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Abstract: Punjab-Haryana Plain shows an independent drainage system, which does not contribute either to Ganga river basin or Indus 
river basin. Digital Elevation Model of the area has helped in identification of various geomorphic surfaces of this foreland basin, mostly 
demarcated by change in slope, namely Himalayan Piedmont Zone, Older Piedmont Zone, Zone of Terminal Fans, Central Alluvial Plain, 
Southern Pediplain and Aravalli Piedmont Zone. Surface profiles drawn across the Himalayan trend clearly exhibit different geomorphic 
surfaces, their slopes and landforms. The river channels show diverging trend in the downstream and do not converge to make a large river 
system. These rivers are ephemeral in nature, but occupy large incised river valleys making underfit streams. Most of the rivers disappear 
within this plain, near the end of the Zone of Terminal Fans.  A prominent bluff of 2 to 7 m is often present at the distal end of the Older 
Piedmont Zone, and may represent trace of a blind thrust within this foreland basin. Movement along the Gula-Ladwa sub-surface high 
strongly affected the river system, making numerous water bodies, cut off meanders, and abandoned channels at the distal end of the Zone 
of Terminal Fans.

Keywords: Punjab-Haryana Plain, foreland basin, neotectonic movement, terminal fan, frontal thrust

INTRODUCTION

Indo-Gangetic Plain is drained essentially by two major river 
systems, namely Indus System, which drains into the Arabian 
Sea and Ganga System which drains into the Bay of Bengal. 
The Punjab-Haryana Plain occupies a unique position, located 
in the water divide area of these two systems. Interestingly, 
Punjab-Haryana Plain does not contribute any sediment or 
water to the systems; instead it makes an independent system 
between the two (Srivastava et al. 2006, 2013 ). Further, 
Punjab-Haryana Plain exhibits several unique features, like 
diverging, ephemeral rivers and terminal fans. However, no 
systematic study on the geomorphic features of this area is 
available. In the present paper, we have summarized the 
regional geomorphic surfaces and their characteristic features. 
Additionally, microgeomorphic features, namely river 
valleys, river valley terraces, flood plains, minor elevations 
and depressions, are described along well-defined transects. 
An attempt has been made to provide summary of the 
geomorphic features and their probable origin of this unique 
area of the Indo-Gangetic Plain.

Area of  Study 

Punjab-Haryana Plain is part of the vast Indo-Gangetic Plain 
formed due to flexing of Indian lithosphere during continent to 
continent collision of Indian Plate against the Asian Plate. The 
collision formed the Himalayan mountain chain, where the 
Indian plate is still under-thrusting the Asian plate (Molnar & 
Tapponier 1977; Seeber et al. 1981; Ni & Barazangi 1984; 
Molnar 1984; DeCellers & Giles 1996; Wesnousky et al. 1999). 
It created the Indo-Gangetic peripheral foreland basin, formed 
on the flexed Indian plate lithosphere (Lyon-Caen & Molnar 
1985; Singh 1987) in early Miocene, which expanded in middle 
Miocene where the sediments from the Himalaya started 
depositing mainly through fluvial processes (Singh 1996). 

The rocks of Siwalik succession (middle Miocene to early 
Pleistocene) are the uplifted sediments of the northern margin 
of this foreland basin, thrusted along the Himalayan Frontal 
Thrust (HFT). The thrusting events in the Himalaya, making 
the Siwalik Hills, caused southward shift of the present Indo-
Gangetic foreland basin (Ghosh & Singh 1988; Singh & 
Bajpai 1989; Singh 1996). The tectonic activity is continuing 
in the Himalaya and its manifestations are recognizable in the 
Quaternary alluvial deposits of the Indo-Gangetic Plain.

The Indo-Gangetic Plain is identified into Punjab-
Rajasthan Plain, Ganga Plain, Bengal Plain and Brahmaputra 
Plain (Singh 1987; Singh & Ghosh 1994). The Punjab-
Rajasthan Plain comprises Indus Plain in the west and Punjab-
Haryana Plain in the east (Singh 1996; Srivastava et al. 2006). 
Ganga Plain has been studied in some detail; however, 
systematic studies in Punjab-Haryana Plain are few. Mukerji 
(1976) recognized, for the first time, the presence of Markanda 
terminal fan and divergent drainage system in the Punjab-
Haryana Plain, while Parkash et al. (1983) described its 
lithofacies. Ghosh & Singh (1988) and Ghosh (1992) provided 
some basic information on the geomorphology and morpho-
tectonic setting of the north western part of the Indo-Gangetic 
Plain. Thussu (1995, 1999, 2006) summed up the geology, 
geomorphology and shifting of river pattern in Haryana areas. 
Srivastava et al. (2006, 2011, 2013) emphasized terminal fans 
of this alluvial plain and neotectonic activity along the Ganga-
Indus water divide. Some studies emphasized soil types, 
salinity problem, ground water conditions and agriculture 
(Singhai et al. 1991; Sachdev et al. 1995; Agarwal & Roest 
1996; Mandal & Sharma 2005). Few studies have been carried 
out in parts of the Punjab-Haryana Plain to reconstruct the 
shallow subsurface sand bodies representing ancient channel 
systems and provide OSL dates to the buried channels (Saini et 
al. 2009; Saini & Mujtaba 2010; Kshektrimayum & Bajpai 
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2011, 2012). Giosan et al. (2012) studied the fluvial landscape 
development in Punjab Plain during Holocene and its impact 
on the Harappan civilization. 

The present study, in the Punjab-Haryana Plain is 
confined between latitudes 28º 45'N and 31º 15'N and 
longitudes 74º 0'E and 77º 45'E  (Fig. 1).

