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Abstract: The Thar Desert is a part of the arid zone of north-western India. The past geomorphic processes 
on its territory triggered by orogenesis and climate change generated a diversity of landforms, including 
structural (volcanic dykes, orogenic ridges, hamadas), denudational (pediplains, pediments, desert pave-
ments), fluvial (alluvial terraces, gullies, gravelly plains of ancient palaeochannels), lacustrine and delta-
ic, transgressive marine, aeolian (sand dunes) and anthropogenic (such as fields, rock mines and playas, 
salinas). Ongoing desertification, mass sediment transfer and ground salinization poses major threats to 
the local ecosystems and occupation habitats. These negative effects are responded to by new agricultural 
strategies contributing to the economic sustainability of the western Rajasthan. 
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The cognitive field trip B8 to the Thar Desert, NW 
India (Fig. 1A), became a part of the 9th Interna-
tional Conference on Geomorphology in New Delhi 
(November 6–11, 2017). The five-day study excur-

sion was participated by eighteen geomorphologists 
from twelve countries: Argentina, Australia, Canada, 
Czech Republic, France, Great Britain, India, Israel, 
Italy, Japan, Poland, Romania and Slovakia (Fig. 2). 
The trip was organized and guided by Dr Pratap C. 
Moharana (Central Arid Zone Research Institute, 
Jodhpur, Moharana 2017a), and assisted by Ms. Mayu-
ri Mishra (Thomas Cook India Limited, New Delhi).

The aim of the trip, which took place in the Ra-
jasthan State, was to get a first-hand experience and 
knowledge on the landscape (relief and biotic) diver-
sity in the Thar Desert area in terms of the regional 
geological history in addition to the cultural evolu-
tion, the past and present environmental adaptations 
of the local people as well as the topical ecology is-
sues linked to the present sustainable development 
of this arid zone of NW India. In the process, some 
field geo-data, detailing palaeoenvironmental change 
in linkage with the initial peopling and palaeocology 
of this territory were collected.

The field trip started in Jodhpur, the capital of Ra-
jasthan located in the geographic centre of Rajasthan 
(Fig. 1B). The first stop was in the Central Arid Zone 
Research Institute1 (CAZRI) established in 1952 as 
the Desert Afforestation Research Station under sup-
port of the Australian government. Its main goal was 

1  http://www.cazri.res.in/
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Fig. 1. A. Geographical location of Rajasthan, NW India. B. 
Satellite image of the Thar Desert, being a part of the 
arid zone of northwestern India and eastern Pakistan
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sand dune stabilisation in the Thar Desert area and 
protection of agricultural plantations against pro-
gressing desertification of the plain. At present, the 
CAZRI has five Regional Research Stations and three 
agricultural technology research centres focusing 
on cultivation of drought-resistant alimentary and 
industrial plants. Furthermore, the institute man-
ages five experimental field sectors monitoring the 
stability of the regional vegetation cover and actual 
feedback of ongoing climate change. The CAZRI, as 
the main governmental organization of its kind in 
India, carries out assessment, monitoring and man-
agement of natural resources of the West Indian arid 
zone in respect to the climate- and human-induced 
environmental shifts affecting the quality of life of 
the local peoples. Finally, its major strategic aim is 
implementation of modern approaches and innova-
tive techniques enhancing productivity of the Thar 
Desert farmlands in view to the steadily rising local 
demography. The research institution has developed 
several need-based and cost-effective technologies 
aimed at establishment of countryside-protective 
plantations, wind erosion control, sand dune stabili-
sation, artificial watershed and water retention reser-
voir establishment, wasteland mitigation, desert land 
farming systems and some other alternate land use 
strategies reflecting the regional natural conditions 
and socio-economic needs.

Rajasthan is world-famous for its unique cultur-
al heritage with many exceptional historical monu-
ments, some registered in the list of UNESCO, such 
as the Mehranagarh Fort in Jodhpur and the Jaisalm-
er Fort representing the stone castles of the local rul-
ers, both being a part of the field trip programme. 
The former was built in 1459 by Rao Jodha Raja, the 
governor of Mandore, the present Rajasthan. The 
latter fort (established in 1156 AD) represented the 
political centre of the western Thar area during the 
12–19th centuries with a spectacular royal palace and 
several Jain religion temples from finely decorated 
dark yellow sandstone. These and some other archi-
tectonical jewels set-up amid of Thar Desert consti-
tute a supreme human imprint to the original rocky 
geo-relief and provide witness of artisanal skills and 
environmental adaptation of the past human gen-
erations. A variety of the available and quality raw 
materials, such as sandstone, limestone and marble, 
was used for construction taking advantage of the 
pre-disposed strategic locations of the rocky hills 
overlooking the surrounding landscape. In essence, 
the historical Rajasthan, as the most colourful state 
of India, offers an unsurpassed unity of the Thar De-
sert natural beauty and the endeavour of its inhabit-
ants over the past centuries and millennia.

