsinghpur, Madya Pradesh; 3) Gopnath, Bhavnagar, Gujarat; 4)
Doma (the LSV), Sonbhadra, Uttar Pradesh. The sample cleaning and collection methods

were followed from Millers et al. (2018).

1) The outer surface of the tooth was cleaned (~0.1 mm) with gentle abrasion using a
handheld drill with a clean diamond-tipped drill bit. 2) Drilling was conducted at the Palaeo-
Arch Lab IISER Mohali, Maharaja Sayajirao University of Baroda and Deccan College,
Pune, in a well-ventilated room wearing a mask and goggles. 3) Approximately 4-8 mg of
sample powder was collected, transferred to a 1.5 ml microcentrifuge tube, and labelled with
the sample designation. 4) Used drill bits were cleaned with 0.5 M HCI and then acetone
before drilling each new tooth. 5) The workspace was thoroughly cleaned and wiped with a

dustpan, brush, and methanol (Figure 30).

The mechanism for the stable isotope* analysis comes from standard established procedures
(e.g., Balasse et al., 2002, Bedaso et al., 2010; Cerling et al., 1997). The pure enamel sample
(10-20 pg) is prepared from the individual tooth by removing all dentine. Cleaned enamel
powder was treated in 3% hydrogen peroxide (H20.) to extract organic matter, followed by
rinsing in 1M acetic acid-calcium acetate buffer to remove secondary carbonates. A ~2-3 pg
of samples and three carbonate standards (NBS 18, IAEA603 and Carrara marble) were kept
in individual screw-capped glass vials. After flushing with He gas, 100% orthophosphoric
acid (HsPO4) was injected into each vial which was kept at a 72°C temperature bath for two

hours. The evolved CO was purified by a Nafion tube and Pora pack column in Gas Bench

4 All the samples were measured at the stable isotope facility at Birbal Sahni Institute of
Palaeosciences by Dr. Shailesh Agrawal and at stable isotope facility at IIT Kanpur by Prof.
Debajyoti Paul.
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and allowed into Continuous Flow Isotope Ratio Mass Spectrometer (CFIRMS, MAT 253)
for isotopic analysis. Each measurement comprised three pulses of reference followed by six
pulses of sample CO> gas. The tank reference gas was calibrated by using IAEA 603. All
samples, including standards, were measured with respect to the calibrated tank gas. The
isotopic data are reported against VPDB with a precision of £0.1%o (1o) for §'80 and §**C

values.

Figure 30. a) Extracting enamel powder from fossil tooth using a handheld drill for stable
isotope analysis, b) collection of drilled enamel powder in a 1.5ml tube with the label.
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3.8.11 OSL (Optical Stimulated Luminescence) dating °

The OSL dating method utilises the dosimetric properties of mineral grains found in
sediments and man-made materials (Aitken, 1998; Huntley et al., 1985). In the LSV, OSL
dating was applied to sediment samples collected from a geological trench located in
Kargara. The step trench was approximately 11 meters in depth, and the samples were
collected using an aluminium tube measuring approximately 30 cm in length and 8-10 cm in
diameter. Before sample collection, the trench steps were scraped, and a meter scale was used
to measure the depth of the samples. The tube was inserted horizontally (Figure 31) into the
centre of the section with the help of a steel hammer. Sample collection was conducted after
sunset, with no natural light allowed to enter the sampling area during or before sample
collection. After the tube was fully inserted into the sediment, it was extracted carefully by
removing the surrounding sediment, and the mouth of the tube was closed with a cap and
labelled accordingly. A total of nine samples were collected from the trench. Subsequently,

these samples were analysed for OSL dating in designated laboratories.

5Prof. Vimal Singh first analysed these samples at the Department of Geology, University of Delhi.
Unfortunately, very few quartz grains were recovered, which was insufficient for dating purposes. Subsequently,
these samples were transferred to the Physical Research Laboratory in Ahmedabad for another dating attempt
using alternate luminescence methods. Dr. Naveen Chauhan subsequently evaluated these samples for IRSL
(Infrared stimulated luminescence) feldspar dating. The OSL dating methods and results were provided by Dr.
Naveen Kumar.
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Trench - Kargara, LSV

Figure 31. OSL sample collection from step-trench at Kargara.

Samples were analysed and handled under the subdued red light. The samples were processed
using routine procedure; treated with 1IN HCI acid for 24 hours and Hydrogen Peroxide
(H202) for 12 hours to remove carbonates and organic materials, respectively (Wintle, 1997).
Grains having 90-150 um in diameter were separated through dry sieving. Quartz and
feldspar grains were separated using a Frantz® magnetic separator. The feldspar grains were
subsequently etched with 10% hydrofluoric (HF) acid for 40 minutes to remove the alpha-
irradiated skin (Duval et al., 2018). The etched feldspar grains were treated with concentrated
HCI (37%) for 30 minutes to dissolve the residual fluorides. Infrared stimulation was

generated using IR-LEDs (850 nm with FWHM 33 nm) in a Risg TL/OSL DA-20 reader.

The post-IR IR single aliquot regeneration (pIRIR-SAR) protocol was used for the estimation
of palaeo-dose (Table 17) ( Buylaert et al., 2011). A preheat of 320° C for 60s was used, and
pIRIR was measured at 290° C for 100s (Buylaert et al., 2011; Thomsen et al., 2011). The
preheat temperature was taken from a preheat plateau test conducted on the natural sample
(Figure 32). An arithmetic mean of the equivalent dose (De) of three aliquots for each preheat

was used to estimate the final De. The doses for 280° C, 300° C, 320° C, and 340° C fell
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within 5% of the estimated paleo-dose (Figure 32). The typical shine down curve of pIRIR is
shown in (Figure 33). The initial 2s luminescence signal was used as the signal, and a final

20s signal was used as the background.

Table 17. Parameters used in pIRIR-SAR protocol.
Steps A

Dose

Preheat @320 <C for 60 s

IRSL @50 <C for 100 s

IRSL @290 <C for 100 s

Test dose

Preheat @320 <C for 60 s
IRSL @50 <C for 100 s
IRSL @290 < for 100 s
IRSL @ 325 °C for 200 s
0 Return to step 2 (Repeat up to 5 cycles)

P OO0 ~NOoO O WwDN P

The dose estimation central age model (CAM) was used as the dose scatter was much less
(Figure 33). For all samples, the acceptance criteria were recuperation ratio < 5%; recycling

ratio < 10% of unity.

A dose recovery test was conducted to test the applicability of the used pIRIR-SAR protocol.
Five aliquots of the OSL-8 sample were first bleached in the 300W Ultra vitalux solar lamp
and filtered through a borax glass for up to 5 hours. Aliquots were then irradiated with a
known beta dose of 220 Gy, and the dose recovered was 216 + 8 Gy, giving a dose recovery

ratio of 0.98 + 0.04.

Five aliquots of the OSL-8 sample were bleached under a solar lamp for 5 hours to check the
residual level of the dose that remained after bleaching. The residual dose estimated was 18.7
+ 0.8 Gy. This residual dose was subtracted from the estimated Des to obtain the true paleo-

dose.
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The fading rates (g-values) were estimated using the procedure outlined by Auclair et al.,
2003. It involves bleaching the sample, given the known laboratory dose equal to palaeo-
doses estimated for respective samples, preheating it and measuring luminescence intensity at
different time delays. The time delays ranged from prompt measurements to up to 2 days.
Fading rate (% per decade) was estimated from the slope of the graph plotted between
delayed intensities and logarithmic delayed time, as shown in (Figure 34) (Huntley and
Lamothe, 2001). Fading rates ranged from 0.9 to 2.3 % per decade. The doses were corrected

for fading using (Huntley and Lamothe, 2001).

The concentration of Uranium, Thorium and potassium nuclides were measured using a high
purity Germanium (HPGe) detector. All samples were first dried, powdered, and
homogenized before the measurements. Further, these concentrations were used to estimate
the total dose rate assuming an infinite matrix assumption and all nuclides are in secular

equilibrium (Beck and de Planque, 1985).
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Figure 32. Equivalent dose (De) variation with preheat temperature. Preheat plateau is
observed between 280 to 340°C preheat temperature.
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Figure 33. Results of pIRIR analyses of OSL-8 sample. A) Typical feldspar shine down curve;
b) Radial plot representing the estimated paleo-doses.
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Figure 34. The normalised intensity with delay time for the OSL-8 sample.
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3.8.12 Grain Size Analysis

Grain size analysis is a common analytical technique employed in the earth sciences and
routinely performed in the laboratory. It is also utilised frequently by disciplines such as
archaeology and geoarchaeology. It is a sedimentological analysis performed to determine the
size of the various particles that make up a specific unconsolidated sedimentary deposit,
sedimentary rock, archaeological site, or soil unit. This procedure's primary objective is to
determine the type of environment and energy associated with the transport mechanism at the
deposition time; this is accomplished by inference from the sizes and distributions of the

sediment particles analysed.

The grain size analyses were performed following the methodology outlined in Ajay et al.
(2021) and Bulbul et al. (2021). The sediment samples (n=216) for grain-size analysis (~2-5
g) were pre-treated with H>O> (30%) to remove the organic matter incorporated in the
sediments. Furthermore, the samples were treated with 1IN HCI to eliminate
detrital/authigenic carbonates (Figure 35 a). After removing carbonates and organic matter,
the samples were centrifuged (using double distilled water) and decanted thrice to remove the
excess acidic fraction (Figure 35 b). The grain-size analysis was carried out using a laser
particle size analyser (Malvern Mastersizer 3000) coupled to a Hydro EV (Extended VVolume)
wet dispersion unit with a standard operating procedure of 20s measurement time,
obscuration of 5-20% and dispersion speed of 2500 rpm (Figure 35 c). Three measurement
cycles were recorded for each sample, and their mean value was considered. The grain-size
distribution was intended for 100 grain-size classes (particle size ranging from 0.02 to 2000
um), and the analytical error was less than 1%. The De Brouckere mean diameter (D [4, 3])
was obtained, and the results are reported in a volume percentage of sand, silt and clay

according to a textural class of grain size (Folk and Ward, 1957).
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Figure 35. (a) Treatment of samples with H20> and HCI, (b) centrifuging samples using
laboratory centrifuge, (c) Grain size analysis was performed using MASTERSIZER 3000E.

3.8.13 XRF Analysis

The X-Ray Fluorescence (XRF)® method was used to know about the chemical composition
of the samples. Here, WDXRF (wavelength dispersive system) spectrometer was used
because it has a wide elemental range than EDXRF (energy dispersive system). The precision

and reproducibility of XRF are very high. In the sample preparation, 5 grams were taken

® The XRF analysis was conducted on a payment basis by Dr. Manoj Kumar Jaiswal and Mr. Biswajit Giri from
IISER Kolkata, who also provided the materials and methods for the study.
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from each sample and finely ground using a mortar and pestle at Palaeo - Arch Lab IISER

Mohali. Then the prepared samples were sent to IISER Kolkata for analysis.

The XRF analysis was performed following the methodology described elsewhere (Dipti et
al., 2022). The collected sediment samples were powdered to the size of approximately ~200
mesh for major and minor elemental concentrations. The powdered samples were then dried
at 50 °C for 12h. For pallet preparation, powdered samples (ca. 5g) were mixed with sodium
tetraborat and placed in an aluminium cup pressed under a hydraulic pressure of 20t for 1

min. The major element concentration was determined using X-ray fluorescence technique.

3.9  Selected sites for comparative analysis

Numerous archaeological surveys and descriptions of collected lithic assemblages have been
reported from other regions across India. However, very few of these studies have also
incorporated discrete comparisons with chronologically similar sites using multi-disciplinary
scientific methods. Therefore, this project also aims to generate new comparative data to
supplement and complement the LSV (U.P.) paleoanthropological evidence. Specific
paleoanthropological sites have been selected for their respective scientific significance due
to their broad chronological overlap with the LSV. They include exclusive vertebrate fossil
sites, exclusive lithic sites and sites with these materials preserved together in various
combinations and contexts. All selected five sites are described briefly below, along with
their scientific justifications concerning the overall research questions addressed in this
thesis. They are located in Gujarat, and Madhya Pradesh and different proxies (calcrete or
fossil enamel) were targeted, respectively, depending on the material preserved at each site.
Some of these sites have been known for decades, and various researchers have made
collections of fossil and artefact specimens. Therefore, some sites were studied through step-

trenching for primary sample collection of fossils and calcrete. In contrast, other sites such as
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Gopnath (also visited by the author to understand the context) and Amonda were studied
through previously made collections housed at Deccan College in Pune and the M.S.

University of Baroda, Vadodara, respectively.

3.9.1 Gopnath

Gopnath is a small fishing village in Bhavnagar District (coastal Gujarat), nearly 5.5 km
south of the present mouth of the Shetrunji River. It marks the southeastern point of the
Saurashtra peninsula and the boundary between the Gulf of Cambay and the Arabian Sea.
Vertebrate fossils at Gopnath were noted for the first time by Khadkikar and Basavaiah
(2004). Recent work at the site by Costa (2011, 2017) yielded a new reduncine (Sivacobus
sankaliai) that is unique in the Middle to Late Pleistocene record of Eurasia (Vrba et al.,
2015). The Gopnath fossils complement Acheulean artefacts recovered from a nearby area at
Madhuban (Figure 36, 37); the locality around the site consists of carbonate blocks from

which fossils were collected (Costa, 2017).

The fossil samples were collected by Dr. Augusta Costa during 2011-15 and were stored in
the Department of Archaeology and Ancient History, Faculty of Arts, The Maharaja
Sayajirao University, Baroda, India. | visited the site to get an idea about the stratigraphy and
landscape and extracted samples of enamel from Dr. Costa’s collection (GPN 1(Canid), GPN
14,79,96 (Bovid)) for stable isotope studies. This site is selected as a comparison with all
other inland sites that preserve different fauna. The site is stratigraphically assigned to 57-26
kyr (Costa, 2017) and is consistent with our compiled data showing humid climatic
conditions during MIS 3. Another date for Gopnath shows that it belongs to Late Middle

Pleistocene (156 kyr) (Sharma et al., 2012).

139



Unit IV
Mis2
(24-11 Ka)

Unit 1l

MIS4
(71-57 Ka)

Unit I

MIS6
(186-125 Ka)

Holocene
(<11Ka)

)

3
§x*
o

\\\\\\&'

BN

S
SHRNNNS
SRERRNN
NN

3
&

%
24
2
%
24

S

224
99844
0099029909994%4
$554555555559%

A
S
%\
BLSREIAS

TR2 125.71 Ka)

Figure 36. A composite succession of coastal carbonate aeolianites and terra rossa deposits

in southeastern Bhavnagar (Gopnath Formation). Relative chronology is based on

alternating environmental conditions and the assumption that the Indian Summer Monsoon

tracks global glacial-interglacial phases (Costa et al., 2015).
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Figure 37. a) Gopnath site from where fossils were recovered by Dr. Costa b) GPN 1 fossil

lower mandible of canid ¢) GPN 79 fossil teeth of Bovid.

3.9.2 Narsinghpur Region (Devakachar)

The site is located in the central Narmada Valley in Narsinghpur District (Madhya Pradesh);
this site has yielded different vertebrate and invertebrate fossils, including a large number of
cranio-dental and skeletal elements of elephant, crocodile, antelope, micromammal fossil and
also molluscan shells and Middle and Upper Palaeolithic artefacts (Badam, 1979; Patnaik,
1995). An interesting worked bone, possibly a prehistoric chisel, was found in association
with fossil rodents in the top gravel bed (Sharma and Misra, 2003). K. P. Oakley carried out a
chemical study on the fossil bone from the site, and it was found that the nitrogen values of
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the site are similar to the Upper Pleistocene of Africa and Europe. A radiocarbon date was

assigned to the site around 31,750 years (+_1650) (Agrawal and Kusumgar, 1974).

Recently, new dating techniques have been developed further, and this site was excavated in
2018-19 (by my colleagues Bharti Jangra, Dr. Ravish Lal and Dr. Toshabanta Padhan) for
characterising the stratigraphy (Figure 38-39). A rolled artefact from the trench between 17-
18m from the gravel layer was located. Sediment samples for OSL dating and calcrete
samples for stable isotope analysis were collected from the trench. Besides the trench at
Devakachar, many fossils in the nearby area were collected by my colleagues. Comparison
with other research in the region shows that the Hirdepur Formation (tentatively dated <74
kyr), predominantly visible in the Narsinghpur region, can also be assigned to the deposits in
the trench (Kotlia and Joshi, 2010; Tiwari and Bhai, 1997). Another date for the Middle and
Upper Palaeolithic assemblages in the region was estimated to be ~ 30 ka (Agrawal and
Kusumgar, 1974); therefore, most of the fossils collected from the region belong to Late
Pleistocene, probably dated between 74-30 kyr’ (more in-depth work is required for a

confirmed date).

" This date is based on stratigraphic, and correlation as the youngest Middle Palaeolithic in South Asia is 38 ka,
and in the Narsinghpur region, the youngest date of the site with fossils goes back to 31 ka and the Hirdepur
Formation exposed in the region has the maximum age of 74 kyr.
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Figure 39. a) Step trench at Devakachar, b) rolled artefact found at 17-18m from the gravel

layer.
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3.9.3 Narsinghpur Region (Talyaghat)

As Devakachar, the Talyaghat site is also located in the central Narmada Valley in
Narsinghpur District (Madhya Pradesh) and has yielded numerous vertebrate fossils and
artefacts. Although Bos sp., Equus sp., antelope, crocodile and turtle fossils were found at the
site, it was especially rich in hippo fossils. Both known varieties of fossil hippos, namely,
Hexaprotodon namadicus and H. palaeindicus, are found. The artefacts and fossils were
collected between 2.0-2.5m depth (Loose pebbly sand with gravels of quartz, andesite, and
agate). The artefacts were prepared on chalcedonic silica and comprised end flakes, side
flakes, thick blades, scrapers, and cores. The assemblage represents Middle Palaeolithic

culture, and artefacts were moderately rolled (IAR 1985-86, p. 53).

A systematic step-trench was conducted in 2019 by my colleagues (Bharti Jangra, Dr. Ravish
Lal and Dr. Toshabanta Padhan); a total of 23-meter was excavated with eight units observed
as follows 1) Sandy silt, 2) Planner bedded fine sand, 3) Sandy clay, 4) Sand, 5) Coarse grain
sand layer, 6) Clay layer, 7) Sand layer with fossils and bivalves, 8) Sandstone bedrock in the
river bed (Figure 40). Various samples, OSL samples, calcrete, sedimentary and fossil

specimens were collected from the trench.

Similar to Devakachar, based on geology, palaeontology and archaeology, the site can be
bracketed under Late Pleistocene (Kotlia and Joshi, 2011; IAR 1985-86, p. 53; Tewari and

Bhai, 1997)
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3.9.4 Nehlai, Sehore, Madhya Pradesh

Nehali ghat is around 68 km west of Hoshangabad (now Narmadapuram) in Sehore District,
Madhya Pradesh and has yielded fresh choppers, primary flakes, and some vertebrate fossils.
The geological trench (1x1m trench) and a step-trench were carried out at the site in May
2017. Flakes and vertebrate fossils were recovered during the excavation from both trenches
at different stratigraphic levels; 394 artefacts were collected from the surface context from
the site by placing grids of various sizes. While excavating the step trench (Figure 41), Dr.
Vivek Singh and the author recovered flakes associated with fossil fragments, burnt soil and
charcoal samples were also found in association. The silty sediments at Nehlai belong to the

Baneta Formation, which can be broadly dated between ~ 84 to 8 kyr (Kale et al., 2020;

Patnaik et al., 2009; Tiwari and Bhai, 1997; Pers. Comm. with Dr. Vivek Singh)).

Figure 41. a) General view of Nehlai, b) step-trench at Nehlai, ¢) in-situ artefact and fossil

from the trench, d) artefacts scattered at the site, €) in-situ artefact at the site.
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3.9.5 Pilikarar, Sehore, Madhya Pradesh

This site is located 10 km west of Hoshangabad (now Narmadapuram), the formation of the
site is considered to be the oldest Quaternary formation in the central Narmada Basin (Tiwari
and Bhai 1997). However, a contradicting interpretation by Patnaik et al., (2009) suggests
that the oldest Quaternary deposits, may be the Dhansi Formation. This site is known for
yielding early Acheulean artefacts such as handaxes and cleavers from the Pilikarar
Formation (Patnaik et al., 2009; Chauhan and Patnaik 2017) and microliths have been seen to
erode out of the younger deposits, presumably of the Baneta Formation which can be broadly
dated between ~ 84 to 8 kyr (Kale et al., 2020; Patnaik et al., 2009; Tiwari and Bhai, 1997;

Pers. Comm. with Dr. Vivek Singh)) (Figure 42,43).

Two geological trenches were placed by my colleague Dr. Vivek Singh along with me and
interns (Shantanu Katiyar and Shubham Pal), sediments from both trenches were collected
for OSL dating. The first trench was 1 x 0.50 m in dimension with a depth of 03.5 m and
located at the type-section of Pilikarar Formation on the Kaliadoh stream. It took three and a
half steps (single step = 50 cm) to reach the regolith, which is defined as being a part of the
Pilikarar Formation by Tiwari and Bhai (1997). The second trench was 2 x 2 m in dimension
and was located at the main artefact locality in the foothills. This trench was three meters
deep, and 12 luminescence samples were taken due to the clayey nature of the sediments. The
Acheulean horizon was not reached in the trench because the early monsoon disrupted the
investigation. According to Tiwari and Bhai Acheulean artefacts are located in the Pilikarar
formation and on top of that lies the Baneta formation, as the Acheulean horizon was not
reached in trench 2, hence it is assumed here that this might belong to Baneta formation
which dates back to Late Pleistocene and calcrete samples were collected from here for

palaeoenvironment reconstruction.
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Figure 43. Step-trench at Pilikarar (PC — Vivek Singh
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Table 18. Select sites for comparative study.