Methodology

The regional aspects of Punjab-Haryana Plain were studied 
on Survey of India topographical maps (1:1 million scale) 
and Digital Elevation Models (DEMs) were prepared using 
Shuttle Radar Topographic Mission (SRTM) data. 
Multispectral satellite analog data of IRS-P6, LISS III, FCC 
on 1:100,000 scale and Landsat-TM data (742 CMY band 
combination) on 1: 250,000 scale were also studied to 
understand the regional features. Geomorphological studies 
of Punjab-Haryana Plain were carried out on Survey of India 
(SOI) topographical maps on 1:250,000 and 1: 50,000 scales. 
DEM was prepared using SRTM (C-band) data supplemented 
with spot heights (Rao et al. 2005). Measurement of distances 
and slopes were done on the DEMs using ArcGIS (ver.8.5) 
software.

o oFour surface profiles were drawn in N40 E-S40 W 
direction, across the Himalayan trend, running from the 
Himalayan foot hills in the northeast to the tip of Aravalli-
Delhi Massif in the southwest, using SOI topographical 

maps on 1: 50,000 scale and the spot heights. The heights of 
the ground (above mean sea level) are plotted on vertical 
axis (1 cm = 1 m); while the distances are plotted on 
horizontal axis (1 cm = 1 km). The scanned images/profiles 
are digitized in Corel DRAW (version 11) and reduced to 
appropriate size for presentation purpose. Field work was 
carried out in the area to check the features demarcated from 
the maps.

GEOMORPHOLOGY OF PUNJAB-HARYANA  PLAIN

The Punjab-Haryana Plain is a vast alluvial plain, bounded by 
Siwalik Hills of Himalaya in the north and Aravalli - Delhi 
Massif in the south, formed by essentially fluvial processes. 
Several distinct regional geomorphic surfaces have been 
identified. They are characterized by their location, type of 
sediment, slope and pattern of drainage. These surfaces were 
formed during changing climatic conditions in late 
Quaternary, however, they have been partly modified later and 
are undergoing changes in the present day. The following 
geomorphic surfaces have been identified (Fig. 2).

Himalayan Piedmont Zone

The Himalayan Piedmont Zone is located at the base of 
Siwalik Hills and has developed due to coalescing of fans near 
the hill front. The zone is generally confined to the altitudes 
between 300 and 350 m and makes a 10 to 15 km wide belt 
along the Siwalik Hills. The Siwalik rocks are exposed at 

about 350 m altitude and above. The piedmont surface has a 
slope of 3º to 5º (50-85 m/km) towards south. The Himalayan 
Piedmont Zone forms a continuous surface drained by parallel 
and radiating drainage where the individual channels are 
ephemeral, shallow and braided. The drainage density is poor 
in this zone due to high permeability of the coarse clastic 
material, consisting of pebbly horizons and medium to fine 
sand. It is considered the youngest surface of the area and 
formed during period of reduced water and sediment supply in 
recent times.

Older Piedmont Zone

Southward of the Himalayan Piedmont Zone is about 20 km 
wide belt with gradient of about 1.3 to 1.5 m/km. This surface 
is often covered with muddy to sandy sediments, but shows 
gravel and coarse sand below. It extends between 270 and 
300 m altitude and exhibits numerous ephemeral streams. 
This surface was formed during period of higher sediment 
and water budget than at present, when piedmont fans were 
larger than today. At present, fine grained sediment is 
accumulating on this surface. The southern margin of this 
Zone shows a prominent break in slope, often associated 
with a bluff of 2 to 7 m. This feature has been observed in 
several field traverses.

Zone of  Terminal Fans

This is the most prominent feature of the Punjab-Haryana 
Plain and marks about  80 km wide belt south of the Older 
Piedmont Zone. Generally, it shows a break-in-slope at the 
contact with the Older Piedmont Zone and merges southwards 
into Central Alluvial Plain. It has been formed by 
amalgamation of terminal fans, extending from 270 m to 200 
m altitude. In the proximal part, the gradient is 70-85 cm/km, 
and in the middle part it is 30-35 cm/km. In the distal part, the 
gradient is 20-30 cm/km and generally shows relict 
anastomozing channels (Parkash et al. 1983; Singh & 
Ghosh 1994).

Few prominent terminal fans have been identified in this 
zone, namely Markanda Terminal Fan which has been studied 
in detail (Mukerji 1975, 1976; Parkash et al. 1983). The 
terminal fans are characterized by fan morphology, 
diverging channel system and multifurcation of distributary 
channels on a gentle slope (Mukerji 1976). The channels of 
terminal fans lack alluvial incision and show down-flow 
decrease in channel dimensions (Friend 1978; Kelly & Olsen 
1993; Nichols & Fisher 2007).

Most of the channels disappear in the distal part of this 
zone namely, Raksi Nadi, Chautang Nala, Saraswati Nadi, 

Fig. 1. Digital Elevation Model of Punjab-Haryana Plain showing location of surface profiles.

Fig . 2. Geomorphological map of Punjab-Haryana Plain; white arrows indicate general slopes.
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2011, 2012). Giosan et al. (2012) studied the fluvial landscape 
development in Punjab Plain during Holocene and its impact 
on the Harappan civilization. 

The present study, in the Punjab-Haryana Plain is 
confined between latitudes 28º 45'N and 31º 15'N and 
longitudes 74º 0'E and 77º 45'E  (Fig. 1).