By leaving Jodhpur, the trip was heading west-
wards to the eastern border of Pakistan through a 

Fig. 2. Participants of the Thar Desert geomorphology field trip in front of the Umaid Bhawan Palace, Jodhpur
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disparate landscape with a variety of unconsolidated 
sandy-gravelly as well as solid rocky terrains, with 
several stops during the ca. 500 km long route over 
3 days in each direction. Passing through the Agolai, 
Balesar, Dechu, Pokaran and Chandan cities, spec-
tacular views of parabolic sand dunes, saline playas, 
prominent hamadas, pediments, gravelly pavements 
and undulating sandy plains were seen on the way. 
Impressive relict relief forms testify to the geological 
complexity of the passing-through geographic area. 
Except for the geological history linked to both oro-
genic and climate-change related processes, the field 
trip focused on the currently most topical environ-
mental issues related to the NW Indian Arid Zone 
natural conservation and socio-economic develop-
ment. All of these nicely balanced with the stops at 
the most interesting cultural sites set up in the geo-
morphological mosaic landscapes of diverse geologi-
cal ages and preservation.

The field trip went across the two main districts 
of western Rajasthan-Jodhpur and Jaisalmer. The 
principal stops, following the planned daily travel 
schedule, included:
 – geological history (lithostratigraphy and biostra-

tigraphy) of the Thar Desert area, 
 – geomorphic evolution with the principal and most 

characteristic landforms related to the arid zone 
(hamadas, cuestas, pediments, pediplain com-
plexes, gravelly pavements, diverse sand dune 
complexes, including barchan, parabolic, trans-
verse, and linear dunes (Figs 2–4),

 – hydrogeology of riverine palaeosites with large-
scale sheet-flow and channel bed load alluvial 
formations; the present-day places with possible 
fluvial action to the local settings under the cur-
rently partly increased climate humidity over the 
Thar Desert region,

 – regional surface- and ground-water hydrology 
systems; historical and present-day atmospheric 
water retention structures (nadis, khadins) and ir-

rigation channels,
 – agricultural land use with cases of anthropogen-

ic pressure to the environment and remediation 
(traditional and innovative crop cultivation, de-
sert pastoralism and arid-zone vegetation over-
grazing; stabilization of dunes through artificial 
tree plantation, etc.),

 – saline landscape with playas, saline depressions 
(ranns), salt-extraction facilities,

 – (pre-)historical and modern industrial exploita-
tion of the geological raw materials (limestone, 
marble and sandstone mines),

 – biotically significant locations and geoecosystems 
with unique flora and fauna,

 – ancient settlements, geoarchaeological sites and 
cultural monuments (Fig. 3).
The geomorphology focus was on the landforms 

and the geosites related to past and present relief 
development as well as modern human influence to 
the environment. The study field trip included visits 
of rocky and sandy desert (Jaisalmer), rocky/grave-
ly pediment near the Agolai, Damodara and Mokal 
towns. At the latter site a flat, strongly weathered sur-
face of low-elevation pediment hills of the exposed 
Mesozoic (Jurassic/Triassic) sandstone bedrock is 
an eloquent example of the extreme denudation pro-
cesses (Fig. 4). Intensive aeolian deflation marked by 
exposed gravelly pavement void of fine sedimentary 
matrix can be seen at Chandan and Bhojka sites (Fig. 
5). These are underlain by a moderately developed 
lime concretionary zone as a result of past pedogenic 
processes under a more humid (pluvial) climate then 
today.

Dynamic past and present aeolian processes are 
best-documented by the large parabolic dunes (20–
30 m high) in the area of Shetrawa and Dechu, and a 
linear dune field with barchans near Kanoi and Sam 
among other places of the western Thar area (Fig. 
6). At Dechu, erosional depressions between single 
dunes expose gravelly deflation surfaces with mi-
nor carbonate (kanker) nodules. The Sam dune field, 

Fig. 3. Ruins of the abandoned early medieval (13th centu-
ry) Kuldhara settlement with a unique street grid system 
with sandstone-built houses, temples, wells and other 
structures

Fig. 4. Escarpments of the Jurassic bedrock-iron per-miner-
alized sandstone palaeosurface (hamada) at Mokal (40 
km west of Jaisalmer)
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forming a chain of barchans, a major of its kind in 
the Thar Desert, is located ca. 45 km to the west of 
Jaisalmer. In 1978, Government of Rajasthan initiat-
ed a programme of active dune stabilisation of a part 
of the longitudinal dune field with a technical exper-
tise of the CAZRI. Successful afforestation of sand 
dune levee slopes sandy surfaces is well documented 
at the Shetrawa and Dechu dunes.

Playas or shallow saline depressions interconnect-
ed by a system of perennial palaeochannels are found 
at Khara Bhagotiya, Lawan and Pokaran with season-
ally filled clayey-floor ponds amidst the sandy ter-
rain. Modern hydro-environmental facilities aimed at 
effective agriculturally-oriented water management 
included khadins (rainwater storage systems) seen 
near Baramsar about 30 km from Jaisalmer. Finally, a 
visit of the sandstone quarry at Balesar underlies the 
historical tradition of diverse rocky raw material use 

in daily life of the Thar Basin people, substituting to 
a certain respect sparsity of wood.