Sr.No. | Site Tool type Proxies Importance to research
1 Gopnath, No Fossil teeth | This site is unique due to its geographical location
Guijarat artefacts enamel at the Arabian Sea; it yielded fossilised partial
cranium of an antelope species, Sivacobus
sankaliai and other different fossils; this site
provides an insight that it may have served as a
corridor for different species to migrate in the
subcontinent
2 Different Middle Fossil teeth | 1) Vertebrate fossils, Micro mammal fossils
localities in | Palaeolithic | enamel and | 2) Mammalian fossils were found in the same
Narsinghpur, artefacts Calcrete strata as Middle Palaeolithic artefacts
Madhya
Pradesh
3 Nehlai, Choppers Fossil teeth | Fossil teeth and carbonates associated with flakes
Madhya and flake | enamel
Pradesh tools
4 Pilikarar, Mircoliths | Calcrete Calcrete collected from Baneta formation
Madya Pradesh
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4 Lithic Analysis

This chapter describes the lithic analysis of 1196 artefacts from seven sites (see Appendix
Table A 1 to Table A 20) (total number of artefacts collected = 2882). Only complete
artefacts were subjected to lithic and statistical analysis. The presence of a large number of
artefacts in a semi-primary context or a relative lack of disturbance compared to other sites
led to the selection of these seven sites. The lithic collection methods include grid and
comprehensive collection. The random/comprehensive collection was made from sites with a
low concentration of artefacts, whereas the grid collection was made from sites with a high
concentration of artefacts. These sites include Doma, Bagia, Khempur, Kone, Kargara, Parva

Chinguri, and Newari.

4.1 Doma

Doma is located between Misari and Doma villages on the left bank of the Panda River and
on the left side of the main Ramgarh-Kone road. Along the foothills, artefacts were
discovered within a 300 L x 100 W m area. The site is unique in the region because it is the
only known location with bifaces (represented here by handaxes), despite extensive surveys.
Handaxes, prepared cores, Levallois cores, blade cores, prepared flakes, Levallois flakes,
flakes and blades make up the assemblage. All artefacts were made on black or olive green
porcellanite. The assemblages at and near the site include artefacts from various
technological periods, such as Late Acheulean, Middle and Upper Palaeolithic. The site is

ideal for determining the stratigraphy and ages of the local assemblages (Mehra, 2021).

In total, 820 artefacts were systematically collected (Table 19) from the site using a 15 x 15m

grid and through random/comprehensive sampling.
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Table 19.Assemblage composition and frequency at Doma.

Typology N % Complete specimens
(820)
N % Mean (SD)
(418) Length (mm) | Breadth Thickness
(mm) (mm)
Biface (handaxe) 5 0.6 3 0.7 116.3(16.4) 87.3(14.1) 30(4.24)
Core 61 7.4 60 14 83.9(24.5) 69.9(18.3) 33.8(10)
Prepared 14 3.3 92.4(31.1) 77.4(23.3) 32.7(8.9)
Levallois 2 0.5 88(2) 81(1) 33(9)
Discoid 3 0.7 66(10.7) 60(11.4) 37(4.3)
Blade 8 1.9 84.4(24) 59.3(17.9) 34.5(11.7)
Multi-Platform 2 0.5 55(10) 53.5(0.5) 23(2)
Centripetal 7 1.6 89.1(15) 70.3(14.4) 33.4(10)
Core-on-flake 4 0.9 87.3(36.2) 72.3(16.7) 25(6.1)
Amorphous 13 3 86.3(15.2) 74.8(13.1) 40.3(9.6)
Exhausted 7 1.6 69.9(16.8) 61(11.1) 30.1(6.5)
Flake 608 741 | 340 |79.3 |53.4(19.3) 43.4(17.1) 13.4(6.9)
Regular 35 8.2 44.2(13.6) 42.3(14.6) 12.1(5.3)
End 166 | 38.7 59.5(17.9) 38.2(11.9) 12.6(5.6)
Oblique 66 154 | 56.1(19.3) 42.6(16.3) 14.4(6.3)
Side 73 17 41.3(17.2) 57.4(21.4) | 15.1(9.6)
Blade 60 7.3 14 3.3 77.4(15) 30.3(5.5) 9.8(3.1)
Blade flake 32 3.9 12 2.8 80.2(14.1) 35.9(7.2) 12.1(1.7)
Core fragment 37 4.5 0 - - - -
Core/flake fragment | 5 0.6 0 - - - -
Angular fragment 10 1.2 0 - - - -
Debitage 2 0.2 0 - - - -
Total 820 ~100 | 429 | ~100 | - - -

4.1.1 Bifaces (handaxe) from Doma

A total of five bifaces have been recovered from the site; out of these five, only three were
complete and considered for analysis. Bifaces make up only 0.7% of the entire assemblage.

The average dimensions® for the bifaces were 116.3 x 87.3 x30 mm. The bifaces were

8 Mean or average dimensions of artefacts are represented as length x width x thickness.
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collected from a find-spot where the colluvium rubble of Unit 11l (Figure 23 b) was exposed
due to anthropogenic activities, mostly digging for agricultural purposes. All artefacts were
patinated; three specimens (no. DMA 1(Plate 1. b), 2, 823) were found without abrasion,

while two were rolled (no. DMA 3,6).

4.1.2 Cores from Doma

Sixty artefacts were classified as cores, making up 14% of the assemblage. These cores were
mostly made on angular clasts; only a few were on rounded clasts. There were 14 prepared
cores with average dimensions of 92.4 x 69.9 x 33.8 mm. These cores were the most
common type, followed by amorphous cores, with 13 specimens showing average dimensions
of 86.3 x 74.8 x 40.3 mm, with an irregular flaking pattern. After prepared and amorphous
cores, blade cores were the most common, with eight specimens with average measurements
of 84.4 x 59.3 x 34.5 mm. A total of seven centripetally flaked cores and seven exhausted
cores were reported with average dimensions of 89.1 x 70.3 x 33.4 mm and 69.9 x 61 x 30.1
mm, respectively. There were only two Levallois cores (Plate 1. c, e) and two multi-platform
cores documented with overall dimensions of 88 x 81 x 33 mm and 55 x 53.5 x 23 mm,
respectively. A total of four core—on-flake and three discoid core specimens were
documented with average dimensions of 87.3 x 72.3 x 25 mm and 66 x 60 x 34 mm,

respectively.

Because the shape of the raw material is primarily angular, the cores were usually flatbacked.
The presence of cortex and high patina was observed. In most cores, a single surface has been
used for flaking, and the flake scars on the second surface are mainly used as a platform. The
cores appear to have been reduced in every possible way, indicating a wide range of flaking

patterns, e.g., unidirectional, bidirectional, centripetal and irregular flaking methods.
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41.3 Flakes from Doma

This category outnumbers every other category in artefact counts, with 340 specimens and an
overall frequency of 79.3%. In this category, regular flakes (n = 35) were dominated by a
square shape with average dimensions of 44.2 x 42.3 x 12.1 mm. Compared to other flakes,
end-struck flakes outnumber other flakes with a total count of 166 and have an average size
of 59.5 x 38.2 x 12.6 mm and are rectangular. A total of 66 oblique-struck flakes show
average measurements of 56.1 x 42.6 x 14.4 mm, these flakes were also rectangular, but their
length and breadth ratio were less than end flakes. A total of 73 side-struck flakes show
average dimensions of 41.3 x 57.4 x 15.1 mm and are rectangular. The latter two types of
flakes appear to be similar in their average dimensions regardless of their morphologies, and
some flakes appear to be used and retouched. The flake assemblage consists of numerous
tools, including scrapers, points, and notches, and most flakes were found with the presence

of cortex and patination.

4.1.4 Blades and Blade flakes from Doma

Blades (n = 60) are a unique feature of the site, with a frequency of 7.3%. Most blades were
snapped (n = 46), but 14 specimens were complete with average dimensions of 77.4 x 30.3 x
9.8 mm. Some of the artefacts were patinated, and some had cortex. A total of 32 blade flakes
specimens were observed, out of which only 12 were complete with average dimensions of

80.2x35.9x%x12.1 mm.

4.2 Bagia

This site is located five kilometres southeast of the main village centre of Kone and at the
foothills on the right bank of the Panda River. The site has an approximate expansion over ~
200 L x 100 W m. Most of the artefacts in the collection were flake tools, such as scrapers,

155



blades, prepared flakes, and prepared and blade cores. Comprehensive collection at Bagia
reported 164 artefacts, of which 75 were complete specimens (Table 20). The artefacts were

made on porcellanite rocks that can be found within a 4-5 km radius.

Table 20. Assemblage composition and frequency at Bagia.

Typology N % Complete specimens
(164)
N % Mean (SD)
(76) Length (mm) | Breadth Thickness
(mm) (mm)
Core 42 256 | 35 46.7 | 75.3(28.8) 57(16.2) 28.8(14.3)
Prepared 16 21.3 | 74.3(15.9) 60.9(13.5) 21.9(6.1)
Levallois 1 13 63 60 23
Discoid 1 13 85 75 39
Blade 6 8 52.2(20.9) 38.3(5.2) 22.8(4.5)
Multi-platform 5 6.7 95.2(31.9) 65.6(19.4) 52.2(14.7)
Double Platform 1 13 76 63 55
Single  Platform 1 1.3 53 43 28
Unifacial
Single  Platform 1 13 180 81 51
Bifacial
Core-on-flake 1 13 54 45 18
Exhausted 2 2.7 64(14) 47.5(3.5) 28.5(2.5)
Flake 70 42.7 | 40 53.3 | 67(24.8) 51.2(18.2) 15.8(5.8)
Regular 2 2.7 45.5(4.5) 44(3) 12(1)
End 25 3.3 75(23) 47.5(15.3) 17(5.8)
Oblique 4 53 | 70(21.4) 57.3(16) 14(1.9)
Side 9 12 48.2(20.7) 60.3(23.5) 14.3(6.7)
Blade 8 4.9 0 - - - -
Flake fragment 36 219 | 0 - - - -
Angular fragment 8 4.9 0 - - - -
Total 164 100 | 75 100 | - - -

4.2.1 Cores from Bagia

Thirty-five artefacts were classified as cores, making up 46.7% of the assemblage. These
cores were mostly made on angular clasts; only a few were on rounded clasts. There were 16

prepared cores with average dimensions of 74.3 x 60.9 x 21.9 mm. These cores were the
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most common type, followed by blade cores (n = 6) and multi-platform cores (n = 5), with
average dimensions of 52.2 x 38.3 x 22.8 mm and 95.2 x 65.6 x 52.2 mm, respectively.
Other types were also present and were primarily observed in singular quantity, Levallois (63
x 60 x 23 mm) (Plate 2. b), discoid (85 x 75 x 39 mm), double platform (76 x 63 x 55 mm),
single platform unifacial (53 x 43 x 28 mm), single platform bifacial (180 x 81 x 51 mm),
core-on-flake (54 x 45 x 18 mm), along with these two exhausted cores with average

measurement of 64 x 47.5 x 28.5 mm, were reported.

4.2.2 Flakes from Bagia

This category contains 40 artefacts with an aggregate frequency of 53.3%. End-struck flakes
(n = 25) in this category have a rectangular shape and average dimensions of 75 x 47.5 x 17
mm. These were followed by the side-struck flakes, with a total count of nine specimens and
an average measurement of 48.2 x 60.3 x 14.3 mm; these flakes were also rectangular. Four
oblique-struck flakes with average dimensions of 70 x 57.3 x 14 mm were rectangular, and
two regular flakes with average dimensions of 45.5 x 44 x 12 mm of square shape were

observed. The presence of cortex and patination was observed in most flakes.

4.3 Khempur

The site is near a small hill on the left side of the Ramgarh-Kone road, near Khempur primary
school. Artefacts were found within a 100 m radius of the hill. The assemblage consists
mainly of cores (n = 30) and flakes (n = 60), including flake tools (scrapers, Levallois
flakes), blades and prepared and blade cores (Plate 3). The artefact collection was conducted
comprehensively at the site, and 153 artefacts were collected (Table 21), of which 92 were

complete. Artefacts were made mainly on porcellanite available within 2-3 km of the vicinity.

157



Table 21. Assemblage composition and frequency at Khempur.

Typology N % Complete specimens
(153)
N % Mean (SD)
(92) Length (mm) | Breadth Thickness
(mm) (mm)
Core 40 26.1 | 30 32.6 | 59.4(15.7) 49.2(14.2) 32.2(11.16)
Prepared 6 6.5 76.3(15.8) 63.2(11.2) 36.3(13.5)
Blade 3 3.26 | 61.3(13.1) 50.3(14.4) 20(2.4)
Multi-platform 14 15.2 53.1(10) 42.6(11.6) 33.4(9.1)
Single  Platform 2 2.2 72(3) 62(10) 42.5(0.5)
Unifacial
Single  Platform 1 1.1 49 45 29
Bifacial
Core-on-flake 2 2.2 37(2) 33(8) 16.5(1.5)
Exhausted 2 2.2 65(10) 57(2) 37.5(7.5)
Flake 97 63.4 | 60 65.2 | 50.2(12.1) 43.1(13.7) 12.7(4.6)
Regular 12 13 42.4(8.8) 40.8(10.2) 11.9(5.1)
End 29 31.5 | 54.2(12.4) 38.4(11.3) | 11.3(3.4)
Oblique 10 10.9 | 50.6(8.9) 45(12.5) 14.7(4.2)
Side 9 9.8 47.1(12.6) 59.1(13.9) 15.9(5.5)
Blade 2 13 |2 2.2 49(1) 19.5(2.5) 9.5(1.5)
Flake fragment 14 9.2 0 - - - -
Total 153 100 | 92 100 | - - -

4.3.1 Cores from Khempur

Thirty artefacts were classified as cores, making up 32.6% of the assemblage and mainly
were made on angular clasts. There were 14 multi-platform cores with average dimensions of
53.1 x 42.6 x 33.4 mm. These were the most common core type, followed by prepared cores
with six specimens with average dimensions of 76.3 x 63.2 x 36.3 mm. After prepared and
multi-platform core, blade cores were most commonly present, with three specimens with
average dimensions of 61.3 x 50.3 x 20 mm, other core types were primarily observed in
singular quantity, single platform bifacial (49 x 45 x 29 mm), and double quantity; single
platform unifacial (72 x 62 x 42.5 mm), exhausted core (65 x 57 x 37.5 mm), core-on-flake

(37 x 33 x 16.5 mm).
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4.3.2 Flakes from Khempur

This category consists of 60 artefacts with an overall frequency of 65.2%. In this category,
end-struck flakes (n = 29) were dominated by a rectangular shape with average dimensions of
54.2 x 38.4 x 11.3 mm. It was followed by regular flakes with a total count of 12 artefacts
and have average size of 42.4 x 40.8 x 11.9 mm and were predominantly square shaped. A
total of 10 oblique-struck flakes show average measurements of 50.6 x 45 x 14.7 mm, and a
total of nine side-struck flakes show average dimensions of 47.1 x 59.1 x 15.9 mm, both
were predominantly rectangular shaped. Most of the flakes were observed to have the

presence of cortex and patination.

4.3.3 Blades from Khempur

The whole assemblage consists of two blades; both were complete. The average blade

measurements were 49 x 19.5 x 9.5 mm.

4.4 Parva Chinguri

Parva Chinguri site is located on the Kaimur Plateau on the left side of the Son River. The
landscape of the site consists of many rock shelters and agricultural fields; only one has ochre
rock paintings. The site consists of flake tools, blade cores, fluted cores, blades, backed

blades, microblades, and a borer.

The artefact collection was made comprehensively from the site, and a minimum of 443

artefacts were collected (Table 22).
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Table 22. Assemblage composition and frequency at Parva Chinguri.

Typology N % Complete specimens
(443)
N % Mean (SD)
(96) Length (mm) | Breadth Thickness
(mm) (mm)

Core 39 8.8 24 25 44.5(16.3) 29.3(14.5) 20.3(12.5)

Prepared 1 1 30 24 20

Blade 12 12.5 | 47.4(8.6) 27.5(7.9) 17(4.3)

Single  Platform 3 3.13 | 73.3(1.2) 59(3.6) 45.7(13.3)

Unifacial

Microblade 4 4.2 25(0.7) 15.3(2.2) 11.25(1.5)

Exhausted 4 4.7 37.5(15.3) 28(13.4) 20.5(12)
Flake 64 14.5 45 46.9 | 30.6(10.5) 27.9(8) 8.2(3.2)

Regular 2 25.5(7.5) 25.5(7.5) 9(3)

End 25 35.2(10.9) 26.2(8.14) 8.5(3.7)

Oblique 3 33(3.7) 24.3(5.2) 7.7(0.5)

Side 15 23.3(5.4) 31.9(6.7) 7.7(2.5)
Blade 214 48.3 15 15.6 | 39.8(6.5) 15.2(5.7) 6.8(3.5)
Microblade 12 2.7 12 12.5 | 23(3.7) 9.7(2.3) 3.7(1.7)
Flake fragment 113 25.5 0 - - - -
Angular fragment 1 0.2 0 - - - -
Total 443 100 96 100 | - - -

4.4.1 Cores from Parva Chinguri

Twenty-four artefacts were classified as cores, making up 25 % of the assemblage. There
were (n = 12) blade cores with average dimensions of 47.4 x 27.5 x 17 mm. These cores
were the most common type, followed by exhausted cores with an irregular flaking pattern
and microblade cores. A total of four specimens of each category were observed with average
measurements of 37.5 x 28 x 20.5 mm and 25 x 15.6 x 11.6 mm, respectively. After blade,
exhausted and microblade cores, single platform unifacial cores (Plate 4. a) were most
frequently present with three specimens and average dimensions of 73.3 x 59 x 45.7 mm.

Only a single prepared core with average dimensions of 30 x 24 x 20 mm was observed.
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4.4.2 Flakes from Parva Chinguri

This category outnumbers every other category in artefact counts, with 45 artefacts and an
overall frequency of 46.9 %. In this category, regular flakes (n = 2) were square-shaped with
average dimensions of 25.5 x 25,5 x 9 mm. In comparison, end-struck flakes outnumber
other flakes with a total of 25 specimens and have an average size of 35.2 x 26.2 x 8.5 mm
and were rectangular. A total of three oblique-struck flakes show average measurements of
33 x 24.3 x 7.7 mm, and a total of 15 side-struck flakes show average dimensions of 23.3 x

31.9 x 7.7 mm; both categories were dominated by a rectangular shape.

4.4.3 Blades from Parva Chinguri

Blades (n = 15) show a frequency of 15.6 % of the total assemblage. Most of the blades were
snapped (n = 199), but 15 specimens were complete with average dimensions of 39.8 x 15.2

x 6.8 mm.

4.4.4 Microblades from Parva Chinguri

A total of 12 microblade specimens were observed, showing average dimensions of 23 x 9.7

x 3.7 mm.

45 Kargara

Kargara is situated on the left bank of the Son River, on a calcrete-rich hill composed of fine
sediments. The site has an area of ~ 100 L x 50 W metres (Location 1) and ~ 200 L x 100 W
m (Location 2). The collection contains various artefacts, including prepared flakes, fluted

cores, blades, microblades, points, and cores. Various raw materials were utilised, including
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chert, chalcedony, agate, and porcellanite. Artefact collection was made comprehensively

from the site, and at least 225 artefacts were collected (Table 23) from Location 1.

Table 23. Assemblage composition and frequency at Kargara.

Typology N % Complete specimens
(225)
N % Mean (SD)
(115) Length (mm) | Breadth Thickness
(mm) (mm)

Core 46 204 | 31 26.9 | 50.2(22.3) 35(14.3) 26.6(14.9)

Prepared 2 1.7 50(5) 44.5(6.5) 35(16)

Discoid 1 0.9 63 47 32

Blade 8 7 42.3(10.2) 28.8(6) 21.5(6.1)

Multi-platform 4 35 60(9.7) 43.8(5.7) 33.5(9)

Double Platform 1 0.9 48 33 27

Single  Platform 3 2.6 98.3(30.3) 60.7(22.1) 57(19.6)

Unifacial

Core-on-flake 5 4.3 44.6(12.2) 27(4.7) 16.8(4.5)

Microblade 2 1.7 27(2) 18.5(0.5) 11.5(1.5)

Exhausted 5 4.3 39(12.9) 31.4(8.9) 22.2(5.3)
Flake 93 413 | 75 65.2 | 34(11.4) 32(11.6) 10.8(4.2)

Regular 2 1.7 37(10) 37(10) 12.5(2.5)

End 39 33.9 | 35.9(10.3) 26.7(8.2) 10(3.5)

Oblique 4 35 37(18.2) 35.8(19.5) 11(5.8)

Side 30 26.1 | 30.9(10.8) 38.1(10.8) 11.8(4.6)
Blade 24 107 | 4 45 | 41.3(7.6) 13.8(4.3) 4.5(0.5)
Microblade 3 13 |3 2.6 27(1.6) 12(2.8) 3.3(0.5)
Flake fragment 57 253 | 0 - - - -
Hammerstone 2 0.9 2 1.7 78(25) 62.5(11.5) 34(12)
Total 225 ~10 | 115 ~100 | - - -

45.1 Cores from Kargara

Thirty-one artefacts were classified as cores, making up 26.9 % of the assemblage. There
were eight blade cores (Plate 5¢) with average dimensions of 42.3 x 28.8 x 21.5 mm. These
cores were the most common type, followed by exhausted cores and core-on-flake, a total of

five specimens each, with average dimensions of 39 x 31.4 x 22.2 mm and 44.6 x 27 x 16.8
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mm, respectively. After exhausted cores and core-on-flake, multi-platform cores were the
most common, with four specimens with average measurements of 60 x 43.8 x 33.5 mm.
Microblade cores follow these multi-platform cores with two specimens with average
dimensions of 27 x 18.5 x 11.5 mm. Other core types were discoid and double platform cores
observed in a single quantity with average dimensions of 63 x 47 x 32 mm and 48 x 33 x 27
mm, respectively. Only three single platform unifacial cores (Plate 5b) were observed with

overall dimensions of 98.3 x 60.7 x 57 mm.

45.2 Flakes from Kargara

This category outnumbers every other category in artefact counts, with 75 artefacts and an
overall frequency of 65.2%. In this category, regular flakes (n = 2) were dominated by a
square shape with average dimensions of 37 x 37 x 12.5 mm. In comparison, end-struck
flakes outnumber other flakes with a total count of 39 and have average size of 35.9 x 26.7 x
10 mm and were predominantly rectangular. A total number of four oblique-struck flakes
show average measurements of 37 x 35.8 x 11 mm and were dominated by a square shape. A
total of 30 side-struck flakes offer average dimensions of 30.9 x 38.1 x 11.8 mm with a

dominant rectangular shape.