Methodology
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on Survey of India topographical maps (1:1 million scale) 
and Digital Elevation Models (DEMs) were prepared using 
Shuttle Radar Topographic Mission (SRTM) data. 
Multispectral satellite analog data of IRS-P6, LISS III, FCC 
on 1:100,000 scale and Landsat-TM data (742 CMY band 
combination) on 1: 250,000 scale were also studied to 
understand the regional features. Geomorphological studies 
of Punjab-Haryana Plain were carried out on Survey of India 
(SOI) topographical maps on 1:250,000 and 1: 50,000 scales. 
DEM was prepared using SRTM (C-band) data supplemented 
with spot heights (Rao et al. 2005). Measurement of distances 
and slopes were done on the DEMs using ArcGIS (ver.8.5) 
software.

o oFour surface profiles were drawn in N40 E-S40 W 
direction, across the Himalayan trend, running from the 
Himalayan foot hills in the northeast to the tip of Aravalli-
Delhi Massif in the southwest, using SOI topographical 

maps on 1: 50,000 scale and the spot heights. The heights of 
the ground (above mean sea level) are plotted on vertical 
axis (1 cm = 1 m); while the distances are plotted on 
horizontal axis (1 cm = 1 km). The scanned images/profiles 
are digitized in Corel DRAW (version 11) and reduced to 
appropriate size for presentation purpose. Field work was 
carried out in the area to check the features demarcated from 
the maps.

GEOMORPHOLOGY OF PUNJAB-HARYANA  PLAIN

The Punjab-Haryana Plain is a vast alluvial plain, bounded by 
Siwalik Hills of Himalaya in the north and Aravalli - Delhi 
Massif in the south, formed by essentially fluvial processes. 
Several distinct regional geomorphic surfaces have been 
identified. They are characterized by their location, type of 
sediment, slope and pattern of drainage. These surfaces were 
formed during changing climatic conditions in late 
Quaternary, however, they have been partly modified later and 
are undergoing changes in the present day. The following 
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Siwalik Hills and has developed due to coalescing of fans near 
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300 m altitude and exhibits numerous ephemeral streams. 
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and water budget than at present, when piedmont fans were 
larger than today. At present, fine grained sediment is 
accumulating on this surface. The southern margin of this 
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Zone of  Terminal Fans
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Piedmont Zone. Generally, it shows a break-in-slope at the 
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into Central Alluvial Plain. It has been formed by 
amalgamation of terminal fans, extending from 270 m to 200 
m altitude. In the proximal part, the gradient is 70-85 cm/km, 
and in the middle part it is 30-35 cm/km. In the distal part, the 
gradient is 20-30 cm/km and generally shows relict 
anastomozing channels (Parkash et al. 1983; Singh & 
Ghosh 1994).

Few prominent terminal fans have been identified in this 
zone, namely Markanda Terminal Fan which has been studied 
in detail (Mukerji 1975, 1976; Parkash et al. 1983). The 
terminal fans are characterized by fan morphology, 
diverging channel system and multifurcation of distributary 
channels on a gentle slope (Mukerji 1976). The channels of 
terminal fans lack alluvial incision and show down-flow 
decrease in channel dimensions (Friend 1978; Kelly & Olsen 
1993; Nichols & Fisher 2007).

Most of the channels disappear in the distal part of this 
zone namely, Raksi Nadi, Chautang Nala, Saraswati Nadi, 

Fig. 1. Digital Elevation Model of Punjab-Haryana Plain showing location of surface profiles.

Fig . 2. Geomorphological map of Punjab-Haryana Plain; white arrows indicate general slopes.
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Markanda River, Amri Choa and Dangri Nadi. Only Ghaggar 
River and Saraswati Nadi flow beyond this zone after a short 
distance of disappearance (Fig. 3). In the distal part of the Zone 
of Terminal Fans, a number of surface water bodies are seen, 
namely in the areas of Sangrur-Shatrana-Akalgarh, and 
Karnal-Pehowa-Panipat-Sonipat (Fig. 4). In Ropar (at the 
apex) and Ferozpur -Bhatinda, a triangular-shaped area 
exhibits many relict stream scars and few ephemeral drainage. 
Some streams emanate in the distal part of the Zone of 
Terminal Fans, flow southward and terminate mostly at 200 m 
altitude. It is postulated that neotectonic activity along the 
subsurface Gula-Ladwa High and Zira-Faridkot- Bhatinda 
Ridge (Samrala High, Thussu 1999) is responsible for the 
termination of streams and formation of water bodies at the 
distal end of the Zone of Terminal Fans.

Central Alluvial Plain

The Central Alluvial Plain is low-lying area south of the 
Zone of Terminal Fans, developed between the altitudes 228 

m in the northeast and 180 m in the southwest. It is a flat 
surface having a narrow zone of westward gentle slope 
occupied by the dry alluvial low area extending towards 
Sirsa, Suratgarh and Anupgarh. The surface exhibits 
prominent undulations, small areas of centripetal drainage, 
and a number of lakes, ponds and wetlands. The plain is 
about 50 to 80 km wide, in NE - SW direction, with a gentle 
slope of about 25 cm/ km, towards the south. The reversal of 
slope towards north, close to the Southern Pediplain surface is 
gentle.

Southern Pediplain

This surface is confined between the Aravalli Piedmont 
Zone and the Central Alluvial Plain with a slope between 17 
and 35 m/km towards the north. The surface is made up of 
sediment derived from the Aravalli mountain front and 
consists of brownish mud and silt, with granules of 
pedogenic calcrete. 

Aravalli Piedmont Zone

This forms a narrow belt along the Aravalli-Delhi Massif and 
comprises brownish coloured clays, silts and sand. The slope 
of the Aravalli Piedmont Zone varies between 50 and 85 m/km 
towards north.