The Thar Desert fieldtrip more than fulfilled antic-
ipations and generated many perceptions on the past 
and present geomorphic and geoecology changes as-
sociated with the extreme environments of the Thar 
Desert. Both erosional and accumulation processes 
are there represented in most eloquent forms, ham-
adas, the elevated denudation relics of the Mesozoic 
landscapes, and active Holocene sand dunes fields, 
respectively. Following the relative orogenic stabiliza-
tion of the western part of the Indian subcontinent, 
past climate variations played the decisive role in the 
topographic restructuring that continues until today. 

Findings of the Palaeolithic instruments in the 
patterned geocontextual settings of the ancient allu-
vial plains along former palaeochannels and strati-
graphically sealed in the Early(?) and Middle Pleisto-
cene stratified sedimentary sequences (Rajaguru et 
al. 2014, Blinkhorn et al. 2017) point to a very old 
prehistory of the area. Numerous wind-abraded and 
iron-mineral stained Old Stone Age lithic instru-
ments and associated waste debris (débitage) indic-
ative of patterned controlled anthropogenic cobble 
percussion were found during the fieldtrip at sever-
al wind-deflated gravel-pavement locations (Agolai, 
Bhojka I and II) (Fig. 5). The humanly worked lithics 
("pebble-tool industry") of a various formal oblique 
(technological processing and surficial corrosion) 
provide clear evidence of a sequenced pre-Holocene 
occupation of the present Thar Desert basin at vari-
ous, presumably humid stages of the Pleistocene.

The historical and present settlements have local-
ly changed the original landform by construction ac-
tivities and agrarian practices. A differential modern 
anthropogenic impact is especially evident in the for-
merly naturally pristine marginal places of the Thar 
basin due to the expanding agricultural and pastoral 
activities, as well as raw material extraction, all pre-
disposing a route building cutting across the desert. 
These actions linked to the currently progressing peo-
pling of the barren lands pose an immediate impact 
to the regional natural environment. Desertification 
and ground water salinization, encountered mainly in 
the areas of extensive agriculture, are the main ecolo-
gy threats in the western Rajasthan (Moharana et al. 
2016). Protective measures are to be taken to warrant 
and balance the sustainable socio-economic develop-
ment of the Thar Desert, 73% of which are directly 
exposed to wind erosion (Moharana 2017b). Agro-for-
estry plays increasing role in the local industry aimed 
at crops’ production as well as the desert land surface 
stabilisation and desertification control (Singh et al. 
1992, Kar et al. 1998, 2007, Rao and Roy 2012).

Equally important is monitoring of seasonal flood 
effects to geoenvironment and modelling of cli-
mate impact to arid land degradation facilitated by 

Fig. 5. Pleistocene-age fluvial beds with a wind-sorted 
sandy-gravelly pavement at Bhojka. Concentrations of 
Palaeolithic artefacts made on selected clasts of the ex-
posed alluvia point to a sequenced early human occu-
pation of the Thar Desert plain as indicated by a formal 
(technological) diversity of the lithic industries

Fig. 6. Linear 20–40 m high sand dunes at Kanoi, SW Thar 
Desert, with isolated patches of bushy vegetation and 
wind-deflated depressions exposing an old alluvial grav-
el pavement
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experimental field studies of the CAZRI, including 
simulations of fluvial riverine system behaviour af-
ter floods and slope wash of sediments during the 
monsoonal rains (Moharana and Kar 2010). Other 
landscape ecology issues include geomorphic map-
ping and landforms analysis in the Thar Desert area 
in relation to intensified land use and environmental 
degradation (SAC, 2007, Moharana 2012, Mohara-
na et al. 2013, Raja et al. 2016, Varghese and Singh 
Naveen 2016). Extensive pastoralism still represents 
the principal rural economy (Fig. 7).

The specific environmental conditions of the Thar 
Desert predisposed by unique geomorphic settings 
and the arid-zone climate regime gave rise to a variety 
of ecosystems and biotopes reflecting the geographic 
and climatic zonation of the area with unique floral 
and faunal communities (e.g. Khan et al. 2003). The 
Thar National Park (3 162 km2) is the largest from 
the present protected natural areas and biosphere 
reserves of the desert hosting pristine habitats with 
endemic wildlife as a pat of the UNESCO World Nat-
ural Heritage. The present Thar Desert represents a 
very dynamic geomorphological region with a great 
diversity of landforms characteristic of arid subtrop-
ical lands. The lack of vegetation and the intensive 
past and present erosional processes disclose a very 
ancient geological history with the oldest Pre-Cam-
brian and Mesozoic bedrock bodies exposed to the 
present surface as planation pediments or buried by 
Cenozoic aeolian (sandy dune) deposits amassed in 
the main sedimentary basins.

The 9th International Geomorphology Conference 
fieldtrip to the Thar Desert confirmed a major research 
potential for multidisciplinary geosciences and (pal-
aeo)ecology studies of this still rather poorly explored, 
but very fascinating territory. The trip uncovered the 
beauty of this naturally harsh, but friendly and colour-
ful land, and contributed to a better cognizance of the 
geomorphic processes in the arid zone of NW India.
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