45.3 Blades from Kargara

A total of 24 blades were observed at the site, and most of the blades were snapped (n = 20),

but four specimens were complete with average dimensions of 41.3 x 13.8 x 4.5 mm.

45.4 Microblades from Kargara

A total of three microblade specimens were observed, showing an average dimension of 27 x

12 x 3.3 mm.
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455 Hammerstones from Kargara

A total of two hammerstones were observed at the site, which was unique, as it is the only
known occurrence of hammerstones in the valley. Hammerstones show average dimensions
of 78 x 62.5 x 34 mm; on one hammerstone (Plate 5a), battering marks were observed all
over its peripheral surface, indicating a possible use as an anvil, as it shows pit marks at its

centre.

4.6 Newari

The location is adjacent to the Newari village on the right bank of the Son River. Various
artefacts, such as fluted cores, blades, and microblades, were found all over the surface of a
hill. The artefacts were produced from cryptocrystalline material such as chert, agate and
chalcedony. The density of the artefact was relatively high compared to other sites in the
valley; approximately 30-40 artefacts per metre square, with the site spread across an area of

roughly 1010 metres.

A minimum of 551 artefacts were collected (Table 24) from the site using a

random/comprehensive sampling technique.
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Table 24. Assemblage composition and frequency at Newari.

Typology N % Complete specimens
(567)
N % Mean (SD)
(256) Length (mm) | Breadth Thickness
(mm) (mm)
Core 101 17.8 | 101 39.4 | 35(12.3) 25.8(9.5) 18.9(7.7)
Prepared 1 0.4 25 35 27
Blade 38 14.8 | 40.7(7.5) 27.4(8) 20.1(7)
Multi-platform 2 0.8 62.5(21.5) 48.5(16.5) 30(15)
Single  Platform 3 1.2 56.3(23.5) 36.3(10.7) 31.7(14.1)
Unifacial
Single  Platform 1 0.4 65 60 41
Bifacial
Core-on-flake 6 2.3 28.2(3.3) 20.2(5) 9(2.2)
Microblade 32 125 | 24.9(4.6) 20.5(4.4) 16.1(3.9)
Amorphous 7 2.7 39(7.7) 29.7(7.9) 21.1(4.1)
Exhausted 11 4.3 33.3(7.7) 25.6(7.9) 18.1(5.1)
Flake 166 29.3 | 139 54.3 | 29.5(8.7) 25.8(8.5) 9(3.5)
Regular 3 1.2 26.3(7.6) 26.3(7.6) 6.3(1.7)
End 79 30.8 | 30.4(8.2) 20.7(6.5) 8.4(3.7)
Oblique 25 9.8 35.2(8.1) 27.7(6) 9.8(2.9)
Side 32 12.5 | 23(6) 32.5(8.2) 10.1(3.3)
Blade 20 35 |11 4.3 38.5(6.8) 15.5(4.2) 5.5(2.1)
Microblade 5 09 |5 2 23.6(3.9) 10(2.8) 3.8(1.6)
Core fragment 51 9 0 - - - -
Core/Flake fragment 9 16 |0 - - - -
Flake fragments 124 219 | 0 - - - -
Angular fragment 3 0.5 0 - - - -
Blade fragment 88 155 |0 - - - -
Total 567 100 | 256 100 |- - -

46.1 Cores from Newari

A total of 101 artefacts were classified as cores, making up 39.4 % of the assemblage. There
were 38 blade cores (Plate 6) with average dimensions of 40.7 x 27.4 x 20.1 mm. These
cores were the most common type, followed by microblade cores with (n = 32) specimens
and exhausted cores (n = 11) specimens, with average dimensions of 24.9 x 20.5 x 16.1 mm

and 33.3 x 25.6 x 18.1 mm, respectively. After these, amorphous and core-on-flake were
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most common, with a total of seven and six specimens with average dimensions of 39 x 29.7
x 21.1 mm and 28.2 x 20.2 x 9 mm, respectively. A total of three single platform unifacial
and two multi-platform cores were observed with average dimensions of 56.3 x 36.3 x 31.7
mm and 62.5 x 48.5 x 30 mm, respectively. There were only single specimens of prepared
and single platform bifacial cores with overall dimensions of 25 x 35 x 27 mm and 65 x 60 x

41 mm, respectively.

4.6.2 Flakes from Newari

This category outnumbers all other categories in artefact count, with 139 artefacts and an
overall frequency of 54.3%. In this category, regular flakes (n = 3) were dominated by a
square shape and have average dimensions of 26.3 x 26.3 x 6.3 mm. In comparison, end-
struck flakes outnumber other flakes with a total count of 79 specimens and have an average
size of 30.4 x 20.7 x 8.4 mm with a dominant rectangular shape. A total number of 25
oblique-struck flakes were dominated by rectangular shape and show average measurements
of 35.2 x 27.7 x 9.8 mm, and a total of 32 side-struck flakes show average dimensions of 23

x 32.5 x 10.1 mm with a dominant rectangular shape.

4.6.3 Blades from Newari

A total of 20 blade specimens were observed, half of the blades were snapped (n = 9), and 11

specimens were complete with average dimensions of 38.5 x 15.5 x 5.5 mm.

4.6.4 Microblades from Newari

A total of five microblade (Plate 6. i) specimens were observed, showing an average

dimension of 23.6 x 10 x 3.8 mm.
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4,7 Kone

The site is near a foothill about one kilometre south of Kone centre. The site has an expansion

of 200 L x 70 W m, and various artefacts, including scrapers, blades, Levallois flakes,

prepared cores, blade cores, fluted cores and flakes, were observed at the site. These artefacts

were primarily made on porcellanite and chert. The artefacts were collected from the site by

methodically laying out a 8 x 6 m grid. At least 510 artefacts were collected from the site

(Table 25).

Table 25. Assemblage composition and frequency at Kone.

Typology N % Complete specimens
(510)
N % Mean (SD)
(133) Length (mm) | Breadth Thickness
(mm) (mm)
Core 33 65 |31 23.3 | 43.8(13.6) 32.5(9.6) 23.1(7.2)
Blade 19 14.3 | 43.2(8.8) 32(8.1) 22(5.1)
Multi-platform 2 15 49(5) 45.5(6.5) 34.5(0.5)
Single  Platform 4 3 58.8(22.3) 37.3(6.4) 29.3(9.8)
Unifacial
Single  Platform 1 0.75 |51 49 20
Bifacial
Core-on-flake 1 0.75 | 44 19 14
Microblade 2.6 24.7(3.3) 20.7(3.3) 17.3(5.4)
Exhausted 1 0.75 | 37 32 25
Flake 159 31.2 | 95 71.4 | 36.6(13.5) 30.7(12.8) 10.2(3.9)
Regular 6 45 31.7(6.2) 34.2(16) 12(4.9)
End 53 39.8 | 39.8(14.4) 26.2(9.1) 9.9(4)
Oblique 8 6 41.3(11.9) 28.4(11.3) 10.1(3.3)
Side 28 21 30.3(10.1) 39.4(13.8) 10.2(3.5)
Blade 9 18 |5 3.75 | 43.8(10.4) 15.8(2.3) 7.4(2.6)
Microblade 3 06 |2 15 26(1) 13(1) 4.5(0.5)
Core fragment 22 43 |0 - - - -
Core/Flake fragments | 35 69 |0 - - - -
Flake fragment 179 35.1 0 - - - -
Blade fragment 33 6.5 0 - - - -
Angular fragment 34 6.7 |0 - - - -
Split clast 3 06 |0 - - - -
Total 510 100 | 133 100 |- - -
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As the site is near Kone town, it has been heavily disturbed by anthropogenic and livestock

trampling, resulting in few complete specimens (n = 133).

The assemblage comprises of cores (n = 31), flakes (n = 95), blades (n = 4), and microblades
(n = 3). Because the site has been heavily disturbed, many artefacts were incomplete and
were indicated mainly by flake fragments (179), blade fragments (33), flake/core fragments

(35), core fragments (22) and angular pieces (34).

47.1 Cores from Kone

Thirty-one artefacts were classified as cores, making up 23.3 % of the assemblage. There
were (n = 19) blade cores (Plate 7. ¢) with an average dimension of 43.2 x 32 x 22 mm.
These cores were the most common type, followed by single platform unifacial cores (n = 4)
(Plate 7 h) and microblade cores (n = 3), with average dimensions of 58.8 x 37.3 x 29.3 mm
and 24.7 x 20.7 x 17.3 mm, respectively. A total of two multi-platform cores, one single
platform bifacial, one core-on-flake and one exhausted core were reported with average
dimensions of 49 x 45,5 x 34.5 mm, 51 x 49 x 20 mm, 44 x 19 x 14 mm and 37 x 35 x 25

mm, respectively.

4.7.2 Flakes from Kone

This category has 95 artefacts, making 71.4 % of the overall assemblage. The end-struck
flakes (n = 53) in this category were dominated by a rectangular shape with average
dimensions of 39.8 x 26.2 x 9.9 mm. It was followed by side-struck flakes with a total count
of 28 specimens and average dimensions of 30.3. x 39.4 x 10.2 mm, also dominated by a
rectangular shape. A total of eight oblique-struck flakes were dominated by rectangular
shapes and had average measurements of 41.3 x 28.4 x 10.1 mm. Six regular flakes were

predominated by square shape with average dimension of 31.7 x 34.2 x 12 mm.
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4,7.3 Blades from Kone

This category represents 3.75% of the total assemblage, with only four complete specimens
while others were broken. The overall dimensions of the blades (Plate 7. f, g) were 43.8 x

15.8 x 7.4 mm.

47.4 Microblades from Kone

A total of three microblades specimens were observed, showing average dimensions of 26 x

13 x 4.5 mm.

4.8 Artefact types and their frequencies

A total of 1196 complete artefacts were studied for lithic analysis (Table 26). Doma site
shows maximum artefact counts (n = 429, 38.86%), followed by Newari (n = 256, 21.40%),
Kone (n = 133, 11.12%), Kargara (n = 115, 9.61%), Parva Chinguri (n = 96, 8.02%),
Khempur (n = 92, 7.69%) and Bagia (n = 75, 6.27%). These numbers represent only

complete collected specimens, a sample from the total present at the site.

A total of 22 types of artefacts were observed, i.e., biface, prepared core, Levallois core,
discoid core, centripetal core, blade core, microblade core, multi-platform core, double
platform core, single platform unifacial core, single platform bifacial core, core-on-flake,
amorphous core, exhausted core, regular flake, end flake, side flake, oblique flake, blade,

blade flake, microblade and hammerstone from the study area.
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The Doma and Kargara sites include the highest variety of artefact types (n = 16), followed
by Newari (n = 15), Bagia (nh = 14), Kone (n = 13), Khempur (n = 12), Parva Chinguri (n

=11).

From the overall assemblage, the flake artefacts show the highest frequency, the end struck
flakes count (n =416) with an overall frequency of 34.78%, followed by the side struck
flakes with a total of 196 artefacts owing 16.38% of the entire assemblage. Oblique-struck
flakes come next in overall count (n = 120), making 10.03 % of the total assemblage. After
the flake artefacts, the maximum frequency was shown by blade cores, with 94 artefacts with
an overall frequency of 7.86%. After blade cores, regular flakes show the highest frequency,
with artefacts (n = 62) contributing 5.18% of the total assemblage. It was followed by the
blades, which comprise 4.26% of the total assemblage with artefacts (n = 51). After the
blades, the microblade cores show the maximum frequency with artefacts (n = 41),
representing up to 3.42% of the total artefacts. Prepared cores show maximum frequency
after microblade cores, with 40 artefacts making 3.34% of the total assemblage. After the
prepared cores, the exhausted cores show the maximum number of artefacts (n = 32),
representing 2.67% of the entire assemblage. After exhausted cores, multi-platform cores
show the maximum frequency with 29 artefacts owing to 2.42% of the total assemblage. The
microblades show the maximum frequency after exhausted cores with (n = 22) artefacts with
an overall frequency of 1.84%. After microblade, amorphous cores show a maximum

frequency of 1.67% with 20 artefacts.
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Figure 44. Artefact types site-wise.

Amorphous cores were followed by core-on-flake, single platform unifacial cores and blade
flakes with a total count of 19, 16 and 12 and an overall frequency of 1.58%, 1.33%, and 1%,
respectively. Blade flakes were followed by centripetal cores, discoid cores and single
platform bifacial cores with a total count of 7, 5, and 4, making up 0.58%, 0.41% and 0.33%
of the complete assemblage, respectively. Single platform bifacial cores were followed by
Levallois cores, bifaces, double platform cores and hammerstones with 3, 3, 2, 2 artefacts

making 0.25%, 0.25%, 0.16% and 0.16% of the entire assemblage, respectively.

4.9 Finished tool types

In the LSV, 137 finished tools across 15 different tool types were identified (Figure 44, Table

27). Most tool types were produced using flakes (n = 59), followed by blade tools with 51
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artefacts. Microblade tools were the third most commonly found, with 21 artefacts identified.

Bifaces and choppers were also present, with only 3 and 1 artefacts identified, respectively.

The flake tools consist of different categories, i.e., scraper (n = 14, 10.22%), side scraper (n
= 15, 10.94%), end scraper (n = 6, 4.37%), convergent scraper (n = 1, 0.72%), transverse
scraper (n = 1, 0.72%), point (n = 14, 10.21%), notch (n = 5, 3.64%), knife (n = 1, 0.7.2%)
and perforator (n = 2, 1.45%). The core tools consist of a chopper observed at Bagia, forming

0.84% of the total finished tools assemblage.

Blade tools consist of points (n = 2, 1.45%), retouched/modified blades (n = 6, 4.37%) and
unretouched/unmodified blades (n = 43, 31.38%). Microblade tools consist of
retouched/modified microblades (n = 2, 4.37%) and unretouched/unmodified blades (n = 21,
15.32%). The bifacial tools consisted of only handaxes (n = 3, 2.52%) and were only

observed at Doma. The core tool consists of a chopper (n = 1, 0.72%) observed at Bagia.

Doma (n = 41, 32.77%), followed by Parva Chinguri (n = 29, 21.16%) and Newari (n = 26,
18.97%) and represent the highest number of finished tools. Kargara has only 14 finished
artefacts making up 10.21% of the total finished assemblage. Kone has only 12 finished
artefacts making up 8.76% of the assemblage. Khempur represents (n = 11, 9.24%) finished
artefacts of the complete assemblage. The lowest number of finished tools was observed at

Bagia, with (n = 4) forming 2.92% of the total assemblage.
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Figure 45. Finished tool types.

4.10 Distribution of raw materials

In the LSV, seven types of raw materials were identified as primary resources for tool
production. These raw materials included porcellanite, chert, chalcedony, quartz, agate,
quartzite, and limestone (Figure 46, 47). Among these raw materials, porcellanite was the
most commonly used, accounting for 69.39% (n = 830) of the complete artefacts out of a
total of 1196 artefacts. After porcellanite, chert was most utilised, with (n = 273) artefacts
that form 22.83% of the total assemblage. Quartz was the third most common raw material
used at the sites, with (n = 48) artefacts accounting for 4.01% of the total assemblage. In
addition, other raw materials such as chalcedony (n = 28), quartzite (n = 10), agate (n = 6),
and limestone (n = 1) were used, accounting for 2.34%, 0.83%, 0.5%, and 0.08% of the total

assemblage, respectively.
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Figure 47. Site-wise raw material distribution (Bar columns) in the LSV.
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4,10.1 Raw material distribution site-wise

This section presents the raw material usage patterns observed in seven sites of the LSV:

Doma, Bagia, Kargara, Khempur, Kone, Newari, and Parva Chinguri.

At Doma, all 429 artefacts, including bifaces, cores, flakes, blades, and blade flakes, were
made exclusively (100%) on porcellanite. Similarly, at Khempur, out of 92 complete
artefacts, 91 (99%) were made on porcellanite, and only one was made on chalcedony. At
Bagia, most artefacts (n=74) were made on porcellanite, and only one was made on

chalcedony.

At Kargara, almost all raw materials were used except for limestone. Of the total assemblage
(n=115), 56% (n=65) of artefacts were made on porcellanite, 16% (n=18) on chert, 10%

(n=12) on quartz, 8% (n=9) on quartzite, 7% (n=8) on chalcedony, and 3% (n=3) on agate.

At Kone, out of 133 artefacts, 71% (n=94) artefacts were made on porcellanite, followed by
chert with 19% (n=26) artefacts, chalcedony with 9% (n=12), and only one artefact was

observed on quartz.

At Newari, out of 256 artefacts, the majority (84%, n=214) artefacts were made on chert,
followed by 10% (n=25) artefacts made on quartz, 3% (n=8) on porcellanite, 2% (n=6) on

chalcedony, and 1% (n=3) on agate.

Further, at Parva Chinguri, out of 96 artefacts, 72% (n=69) artefacts were made on
porcellanite, followed by chert with 16% (n=15) and quartz with 10% (n=10) artefacts.
Single specimens on quartzite and limestone were also observed at the site (Figure 48, Table
28).

Overall, these findings highlight the variable use of raw materials across different sites in the
LSV, with porcellanite being the most commonly used material across all sites except for

Newari.
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4.10.2 Raw material distribution technology-wise

410.2.1 Late Acheulean/ Middle Palaeolithic

4.10.2.1.1 Doma

The possible presence of the Late Acheulean in the valley can be found at Doma. A total of
five bifaces (two refined) were reported from the site and distinguishable in different strata
from the Middle Palaeolithic and Upper Palaeolithic assemblages. Despite the presence of
handaxes and large flakes (>10 cm), the site was dominated by Middle Palaeolithic cores
(e.g., prepared, Levallois, discoid, centripetal), (n = 26) and flakes (n = 340). The site also
preserves eight blade cores and 14 blades. All artefacts at the site were made exclusively on

porcellanite (Figure 49).

4.10.2.1.2 Khempur

Middle Palaeolithic cores and flakes dominate the site. Different types of cores were found at
the site, i.e., prepared, multi-platform, single platform unifacial, single platform bifacial,
core-on-flake, exhausted and blade cores (n = 30); all cores were made on porcellanite. In
total, 60 flakes were collected from the site, of which 59 were made on porcellanite; the
remaining flake was on chalcedony. Only two blades made on porcellanite were recovered

from the site.

4.10.2.1.3 Bagia

At Bagia, different types of cores were found (prepared, Levallois, discoid, multi-platform,
double platform, single platform unifacial, single platform bifacial, core-on-flake, exhausted
and blade). A total of 40 flakes were located at the site, and despite the availability of blade

cores, no blades were found at the site. All the artefacts were made on porcellanite.
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4.10.2.2 Multiple technologies

4.10.2.2.1 Kargara

The site shows the maximum variability in the use of raw materials (i.e., porcellanite, chert,
quartz, agate, quartzite, and chalcedony), and it also demonstrates the presence of different
technologies, i.e., prepared core (Middle Palaeolithic) and laminar (Upper Palaeolithic and
microlithic). It represents various cores, including prepared, discoid, multi-platform, double
platform, single platform unifacial, core-on-flake, exhausted, blade and microblade. Of the
cores, including the prepared and discoid core (n = 3 specimens), two were made on
porcellanite, and one was made on quartzite. A total of eight blade cores were found at the
site; seven of these cores were made on porcellanite, and one was made on quartz.
Additionally, the microlithic cores were made on porcellanite (n = 1) and chert (n = 1). The
flakes were produced primarily on porcellanite (n = 43) followed by chert (n = 13),
chalcedony (n = 7), quartz (n = 7), agate (n = 3) and quartzite (n = 3). The blades were made
on porcellanite (n = 3) and chert (n = 1). The microblades were made on chert (n = 1) and

quartz (n = 2). The use of quartzite as a raw material was unique to the site (Figure 49).

4.10.2.3 Microlithic
The presence of laminar elements dominates at microlithic sites. As the sites were primarily
present on the surface, most microblades are broken/snapped; hence, significantly few

complete microblades are observed at the sites (Figure 50).

4.10.2.3.1 Kone

The site also shows the dominant use of porcellanite. The cores at Kone demonstrate the use
of porcellanite predominantly in the blade and microblade cores (n = 19, blade; n = 3,) along
with the utilisation of chert (n = 2) and chalcedony (n = 1) only in microblade cores. The
flakes were produced on different raw materials such as porcellanite (n = 62), chert (n = 22),

chalcedony (n = 10) and quartz (n = 1). The blades (n = 5) and the microblades (n = 2) were
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made only on porcellanite, although a few microblade cores were found on chert and

chalcedony.

4.10.2.3.2 Parva Chinguri

The Parva Chinguri site represents laminar technology with blade (n = 12) and microblade (n
= 4) cores. Porcellanite was predominantly used to produce blade (n = 6) and microblade
elements (n = 4). The blade cores were also made on quartz (n = 1) and chert (n = 5). At
Parva Chinguri, flakes were made from different raw materials, predominantly porcellanite (n
= 31), followed by chert (n = 6), quartz (n = 6), quartzite (n = 1) and limestone (n = 1). The
use of limestone is unique to the site. The blades (n = 12) at the site were made exclusively
on porcellanite. The microblades were also predominantly produced on porcellanite (n = 4)

and chert (n = 1).

4.10.2.3.3 Newari

Newari is the only known site in the valley to demonstrate the dominance of laminar
technology, blade cores (n = 38) and microblade cores (n = 32). The dominant raw material
used at the site was chert, and porcellanite was almost absent at the site, except few artefacts.
A single prepared core and single platform bifacial core were observed at the site. A total of
35 blade cores were observed on chert, and three were made on quartz. Of the 32 microblade
cores, 26 were made on chert, and six were made on quartz. The flakes were produced on a
variety of raw materials, predominantly on chert (n = 115) followed by quartz (n = 12),
chalcedony (n = 6), agate (n = 3) and porcellanite (n = 3). The blades were also produced on
different raw materials, predominantly on chert (n = 9), followed by quartz (n = 1) and
porcellanite (n = 1). The microblades were produced mainly on chert (n = 4) and followed by

porcellanite (n = 1).
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4.11 Raw material procurement

When the procurement of raw materials at the outcrops is linked to studies of the lithic
assemblages found in archaeological deposits, we connect the two ends of the lithic chaine
opératoire, from acquisition to discard (Figure 51). As mentioned above, porcellanite is the
primary raw material utilised at almost all sites. The hills representing raw material sources
are located on the right bank of the Son River from Harra village in the Sonbhadra District,
Uttar Pradesh, to Kosdehra village in the Garhwa District of Jharkhand. The author here
presumes that all the porcellanite used in the LSV was possibly obtained from the rock

sources between the villages mentioned.