LANDFORMS

Landforms are features formed by specific processes. 
Three types of landforms have been identified in the area 
of study located on different geomorphic surfaces. These 
are fluvial landforms, aeolian landforms and surface water 
bodies.

Fluvial Landforms 

The northern Punjab-Haryana Plain receives large amount of 
sediments due to erosional processes in Himalaya, mostly the 
Siwaliks and parts of Lesser Himalayan rocks. The sediments 
are brought by the ephemeral diverging streams of the fan 
systems. However, in the absence of any trunk river, the 
sediments are deposited quickly in this area.

A Regional Upland Surface (RUS, cf. Ambala Older 
Alluvial Surface of Ghosh 1992) was formed, which is an 

undulating surface replete with ponds, lakes, sand ridges (Bhur) 
and palaeochannels. The sediments under this surface comprise 
layers of fine sand, silt and mud with development of calcrete 
horizons. The surface soil shows a wide range in variety and 
grain size. This is the oldest geomorphic surface of the Haryana-
Punjab Plain, as all other surfaces are either superimposed or cut 
into it. The streams have carved their valleys in RUS. In the 
present study, the active flood plain of a river is described as T  0

surface and the river valley terrace as T  surface. They correspond 1

to Khadar or Newer Alluvium. These surfaces are incised in the 
Older Alluvial Plain (T ) and RUS which corresponds to 2

Bhangar or Older Alluvium (Ambala Older Alluvium of 
Thussu 1995). Occasionally higher surfaces, namely T  and T  3 4

are present in the Satluj valley. These fluvial surfaces have 
been formed in response to the base level adjustments, 
tectonics and climate change in the past. These fluvial surfaces 
are depositional surfaces, the top few meters of sediment on all 
the surfaces are of Holocene age; hence dating of these 
geomorphic surfaces is very difficult. The relative antiquity of 
their origin is established on the basis of their morpho-
stratigraphic relationship and order of superposition.

The Older Alluvial Plain (T ) has developed at the time of 2

the inception of the stream and as such the incision is restricted 

Fig. 3. Drainage in northern part of Punjab-Haryana Plain. Minor streams disappear at the distal end of Himalayan Piedmont Zone 
while larger streams miss at the distal end of Older Piedmont Zone. Still larger streams disappear at the distal end of Zone of 
Terminal Fans. Only Ghaggar River and Saraswati Nadi flow further westward, after a short distance of disappearance.

Fig. 4. Water bodies at distal end of the Zone of Terminal Fans in Shatrana-Pehowa area.
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Markanda River, Amri Choa and Dangri Nadi. Only Ghaggar 
River and Saraswati Nadi flow beyond this zone after a short 
distance of disappearance (Fig. 3). In the distal part of the Zone 
of Terminal Fans, a number of surface water bodies are seen, 
namely in the areas of Sangrur-Shatrana-Akalgarh, and 
Karnal-Pehowa-Panipat-Sonipat (Fig. 4). In Ropar (at the 
apex) and Ferozpur -Bhatinda, a triangular-shaped area 
exhibits many relict stream scars and few ephemeral drainage. 
Some streams emanate in the distal part of the Zone of 
Terminal Fans, flow southward and terminate mostly at 200 m 
altitude. It is postulated that neotectonic activity along the 
subsurface Gula-Ladwa High and Zira-Faridkot- Bhatinda 
Ridge (Samrala High, Thussu 1999) is responsible for the 
termination of streams and formation of water bodies at the 
distal end of the Zone of Terminal Fans.

Central Alluvial Plain

The Central Alluvial Plain is low-lying area south of the 
Zone of Terminal Fans, developed between the altitudes 228 

m in the northeast and 180 m in the southwest. It is a flat 
surface having a narrow zone of westward gentle slope 
occupied by the dry alluvial low area extending towards 
Sirsa, Suratgarh and Anupgarh. The surface exhibits 
prominent undulations, small areas of centripetal drainage, 
and a number of lakes, ponds and wetlands. The plain is 
about 50 to 80 km wide, in NE - SW direction, with a gentle 
slope of about 25 cm/ km, towards the south. The reversal of 
slope towards north, close to the Southern Pediplain surface is 
gentle.

Southern Pediplain

This surface is confined between the Aravalli Piedmont 
Zone and the Central Alluvial Plain with a slope between 17 
and 35 m/km towards the north. The surface is made up of 
sediment derived from the Aravalli mountain front and 
consists of brownish mud and silt, with granules of 
pedogenic calcrete. 

Aravalli Piedmont Zone

This forms a narrow belt along the Aravalli-Delhi Massif and 
comprises brownish coloured clays, silts and sand. The slope 
of the Aravalli Piedmont Zone varies between 50 and 85 m/km 
towards north.

LANDFORMS

Landforms are features formed by specific processes. 
Three types of landforms have been identified in the area 
of study located on different geomorphic surfaces. These 
are fluvial landforms, aeolian landforms and surface water 
bodies.

Fluvial Landforms 

The northern Punjab-Haryana Plain receives large amount of 
sediments due to erosional processes in Himalaya, mostly the 
Siwaliks and parts of Lesser Himalayan rocks. The sediments 
are brought by the ephemeral diverging streams of the fan 
systems. However, in the absence of any trunk river, the 
sediments are deposited quickly in this area.

A Regional Upland Surface (RUS, cf. Ambala Older 
Alluvial Surface of Ghosh 1992) was formed, which is an 

undulating surface replete with ponds, lakes, sand ridges (Bhur) 
and palaeochannels. The sediments under this surface comprise 
layers of fine sand, silt and mud with development of calcrete 
horizons. The surface soil shows a wide range in variety and 
grain size. This is the oldest geomorphic surface of the Haryana-
Punjab Plain, as all other surfaces are either superimposed or cut 
into it. The streams have carved their valleys in RUS. In the 
present study, the active flood plain of a river is described as T  0

surface and the river valley terrace as T  surface. They correspond 1

to Khadar or Newer Alluvium. These surfaces are incised in the 
Older Alluvial Plain (T ) and RUS which corresponds to 2

Bhangar or Older Alluvium (Ambala Older Alluvium of 
Thussu 1995). Occasionally higher surfaces, namely T  and T  3 4

are present in the Satluj valley. These fluvial surfaces have 
been formed in response to the base level adjustments, 
tectonics and climate change in the past. These fluvial surfaces 
are depositional surfaces, the top few meters of sediment on all 
the surfaces are of Holocene age; hence dating of these 
geomorphic surfaces is very difficult. The relative antiquity of 
their origin is established on the basis of their morpho-
stratigraphic relationship and order of superposition.

The Older Alluvial Plain (T ) has developed at the time of 2

the inception of the stream and as such the incision is restricted 

Fig. 3. Drainage in northern part of Punjab-Haryana Plain. Minor streams disappear at the distal end of Himalayan Piedmont Zone 
while larger streams miss at the distal end of Older Piedmont Zone. Still larger streams disappear at the distal end of Zone of 
Terminal Fans. Only Ghaggar River and Saraswati Nadi flow further westward, after a short distance of disappearance.

Fig. 4. Water bodies at distal end of the Zone of Terminal Fans in Shatrana-Pehowa area.
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to 1-4 m from the RUS. Occasionally, the incisions are up to 8 
m.  This is well depicted in the profiles drawn across the 
streams (Srivastava et al. 2013). This surface is beyond the 
reach of floods by overtopping of the river channels. However, 
flooding and water stagnation takes place due to excessive rain 
and poor drainage of T  and RUS.2

The River Valley Terrace (T ) is well developed along 1

either sides or one side of the stream and is occupying the 
valley carved out within T  surface in response to tectonic 2

uplift and base level adjustments. The height difference 
between T  and T  surfaces is 1 to 5 m, occasionally up to 7 m. 2 1

The T  surface is located 2-3 m above the active flood plain 1

(T ) and is normally not flooded by the bank overtopping of the 0

river channel. The T  surface shows relict features of 1

abandoned channel, cutoff meanders, linear water bodies, 
which are not related to the present-day active channel. The T  1

surfaces of the north flowing streams of Southern Pediplain 
(viz. Kantli, Dohan, Sahibi, etc.) are well developed, having a 
lateral extent of 800 m to 3 km.

The Active Flood Plain (T ) forms a narrow strip on either 0

side of the streams, replete with cut-off meander loops, ox-
bow lakes, meander scrolls, levees, linear water bodies, back 
swamps. The active channel flows about a meter below the 
Active Flood Plain (T ), which is flooded regularly.0

Singh & Ghosh (1994) emphasize similarity in the 
geomorphic surfaces and fluvial landforms in Punjab-Haryana 
and Ganga Plains. The present study of fluvial landforms in 
Punjab-Haryana Plain shows that the fluvial features are similar 
to those of the Ganga Plain. An important feature in both Punjab-
Haryana and Ganga Plain is the development of broad river 
valleys, incised in a regional upland surface. The river valleys 
are occupied by incised underfit streams. Detailed account of 
fluvial features of the Ganga Plain is given by Singh (1996, 
2004) and Srivastava et al. (2003 a, b). 

Aeolian Landforms

Important aeolian landforms present in the area are Bhur 
ridges and sand dunes. Bhur is considered to be formed by 
deposition of aeolian sand along the abandoned channels. The 
sand particles get attached to the soil moisture available in the 
abandoned channel bed while the sand storm is passing over 
the area. The moisture moves up through capillary action to 
attach more sand particles during the subsequent sand storms, 
till it attains a positive relief. Bhur ridges are identified as one 
of the aeolian geomorphic features, in the eastern part of the 
area. These are also reported from the Ganga-Yamuna 
interfluve and eastward (Mukerji 1963; Singh 1996; 
Srivastava et al. 2003 a,b).

Sand dunes, mostly of transverse type are deposited over 
different geomorphic surfaces present in the area. These are 
more prevalent in the southwestern part of the area and are 

sporadic in the eastern part. Playa lakes, interdunal 
depressions and sand sheets are associated with sand dunes.

Surface Water Bodies

Three types of surface water bodies are seen in the area. These 
include i) cluster at the distal end of terminal fan (Fig. 4), ii) 
linear to curvilinear and segmented water bodies formed by 
blocking of stream channel due to uplifting of downstream 
block (Fig. 5), and iii) as ponds having centripetal drainage, 
located at the distal end of Southern Pediplain (Raghav 1999). 
The water bodies vary in size and shape. The ponds range from 
200 m to about 1 km in diameter, having round to oval shape. 
Other water bodies occupying cut-off meander or blocked 
channel are about 2 to 8 km in extent. These are linear to 
curvilinear in disposition. The largest of these is Bupinder 
Sagar (10 km in length and 0.5 km in width) at the end of 
blocked Choa Nala (Fig. 4).