Parva Chinguri

t;"

Newari

429, 100%

Khempur
Porcellanite Late Acheulean / Middle Palacolithie Assemblage

@ Middle Palucolithic Assemblige

. Multiple Technologics

. Micralithic Assemblage

Kilometers

Figure 51. Location of the studied sites along with different technologies and raw material

distribution.
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411.1 Late Acheulean/Middle Palaeolithic sites

The Doma site is located in the foothills, and angular, subangular, and rounded colluvial
clasts of porcellanite can be observed. The Doma site represents the presence of Late
Acheulean technology, the predominant use of prepared core technology, and laminar
technology. The Late Acheulean artefacts were located in colluvial deposits, while prepared
and blade artefacts were found on the surface and in fine sediments. Overall, the site is in a
semi-primary context with a possible on-site raw material procurement, as all artefacts were

made on the same raw material.

The Khempur site is approximately 1.8 km from the nearest raw material outcrop. The site
was dominated by the prepared core technology. The artefacts found here were less (n = 153)
than Doma (n = 820). The average size of the cores was also reduced at the site. The probable
reason for this could be transporting raw material from ~ 2 km. Almost all raw material clasts
were used extensively. Only one flake made on chalcedony was observed at the site;

otherwise, all artefacts were made on porcellanite.

The Bagia site is approximately 4.2 km from the source of the raw material. The prepared
core technology dominates the site. The number of artefacts here was greater (n = 163)
compared to Khempur but less than Doma. The mean core size was also smaller at the site,
except for multi-platform cores, which show a higher level of exploitation. All the artefacts
were made on porcellanite. It is generally observed that there was a constant decrease in the
number and size of the artefacts as the distance between the sites and the raw material
outcrops increased. The dominant use of porcellanite was observed at sites from the Late

Acheulean and Middle Palaeolithic periods.
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4.11.2 Mixed technologies site (Middle/Upper/ Microlithic)

The Kargara site exhibits a mixture of various technologies, including prepared and laminar
(blade and microlithic). Since the assemblage was discovered on the surface, it is possible
that different hominin groups may have occupied the site at different times. The site is
approximately 34 km from the porcellanite outcrop, which is believed to be the primary raw
material source for the Late Acheulean/Middle Palaeolithic sites mentioned earlier.
Porcellanite was the primary raw material used at Kargara, although other materials such as
chert, quartz, chalcedony, agate, and quartzite were also utilised. Despite the considerable
distance to the nearest raw material source, porcellanite remains the most commonly used

material at the site.

4.11.3 Microlithic sites

After the Middle Palaeolithic period, there was a visible change in raw material utilisation.
The site of Kone is only 4 km away from the nearest raw material source, but it is mainly
dominated by microlithic technology. However, near the raw material source and at least the
same distance as Bagia, no prepared cores were found at the site. However, the predominance
of porcellanite continues at the site. The site is on the sandstone bedrock near the main road,
and the villagers herd their animals in this area. Hence most of the artefacts, especially
microblades, were broken. It is important to note that the blade cores and microblade cores
are made predominantly on porcellanite, possibly because of the proximity of the raw
material source. At the same time, other raw materials, such as chert, quartz, and chalcedony,
are used at the site but in less quantity than porcellanite. The possible reduced use of other
raw materials is due to the large distance transport, as, in the nearest Panda River, no quartz,

chalcedony, or chert pebbles were observed. Therefore, it is assumed that these raw materials
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were collected from the riverbed of Son, which is a minimum of 8-10 km north of the site,

and one has to cross the porcellanite outcrop to reach there.

Parva Chinguri is further away from the raw material source than the other analysed sites,
which is 51 km. It is important to note that the site is on the Kaimur Plateau at an elevation of
300 — 600 MSL. Here, no sign of prepared core technology was observed. The site preserves
blade and microblade cores and their artefacts. Despite its distance from the outcrop of raw
material, porcellanite was the raw material that was used extensively here. It suggests
hominins could transport raw material long distances and were familiar with the geology/rock
formations of the valley. In addition to porcellanite, other raw materials such as chert, quartz,
limestone, and quartzite were also exploited at the site. The use of limestone was unique to
the site. Despite its abundant availability in the valley, it was hardly used for artefact
production. Other raw materials used at the site were probably collected from the riverbed of
Son River. However, to collect those raw materials clasts, one must go down 300-600 metres

and at least 3-4 km south towards the river.

Newari is unique, representing the minimum use of porcellanite (only three porcellanite
artefacts) and a dominant use of chert. The site was dominated by laminar technology with
the presence of (n = 32) microblade cores. Various raw materials were used on site, but 84%
of the artefacts were made on chert. Other materials such as quartz, agate, porcellanite, and
chalcedony were also utilised. The site is on the hilltop with a seasonal stream flowing in its
foothill and is only ~1 km south of the Son River. It is assumed that the raw material at the

site was collected from the riverbed of Son in prehistoric times.
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4.12 Box Plot comparison of flakes, blades, microblades and cores

4.12.1 Flakes

Flakes are divided into four categories 1) regular flakes, 2) end flakes, 3) oblique flakes and

4) side flakes (Figure 52,53).

4.12.1.1 Regular flakes

All four categories in box and whisker plots show that the site of Doma, Bagia and Khempur
forms a cluster. The mean length for the regular flakes at Doma (n = 35, mean = 44.17, range
=21 - 83), Bagia (n = 2, mean = 45.5, range = 41 — 50) and Khempur (n = 12, mean = 42.41,
range = 32 — 66) are between 42.41 and 45.5 mm. The other four sites form a cluster with a
mean length between 25.8 and 37 mm (Parva Chinguri (n = 2, mean = 25.8, range = 18 — 33),
Kargara (n = 2, mean = 37, range = 27 — 47), Newari (n = 3, mean = 26.33, range = 22 — 37)

and Kone (n = 6, mean = 31.66, range = 25 — 43)).

4.12.1.2 End flakes

Similar to regular flakes, the end flakes show a similar pattern with Doma (n = 166, mean =
59.53, range = 25 — 112) and Khempur (n = 29, mean = 55.30, range = 40 — 64) clustering
together with the mean length of 59.53 and 55.30 mm, except for Bagia (n = 25, mean =
74.90, range = 36 — 125) showing the highest mean length of 74.90 mm for end flakes among
all sites. Parva Chinguri (n =25, mean = 35.22, range = 18 — 55), Kargara (n =39, mean =
35.86, range = 15 — 60), Newari (n = 79, mean = 29.30, range = 15 — 55) and Kone (n = 53,
mean = 39.82, range = 16 — 84) cluster together with the mean length between 29.30 and

39.82 mm.
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4.12.1.3 Oblique flakes

Similar to end flakes, oblique flakes show a similar pattern with Doma (n = 66, mean =
56.12, range = 27 — 115) and Khempur (n = 10, mean = 50.6, range = 37 — 68) clustering
together with average length of 56.12 and 50.6 mm, respectively. Again, Bagia (n = 4, mean
= 70, range = 57 — 107) shows the highest mean length of 70 mm among all sites.
Additionally, Parva Chinguri (n =3, mean = 33, range = 29 — 38), Kargara (n =4, mean = 37,
range = 21 — 68), Newari (n = 25, mean = 35.24, range = 19 — 56) and Kone (n =8, mean =

41.25, range = 26 — 60) cluster together with the mean length of 33 to 41.25 mm.

4.12.1.4 Side flakes

Similar to regular flakes, side flakes show a similar pattern with Doma (n = 73, mean =
41.30, range = 17 — 126), Bagia (n = 9, mean = 48.22, range = 22 — 90) and Khempur (n =9,
mean = 47.11, range = 27 — 66) clustering together with average width between 41 and 48.22
mm. The four sites, Parva Chinguri (n = 15, mean = 23.26, range = 14 — 31), Kargara (n =
40, mean = 30.86, range = 8 — 61), Newari (n = 32, mean = 22.96, range = 14 — 44) and Kone
(n = 28, mean = 30.32, range = 14 — 52) cluster together with mean width between 22.96 —

30.32 mm.

412.2 Blades

Blades were found at six sites out of seven; at Bagia, no complete blades were reported. The
length of the blades at Doma (n = 14, mean = 77.35, range = 59 — 105) stands out at a mean
length of 77.35 mm. Khempur (n = 2, mean = 49, range = 48 — 50), Parva Chinguri (n = 15,
mean = 39.8, range = 32 — 60), Kargara (n = 4, mean = 41.25, range = 32 51), Newari (n =
10, mean = 39.3, range = 31 54) and Kone (n =4, mean = 47.33, range = 37 — 60) cluster

together with mean length ranging from 39.3 to 49 mm.
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4,12.3 Microblades

The microliths were only found at Parva Chinguri, Kargara, Newari and Kone; of these sites,
Kone (mean = 27.33, range = 25 — 30) and Kargara (mean = 27, range = 25 — 29) seem to
cluster together with mean length 27 - 27.33 mm. Newari (mean = 24.66, range = 19 — 30)
and Parva Chinguri (mean = 23.5, range = 17 — 29) cluster together with a mean length of

23.5 - 24.66 mm.

4,12.4 Cores

4.12.4.1 Prepared core

No prepared cores were observed at Kone. The size of the prepared cores at Doma (n = 14,
mean = 92.35, range = 56 — 175) stands out with a mean length of 92.35 mm. It is possibly
due to the site's proximity to the raw material source. The prepared cores at Bagia (n = 16,
mean = 74.25, range = 35 — 103) and Khempur (h = 6, mean = 76.33, range = 61 — 102) show
average lengths of 74.25 and 76.33 mm, respectively. The respective decrease in size
compared to Doma could be due to the distance from the raw material source since Bagia is
almost 4 km and Khempur is 2 km from the possible nearby raw material source. Very few
prepared cores were observed at Parva Chinguri (n = 1, mean = 30), Kargara (n = 2, mean =

50, range = 45 — 55) and Newari (n = 1, mean = 25).

4.12.4.2 Multi-platform core

Bagia (n = 5, mean = 95.2, range = 52 — 143) stand out in multi-platform cores with a mean
length of 95.2 mm. No multi-platform cores were found at Parva Chinguri. Other remaining
sites, Doma (n = 2, mean = 55, range = 55 — 65), Khempur (n = 14, mean = 53.07, range =
41 — 85), Kargara (n = 4, mean = 60, range = 50 — 76), Newari (n = 2, mean = 62.5, range =
41 — 84) and Kone (n = 2, mean = 49, range = 44 — 54) have average length between 49- 62.5

mm.
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4.12.4.3 Exhausted core

Doma (n = 7, mean = 69.85, range = 47 — 99), Bagia (n = 2, mean = 64, range = 50 — 78),
Khempur (n = 2, mean = 65, range = 55 — 75) make a cluster with a mean length between 64
and 69.85 mm. The Parva Chinguri (n = 4, mean = 37.5, range = 27 — 64), Kargara (n = 5,
mean = 39, range = 24 — 56), Newari (n = 11, mean = 33.27, range = 24 — 46) and Kone (n =
1, mean = 37) form another group with a mean length below 40 mm. The size decrease in the

latter could be due to technological change and the distance from the raw material source.

4.12.4.4 Blade core

Similar to the length of the blade at Doma, the size of the blade core at Doma (n = 8, mean =
84.37, range = 49 — 122) was also the highest at the site, with a mean length of 84.37 mm and
a maximum blade core length reaching 122 mm. The rest of the sites show a slight decrease
in the length of the blade core. The mean blade core length of Bagia (n = 6, mean = 55.16,
range = 31 — 95) and Khempur (n = 3, mean = 61.33, range = 46 — 78) was above 55mm. The
site of Parva Chinguri (n = 12, mean = 47.4, range = 37 — 66) and Kone (n = 19, mean =
43.2, range = 31 — 62) show a mean length of 47.4 and 43.2 mm, respectively. Kargara (n =
8, mean = 42.3, range = 35 — 67) shows a mean length of 42.3 mm, and Newari (n =38, mean

=40.7, range = 30 — 61) shows a minimum mean length of 40.7 mm.

4.12.4.5 Microblade core

Similar to microblades, microblade cores are also found only at Kone (n = 3, mean = 24.7,
range = 21 — 29), Parva Chinguri (n = 4, mean = 25, range = 24 — 26), Kargara (n = 4, mean
= 27, range = 25 — 29) and Newari (n = 32, mean = 24.9, range = 9 — 29). Kargara shows the
highest average length of 27 mm, followed by Parva Chinguri with 25 mm and Newari with

24.9 mm, while Kone shows the lowest mean length of 24.7 mm.
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4.13 Blades, microblades and their blank type correlation

The microblades were only found at four sites and ranges from 17-29 mm in length. The
microblades of all the sites show a random scatter plot (Figure 54). Compared to
microblades, the blades were found at six sites in the study area. These blades range from 30
to 105 mm in length. Doma blades range from 49 to 105 mm in length and generally form a
different cluster than the rest of the blade assemblages (Figure 55). The remaining blades

from different sites range between 30 — 50 mm and form another cluster.
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Figure 54. Microblades scatter plot of the LSV.
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Figure 55. Blades scatter plot of the LSV.

Most of the blades and microblades show similar blank type utilisation. For microblade

production, angular clasts (n = 3) and indeterminate clasts (n = 18) were utilised (Figure 56

b). For blade production, angular clasts (n = 18) and indeterminate clasts (n = 31) and a

pebble (n = 1) were utilised (Figure 56 a).
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(a) Blade

31
1 I

Angular Clast Indeterminate
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20
15
10

(b) Microblade
18

3

Angular Clast Indeterminate

Figure 56. Blank type distribution for blades (a) and microblades (b).
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Figure 57. Blade dimensions at different sites in the LSV.

When comparing the blade dimensions of different sites in the LSV (Figure 57), it is
observed that the blades at Doma were significantly larger than the rest of the blade
assemblages, where the mean length, width and thickness are (77.4 x 30.3 x 9.8) mm, and the

thickness of the blades at Doma is approximately 1/3 of their width.

After Doma, no other sites show a mean length of more than 49 mm. Khempur and Kone
show average dimensions of (49 x 19.5 x 9) mm and (47.3 x 16.8 x 8.5) mm. The average
length of the remaining sites was below 42 mm, with Kargara, Parva Chinguri, and Newari
exhibiting average dimensions of (41.3 x 13.8 x 4.5) mm, (39.8 x 15.2 x 6.8) mm, and (38.5

x 15.5 x 5.5 mm) mm, respectively.
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Figure 58. Blades distribution of the LSV in comparison to other Indian assemblages.

When comparing the blade assemblages of the LSV with the other well-known blade
assemblages in India (Figure 58), it was observed that the blades at Doma lie close to the
Acheulean blades found at Bhimbetka. Upper Palaeolithic and microlithic Bhimbetka blades
cluster with Upper Palaeolithic blades of the Upper Son Valley, Shorapur Doab and Bahgor
1. Interestingly, the Bhimbetka Middle Palaeolithic blades cluster with Kone and Khempur
blades. Furthermore, the Vedullcheru group, Karagara, Newari, and Parva Chinguri blades

cluster together.
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4.14 Blank type distribution

The knapping process in this study utilised five distinct types of blanks: angular clast, large

rounded clast (cobble), small rounded clast (pebble), subangular clast, and indeterminate

blanks. Of 1196 artefacts, 48.4% or 579 specimens were made on angular clasts. Following

the use of angular clasts, most of the artefacts were devoid of any cortex, making it

challenging to identify the original blank type. The original blank type could not be

determined for 40.6% (n = 485) of the studied assemblages. (Figure 59,60; Table 29)

Table 29. Site and artefact specific blank type distribution in the LSV.

Site/Blank type

Doma

Bagia

Kargara

Khempur

Kone

Newari

Parva
Chinguri

Total
Total

Flake

Core
Biface
Blade
Blade flake
Flake

Core

Flake

Core

Blade
Microblade
Hammerston
e

Flake

Core

Blade
Flake

Core

Blade
Microblade
Flake

Core

Blade
Microblade
Flake

Core

Blade
Microblade

Angular
Clast

175 (14.63)
51 (4.26)
2 (0.16)
7 (0.58)
6 (0.50)
25 (2.09)
33 (2.75)
32 (2.67)
21 (1.75)
3(0.25)

20 (1.67)
28 (2.34)

38 (3.17)
16 (1.33)

3(0.25)
7 (0.58)
81

2 (0.16)

14 (1.17)
9 (0.75)
6 (0.50)

579 (48.41)
1196

Indetermi
nate

165 (13.79)
8 (0.66)
1 (0.08)
7 (0.58)
6 (0.50)
15 (1.25)
2 (0.16)
25 (2.09)
7 (0.58)
1 (0.08)
2 (0.16)

39 (3.26)
2 (0.16)
2 (0.16)
32 (3.17)
14 (1.17)
4(0.33)

55 (4.59)
20 (1.67)
8 (0.66)

5 (0.41)
30

14 (1.17)
9 (0.75)
12 (1)

485 (40.55)

Rounded clast
(Cobble)

1 (0.08)

2 (0.16)

1 (0.08)

1(0.08)

5 (0.41)

Rounded
clast
(Pebble)

18 (1.50)
3(0.25)

1 (0.08)

77 (6.43)
1(0.08)
1(0.08)
1(0.08)

102 (8.52)

Subangular

25 (2.09)

25 (2.09)
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Following the indeterminate clasts, rounded pebbles were utilised, resulting in a total of (n =

102) artefacts, constituting 8.5% of the entire assemblage. Subsequently, subangular and

rounded clasts (cobbles) were used, resulting in 2.1% and 0.4% of the total collection,

respectively.

25, 2%

5,0%

485, 41%

B Angular Clast
Indeterminate
Rounded clast (Cobble)

B Rouned Clast (Pebble)

Subangular

Figure 59. Overall blank type distribution in the LSV.
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4.15 Striking platform
The striking platforms (Figure 61-63) were plain (n = 499, 56%), cortical (n = 161, 18%),
facetted (n = 68, 8%), abraded (n = 100, 11%), semi-cortical (n = 18, 2%), dihedral flat (n =

14, 2%), dihedral convex (n = 9, 1%), NA (not available) (n = 16, 2%), and indeterminate (n

=4, 0.4%).
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Figure 61. Site and artefact specific striking platform frequency in the LSV.
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Figure 63. Overall striking platform frequency in the LSV.

4.15.1 Striking Platform frequency site-wise

At Doma, a total of (n =376) artefacts, including flakes, blades and blade flakes, show plain
(n = 224, 60%), facetted (n = 30, 8%), cortical (n = 52, 14%), semi-cortical (n = 5, 1%),
abraded (n = 38, 10%), dihedral convex (n = 2, 1%), dihedral flat (n = 11, 3%), NA (not

available) (n = 13, 3%), and indeterminate (n = 1, 0.2%) striking platforms.

At Bagia, a total of (n =40) artefacts, including flakes, show plain (n = 25, 62%), facetted (n
= 8, 20%), cortical (n = 4, 10%), semi-cortical (n = 1, 3%) and abraded (n = 2, 5%) striking

platforms.
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At Kargara, a total of (n =82) artefacts, including flakes, blades and microblade, shows plain

(n = 34, 42%), facetted (n = 4, 5%), cortical (n = 26, 32%), semi-cortical (n

5, 6%),

abraded (n = 10, 12%), dihedral convex (n = 2, 3%) and NA (not available) (n

1, 1%),

striking platforms.

At Khempur, a total of (n =62) artefacts, including flakes and blades, show plain (n = 39,
63%), facetted (n = 11, 18%), cortical (n = 2, 3%), semi-cortical (n = 1, 2%), abraded (n = 7,

11%), and dihedral flat (n = 2, 3%) striking platforms.

At Kone, a total of (n =99) artefacts, including flakes, blades and microblades, show plain (n
= 48, 47%), facetted (n = 4, 4%), cortical (n = 33, 32%), Semi-cortical (n = 2, 2%), abraded

(n=7, 7%), dihedral convex (n = 5, 5%), and indeterminate (n = 3, 3%) striking platforms.

At Newari, a total of (n =155) artefacts, including flakes, blades and microblade, shows
plain (n = 79, 51%), facetted (n = 9, 6%), cortical (n = 39, 25%), semi-cortical (n = 1, 1%),
abraded (n = 24, 15%), dihedral flat (n = 1, 1%) and NA (not available) (n = 2, 1%) striking

platforms.

At Parva Chinguri, a total of (n = 72) artefacts, including flakes, blades and microblade,
show plain (n = 50, 69%), facetted (n = 2, 8%), cortical (n = 5, 7%), semi-cortical (n = 3,

4%) and abraded (n = 12, 17%) striking platforms.

4.16 Biface refinement index

The thickness-to-width ratio of a biface is frequently employed as a refinement indicator
(Roe 1994). Producing thin specimens is one of the most challenging aspects of biface
production (Callahan, 1979; Edwards, 2001). Shipton (2016) proposes that Patpara and
Bhimbetka have the thinnest bifaces in India due to the transitional nature of these

assemblages. Doma displays some of the thinnest bifaces in South Asia, along with those
205



from Chakuria, Senraynpalayam, Morgara and Damodarpur (Chauhan, 2010) (Figure 65-68).
However, it should be noted that the handaxes of Doma and the Middle Son Valley (e.g.,
Patpara, Bamburi) are similar in morphology (Figure 64). The Middle Son Valley bifaces
were associated with other elements, including Levallois elements and blades. It could imply
that many (if not all) of the Middle Son Valley bifaces are part of the regional Middle
Palaeolithic record, as Blumenschine et al. (1983) first suggested. The Doma biface
assemblage lacks other technological elements; additional regional research is necessary to
determine their exact age and techno-cultural affinities with the Middle Son Valley record.
Different variables, such as blank type, rock type, and reduction intensity, can all affect

thinness.

Figure 64. Refined, symmetrical chert handaxe recovered in-situ from Patpara (a), Bamburi
(b) in Middle Son Valley and Doma (c) from the LSV.
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Figure 67. Biface refinement index of sites in South Asia (c).
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Plate 1. Site — Doma: a) prepared core; b) refined handaxe; c, e) Levallois core; d, f) blade

core; g) Levallois point; h) blade; i) discoid core.
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Plate 2. Site- Bagia: a,c,d) prepared core; b) Levallois core; e,f,g ) flake.

Scm
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Plate 3. Site- Khempur: a, j) prepared core; b, c) prepared flakes; d) blade core; e, f, g, h, i)

flake; k, I) multi-platform core.
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Plate 4. Site- Parva Chinguri: a) single platform unifacial core; b, c) flake; d, e, f, g) blade.
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Plate 5. Site- Kargara: a) hammerstone; b) single platform unifacial core; c) blade core; d,

e) flake; f) blade; g) multi-platform core; h) microblade; i) microblade core
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(k)

Jem

Plate 6. Site- Newari: a, b, c, d, f) microblade core; e, g, h) flake; i) microblade; j, k) blade.
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(h)
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Plate 7. Site- Kone: a,b,e) flake; c) blade core; d) microblade core; f, g) blade; h) single
platform unifacial core.
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4.17 3D Scanning

One of the primary benefits of using 3D models of stone artefacts for the study of lithic
assemblages is quantitative access to previously inaccessible morphological characteristics.
Quantification allows the morphological and technological variability of assemblages to be
considered in extensive detail (Figure Al in appendix), allowing changes in archaeological
sequences to be identified. This approach is a supplement to traditional qualitative and semi-
quantitative approaches (Bretzke and Connard 2012, Maida et al., 2023). Additionally, this
approach allows for the digital storage of data, making it more easily accessible and ensuring

its longevity.
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5 Geological excavation and various laboratory analyses (geochronology,
sedimentology, and stable isotopes)

5.1 Excavation

In March 2021, a geological excavation was conducted at Kargara, located on the right bank
of the Son River in the LSV, with the primary goal of understanding the sediment
depositional and palaeoenvironmental history of the region. Kargara was selected due to its
thicker sedimentation compared to other areas in the valley. A trench with ten steps (AS1,
BS2, CS3, DS4, ES5, FS6, GS7, HS8, 1S9 and JS10) was dug to a depth of 10.9 meters, and
five lithostratigraphic units (LS1, LS2, LS3, LS4, and LS5) were identified (Figure 69). The
bedrock was not reached during excavation, and the trench could not be expanded due to its
proximity to the forest boundary. The excavation was conducted from 15 — 215t March 2021,
and 4-6 labourers were hired. A detailed description of each identified unit is presented

below.
5.1.1 Lithostratigraphic units:

LS1 — This unit consists of mainly loosely concentrated yellowish-red/brown coloured silty
sediments with calcrete nodules extending from the top of the trench (AS1) to the middle of

step CS3 (~ 2.6 m).

LS2 — This unit contains rugged and compact brown coloured silty sediments extending from

the middle of step CS3 to the middle of step DS4 (~1 m).

LS3 — This unit represents a hard calcrete layer present at the end of step DS4 (~ 0.5 m). It

consists of mostly calcrete with dark brown silty sediments.
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LS4 — This unit contains brown-coloured silty sediments extending from step ES5 to the
middle of step FS6 (~ 0.75 m). A high concentration of calcrete is observed at the upper

middle part of step FS6.

LS5 — The unit is the thickest (~ 5 m) in the step trench, occupying steps FS6, GS7, HS8, 1S9
and JS10. This unit primarily consists of yellowish-brown coloured silty sediments with two

patches of calcretised root casts in steps GS7 and IS9.
5.1.2 Sediment and calcrete collection

A continuous collection of sediments (~100 g) at every 5 cm was made throughout the trench
(n=216 samples were collected), and calcrete nodules were collected according to
availability. Sediment samples were processed for grain size analysis and geochemical
analysis (results discussed below). These sediments will be further considered for pollen
analysis, and calcrete samples will be processed for stable isotope analysis in future. A total

of nine OSL samples were collected for dating (results discussed below).
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5.2 Laboratory Analyses

5.2.1 OSL Dating

From the Kargara geological excavation, a total of nine samples were collected for OSL
analysis. Preliminary dates were obtained from five of nine samples at steps JS10 (10.5 m),

IS9 (9.5 m), ES5 (4.5 m), CS3(2.4 m), and AS1 (0.6 m) (Table 30).

Table 30. Summary of sampling depth, stratigraphic unit and dosimetry data for the samples.
*Depth of the OSL sample from Datum.

Sample | Step (Depth*) Dose err | dose rate | err | age(ka) |err | OD fading (%
(Gy) (Gy/ka) (%) per dec)
OSL-1 AS1 (0.6 m) 83.3 6.1 |45 0.2 | 185 15 | 14 09+04
OSL-2 CS3(2.4m) 96.3 10.0 | 4.7 0.2 | 205 22 |21 1.8+£0.6
OSL-5 ES5 (4.5 m) 147.3 14.0 | 4.9 0.2 |303 23 |20 2.3+0.6
OSL-8 1S9 (9.5 m) 205.3 11.0 | 4.7 0.2 | 43.6 28 |15 1.0+04
OSL-9 JS10 (10.5m) 264.3 13.0 | 46 0.2 |575 35 |13 11+0.3

The oldest date from the excavation is 57 ka from step JS10, followed by 43 ka from step

1S9, 30 ka from step ES 5, 20 ka from step CS 3, and 18 ka from step AS1.

5.2.2 Grain Size®

The volume-weighted mean grain size (D [4,3]), clay% (<4 pm), silt% (4—63 um) and sand%

(>63 pum) were calculated from the cumulative grain-size distribution.

The sediment grain size analysis revealed that silt particles dominate the sediment, followed

by clay particles. The sand content ranges from 3.12% to 40.86%, with an average of

% Grain size data was primarily interpreted and written by the author, the final version was interpreted and
modified by Dr. Anoop Ambili (Department of ESS, IISER Mohali)
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12.77%, while the silt content ranges from 55.27% to 82.29%, with an average of 72.05%.

The clay content ranges from 3.69% to 31.48%, with an average of 15.87%.

The two distinctive periods between 57 to 43 kyr and 20 to 18 kyr exhibited high median
grain sizes that corresponded to the increase in sand content (Figure 70,71). On the other
hand, the period between 43 to 20 kyr is characterised by a general declining trend in the D

[4,3] values.

Temporal variation of grain size in sediments from the fluvial sequence may reflect past
changes in the energy conditions (Behera et al., 2022). In fluvial landforms, the finer fraction
of the grains represents a decrease in the hydrodynamic conditions during the sedimentation
process (Mishra et al., 2014; Ankit et al., 2022). Consequently, a coarser mean grain size
reflects higher discharge in river systems generally associated with a heavier and increased
amount of rainfall, whereas a finer fraction indicates reduced rainfall. The increase in coarser
grain size during the 57 to 43 kyr and 20 to 18 kyr periods reflects high energy conditions,

while declining energy conditions characterise the 43 -20 kyr period.

5.2.3 XRF analysis

The geochemical data of the Kargara section indicates the variation in major oxides. The
oxides in these sequences demonstrate the following order of abundance: SiO2 > Al,O3 >
Fe203 > CaO > MgO > K;0 >Na0 > TiO2 > P,0s > MnO. The SiO2% shows maximum
content, which ranges from 42.65 % to 66.73%, followed by Al.O3 concentration (9.34 to

14.62) (Figure 71).
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The major oxide concentration in the Kargara section varied as follows: CaO (1.49% to
23.93%) mean =59.50; Fe203 (3.82 % to 8.44%), mean =6.16; KO (1.57 % to 2.95%), mean
=2.31, MgO (1.55 % to 6.85%), mean =2.60; Na2O (0.82 % to 1.64%), mean =1.29; P,Os
(0.055 % to 0.255%), mean =0.11; TiO2 (0.59 % to 1.45 %), mean =1.05; ZrO (163 to 409),

mean = 222.84; MnO (0.07 % to 0.14%), mean =0.096.

The geochemical signature of sediments has been commonly utilized to understand the
dominant environmental process and provenance during sediment deposition (Gebregiorgis et
al., 2020; Minyuk et al., 2006; Mishra et al., 2019). The elemental ratios (Si/Al and Ca/Al)
provide information on the factors controlling the sediment deposition in the basin (Buggle et
al., 2011; Lopez et al., 2006; Mishra et al., 2014). The Si/Al ratio provides information on the
grain size distribution in the sediments (Behera et al., 2022). The variations in Si/Al values in
the Kargara section primarily reflect the changes in grain size. Furthermore, the ratio Ca/Al is
commonly used as a proxy for increased salinity and reflects reduced precipitation (Liu et al.,

2017). The higher Ca/Al values during 43-30 kyr indicate increased aridity.

Furthermore, the major elemental data was used to calculate the chemical weathering
intensities related to changes in precipitation. The Chemical Index of Alteration (CIA) and
the Chemical Index of Weathering (CIW) were calculated using the molecular proportion of
the oxides following Nesbitt and Young (1982) and Sun et al. (2010). The index of
weathering formula applied for calculating the CIA is given below (Reshmi and Achyutan,

2018).

CIA = {Al203 /(Al203 + Ca0 + Na,O+ K>0)}x100 ------ 1)

The molar ratio of CaO/Na20O, as proposed by McLennan et al. (1993), has been used to

calculate CaO. The CIA values below 50 are considered un-weathered samples; however, the
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increased value (> 50 up to 100) indicates a progressive increase in the intensity of
weathering with the removal of alkali and alkaline earth elements (Fedo et al., 1995; Nesbitt
and Young, 1989). The CIA values (Figure 72) in the Kargara section ranged from 69.39 to
76.66 (average=72.04), signifying moderately to highly weathered sediments, while the CIW
values varied from 75.23 to 81.85 (average= 77.79). The increasing CIA values from 57 to 43
kyr and 20 to 18 kyr indicate a progressive increase in chemical weathering, while the
reduced CIA values from 43 to 20 kyr show reduced precipitation. The elemental ratio also

corroborates the result (Ca/Al) and variations in the grain size data.

Overall, the grain size and XRF analysis indicate an increase in the Chemical Index of
Alteration (CIA) between 57-43ka and again between 20-18 ka, which likely suggests an
increase in precipitation. Conversely, between 43-20 ka, there appears to be a decrease in

precipitation.
5.2.4 Stable Isotope Analysis

5.2.4.1 Fossil teeth

The stable carbon isotope composition (§*C value) of the body tissue of extant herbivores
reflects the type of flora/vegetation (Cz vs Ca) they ingest (Lee-Thorp et al., 1989). The tooth
enamel, the hardest biological tissue, is thick and less prone to diagenetic alteration than
bone, making it suitable for reconstructing ancient diets, environments, and climate changes

(Cerling et al., 19973, b; Lee-Thorp et al., 1989).

Terrestrial plants are commonly categorised into three types based on their photosynthetic
pathways: Cs (Calvin cycle), C4 (hatch slack cycle), and CAM (Crassulacean acid metabolic
acid), which generate variances in carbon isotope fractionation during carbon fixation
processes (Bender, 1971; Ehleringer et al., 1991). Therefore, these plants are characterized by

contrasting 8*3C values. Cs plants, which include trees, shrubs, and cold-tolerant herbs (Deng
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et al., 2001), have more negative *3C values ranging from -34%. to -22%o, whereas those of
C4 plants, which are typical of drier and warmer habitats (Raven et al., 1999; Agrawal et al.,
2012) are characterized by relatively higher values which range from -14%o. to -9%. (Agrawal
et al.,, 2012; Farquhar et al., 1989; O'Leary, 1988). It has been shown that factors like
precipitation mainly control the 613C values of plants, light intensity, atmospheric carbon
dioxide concentration, elevation, and canopy effect (Basu et al., 2015; Farquhar et al., 1989;
Kohn, 2010; Rao et al., 2017). The §*3C values of Cs plants become increasingly negative as
precipitation, altitude, and latitude increase (Kohn, 2010). When plants are ingested by
herbivores and herbivores are consumed by predators, isotopic fractionation occurs from
meals to the tooth enamel. The 5'C values of the tooth enamel of large herbivores and
carnivores are 14%o and 9%o higher than those of plants (Cerling and Harris, 1999; Tejada-
Lara et al., 2018). Following previous research (Biasatti et al., 2010; Cerling et al., 1997,
Janssen et al., 2016; Uno et al., 2018; Wang et al., 2008; Xu et al., 2021), this study attributes
5'3Cvalues in tooth enamel lower than -8 to animals consuming only Cs food, from -8%o to -
2%o to those consuming a C3-C4 mixed diet, and greater than -2 to those consuming primarily

Cs plants.

Because of the complexities of oxygen flux in mammals, palaeoecological and
palacoenvironmental interpretation based on &0 values of dental enamel is not
straightforward (Ayliffe and Chivas, 1990; Kohn et al., 1996; Levin et al., 2006). However, it
is instrumental in reconstructing diet, habitat preferences, and seasonality conditions (Fricke
and O'Neil, 1996; Longinelli, 1984). The 580 value of tooth enamel is controlled by the &30
value of ingested water, which is controlled by the 580 of body water. Precipitation, latitude,

altitude, aridity, and evaporative processes, as well as physiological and behavioural water
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conservation factors and mammalian metabolic processes, all influence the §*%0 value of

ingested water (Kohn, 1996; Kohn et al., 1996; Luz and Kolodony, 1985; Luz et al., 1984).

The §'®0 of mammals that frequently drink water depends on the &80 value of rainfall;
drought-tolerant animals usually have relatively higher 880 values because of 80
enrichment of reservoir water due to evaporation (Ayliffe and Chivas, 1990; Kohn et al.,
1996; Levin et al., 2006). The variation in §'0 of water has been attributed to environmental
temperature changes, leading to the enrichment of 0 in warmer conditions and relative
depletion in cooler conditions (Bryant et al., 1996). Thus, summer is characterized by higher
5180 values of water, whereas winter has lower §'®0 values in temperate regions. However,
in tropical regions, where the environmental temperatures remain above 20° C, the “amount
effect” dominates, whereby a lower &80 of water indicates periods of increased rainfall
compared to higher values during drier periods (Dansgaard, 1964; Feranec and MacFadden,
2000; Higgins and MacFadden, 2004). Amphibious mammals such as hippopotamus
generally have lower 580 values than their terrestrial counterparts (Bocherens et al., 1996;
Cerling et al., 2003b; Clementz et al., 2008). Warm season C4 grasses growing in open areas
would generally have higher 5'80 values due to the loss of 10O by transpiration compared to
Caplants growing in wetter and closed areas. Therefore, grazers adapted to feeding on water-
stressed grasses growing in drier conditions may yield higher 50 values than forest-

dwelling browsers (Bocherens et al., 1996; Sternberg et al., 1989).

5.2.4.2 Results (Fossil teeth)

The 580 and 6'3C values of bioapatite from fossil dental elements of fossil mammals are
well-established proxies for reconstructing climatic conditions and dietary patterns (Gehler et
al., 2012). The present study analysed a total of 24 mammalian teeth (Figure 73, Table 31)

from Gopnath in Gujarat and eight different localities in the Narmada Basin (Sher River,
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Maua Khera, Luknu Nala, Barman Ghat, Gehra Nala, Amonda, Sokalpur Ghat, Raja Nala,
Devakchar — in Narsinghpur District, Nehlai — in Sehore District) in Madhya Pradesh, as well
as Doma in Sonbhadra District of Uttar Pradesh. These teeth belong to species of Cervid,
Bovid, Suid, Hippopotamid, Canid, and Equid and are presumed to be from the Late
Pleistocene, with possible exceptions such as Gopnath. The teeth were analysed for §**C and
5180 values to understand the associated dietary habits and palaeoclimatic conditions during

~MIS 3 -5, based on indirect stratigraphic and archaeological evidence of their age range.

5.2.4.2.1 Different localities in Narsinghpur, Madhya Pradesh

In eight different localities in Narsinghpur, 14 specimens were collected. Out of these, five
were identified to family/genera (cervid, bovid, hippopotamid, equid and suid), and two
specimens remain unidentified. The §'3C values of bovid specimens range from 0.2 to 1.3 %o,
and their §'®0 values range from -0.47 to 0.76 %o, with the Amonda outlier specimen having

513C values of -0.9 %o and the 880 value of -3.2 %o.

Two cervid specimens have 5'C values ranging from -0.2 to 1.1%o and &*80 values ranging
from 1.6 to 1.9%o, and two hippo specimens have §3C values ranging from -3.2 to -1.2 %o
and §'80 value ranging from -6.8 to -4.0 %o. A single equid has a §'C value of -2.0%o and
580 value of -2.1%o and a single suid specimen shows a 3C value of -2.4%o and 580 value
of -0.6%o. All bovids, cervids, and one hippo predominantly show a pure Cs diet with water
stress in the region with drier conditions except for the Narsinghpur hippo, which shows high
rainfall / humid conditions, as hippos are mostly amphibian mammals with a different 530

value than other terrestrial animals.

The hippo specimen from Amonda and the suid specimen from Narsinghpur show mixed
diets C3 and Cs4. Suids are omnivorous animals that can eat a variety of foods, whereas

herbivores generally have a more restricted or specialized diet (Harris and Cerling, 2002).
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The 80 values of suid specimens indicate the drier conditions. Similar to the Narsinghpur

hippo, the Amonda hippo also shows a more negative value of 5:20.

Broadly, the fauna from the Nasinghpur region shows a C4 diet with mostly grassland type

environments with drier conditions.

5.2.4.2.2 Nehlai, Sehore, Gujarat

The author collected a total of five specimens of two species, bovid and suid, from the Nehlai
site in the Sehore District. The four bovids specimens have 5'3C values ranging from -7.5 to -
3.4%o and 880 values ranging from -2.8 t0 -2.1%o. A single suid specimen had a §**C value
of -11.14%o and an 50 range of -4.74%.. The fauna of Nehlai was characterised by a

preference for a Cz diet and the predominance of humid climatic conditions.

5.2.4.2.3 Gopnath, Bhavnagar, Gujarat

The Gopnath palaeontological site is situated on the southern coast of Gujarat state along the
Arabian Sea. Four samples of fossil teeth were collected for stable isotope analysis. Three of
these four specimens are bovids, and one is canid. The §*3C values of the bovids range from -
3.1 to 2.3 %o where two specimens show -3.1%o and one show 2.3%o values. The 580 ranges

from -4.1 to -3.1%o. The canid specimen shows 5'3C value of -2.5%0 and 520 value of -4%o.

The §2C values primarily indicate Cs-Ca mix vegetation, with a preference for C, diets. The

5180 value shows relatively humid climatic conditions.

5.2.4.2.4 Doma, the LSV, Uttar Pradesh,

Only one cervid specimen was found and analysed for stable isotope analysis from Doma.
The 5'3C value is -2.0 %o, and 880 value is -5.8 %o. This shows that this cervid primarily

grazed on C4 plants growing in humid climatic conditions.
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5.2.4.3 Calcrete

Based on the photosynthetic pathway, terrestrial plants are divided into two groups, Cz
(Calvin cycle) and C4 (Hatch—Slack cycle) plants. The §**C values of Cs plants range from
—34 to —19%0 and averages —26.7%o; whereas for Cs4 plants it ranges from —18 to —10%o and
averages —12.5%o (Cerling, et al., 1997). Plants using Cs photosynthesis have §'*C values
ranging from about -20 to -35%. (as compared to plants using C4 photosynthesis that have
813C values ranging from about -10%o0 to -14%. (Cerling, 1999). Pedogenic carbonate formed
in a pure Cz ecosystem has &3C values of around -9%o to -12%o in contrast to pedogenic
carbonate formed under pure Cs4 vegetation which has §*3C values of around 1%o to 3%

(Cerling, 1999, Monger et al., 2009).

5.2.4.4 Results (Calcrete)

Carbonates are widely used as proxy records of palacoclimatic change. Oxygen (5%0) and
carbon (8:3C) isotopic signatures are indicative of temperature, aridity or vegetation at the
time of calcrete formation. This study analysed a total of 162 calcrete nodules for stable
isotope analysis. These nodules were collected from the trenches placed at Pilikarar,
Talayaghat and Devakachar in Madhya Pradesh (the details of the trenches such as location

and stratigraphy is mentioned in Chapter 3, section 3.9).

5.2.4.4.1 Pilikarar, Sehore, Madhya Pradesh

A 3.5-meter step trench was excavated at Pilikarar, and calcrete was collected based on
availability. This Pilikarar layer is part of the Baneta formation, which can be broadly dated
between ~ 84 to 8 kyr (Kale et al., 2020; Patnaik et al., 2009; Tiwari and Bhai, 1997; Pers.

Comm. with Dr. Vivek Singh)

The &'3C values are Pilikarar ranges from -8.81 to 0.61%o. From depth 350 to 250 cm a linear

trend is observed with C4 vegetation with §*3C value ranging from -1.9 to 0.6%o with average
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of -0.2%o. From 240 to 150 cm depth a quick decrease in the §*3C value is observed ranging
from -8.5 to -5.4%o with average of -7%o suggesting Ca/C4 vegetation with more dominance
toward Cs. Following this, a linear trend is observed in the **C value from depth (140 cm to

top of the trench), with range of -2-6 o -1.5%o with average of -1.9%. suggesting Cs

vegetation.
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Figure 74. 63C and 680 values of calcrete at Pilikarar along with depth.

At Pilikarar, 5'®0 values range from -4.1 to -2.5 %o. A nearly linear trend is observed
throughout the 3.5 meters, with the highest decrease in §'®0 value occurring around depth
(200cm) with -4.1%o (Figure 74, Table A 22). The more negative values of 50 indicate
humid climates, which is supported by the §*3C values, which indicate that most of the carbon

was derived from mixed Cs-Ca vegetation. On the other hand, higher 50 values indicate
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relatively dry climatic condition. During this time higher 5!3C values indicate C4 dominant

vegetation in the study area.