DESCRIPTION  OF  SURFACE  PROFILES

Four surface profiles are drawn across the Himalayan trend, 
o oalong N40 E-S40 W direction, starting from the Himalayan 

foothills to Aravalli-Delhi Massif. These profiles are parallel 
to each other and are named as W1-W2, X1-X2, Y1-Y2 and 

Z1-Z2, from west to east. The distance between W1-W2 and 
X1-X2 profile is 30 km, while the remaining profiles are 20 
km apart. The purpose of drawing these profiles is to depict 
different geomorphic surfaces, viz. Himalayan Piedmont 
Zone, Older Piedmont Zone, Zone of Terminal Fans, Central 
Alluvial Plain, Southern Pediplain and Aravalli Piedmont 
Zone. The profiles helped in demarcating different 
geomorphic surfaces, their inter-relationship and their 
characteristic features, namely gradient, break-in-slope, 
change in slope. The profiles have been drawn in the eastern 
part of this alluvial plain. The western part shows similar 
geomorphic surfaces; however, no detailed profiles were 
drawn in this part. The profiles are described below:

Kasauli - Munsari profile (W1-W2)

The profile begins west of Kasauli town (W1), at an altitude of 
400 m amsl, where rocks of the Siwalik Group are exposed 
(Fig. 6, profile W1-W2). The average gradient of Siwalik rocks 
is 1190 cm/km till the Himalayan Frontal Thrust (HFT) is seen at 
an altitude of 362 m, in a stream section. There is a break-in-
slope at an altitude of 300 m altitude. The surface gradient 
between HFT (362 m) and 300 m altitude, representing 
Himalayan Piedmont Zone, is moderate (340 cm/km).

Further southwest, Kharar town is seen at an altitude of 
311 m, located on the Regional Upland Surface (RUS) 
between Jainta Devi ki Rao and Patiali Rao. The surface 
gradient of this segment, between 300 and 269 m, representing 
Older Piedmont Zone, is moderately gentle (130 cm/km). The 
break-in-slope at 269 m altitude is marked by a bluff of 7 m, 
denoting the distal end of the Older Piedmont Zone.

Further southwest of point 269 m, the surface is drained 
by Jambowali Choi, at an altitude of 249 m and Choa Nala at 
an altitude of 242 m. A shallow depression is seen southwest of 
Choa Nala touching a low of 239 m. This is followed by 
another depression, having its lowest point at 230 m. These 
depressions are devoid of any streams at present. Khandebad 
village is located on this profile at an altitude of 228 m. A 
number of ponds and lakes are seen in the area, west of 

o  oKhandebad, showing linear trend in N40 E - S40 W 
direction. The gradient between point 269 and Khandebad 
(228 m), representing the Zone of Terminal Fans, is gentle (48 
cm/km).

Southwest of Khandebad a stabilized transverse sand 
dune, trending NW-SE, is seen at 229 m altitude. A pond is 
seen at 225 m altitude and a depression touching a low of 220 

Fig. 5. Curvilinear disposition of water bodies in Lehra-Akalgarh area. Fig. 6. Surface Profile W1-W2; dashed line indicates ancient erosional surface. Spot heights taken from SOI topographical maps.
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to 1-4 m from the RUS. Occasionally, the incisions are up to 8 
m.  This is well depicted in the profiles drawn across the 
streams (Srivastava et al. 2013). This surface is beyond the 
reach of floods by overtopping of the river channels. However, 
flooding and water stagnation takes place due to excessive rain 
and poor drainage of T  and RUS.2

The River Valley Terrace (T ) is well developed along 1

either sides or one side of the stream and is occupying the 
valley carved out within T  surface in response to tectonic 2

uplift and base level adjustments. The height difference 
between T  and T  surfaces is 1 to 5 m, occasionally up to 7 m. 2 1

The T  surface is located 2-3 m above the active flood plain 1

(T ) and is normally not flooded by the bank overtopping of the 0

river channel. The T  surface shows relict features of 1

abandoned channel, cutoff meanders, linear water bodies, 
which are not related to the present-day active channel. The T  1

surfaces of the north flowing streams of Southern Pediplain 
(viz. Kantli, Dohan, Sahibi, etc.) are well developed, having a 
lateral extent of 800 m to 3 km.

The Active Flood Plain (T ) forms a narrow strip on either 0

side of the streams, replete with cut-off meander loops, ox-
bow lakes, meander scrolls, levees, linear water bodies, back 
swamps. The active channel flows about a meter below the 
Active Flood Plain (T ), which is flooded regularly.0

Singh & Ghosh (1994) emphasize similarity in the 
geomorphic surfaces and fluvial landforms in Punjab-Haryana 
and Ganga Plains. The present study of fluvial landforms in 
Punjab-Haryana Plain shows that the fluvial features are similar 
to those of the Ganga Plain. An important feature in both Punjab-
Haryana and Ganga Plain is the development of broad river 
valleys, incised in a regional upland surface. The river valleys 
are occupied by incised underfit streams. Detailed account of 
fluvial features of the Ganga Plain is given by Singh (1996, 
2004) and Srivastava et al. (2003 a, b). 

Aeolian Landforms

Important aeolian landforms present in the area are Bhur 
ridges and sand dunes. Bhur is considered to be formed by 
deposition of aeolian sand along the abandoned channels. The 
sand particles get attached to the soil moisture available in the 
abandoned channel bed while the sand storm is passing over 
the area. The moisture moves up through capillary action to 
attach more sand particles during the subsequent sand storms, 
till it attains a positive relief. Bhur ridges are identified as one 
of the aeolian geomorphic features, in the eastern part of the 
area. These are also reported from the Ganga-Yamuna 
interfluve and eastward (Mukerji 1963; Singh 1996; 
Srivastava et al. 2003 a,b).

Sand dunes, mostly of transverse type are deposited over 
different geomorphic surfaces present in the area. These are 
more prevalent in the southwestern part of the area and are 

sporadic in the eastern part. Playa lakes, interdunal 
depressions and sand sheets are associated with sand dunes.

Surface Water Bodies

Three types of surface water bodies are seen in the area. These 
include i) cluster at the distal end of terminal fan (Fig. 4), ii) 
linear to curvilinear and segmented water bodies formed by 
blocking of stream channel due to uplifting of downstream 
block (Fig. 5), and iii) as ponds having centripetal drainage, 
located at the distal end of Southern Pediplain (Raghav 1999). 
The water bodies vary in size and shape. The ponds range from 
200 m to about 1 km in diameter, having round to oval shape. 
Other water bodies occupying cut-off meander or blocked 
channel are about 2 to 8 km in extent. These are linear to 
curvilinear in disposition. The largest of these is Bupinder 
Sagar (10 km in length and 0.5 km in width) at the end of 
blocked Choa Nala (Fig. 4).

DESCRIPTION  OF  SURFACE  PROFILES

Four surface profiles are drawn across the Himalayan trend, 
o oalong N40 E-S40 W direction, starting from the Himalayan 

foothills to Aravalli-Delhi Massif. These profiles are parallel 
to each other and are named as W1-W2, X1-X2, Y1-Y2 and 

Z1-Z2, from west to east. The distance between W1-W2 and 
X1-X2 profile is 30 km, while the remaining profiles are 20 
km apart. The purpose of drawing these profiles is to depict 
different geomorphic surfaces, viz. Himalayan Piedmont 
Zone, Older Piedmont Zone, Zone of Terminal Fans, Central 
Alluvial Plain, Southern Pediplain and Aravalli Piedmont 
Zone. The profiles helped in demarcating different 
geomorphic surfaces, their inter-relationship and their 
characteristic features, namely gradient, break-in-slope, 
change in slope. The profiles have been drawn in the eastern 
part of this alluvial plain. The western part shows similar 
geomorphic surfaces; however, no detailed profiles were 
drawn in this part. The profiles are described below:

Kasauli - Munsari profile (W1-W2)

The profile begins west of Kasauli town (W1), at an altitude of 
400 m amsl, where rocks of the Siwalik Group are exposed 
(Fig. 6, profile W1-W2). The average gradient of Siwalik rocks 
is 1190 cm/km till the Himalayan Frontal Thrust (HFT) is seen at 
an altitude of 362 m, in a stream section. There is a break-in-
slope at an altitude of 300 m altitude. The surface gradient 
between HFT (362 m) and 300 m altitude, representing 
Himalayan Piedmont Zone, is moderate (340 cm/km).

Further southwest, Kharar town is seen at an altitude of 
311 m, located on the Regional Upland Surface (RUS) 
between Jainta Devi ki Rao and Patiali Rao. The surface 
gradient of this segment, between 300 and 269 m, representing 
Older Piedmont Zone, is moderately gentle (130 cm/km). The 
break-in-slope at 269 m altitude is marked by a bluff of 7 m, 
denoting the distal end of the Older Piedmont Zone.

Further southwest of point 269 m, the surface is drained 
by Jambowali Choi, at an altitude of 249 m and Choa Nala at 
an altitude of 242 m. A shallow depression is seen southwest of 
Choa Nala touching a low of 239 m. This is followed by 
another depression, having its lowest point at 230 m. These 
depressions are devoid of any streams at present. Khandebad 
village is located on this profile at an altitude of 228 m. A 
number of ponds and lakes are seen in the area, west of 

o  oKhandebad, showing linear trend in N40 E - S40 W 
direction. The gradient between point 269 and Khandebad 
(228 m), representing the Zone of Terminal Fans, is gentle (48 
cm/km).

Southwest of Khandebad a stabilized transverse sand 
dune, trending NW-SE, is seen at 229 m altitude. A pond is 
seen at 225 m altitude and a depression touching a low of 220 

Fig. 5. Curvilinear disposition of water bodies in Lehra-Akalgarh area. Fig. 6. Surface Profile W1-W2; dashed line indicates ancient erosional surface. Spot heights taken from SOI topographical maps.
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m, is present further southwest along the profile. Further, the 
valley of Ghaggar River is seen, with its Older Alluvial Plain 
(T ) at 219 m altitude. Bhakra Main Canal is located on this 2

surface. The River Valley Terrace (T ) is at 217 m. The valley 1

width of Ghaggar River is 7.5 km against its channel width of 
1.2 km. A Bhur ridge is seen on the western side of the valley at 
an altitude of 220 m. The River Valley Terrace (T ) of Ghaggar 1

River continues up to Aharwan village located at 217 m 
altitude. Beyond Aharwan village, a depression, touching a 
low of 208 m, is seen. It is followed by an elevation up to 211 
m, representing a stabilized dune, trending NW-SE. Further 
southwest, another depression is seen, having its lowest point 
at 203 m altitude. The ground gradient between Khandebad 
(228 m) and this depression (203 m), representing Central 
Alluvial Plain, is very gentle (26 cm/km).

Southwest of the depression (203 m), a reversal of ground 
gradient is seen. The erosional surface here is punctuated by 
elevations and depressions. The former rising from 210 m to 
228 m and the latter touching lows of 202 to 197 m. The 
elevations represent sand dunes covering rocks of Delhi 
Supergroup underneath. No rock exposures are seen in this 
profile up to Munsari. This segment represents Southern 

Pediplain and Aravalli Piedmont Zone and has northerly slope 
of about 50 cm/km.