5.2.4.4.2 Talayaghat, Narsinghpur, Madhya Pradesh

Calcrete nodules were collected every 10 cm in a 6.3-meter trench at Talayaghat. The §°C
values range from -9.4 to 0.1 %o. At depth 640 to 610 cm, a relative higher §'3C values are
observed ranging from -1.6 to 0.9%.. From depth 600-550 cm a quick drop in §3C values is
observed ranging from -9.4 to -6.8%0 with average of -7.8%o.. From depth 540 to 280 cm a
linear trend with higher §'3C values ranging from -3.2 to 0.1%o with average of -1.2 %o is
observed. From depth 270 c¢cm to top, mix 8*C values ranging from -7.5 to -2.1%o with
average of -4.4 %o is observed. 580 has a range of -5.9 to -2.5%.. There is a gradual
increasing trend in the 580 values is observed from bottom to top of the trench (Figure 75,

Table A23).
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5.2.4.4.3 Devakachar, Narsinghpur, Madhya Pradesh

Two trenches were placed at Devakachar (Sher River). Trench 1, conducted in 2018, reached
a depth of "13 meters. Trench 2 was an extension of Trench 1, excavated to a depth of around
23 meters. Calcrete samples were systematically collected from both trenches at 10 cm
intervals. In the initial 13 meters, a small quantity of calcrete was observed. However, from
the 13 to 23-meter trench, a substantial amount of calcrete was collected and subsequently

analysed for stable isotope analysis.

The §*3C values in the trench range from -7.5 to 0.5 %o. The lowest '3C values are observed
between 23 and 21 meter, ranging from -7.5 to 0.2 %o, with an average value of -3.1 %o. From
20 to 13 meters, the 53C values range from -5.8 to 0.5 %o, with an average value of -2.4 %o.
Generally, there is a gradual increase towards more positive values, and the highest relative
positive range is observed at a depth of 20 to 19 meters, with 8:3C values ranging from -2.6 to

0.6 %o (Figure 76, Table A24).

At Devakachar, the §'80 values range from -7.1 %o to -3 %o, with an average value of -4.3 %o.
A linear trend is observed throughout the 10-meter depth with relative shift towards drier
environments towards the top . The highly negative 520 values indicate a humid climatic

condition
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6 Discussion and Conclusion

This project has focused on reconstructing the Late Pleistocene palaeoenvironments and
investigating the prehistoric evidence of north-central India, with an emphasis on the LSV,
Sonbhadra District, Uttar Pradesh. The LSV has yielded various Palaeolithic and microlithic
evidence from Late Acheulean to microlithic periods. The study region can be classified into
two distinct areas: 1) Kaimur Plateau, present to the north of Son River and 2) River valleys,
ravines, and hills present to the south of Son River. The sites on the Kaimur Plateau were
mostly Upper Palaeolithic/microlithic and were found mainly on the bedrock with very little
sedimentation. The sites on the south side mostly were Middle Palaeolithic/Upper
Palaeolithic and microlithic; with one Late Acheulean site, the sedimentation appears to be
relatively thicker, resulting in artefacts being in-situ, eroding out of sediments. The sites
discovered in the south were mainly in the foothills and were associated with fine-grain
sediments or exposed bedrock outcrops. Although most of the sites were on the surface or
had eroded from sediments, two main stratigraphic findings have been made:1) artefacts
eroding just a few millimetres above the bedrock from sediments/weathered bedrock; 2)
artefacts eroding from fine sediments/fine sediments with calcrete where the bedrock was not

visible.

One of the possible reasons for the differentiation of sites at the landscape level between the
north and south regions is the availability of raw materials, particularly porcellanite. As
discussed in Chapter 4, approximately 70% of the assemblages were made on porcellanite,
locally available in the Semri Group of the Vindhyan Supergroup and located in the south of

Son River.

When comparing elevations in the northern and southern zones of the study area, the Kaimur

Plateau has a vertical 300-600 meters steep elevation, so transporting raw material in that
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direction would have been comparatively difficult for Late Acheulean and Middle
Palaeolithic populations. Therefore, this spatial barrier to raw material sources would have
indirectly affected/limited subsistence strategies during Palaeolithic times (for Late
Acheulean and Middle Palaeolithic populations. The north side is dominated by microlithic
assemblages, suggesting that the subsistence strategies had changed during that time as
compared to Late Acheulean and Middle Palaeolithic time period, hence the preference for
technology and raw material. During the microlithic period, there was a shift towards more
silicious raw materials such as chert, agate, chalcedony and quartz. As described above, the
Late Acheulean to Upper Palaeolithic assemblages were made exclusively on porcellanite.
While the use of porcellanite continues for the subsequent production of microliths, its
overall frequency significantly decreased. Furthermore, it is observed that raw material

transportation and population have increased with the introduction of microlithic technology.

6.1 Context and Behavioural Significance of the Late Acheulean

Identification of Acheulean is generally recognised by the manufacture of large flake blanks
for biface production in India and other regions of the Old World (Gaillard et al., 2010;
Mishra et al., 2010; Sharon, 2007). The Late Acheulean in the valley is identified only at the
Doma site and was predominantly represented by the presence of handaxes. These artefacts
were located in Unit 111, mostly colluvial rubble, with angular to subangular clasts. At the
same time, Doma has also preserved Middle Palaeolithic and laminar elements from Unit I,

which overlies Unit 111 (Mehra, 2022).

Recently, it has become contentious whether bifaces are exclusive cultural markers for the
Indian Acheulean (Haslam et al., 2011; Shipton et al., 2013) or are also an integral part of the
Indian Middle Palaeolithic (Akhilesh et al., 2018 and references therein). Doma preserves

refined bifacial elements and large flakes exclusively in Unit 111, without any prepared core
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or blade elements. The bifaces in the Middle Son valley were associated with other
components, such as Levallois and blade elements. The refinement and morphological
similarity of these Doma handaxes with Bamburi and Patpara (Haslam et al., 2011) in the
Middle Son Valley is significant and, perhaps, indicates a broad comparable age range of 140

to 120 kyr for the assemblage (Figure 64).

The site is contextualised in the Semri Group of the Vindhyan Supergroup. Although the
artefacts were found in a colluvial deposit, handaxes were without edge damage, and Unit 111
was exposed due to anthropogenic activities (agricultural). The recently exposed artefacts

were fresh compared to the artefacts that had been exposed earlier.

6.1.1 Behavioural Significance

As the Acheulean artefacts were very low in number and only refined handaxes and large
flakes were found, the Acheulean reduction sequence is marked by the absence of primary
stages of reduction seen in large to giant cores and associated waste. Acheulean hominins
preferred locally available porcellanite, the primary raw material in the valley. Possibly due
to the lack of exposure of the Acheulean surface, no waste products and large cores were
observed. As the colluvium and hill are exclusively porcellanite, the Late Acheulean hominin
population did not transport the raw material but made the desired artefacts at the place of
raw material provenance. The handaxes were made on angular clasts, locally available at the
site. As the site is on the left bank of the Panda River (seasonal now), it can be suggested to

be a prime location for artefact manufacturing and the availability of various food resources.

6.2 Context and Behavioural Significance of Middle Palaeolithic

The Middle Palaeolithic in South Asia is generally defined by the presence of prepared core

and flake-based technologies (e.g., Akhilesh et al., 2018; Ajithprasad, 2005; Misra and
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Rajaguru, 1978; Pappu, 2001; Sankalia, 1964). Out of the 61 sites found, a total of 9 sites
have been provisionally classified as Middle Palaeolithic, and out of the seven analysed

assemblages, two sites have been classified as Middle Palaeolithic.

Both Khempur and Bagia sites show the presence of prepared core and flake-based
technologies. The site of Khempur is at the foothills of a shale and sandstone hill. The
artefacts at the site were found eroding from a shale surface disturbed by ploughing and
digging. Artefacts were also observed in-situ on the surface of shale bedrock, suggesting a
contemporary development of both shale and Middle Palaeolithic artefacts. The Bagia site is
also found on the sandstone foothills of the Vindhyan Supergroup. Artefacts have been found

eroded from the fine sediment and colluvial rubble of a nearby sandstone hill.

6.2.1  Behavioural Significance

The Middle Palaeolithic sites were found in the foothills and generally away from
porcellanite outcrops compared to the Late Acheulean site. The sites were almost exclusively
to the south of the Son River, generally away from water sources. For example, the Khempur
site is approximately 2.5 km from the assumed raw material source and approximately 5 km
from the nearest water sources, suggesting possible population expansion and transportation
of raw material and subsistence resources. At Khempur, cores were relatively smaller than
flakes, and multi-platform cores were found most frequently at the site, suggesting extensive
use of the available raw material. Additionally, the site lacks evidence of primary flakes or
the original raw material clast, indicating that the raw material was initially trimmed

elsewhere and brought to the site.

The Bagia site, located on the right bank of the Panda River, was most likely selected for its

abundant natural resources, particularly water. Compared to the Late Acheulean site, this site
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is farther from the raw materials source and shows the dominant presence of prepared cores
and flakes. In addition, the site contains unflaked raw material clasts and primary flakes,

which imply that the raw material was transported over long distances.

Overall, the use of manuports appears to be a prevalent phenomenon in the LSV. The Middle
Palaeolithic assemblages show predominantly single reduction strategies — flake reduction
sequence including prepared cores, Levallois cores, other flake cores, and blade reduction
sequence. The centripetal prepared cores were prominent at the sites along with the Levallois
core; other cores, such as multi-platform and discoid, were also present, and most tools were

scrapers of various types, along with points.

In general, porcellanite was a clear preference for artefact production; other materials such as
chert (small nodules), quartz, chalcedony, and agate were also present in the Son River gravel
and used in subsequent technologies, i.e. laminar, porcellanite remained preferred for the Late

Acheulean and Middle Palaeolithic.

6.3 Context and Behavioural Significance of Mixed technologies

In the valley, it is essential to note that most Middle Palaeolithic sites show a notable
presence of blade elements, whether it is the presence of blade cores or blades in general.
However, the blade quantity was generally much smaller (<5-10 artefacts) than the sites
dominated by laminar technology. Further research is required to confirm the status of these
sites: whether these sites are genuinely transitional or the same localities were occupied at

different times by different or the same populations.

However, out of the 61 sites found, 35 show the presence of different technologies or a mix
of different technologies. One such example is the site of Kargara which shows prominent

evidence of mixed technologies. The site of Kargara shows the presence of prepared core
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technology and laminar technology with the production of blades and microblades. The site is
located at the foothills on the right bank of the Son River. Artefacts were found on the surface
and were also eroding from sediments. The site could have been a prime location, with
nearby water sources and presumably the forested area at the time of occupation full of food

resources for hominin populations.

6.3.1 Behavioural Significance

Similar to the Middle Palaeolithic sites, these sites with mixed technologies are also located
at the foothills, and the distance from the primary raw material source has also increased. As
the distance from the primary raw material source increases, the utilisation of other raw
materials such as chert, chalcedony and quartz increases. Although there was an increase in
the use of other raw materials, the primary raw material remained porcellanite. This suggests
a possible long-distance transport of the raw material as the presumably closest raw material
source is approximately 34 km away. Although porcellanite might have been transported long
distances, other types of raw materials may have been collected from the nearby riverbed of
Son. At Kargara, flakes were found in almost double the quantity of cores; the blade cores
were in high quantity, indicating the prominent presence of laminar technology. The site also
includes microblade cores and microblades, suggesting a marked change in the subsistence

strategies as compared to the Middle Palaeolithic sites.

The assemblages with mixed technologies display predominately three reduction strategies:
1) prepared core reduction strategy, 2) blade and microblade core reduction strategy 3) direct
use of natural chunks, nodules, pebbles, and cobbles with retouch. Two major blade reduction
technologies ranged from direct percussion of larger cores resulting in thick and broad
laminar elements to the potential use of pressure flaking to produce microblades. Crested

ridge formation and core rejuvenation were also observed at the site. The utilisation of
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quartzite is also unique to the site; a quartzite angular clast has been utilised for producing
flakes. The site has also yielded an anvil, suggesting the use of the bipolar technique to open

up cores or possibly carry out other percussion activities.

6.4 Context and Behavioural Significance of Microlithic technology

In contrast, there are different debates about the presence of microlithic technology in the
region, whether they developed indigenously in the subcontinent or were introduced with the
arrival of modern humans in the subcontinent. Irrespective of that, the definition of Indian
microlithic technology is somewhat ambiguous, sometimes mixed with Mesolithic and
sometimes labelled as ‘Late Palaeolithic’. The Microlithic sites have been located almost in
all terrains in the study area. However, out of the 61 sites, 28 sites show the presence of
microlithic elements, and some show a mix of blade and microblade elements. Out of the
seven analysed sites, three sites, namely Kone, Parva Chinguri and Newari show the
dominance of laminar microlithic technology and Newari and Parva Chinguri also show the

presence of a single prepared core each.

6.4.1 Behavioural Significance

There was a significant population increase and landscape utilisation expansion during the
microlithic period. There was a clear-cut increase in raw material utilisation, as microlith
producing populations also added chert, chalcedony, agate, limestone and quartz exploitation
to their tool-kits, while Middle the Palaeolithic populations were confined to the use of

porcellanite.

Parva Chinguri is located on the Kaimur Plateau (with an elevation of 300 — 600 MSL) and is
far from the closest visual raw material (porcellanite) source, ~ 50 km. The site preserves
blade and microblade core types and their products in large quantities, and a single prepared
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core was also observed. Despite the site’s distance from the raw material outcrop,
porcellanite was extensively utilised. It shows that hominin populations transported raw
material from long distances and were familiar with the geology and rock formations of the
valley. In addition, other raw materials such as chert, quartz, limestone, and quartzite were
also exploited at the site. The use of limestone is unique to the site; despite its abundance in
the valley, it was hardly used for artefact production. Other raw materials used at the site
were probably collected from the riverbed of the Son. However, for collecting those raw

materials, one has to go 300-600 meters down from the top of the plateau and into the valley.

The Newari site is unique as it represents the minimal use of porcellanite (n = 3) and a
dominant use of chert. It is assumed that the raw material at the site was collected from the
riverbed of Son in prehistoric times. As the site shows a predominant microblade reduction
sequence, it is assumed that the site might have been the youngest of the analysed sites of the
study area, and it might have been used for specific subsistence strategies different from the
later Palaeolithic sites. Interestingly, the smallest microlithic core was only ~1 cm long and

was made on quartz.

The Kone site is only 4 km from the presumed raw material source and is mainly dominated
by microlithic technology. However, no prepared cores were found at the site despite its
proximity to raw materials and at roughly the same distance from Bagia (Middle Palaeolithic
site). However, the predominance of porcellanite continued at the site. The site is on the
sandstone bedrock near the main road, and the villagers herd their animals in this area.
Hence, most of the artefacts, especially the microblades, were broken. The blade cores and
microblade cores were made predominantly on porcellanite, possibly because of the
proximity of the source. At the same time, other raw materials, such as chert, quartz, and
chalcedony, were used at the site but in less quantity than porcellanite. The blade cores were
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exclusively made on porcellanite, while chert and chalcedony were also utilised for
microblade cores. The possible reduced use of other raw materials was due to the large
distances of raw material sources; for example, in the nearby Panda River, no quartz,
chalcedony or chert pebbles were observed. Therefore, it can be safely assumed that these
raw materials were collected from the riverbed of Son, which is a minimum of 8-10 km north

of the site, and one has to cross the porcellanite outcrop to reach there.

6.5 Understanding the Transitions

What is a transition? It is a brief period of change from one steady state to another. The
transitions in prehistory, especially in the Indian subcontinent, are highly misunderstood. The
Indian subcontinent has diverse and overlapping Palaeolithic records starting at least from 1.5
Ma onwards (Pappu et al., 2011). These overlaps include Middle Palaeolithic ranging from
385 to 38 kyr (Akhilesh et al., 2018; Blinkhorn et al., 2019; Blinkhorn et al., 2013; Clarkson
et al., 2020; Groucutt and Blinkhorn, 2013; Petraglia et al., 2007); the youngest Late
Acheulean overlapping and extending up to 140-120 kyr in the Middle Son Valley (Haslam
et al., 2011) and 85 kyr in Rajasthan (Blikhorn et al., 2021). Again, the overlap continues
with the oldest Upper Palaeolithic (Site 55 in Pakistan) and microlithic phases dating to 48—
45 kyr (Clarkson et al., 2020; Dennell et al., 1992; Mishra et al., 2013; Wedage et al., 2019).
Thus, these overlaps need to be considered in order to better understand the spatial and

temporal variability stemming from hominin behavioural adaptations during this period.

6.5.1 Late Acheulean to Middle Palaeolithic

The transition from Late Acheulean to Middle Palaeolithic is not straightforward. The use of
cultural markers such as the presence of bifaces has been alternatively used to define the

assemblage as exclusive Late Acheulean (Haslam et al., 2011; Shipton et al., 2013) and
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Middle Palaeolithic (Akhilesh et al., 2018 and references therein). This lack of a clear
definition in the subcontinent is highlighted by Pardiwalla and Chauhan (in press), that
suggests up to 19 previously identified sites with both bifaces and Levallois/prepared core
that are considered Late Acheulean and a minimum of 14 sites with almost identical
compositions were classified as Middle Palaeolithic. The principal features distinguishing
such sites from the preceding Acheulean include the gradual/abrupt discontinuance of LCTs,
a drastic reduction in biface frequency, a preference for smaller bifaces, and coexistence with
Levallois reduction strategies aiming for small flake production. A distinction has been made
between Middle Palaeolithic sites with high and low biface frequencies and based on the
proportion of Levallois artefacts (Jayaswal, 1978). Several assemblages spanning the
transition to Middle Palaeolithic have been identified in various regions of the Indian
subcontinent. For instance, in Gujarat, the Orsang Valley has such assemblages (Ajitprasad,
2005), and the Kaladgi and Hunsgi basins in Karnataka show similar findings (Paddayya,
1982; Petraglia et al., 2003). The Renigunta region in Andhra Pradesh (Murty 1966) and the

Dang-Deokhuri valleys in Nepal (Corvinus, 2002) have also produced such assemblages.

A similar pattern was observed at Middle Palaeolithic sites in the Luni basin (Misra, 1968), at
Katoati (Blinkhorn et al., 2013), Bhimbetka (Misra, 1985), and in the Sukhi Valley
(Ajithprasad, 2005). These sites display handaxes, cleavers, or both, indicating the use of
bifacial technology during the Middle Palaeolithic period. In the Middle Son Valley, at the
site of Patpara, Blumenschine et al. (1983) classified the assemblage as Middle Palaeolithic
based on various assemblage characteristics, including low biface counts, while the same
assemblage was interpreted as Late Acheulean because of the presence of bifaces (Shipton et

al., 2013).
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The present scenario regarding the transition from Late Acheulean to Middle Palaeolithic in
the Indian subcontinent is characterised by different schools of thought. A possible
transitional phase is the presence of bifaces (including diminutive), and Levallois together
can be considered. However, due to the lack of absolute dates for the known stratified sites
and the difficulty in classifying surface assemblages, it is challenging to make conclusive

statements about this transition.

Therefore, to better understand this transition, more excavations and the collection of
technological and chronological data from different parts of the Subcontinent are necessary.
While some possible transitional assemblages have been identified, a more comprehensive
understanding of the transition from Late Acheulean to Middle Palaeolithic in the Indian

subcontinent requires further research and investigation.

6.5.2 Middle Palaeolithic to Upper Palaeolithic or microlithic? (Late Palaeolithic)

As mentioned above, the Indian subcontinent presents a challenge in understanding
technological development due to spatial and temporal overlaps of different technologies.
This includes the labelling of Upper Palaeolithic and microlithic assemblages together under
the “Late Palaeolithic” term, the direct development of microliths from Middle Palaeolithic
because of climatic deterioration, and the absence of direct in-situ development of microliths

in India, with dispersal from Africa instead.

Furthermore, sites with bone tools, engraved ostrich eggshells, and stratigraphic change from
the Middle to late Upper Palaeolithic sequence complicate matters, making it challenging to

comprehend what is happening at a site or a regional level.

The sites classified as Upper Palaeolithic are present in India; these Upper Palaeolithic
assemblages may be confined to specific locations because of the vast and diverse ecological
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landscapes and the limited presence of suitable silicious raw materials such as chert,

chalcedony, quartz and agate as suggested by Chauhan (2009).

Most of the Indian landscape is abundant in quartzite, so many Lower (1560) to Middle
Palaeolithic (750) sites are reported in India. We have a minimum of 530 Upper
Palaeolithic/Late Palaeolithic sites. Even out of these 530 sites, all are not exclusively Upper

Palaeolithic but include microlithic assemblages (Chauhan, 2020).

It is widely accepted that population growth and dispersals increased during the Late
Pleistocene (Atkinson et al., 2008; Petraglia et al., 2009; Timmermann and Friedrich, 2016).
Hence, the low number of Upper Palaeolithic/Late Palaeolithic sites might hint at a lack of
suitable raw material or its confinement in specific regions. Simultaneously we may have a
small population continuing to produce late Middle Palaeolithic artefacts in pockets which

could explain the later survival of the Middle Palaeolithic in the subcontinent.

Three categories comprise the Indian Upper Palaeolithic 1) flake-blade assemblages, 2)

blade-tool assemblages, and 3) blade-burin assemblages.

1) Flake-blade assemblages comprise relatively broad blades that hint at an early stage of
blade tool technology. Along with points and borers made on flakes and flake blades,
scrapers constitute most of the assemblage. These assemblages were identified in Bihar and
Jharkhand; Singhbhum and other site complexes in Jharkhand are the best representatives of
this category (India Archaeological Review 1965-66; Ghosh, 1970). The average blade
length here is over 4 cm (Ghosh, 1970). It was also suggested that flake-blade assemblages

succeeded the flake-based Middle Palaeolithic assemblages.

2) Blade-tool assemblages comprise large to small blades, backed blades, scraper, points,

awls, and burin on flakes and flake blades. These assemblages were found in different parts
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of India, including Madhya Pradesh, Maharashtra, Karnataka, Andhra Pradesh, Rajasthan,
and Uttar Pradesh, as possibly other regions. The average size of the blades and blade tools in

the assemblages is greater than 4 cm (Murthy and Reddy, 1975).

3) Blade-Burin industries are distinguished by the prevalence of blades, backed blades and
burin elements, even though tools on flakes and flake blades are also included in the
assemblages. This group is best represented by Reningunta, where the blade elements range
in size from 21 to 105 mm and have an average length of more than 40 mm. These are
notably distinct from microlithic assemblages. Upper Palaeolithic and microlithic/Mesolithic
are based on laminar/fluted core technology, one of the most significant parallels between the
two; the major difference between the two industries is the size of their respective artefacts

(Murthy, 1979).

Currently, scholars working in India mainly consider the term Late Palaeolithic (especially in
some specific regions like Rajasthan) (Blinkhorn, 2018; Chatterjee et al., 2017; James and
Petraglia, 2005). However, as microliths date to 48 kyr now from multiple sites, it is
suggested by the author to use the term Upper Palaeolithic and microlithic separately.
Although the Upper Palaeolithic is not well-dated or recognised, the presence of the Upper
Palaeolithic is reported from associated sites and lithic assemblages from various parts of the
Subcontinent (Sankalia, 1974). The richest and best-known sites and site complexes include
the Son Valley, the Bhimbetka rock shelters in Madhya Pradesh, Kurnool caves in Andhra
Pradesh, the Belan Valley sites in Uttar Pradesh, the Singhbhum region of Bihar, Patne in
Maharashtra, Visadi in Gujarat, the Budha Pushkar region in Rajasthan, the Rohri Hills in
Pakistan, the Chota Nagpur region in Bihar, the Sanghao rock shelter and Site 55 also in

Pakistan (see Chauhan, 2009; Murthy, 1979).
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Furthermore, as described above, with different scenarios and a current understanding of the
transitional assemblages, the study area provides a great scope of understanding of the topic.
The currently suggested multicultural site of Doma shows the presence of bifaces and large
flakes, but subsequently, from a different unit (Unit Ill) than the prepared core and blade
elements. Further study at the site might produce a potential understanding of the Late
Acheulean to Middle Palaeolithic transition. Furthermore, we have ample evidence of
prepared core (Middle Palaeolithic) and laminar technologies (Upper Palaeolithic with large
blades and microliths with small blades and flakes) in the valley. As observed in Chapter
four, blade size constantly decreased from Middle Palaeolithic to microlithic assemblages.
Hence, the study area has excellent potential for transitional studies from Late Acheulean to

microlithic.

6.6 The LSV and South Asian parallels, distinctive characteristics, and shortfalls

The LSV assemblages present a broad congruence with other Palaeolithic and microlithic

assemblages® of South Asia, along with some unique features and shortfalls.
6.6.1 South Asian parallels

6.6.1.1 Late Acheulean
The Late Acheulean assemblage of the LSV, represented by Doma, has yielded three bifaces

(handaxes) and large flakes. Similar Late Acheulean assemblages were observed in other

101t is important to note that the terms "microblade” and "microlith™ are relative and refer to the size of artefacts.
In South Asia, these artefacts are sometimes also referred to as "Late Palaeolithic," and definitions can vary
widely in the literature depending on the region and the individual researcher. Furthermore, these terms are
often used interchangeably in literature.

One more challenge is that complete data, such as detailed artefact measurements, is not always provided. This
can sometimes hinder comparisons between different sites and artefacts.

255



parts of the subcontinent. The Late Acheulean assemblages in the Middle Son Valley,
Madhya Pradesh, represented by Patpara (26 bifaces), form only 1% of the total assemblage
(n=2284) and Bamburi (n= 2, bifaces), comprising only 4% of the complete assemblage (n= 47)

(Shipton et al., 2013).

The nearest recognised, well-known Late Acheulean Palaeolithic site outside Son Valley is
Paisra in the Munger District of Bihar. The site has produced mainly Middle Palaeolithic tool
types and large numbers of Levallois flakes and cores. There is a dominance of prepared non-
Levallois flakes, and due to the presence of handaxes and cleavers, the site was initially
classified as Acheulean. The structural remains of post-holes for temporary shelters and
several stone alignments of various sizes form significant features of the Acheulean floors at
Paisra. On typo-technological grounds, the site at Paisra belongs to an advanced Acheulean

stage, possibly covering a period between 100 and 50 ka BP (Pappu, 2001).

The assemblage from Layer 3 at Singi Talav, Rajasthan, dated to 85 kyr, was defined as Late
Acheulean, here only (n = 3) handaxes without any cleavers were reported, and these
handaxes form only 0.75% of the total assemblage (n = 401) of Layer 3 (Blinkhorn et al.,

2021; Gaillard and Rajaguru, 2017; Gaillard et al., 1985).

In the Kaladgi basin of Karnataka, the site of Lakhampur West was assigned to Late
Acheulean. The site consists of 1701 artefacts, most of which were flakes (n=1593, 93.6%)
and 11 handaxes forming 0.7% and three cleavers forming 0.2% of total complete
assemblages. These bifaces at the site were highly refined and symmetrical (Petraglia et al.,

2003).

In Orsang Valley, Guijarat, different sites: Sadhara (Loc. Il and 1V), Ucnhet (Loc. I-II),

Baskario (Loc. | & Il), Pipiya (Loc. I-111) and Dori-Dunger (Loc. Il) show the dominance of

256



Late Acheulean artefacts. These artefacts mainly include handaxes and scrapers, and the

handaxes show high refinement and have a mean length of 90 mm (Ajithprasad, 2005b).

The frequency of handaxes from Doma, Lakhampur West and Singi Talav remains the same,

showing 0.7% of the respective total assemblage.

6.6.1.2 Middle Palaeolithic

The Middle Palaeolithic assemblages of the LSV can be broadly compared with the different

sites in the subcontinent. A few of the examples are follows as:

The Kortallayar Basin sites contain various artefacts such as cores, scrapers, flakes and
debitage. Within the sites, Aryathur consists of 13 cores, including Levallois (n=3) and flake
blade (n=2), out of 508 artefacts. At Nambakkam, two cores comprising Levallois (n=1) and
discoid (n=1) were found among 108 total artefacts. Similarly, Neyvclli exhibited one
Levallois core (n=1) out of 57 total artefacts. Mailapur site produced a total of 163 artefacts,
which includes 19 cores containing Levallois (n=2), discoid (n=5) and flake (n=3), flake
blade (n=1), and exhausted (n=6) artefacts. Gunipalayani site consists of 12 cores, which
include Levallois (n=5), discoid (n=1), flake blade (n=1), and exhausted (n=2) cores out of
200 total artefacts. Placepalayam displays Levallois (n=3), discoid (n=2) and flake blade

(n=1) cores out of 200 total artefacts (Pappu, 2000).

The site of Hanumanthunipadu from Andhra Pradesh has a total of 305 artefacts; out of these,
17 were cores, and these cores include multi-platform cores (n=6), Levallois (n=3) and core
fragments (n=8). Other artefacts include diminutive handaxes (n=2) and, handaxe (n=1),
scraper (n=4). The Levallois cores from this site were relatively similar to those found in the

LSV with flat backs (Anil et al., 2022).
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Katoati is a site in western Rajasthan; a total of 1519 artefacts have been reported from the
site, and out of these, 275 (18.10 %) were cores. These cores include prepared (n=28), multi-
platform (n=73), Single Platform (n=154) and bidirectional core (n=12) (Blinkhorn, 2012).

A similar type of artefacts has also been reported from the LSV.

The Middle Palaeolithic assemblage of Dhaba in Middle Son Valley also shows similarities
to the LSV; at Dhaba, artefacts include core such as Levallois (n=10), multi-platform (n=5),
single platform (n=1) discoid (n=1) (Haslam et al., 2011). Like the specimen from
Hanumanthunipadu and the LSV, the prepared cores at Dhaba also show a flat back ventral

surface (Figure 77)

Dhaba

Figure 77. Flatback prepared core from a) Patpara, Dhaba (Haslam et al., 2012); b) the
LSV; ¢) Hanumanthunipadu (Anil et al., 2022).

The site of Jwalapuram Locality 3, Andhra Pradesh, has been famous due to the debate over
Middle Palaeolithic assemblages below and above Toba ash. Various artefacts (n=108) were
found at the site, out of which only 12% were cores, which include Levallois (n=1), multi-
platform (n=11) and single platform (n=2) and various scrapers (n=19) (Haslam et al.,

2010a).
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6.6.1.3 Upper Palaeolithic

In comparing the LSV blade assemblages with other well-known blade assemblages in India
(as shown in Figure 58 and Table 32), the blades found at Doma are closely related to the
Acheulean blades discovered at Bhimbetka (Misra, 1982). The Upper Palaeolithic and
microlithic blades at Bhimbetka are grouped with Upper Palaeolithic blades found in regions
such as the Upper Son Valley, Shorapur Doab, and Bahgor 1 (Ahmad, 1984; Kenoyer et al.,

1983; Paddayya 1968).

Interestingly, the Middle Palaeolithic blades at Bhimbetka are closely related to the Kone and
Khempur blades of the LSV. The Vedullcheru group, Kargara, Newari, and Parva Chinguri

blades are also clustered together (Murthy, 1968; 1970).

These findings suggest that the blade assemblages found in the LSV share similarities with
other well-known blade assemblages in India. Overall, this provides valuable insights into the

blade technologies of different regions in India and their evolutionary trajectories.

Table 32. Well-known blade assemblages in India with blades from the LSV.

Sites Length | Width
(mm) (mm)

Doma blade (LSV) 77.4 30.3
Bhimbetka (Acheulean) 77 32
Bhimbetka (Microlithic) 65 24
Upper Son Valley (Upper Palaeolithic) 64.5 25
Bhimbetka (Upper Palaeolithic) 62 26
Bhimbetka (Middle Palaeolithic) 50 27
Khempur blade (LSV) 49 19.5
Kone blade (LSV) 47.3 16.8
Vedullcheru group (Upper Palaeolithic) | 42 19.3
Kargara blade (LSV) 41.3 13.8
Parva Chinguri blade (LSV) 39.8 15.2
Newari blade (LSV) 39.3 16.1
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6.6.1.4 Microlithic

The microlithic assemblages in the LSV display similar features to those in other prominent
microlithic sites across the Indian subcontinent. For instance, the Mehtakheri site in Madhya
Pradesh has yielded a total of 901 artefacts, including 50 microblades, 12 microblade cores,
and 634 flakes (Mishra et al., 2013). At the Bhalugarh site in Odisha, out of a total of 1518
artefacts, cores comprise 27%, flakes 51%, blades only 2% of the assemblage, and bladelets
are 4%, some of which were backed tools (Menedaly and Hussain, 2015). The average size of
these bladelets is approximately 22 mm, similar to the microblades found in the LSV.
Another site in the Middle Ong Basin, Odisha, out of a total of 6302 artefacts, cores comprise
(n=1159, 14.02%), flake number (n=3621, 43.81%), while blade and bladelets represent
8.90% (n= 736) and 8.23% (n=680) of the total assemblage respectively (Barik and Sabale,

2021).

Other well-known microlithic sites such as Jwalapuram (Andhra Pradesh, India),
Batadombalena (Sri Lanka), Budha Pushkar (Rajasthan, India), Mahadebbera (West Bengal,
India) also contain important artefacts such as microblades and microblade cores (Basak et
al., 2014; Blinkhorn, 2018; Clarkson et al., 2009; Clarkson et al., 2017; Perera et al., 2011,

Mishra et al., 2013), which were also observed in the LSV.

6.6.2 Unique features and shortfalls

The unique characteristic of the LSV lithic assemblages is the high frequency of blades,
which have been discovered at multiple sites throughout India. However, the blades found at
Doma in the LSV have an average length of ~ 77mm and were morphometrically similar to
those discovered at Bhimbetka from the Acheulean layer. Additionally, Upper Palaeolithic
laminar elements have been observed in 73% of the sites within the LSV. Porcellanite is not

only present but is the primary raw material that persists from Late Acheulean to microlithic
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assemblages. This highlights the versatile nature of porcellanite that allowed the hominins to
exploit it for a more extended period. This puts into perspective the hypothesis that Upper
Palaeolithic assemblages were limited to specific geographical locations and made from
crypto-crystalline materials (in the case of the LSV, porcellanite acted as a suitable substitute

for producing laminar element otherwise made on crypto-crystalline materials).

Another characteristic of the LSV is the presence of fossils with the lithic assemblages. The
fossils were associated with the prepared core and laminar elements at the Doma site (Mehra,
2022) and with laminar elements at Parva Chinguri (Figure 78). The multiproxy approaches
(e.g., stable isotope, dating) at these sites will further highlight the hominin landscape and
environment interactions. Palaeoenvironmental conditions at Doma suggests humid climatic
condition (see section 6.7.1); developing the same for the microlithic site of Parva Chinguri
would be interesting to further add to our technology and understanding human-environment

interaction.

Figure 78. a) Fossilised antler at Doma; b) fossilised teeth (in black circle) with laminar
elements at Parva Chinguri.
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The LSV lacks Early Acheulean and has a low representation of Late Acheulean. This could
be attributed to the absence of suitable raw materials, such as quartzite, which is required for
producing large flake Acheulean. Previous studies have shown that Early Acheulean or
Lower Palaeolithic sites in India are primarily made on coarse grain material (especially
quartzite) (e.g., Blinkhorn et al., 2021; Cornivus, 2001; Gaillard et al., 1985; Misra, 1985;
Pappu et al., 2011; Singh and Katiyar, 2022), with few exceptions, such as Hunsgi, where
limestone was utilised (Paddayya, 2001). Even in the nearby Middle Son Valley, Late
Acheulean handaxes were made using quartzite and limestone (Haslam et al., 2011).
Therefore, the lack of quartzite could be a possible reason for the absence of Early Acheulean

in the LSV.

Another possible explanation for the absence of Early Acheulean could be sedimentation, as
the Late Acheulean handaxes discovered at Doma were buried beneath colluvium and
Quaternary sediments and were only unearthed due to anthropogenic activities. Overall, the
Son Valley lithic assemblages present a unique combination of lithic elements, indicating the
prevalence of blades and the absence of Early Acheulean, which could be attributed to the

lack of suitable raw materials or sedimentation.

6.7 Hominins and environments

Due to the unavailability of absolute dating from the faunal sites under investigation, a broad
correlation methodology was employed, using stratigraphy and archaeology to estimate their
temporal contexts. On a broader level, we can bracket the various sites under study into the

following (Table 33).
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6.7.1 The LSV, Sonbhadra, Uttar Pradesh

In the LSV, Doma has yielded Late Acheulean, Middle Palaeolithic and Upper Palaeolithic
artefacts along with vertebrate fossils. The Middle Palaeolithic'! and Upper Palaeolithic
artefacts were stratigraphically in the same layer as vertebrate fossils. Based on morphology
and technology, these Middle Palaeolithic artefacts can be compared to those found in Middle
Son Valley dated to 80-60 kyr (Figure 77). Geological trench sediments at Kargara provide
dates between ~57-18 kyr. Overall, correlations suggest that the fossils recovered from Doma
can be attributed to the period of 80-60 kyr, and dates of the LSV can be tentatively bracketed
to at least 80-18 kyr. During this time, Middle Palaeolithic, Upper Palaeolithic and
microlithic assemblages were dominant (Basak and Srivastava, 2017; Blinkhorn, 2013;
Blinkhorn et al., 2019; Clarkson et al., 2020; Dennell et al., 1992; Mellars et al., 2013;

Mishra et al., 2013; Perera et al., 2011; Petraglia, 2007).

The faunal palaeoenvironmental reconstruction from the LSV suggests that mostly Cs
vegetation was present in the region with humid/wetter climatic conditions. Similar
conditions were observed in the compiled data of the subcontinent (Achyuthan et al., 2007;
2019; Alam et al., 1997; Allu et al., 2015; Bolton et al., 2013; Caley et al., 2011; Jain et al.,
2005; Juyal et al., 2000, 2006; Kathayat et al., 2016; Prabhu et al., 2004; (select references in
Sinha et al.,, 2020); Thokchom et al.,, 2017) and at the Palaeolithic sites of Sandhav
(Blinkhorn et al., 2019), 16R (Achyuthan et al., 2007), Katoati (Blinkhorn et al., 2017), and
Singi Talav (Blinkhorn et al., 2021). The climatic conditions in the LSV at Kargara have been

observed to be humid from 57-43 kyr, similar to those observed by ( Andrews et al., 1998;

11 The Middle Palaeolithic in India has a broad age range of 385-38 ka, in the Middle Son Valley it is dated to
80-60 kyr, and microliths start at 48 ka. As Patpara, Dhaba and Doma sites are found along the Son River and
with almost similar raw material, it is possible that Middle-Upper Palaeolithic artefacts at Doma may range from
80 — 48 kyr, but we cannot deny the lack of an absolute date for the site; it can be older or younger as well.
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Bhandari et al., 2009; Blinkhorn et al., 2017; Bolton et al., 2013; Bronger et al., 1987; Caley
et al., 2011; Farooqui et al., 2010; Jain et al., 2005; Juyal et al., 2000; Juyal et al., 2000; 2006;
Kar et al., 2001; Kathayat et al., 2016; Pal et al., 2005; Prabhu et al., 2004; Singh, 2005;
Srivastava et al., 2001). A dry spell around 50 kyr (Bhattacharyya, 1983; Singh, 2005) (from
geochemical and Grain-size analysis) may have influenced the emergence of microlithic
technology, but more research is required to confirm this. The environment from 43 — 20 ka
is marked by low precipitation; similar conditions were observed from compiled data (Trivedi
et al., 2012). From 20 kyr onwards, climatic conditions ameliorated, suggesting the impact of

LGM in the region.

6.7.2 Nehlai, Sehore, Madhya Pradesh

The lithic assemblage is provisionally interpreted to be of Late Pleistocene age based on
regional stratigraphic correlation, association with the Baneta Formation and general
condition of the associated faunal specimens. It has been classified as core-and-flake
technology (Pers. Comm. with Dr. Vivek Singh). The fossils and tools were discovered in the
same geological trench, but no cut marks were discovered. According to Singh (2022), the
site belongs to the Baneta Formation and dates to 84 - 8 kyr. This corresponds to our
compiled climatic data, which indicates 125-80 kyr as a generally humid phase. The fauna
here is adapted to Cs3 /Cs mix diets with a preference for Cz, with comparable semi-humid
climatic conditions to the Narsinghpur region (discussed below). This inference is consistent
with our compiled data, where we have mixed climate interpretations from 79-70 kyr and
semi-arid conditions (Jha et al., 2020; Reddy et al., 2013). This is also supported by the
Middle Palaeolithic site of Jwalapuram and Belan Valley, where similar C3/C4 vegetation was
observed before ~74 kyr (Toba supereruption), followed by a shift to C4 vegetation around

and after 74 kyr (Haslam et al., 2010a; Jha et al., 2020; Williams et al., 2009). This is seen in
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the Narsinghpur region, which is dominated by Middle and Upper Palaeolithic assemblages
(Badam 1979; Lal et al., 2023; Patnaik 1995) as well as arid climatic conditions from 69-60
kyr (Bolton et al., 2013; Caley et al., 2011; Kathayat et al., 2016; Prabhu et al., 2004; Singh

2005) as seen from the isotope data presented in this thesis.
6.7.3 Different localities in Narsinghpur, Madhya Pradesh

Most of these fossils from the Narsinghpur region can be provisionally attributed to the
Hirdepur and Baneta Formations, and they are generally associated with Middle Palaeolithic
assemblages without any bifaces'? (Badam, 1998; Lal et al., 2023; Patnaik, 1995). A bone
collagen test on these fossils revealed no retrievable bone collagen, indicating that they are
older than 50 kyr®3. Therefore, the Narsinghpur region can be bracketed between 74 to 30 kyr
on broad geoarchaeological understanding (Kotlia and Joshi, 2011; IAR 1985-86, p. 53,

Tewari and Bhai 1997).

Broadly, the fauna from the Nasinghpur region shows a Cs diet with mostly grassland type
environments with drier conditions. Similar conditions were also observed in bovids from
elsewhere in the Narmada Valley (Sandhu et al., 2021; Kalwanker, 2013) during the Late
Pleistocene. These values are similar to those of the hippo from Baneta in the Sehore District
of Madhya Pradesh and the cervid from Pratappur in the Mayurbhanj District of Odisha;

however, these were dated to 16,467—15,660 cal BP and 17,875 cal BP, respectively.

12 The absence of bifaces does not necessarily reflect age, but such assemblages are generally younger than 100
ka.

13 Some of the fossils were tested for the radiocarbon dating but due to the lack of bone collagen in the fossil,

dates were not obtained suggesting that the fossils are older than 50 kyr (Pers. Comm. with Prof. Rajeev
Patnaik)

265



6.7.4 Gopnath, Bhavnagar, Gujarat

The site of Gopnath is stratigraphically dated to 57 kyr (Costa, 2017), but another geological
date suggests it is dated to 156 kyr (Sharma et al., 2017). The climatic data from Gopnath
suggested Caz/C4 vegetation with humid climatic conditions before the Late Pleistocene, which
is also observed at Singi Talav (~177 ka) but with a predominance of Cs vegetation

(Blinkhorn et al., 2021).

6.7.5 Pilikarar (Sehore), Talayaghat and Devakachar (Narsinghpur), Madhya Pradesh

Specifically, the stable isotope values obtained from the Baneta formation on Pilikarar site
indicate a period with Cz vegetation at a depth of 250-150 cm, despite the overall prevalence
of C4 vegetation. This correlation suggests that this phase could potentially be dated to 79-70
kyr, as similar findings have been observed in faunal (specially from Nehlai which is in the
same district) and compiled data from various studies in the subcontinent (Haslam et al.,

2010a; Jha et al., 2020; Williams et al., 2009).

At Talayaghat, a similar situation to Nahlai and Pilikarar is observed, where the transition
from a C3/Cs mixed vegetation to predominantly C4 vegetation occurred around and after 74
kyr. In the Devakachar area, Middle Palaeolithic artefacts and fossils were discovered at a
depth of 17-18 meters. The stable isotope values indicate a mixture of C3/C4 vegetation at

these levels, with a predominance of C4 vegetation during humid climates.

Overall, the data derived from carbonate nodules collected from Pilikarar, Talayaghat, and
Devakachar suggest a combination of Cz and C4 vegetation, with prevalence of C4 vegetation.
The climate also exhibits a mixed nature, with a tendency towards humid environments.
These are preliminary comparisons, and a complete correlation can only be established once

absolute dates, currently in the process, are available.
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Table 33. Late Pleistocene climatic interpretations from compiled and new data.

Age Compiled LSV Narsinghpur Nehlai
data Region

10-20 ka Arid Humid Humid
20-30 ka Mixed Arid Humid
30-40 ka Humid Arid Arid Humid
40-50ka Humid Humid Arid Humid
50-60 ka Humid Humid (Arid before 50 ka?) | Arid Humid
60-70 ka Arid Humid Arid Humid
70-80 ka Mixed Humid Arid Humid
80-90 ka Humid Humid Humid
90-100 ka Humid

100-110 ka | Humid

110-120 ka | Humid

120- 130ka | Humid

6.7.6  Discussion

Understanding how H. sapiens spread from Africa to the rest of the world is one of the most
contentious topics in human evolution (Bae et al., 2017; Groucultt et al., 2015a; Mellars et al.,
2013). Several disciplines have conducted extensive research on the dispersal of Homo
sapiens from Africa with two prominent hypotheses: 1) that a single successful dispersal
occurred 60-50 kyr with microlithic technologies (Mellars, 2006; Mellars et al., 2013), and 2)
that multiple dispersals occurred, beginning much earlier during MIS 5, as evidenced by the
spread of Middle Palaeolithic technology (Armitage et al., 2011; Blinkhorn and Petraglia,
2014; Boivin et al., 2013; Dennell and Petraglia, 2012; Groucutt and Blinkhorn, 2013;

Groucutt and Petraglia, 2014; Petraglia, 2007; Petraglia et al., 2010).

Research into Late Pleistocene human dispersals over the last two decades has put a question

on modern arid environments like those encountered in the Arabian Peninsula and the Thar
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Desert of northwestern India, and high-altitude regions, as being barriers for population
movements (Blinkhorn et al., 2013; Boivin et al., 2013; Breeze et al., 2016; Gamble et al.,
2004; Groucutt et al., 2015; Mellars et al., 2006; Stewart et al., 2012). The appearance of
periodic pathways has been confirmed by palaeoclimatic and terrain modelling research,
while new archaeological research has revealed significant hominin presence in the past
(Blinkhorn et al., 2013; Boivin et al., 2013; Breeze et al., 2016; Field et al., 2007; Gamble et
al., 2004; Stewart et al., 2012). Furthermore, compared to other hominins, our species
demonstrate distinct adaptive plasticity in changing habitats and climates (Groove, 2015;

Roberts and Steward, 2018; Roberts et al., 2016).

Overall, it is evident that human dispersals were favoured during humid climate conditions,
whether during MIS 5 or 3. The Middle Palaeolithic technologies were prevalent during the
Late Pleistocene before the emergence of microliths around 70 kyr in Africa and 48 kyr in
South Asia. The end of the Acheulean is also an important feature of the Late Pleistocene,
probably lasting up to 29 kyr based on computer modelling (Keys et al., 2021). Moreover,
Africa's Middle Palaeolithic (or Middle Stone Age) continued till the Holocene (Scerri et al.,

2021).

Also, South Asia presents one of the earliest occurrences of the Middle Palaeolithic (Akhilesh
et al., 2018; Anil et al., 2022) and the youngest Late Acheulean (Blinkhorn et al., 2021;
Haslam et al., 2011) in the world. Overall, humid conditions have favoured the spread of
Palaeolithic technologies globally, and South Asia is no exception. However, due to the lack
of hominin fossils and the overlap of different technologies during the Late Pleistocene in
South Asia, it is hard to pinpoint the impact of the environment on specific technological
adaptation or dispersal (e.g., as the origin of microlithic technology in Africa at Pinnacle
Point (71 kyr) is associated with climate change (Brown et al., 2012; Wilkins et al., 2017) and
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at Howiesons Poort (65-60 kyr) it was not (Guerin et al., 2013; Roberts et al., 2016; Tribolo

et al., 2009)).

The South Asian climate may have facilitated technological and species dispersals and
adaptation within or into South Asia, as the climates were generally humid during the Late
Pleistocene, with exceptions from 69-60 kyr and 19-10 kyr. Based on comparisons between
compiled climatic reconstructions, palaeoclimatic data generated in the thesis and
archaeological data, it can be concluded that Late Pleistocene environments did not cause any
significant changes in technological turnover with Middle Palaeolithic technology persisting

throughout most of the period (Figure 79).
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Figure 79. Late Pleistocene technological and human evolution dynamics in the Indian

subcontinent.

Additionally, important climatic events impacted overall vegetation, such as the Toba
supereruption after ~74 kyr, but technology remained constant. Similarly, the climate became

more arid during the Last Glacial Maximum, but microlithic technologies remained constant.
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Regardless of the overall consistency of technology, independent innovation or adaptation at

the site level is always possible.

6.8 Concluding remarks, limitations, and future directions

This section summarises research objectives and their outcome, study limitations, future

direction, and suggestions for scholars working on similar topics.

6.8.1 Research objectives and outcome summary

a} To conduct surveys to locate new Palaeolithic and microlithic sites in the LSV, Sonbhadra
District, Uttar Pradesh, b} To collect sediment samples from a geological excavation to

characterise the stratigraphy and palaeoenvironment of the study area.

e Landscape-level comparison between Late Acheulean to microlithic sites from the
LSV (raw material variability and selection, regional adaptations, site formation

differences, lithic typo-technology)

e Optical Luminescence (OSL) dating of a part of the LSV to understand the

chronology and link the paleoenvironmental data with lithic occurrences

The surveys in the LSV have yielded 61 new sites, which belong to Late Acheulean to
microlithic period. The Late Acheulean and Middle Palaeolithic sites were found mainly in
the south of the Son, while Upper Palaeolithic and microlithic sites were found across the
region. Porcellanite is the primary raw material utilised in the study area from the Late
Acheulean to Upper Palaeolithic period, while the inclusion of more silicious raw materials

like chert, chalcedony, agate was observed in microlithic assemblages.

The sediment depositional history of the LSV goes back to at least 57 kyr; the period from 57

— 43 kyr suggests mostly humid climatic conditions, with a possible drier spell at 55 kyr. The

270



period from 43-20 kyr suggests reduced precipitation and 20-18 kyr seeing an amelioration in

climatic conditions.

2) Compile published sources for the Late Pleistocene palaeoenvironmental reconstruction of

South Asia.

According to the compilation, the Late Pleistocene environmental records show that the
period from 125-80 kyr was dominated by humid environments, followed by varied climatic
conditions at 79-70 kyr and arid environments at 69-60 kyr. South Asia's environmental
conditions were generally humid between 59 and 30 kyr. The period from 29 to 20 (LGM)

has yielded mixed results, followed by arid conditions from 19 to 11 kyr.

3) To visit the previously reported Late Pleistocene Palaeolithic and fossil sites or
museum/university collections to collect enamel samples of fossil teeth and carbonates to

reconstruct Late Pleistocene paleoenvironments.

The faunal palaeoenvironmental reconstruction from the LSV suggests that mostly Ca
vegetation was present in the region with humid/wetter climatic conditions. The fauna at
Nehlai is adapted to Cz /Cs mix diets with a preference for Cs, with comparable semi-humid
climatic conditions. Broadly, the fauna from the Nasinghpur region shows a C4 diet with
mostly grassland type environments with drier conditions. The climatic data from Gopnath
suggested Ca/C4 vegetation with humid climatic conditions before the Late Pleistocene (Table

34),

6.8.2 Limitations of the study

The study is limited primarily due to the lack of absolute dating for the analysed sites. This
limitation makes it challenging to identify climate changes specific to a particular time and

their impact on technology. Additionally, the ages of different technologies in the LSV
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remain unclear. A secondary limitation of the study is that only a single proxy has been used
to establish palaeoenvironmental reconstruction in north-central India. Although calcrete
samples were collected from various sites, data analysis was hindered by the pandemic and
inadequate equipment functionality. A critical constraint is the absence of archaeological
excavations in the LSV due to a lack of suitable permits from the Archaeological Survey of

India for various reasons.

6.8.3 Future directions

This study lays the groundwork for Late Pleistocene paleoenvironmental research in India
and serves as a reference for scholars in the field. The author also intends to establish a
comprehensive database of Late Pleistocene studies, including archaeological data, in the
near future. While many environmental reconstructions for this period have been conducted
in the Himalayan zone, the Thar Desert and Ganga plain, along with other regions in central,
western, northeastern, and southern India, Sri Lanka and deep-sea cores in the Arabian Sea,
have been relatively understudied. It is, therefore, critical to address these geographic gaps
through future multidisciplinary research across India, Pakistan, Nepal, Bhutan, Bangladesh,
and Sri Lanka. In particular, central, northeastern, and peninsular India offer vast areas for

focused attention in problem-oriented research projects.

This study also highlights the lack of environmental reconstructions for Palaeolithic sites in
India and suggests that scholars incorporate a multidisciplinary approach to better understand
the interactions between hominins and their environment. Chapter 2 identifies a gap in
reconstructions for the 125-50 kyr period, emphasising the need for unbiased data collection

from understudied regions and periods.
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Finally, the thesis's contribution is as follows: 1) it provides first-hand information on Late
Pleistocene environmental studies in South Asia. 2) Suggest the use of consistent terminology
and addresses significant spatial and temporal gaps in archaeological and
palaeoenvironmental studies. 3) A window into the Late Pleistocene environments that
suggest general humidity during the period (while calling for more site-specific research). 4)
The overall status of Acheulean in the LSV, with the earlier phase completely absent and the
only indication of a Late Acheulean without any extensive evidence. 5) Throws light on the
distribution of sites from different techno-cultural periods (e.g., Middle and Upper
Palaeolithic only restricted to the south of Son) while suggesting a gradual growth in
populations in later periods (based on number and distribution of microlithic sites. 6) Shifts in
subsistence and economy evidenced by the technological developments in blade technologies
(interpreted by the gradual decrease in their size). 7) Overall understanding of prehistoric
technological transitions due to overlap and extensive presence of sites from Late Acheulean

to microlithic.

In the future, the author aims to produce absolute dates for the lithic assemblages in the LSV.
Once this has been accomplished, various approaches can be utilised to understand better the
palaeoenvironment and hominin adaptations (e.g., pollen studies, stable isotope analysis, in
addition to carbon and oxygen), biomarkers, and taphonomy. In addition, use-wear analysis
and experimental archaeology can be utilised to understand hominin adaptations. A more
comprehensive understanding of the archaeological site can be achieved by employing

various approaches.
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Table 34. Prehistoric archaeological sites with palaeoenvironment reconstructions, including

sites from this study

Sr.

No Site Age Technology Palaeoclimate References
Achyuthan et
. 126-70 Late  Acheulean?/Middle | C4 vegetation al., 2007;
1 16 R, Rajasthan kyr Palaeolithic Blinkhorn et al.,
Wetter climate 2013
2 Sandhav, Gujarat | 114 kyr | Middle Palaeolithic C4 vegetation with | Blinkhorn et al.,
enhanced monsoon 2019
3 Katoti, Rajasthan 96-60 Middle Palaeolithic Humid Blinkhorn et al.,
kyr environments 2017
Mixed Cs/ Cy
4 Jwalapuram, 80-38 Middle Palaeolithic environment, Haslam et al.,
Andhra Pradesh kyr . . 2010a
Variable rainfall
Fa Hien-Lena, Sri T . Roberts et al,
5 Lanka 36 kyr Microlithic Wet Climate 2017
. 17875 T . . Patnaik et al.,
6 Pratappur, Odisha Cal BP Microlithic Caarid environments 2019
7 Doma, LSV, Uttar | _ g vr | Middle Palaeolithic Ca vegetation with | .o g
Pradesh humid environments
Mixed Cs/ Cs4 | Kotlia and Joshi
. Core and flake | vegetation with a | 2011; IAR
8 E‘&ZIZSIH Madhya ksf o8 assemblage? Middle | dominance towards | 1985-86, p. 53,
y Palaeolithic Cs. Semi-humid | Tewari and
climate Bhai, 1997
. Kotlia and Joshi
E)::faflﬁrt(iegst in 74 kyr . - Cs vegetation with 2011; IAR
9 . to 30 | Middle Palaeolithic - p 1985-86, p. 53,
Narsinghpur, K drier conditions .
Madhya Pradesh yr Tewari and
Bhai, 1997
10 Singi Talav, | 177 — 65 | Late Acheulean — Middle \?v‘;r\éege;itéon m::ig Blinkhorn et al.,
Rajasthan kyr Palaeolithic 2021

climate
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Table A 21. Field documentation form used during the survey in the LSV.

Date/Day/Time

Site Name

Village(district)

Site size

GPS Point

Lat, long., (Point No. and name)

Photograph No.

Landscape

Context

Artefact type

Artefact density

Assemblage type

Raw material

Soil colour

Sediment type

Stratigraphy

Landmark
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Table A 22. §3C and 680 values of calcrete at Pilikarar along with depth.

Depth
Samples 1D 8CvrpB | 8'*OvrDB (cr%)
PLK 1 3A, B 11.82 2,63 10
PLK 1 5 1.73 -2.90 30
PLK 1 6 1158 .82 50
PLK 1 7AB -1.62 -2.61 70
PLK 1 8AB 2,64 2.93 90
PLK 1 9A,B 1153 253 100
PLK 2 10 -2.11 -2.65 120
PLK 2 11A -2.25 -2.94 140
PLK 2 12A,B -5.39 -3.27 160
PLK 2 17A,B -4.32 -2.78 180
PLK 2 23 -8.54 -3.97 200
PLK 3 30 -8.81 -4.14 220
PLK 3 34A,B -7.95 -3.63 240
PLK 3 49 0.05 -3.30 250
PLK 3 54B 0.02 -3.16 270
PLK 3 57 -0.29 -3.15 290
PLK 4 58 -1.06 -3.02 300
PLK 4 59A -1.86 -3.78 310
PLK 4 60 0.38 -3.08 320
PLK 4 62A,B 0.47 -3.30 330
PLK 4 63A 0.64 -3.47 340
PLK 4 65 0.39 1356 350
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Table A 23. 63C and 5'®0 values of calcrete at Talayaghat along with depth

Depth
S 12 82CvroB | 8'®Ovrpe | (CM)

TLG CS 1 25 2.6 10
TLG CS 2A,B -2.73 -2.8 20
TLG CS 3A, B 5.9 3.6 30
TLG CS 4A,B -3.74 -3.2 40
TLG CS 5A, B 224 2.9 50
TLG_CS 6 21 28 60
TLG CS 7AB -3.17 -2.7 70
TLG CS 8AB -2.48 -2.7 80
TLG CS 9A,B -5.92 -3.8 90
TLG_CS 10A, B 5.88 3.6 100
TLG CS 11AB -6.90 -3.8 110
TLG CS 12A,B -6.70 -3.8 120
TLG CS 13AB -2.6 -2.9 130
TLG_CS 15A, B 6.65 34| 150
TLG CS 16A,B -3.53 -2.7 160
TLG CS 18AB -3.50 25 180
TLG CS 19A B -4.08 -2.7 190
TLG CS 20AB 7.44 3.7 200
TLG CS 21AB -3.60 -2.8 210
TLG CS 22AB 5.05 3.0 220
TLG CS 23AB 35 2.7 230
TLG CS 24AB 3.9 2.8 240
TLG CS 25A,B -4.33 -3.2 250
TLG CS 26AB 6.1 3.2 260
TLG CS 27 -4.8 -2.8 270
TLG_CS 29 0.3 29| 290
TLG CS 30 -1.0 -3.3 300
TLGCS31A,B -0.32 -3.3 310
TLGCS32A,B -0.43 -4.5 320
TLGCS33A,B -1.70 -3.5 330
TLGCS34A,B -0.18 -4.1 340
TLGCS35A,B -0.50 -3.6 350
TLGCS36A,B 0.1 -3.6 360
TLGCS37 -0.07 -4.05 370
TLGCS38 -0.58 -4.2 390
TLGCS42 -0.27 -4.04 430
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TLGCS43 -0.92 -3.8 440
TLGCS44 A,B -1.20 -3.9 450
TLGCS45 -0.86 -3.91 460
TLGCS46A,B -1.67 -3.79 470
TLGCS47 -1.51 -4.74 480
TLGCS48 -0.60 -3.48 490
TLGCS49B -3.02 -3.51 500
TLGCS51 -3.15 -3.46 520
TLGCS53 -2.60 -4.80 530
TLGCS54 -2.75 -4.34 540
TLGCS55 -7.40 -3.97 550
TLGCS56A,B,C -6.79 -4.24 560
TLGCS57 -7.87 -4.86 570
TLGCS58A,B -7.60 -4.50 580
TLGCS59 -9.40 -4.75 590
TLGCS60 -71.94 -4.74 600
TLGCS61A -1.19 -4.60 610
TLGCS62 -0.90 -4.59 620
TLGCS63A,B -1.60 -4.69 630
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Table A 24. 63C and 6'®0 values of calcrete at Devakachar along with depth

Depth
Samples 1D 8Cvrps | 8'*OvrDB (crrFI))
SRTS 1 ST 1CA 11.48 -2.86 10
SRTS 1 ST 2C -1.49 2.83 20
SRTS 1 ST 3C 713 412 30
SRTS 1 ST 4CA 2.05 -3.05 40
SRTS 1 ST 5CA 157 2.93 50
SRTS 1 ST 6C 713 419 60
SRTS 1 ST 7C -0.92 276 70
SRTS 1 ST 8CA 1.42 311 80
SRTS 1 ST 9C 7.20 419 90
SRTS 1 ST 10CA, B -7.08 4,09 100
SRTS 1 ST 11C -5.06 -3.59 110
SRTS 1 ST 12C -7.78 -4.72 120
SRTS 1 ST 13CA -0.69 -3.51 130
SRTS 1 ST 15CA, B 0.28 4,08 150
SRTS 1 ST 16CA,B,c -1.97 -2.83 160
SRTS 1 ST 17CAB,C -1.43 -3.16 170
SRTS 1 ST 18CAB -0.94 -3.05 180
SRTS 1 ST 19CA,B -1.98 2.77 190
SRTS 1 ST 20CA,B -1.76 -3.07 200
SRTS 1 ST 21CA, B -1.51 -3.61 210
SRTS 1 ST 22C -2.29 -3.20 220
SRTS 1 ST 23CA, B 11,94 2,74 230
SRTS 1 ST 24CA,B -5.69 -3.90 240
SRTS 1 ST 25CA,B -1.60 -3.01 250
SRTS 1 ST 26CAB -1.37 -2.81 260
SRTS 1 ST 27CA,B -1.46 -3.04 270
SRTS 1 ST 28CAB -6.46 -4.02 280
SRTS 5 ST 30CA,B -6.35 -3.94 300
SRTS 5 ST 31CAB -8.47 -4.41 310
SRTS ST16 139A, B -5.01 -4.59 1390
SRTS ST16 140A, B -1.26 -2.99 1400
SRTS ST16 141A,B -3.08 -3.55 1410
SRTS ST16 142 -4.84 -3.55 1420
SRTS ST16 143 -1.46 -4.44 1430
SRTS ST16 144 -4.12 -3.46 1440
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SRTS ST16 146A,B -1.90 -3.84 1460
SRTS ST16 147 -1.73 -4.69 1470
SRTS ST17 152 -4.47 -5.24 1520
SRTSST19172 -1.32 -4.46 1720
SRTSST19173A, B -3.59 -4.28 1730
SRTS ST19 174 -3.30 -3.99 1740
SRTS ST19175 -3.53 -4.19 1750
SRTS ST19 176 -5.94 -5.57 1760
SRTSST19177A,B -4.68 -5.06 1770
SRTS ST19178 -5.73 -5.27 1780
SRTS ST19 179A,B -1.02 -4.56 1790
SRTS ST19 180A,B -2.33 -6.13 1800
SRTS ST19 181A,B -1.63 -4.30 1810
SRTS ST19 182 -1.70 -4.17 1820
SRTS ST19 183A,B -1.49 -4.31 1830
SRTS ST19 184 -4.22 -5.31 1840
SRTS ST19 185A,B -3.08 -4.81 1850
SRTS ST19 186 -4.74 -4.36 1860
SRTS ST19 187 -4.91 -4.94 1870
SRTS ST19 188 -1.47 -4.13 1880
SRTS ST19189.1 -1.54 -3.84 1890
SRTS ST19 190A,B -0.77 -3.91 1900
SRTS ST19 191 -1.37 -4.17 1910
SRTS ST20 192A,B -2.72 -4.36 1920
SRTS ST20 193A,B -4.63 -4.59 1930
SRTS ST20 194 -1.35 -4.26 1940
SRTS ST20 195A,B -1.32 -4.18 1950
SRTS ST20 196 -5.33 -5.62 1960
SRTS ST20 197 -1.02 -4.51 1970
SRTS ST20 198 -0.41 -4.33 1980
SRTS ST20 199 -5.34 -5.01 1990
SRTS ST20 200 0.18 -3.38 2000
SRTS ST20 201 A,B -2.61 -4.74 2010
SRTS ST20 202A,B -0.01 -4.07 2020
SRTS ST20 203 0.44 -3.70 2030
SRTS ST20 204A,B 0.46 -3.71 2040
SRTS ST20 205 -1.05 -4.56 2050
SRTS ST20 206 0.18 -4.72 2060
SRTS ST20 207 0.53 -4.41 2070
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SRTS ST20 208A,B -0.34 -4.43 2080
SRTS ST20 210 0.24 -4.94 2100
SRTS ST21 211 -0.45 -4.83 2110
SRTS ST21 212 -7.20 -6.07 2120
SRTS ST21 213A.B -1.06 -4.50 2130
SRTS ST21 214 -0.65 -4.88 2140
SRTS ST21 216 -0.93 -4.12 2160
SRTS ST21 217 -2.84 -5.90 2170
SRTS ST21 219 -1.03 -5.06 2190
SRTS ST21 220 -6.75 -6.59 2200
SRTS ST21 221 -6.52 -6.29 2210
SRTS ST22 222 -5.81 -5.94 2220
SRTS ST22 223 -0.72 -5.56 2230
SRTS ST22 225 -0.11 -5.11 2250
SRTS ST22 226 -7.11 -6.19 2260
SRTS ST22 227 -1.28 -6.12 2270
SRTS ST22 228A,B -4.44 -6.84 2280
SRTS ST22 229A,B -4.76 -7.08 2290
SRTS ST22 230 -7.03 -5.99 2300
SRTS ST23 231 -7.50 -6.34 2310
SRTS ST23 232 -1.16 -5.91 2320
SRTS ST23 233A -5.54 -5.41 2330
SRTS ST23 235A -5.31 -4.65 2350
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Figure A 1. 3D scans of different artefacts from Bagia, Doma, Kargara, Khempur, Kone, Newari, Parva
Chinguri
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