Dulupur - Kanjankawas profile (X1-X2)

The profile begins from a point X1, at an altitude of 420 m in 
the Siwalik Hills, near Dulupur village (Fig. 7, profile X1-X2). 
A break-in-slope is seen at 360 m altitude, representing the 
HFT. The average surface gradient between points 420 m and 
360 m is moderately steep (800 cm/km). Southwest of point 
360 m, a tributary of Ghaggar River is seen at 318 m altitude, 
with incision of 3 m in the RUS. Another break-in-slope is 
located at 300 m altitude. The average gradient between points 
360 m and 300 m, representing Himalayan Piedmont Zone, is 
moderate (522 cm/km). In the immediate vicinity of point 300 
m, the area has ravines and is highly gullied.

Further southwest, Choa Nala is seen at an altitude of 
273.5 m. A break-in-slope is observed at 269 m altitude, 
marked by a bluff of 7 m, which goes down to the River Valley 
Terrace (T ) of Ghaggar River, located at 262 m altitude. The 1

average gradient of this segment, between 300 m and 269 m, 
representing Older Piedmont Zone, is moderately gentle (140 
cm/km).

Ghaggar valley is seen further southwest, having its River 
Valley Terrace (T ) at 255 m and Active Flood Plain (T ) at 252 1 0

m altitude. The RUS having an altitude of 270 m separates 
Ghaggar and Markanda valleys. Beyond the depression, 
which is occupied by Markanda River and Saraswati drains, an 
elevation is seen at an altitude of 240 m, followed by a break-
in-slope at 229 m altitude. The gradient in this segment, 
between 269 m and 229 m points, representing Zone of 
Terminal Fans, is gentle (43 cm/km).

A very gentle gradient follows beyond this point till a 
depression, having a low of 206 m is seen near Balsamand. 
This segment, representing Central Alluvial Plain, has an 
average surface gradient of 25 cm/km. Western Yamuna Canal 
is situated at 223 m altitude.

A reversal of slope takes place after 206 m depression. 
This surface is erosional and represents Southern Pediplain 
and Aravalli Piedmont and has an average gradient of about 90 
cm/km. This surface is punctuated by elevations and 
depressions; the former reaching to 233 m, 221 m, 218 m, 224 
m, 229 m and 236 m from east to west. Rocks of Delhi Super-
group are exposed at the last elevation of 236 m altitude. The 
depressions between these elevations touch lows of 200 m 
and 216 m.

Pulewala - Dhani profile (Y1-Y2)

This profile begins at a point Y1, an altitude of 353 m, 
northeast of Pulewala village (Fig. 8). The HFT is exposed at 
this point. The profile crosses Begna Nala at altitudes of 335 
m, 330 m and 315 m. Amri Choi stream is seen further 
southwest, at 308 m altitude. A break-in-slope is observed at 
298 m, marked by development of ravines in its southwestern 
vicinity. The average gradient in this segment, between 353 m 
and 298 m, representing Himalayan Piedmont Zone, is 
moderate (290 cm/km).

Beyond the area with ravines, Amri Nadi and Amali Choa 
are seen at 286 m and 280 m altitudes, respectively. Another 
break-in-slope is seen at 274 m altitude, just before Choa Nala. 
It is marked by a bluff of 3 m, reaching down to the River 
Valley Terrace (T ) of Choa  Nala. The average gradient of this 1

ground segment, between 298 and 274 m, representing Older 
Piedmont Zone, is 150 cm/km.

Further southwest, Choa Nala and a distributary of 
Dangri Nadi are seen at 271 and 267 m altitudes, respectively. 
Dangri Nadi is incised and has its Active Flood Plain (T ) 0

confined to 200 m on either side of the stream. Further 
southwest, Markanda valley is seen, beyond Gadri Nadi. The 

Fig. 7. Surface Profile X1-X2; dashed line indicates ancient erosional surface. Spot heights taken from SOI topographical maps.

Fig.  8. Surface Profile Y1-Y2; dashed lines indicate ancient erosional surfaces. Spot heights taken from relevant SOI topographical maps.
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m, is present further southwest along the profile. Further, the 
valley of Ghaggar River is seen, with its Older Alluvial Plain 
(T ) at 219 m altitude. Bhakra Main Canal is located on this 2

surface. The River Valley Terrace (T ) is at 217 m. The valley 1

width of Ghaggar River is 7.5 km against its channel width of 
1.2 km. A Bhur ridge is seen on the western side of the valley at 
an altitude of 220 m. The River Valley Terrace (T ) of Ghaggar 1

River continues up to Aharwan village located at 217 m 
altitude. Beyond Aharwan village, a depression, touching a 
low of 208 m, is seen. It is followed by an elevation up to 211 
m, representing a stabilized dune, trending NW-SE. Further 
southwest, another depression is seen, having its lowest point 
at 203 m altitude. The ground gradient between Khandebad 
(228 m) and this depression (203 m), representing Central 
Alluvial Plain, is very gentle (26 cm/km).

Southwest of the depression (203 m), a reversal of ground 
gradient is seen. The erosional surface here is punctuated by 
elevations and depressions. The former rising from 210 m to 
228 m and the latter touching lows of 202 to 197 m. The 
elevations represent sand dunes covering rocks of Delhi 
Supergroup underneath. No rock exposures are seen in this 
profile up to Munsari. This segment represents Southern 

Pediplain and Aravalli Piedmont Zone and has northerly slope 
of about 50 cm/km.

Dulupur - Kanjankawas profile (X1-X2)

The profile begins from a point X1, at an altitude of 420 m in 
the Siwalik Hills, near Dulupur village (Fig. 7, profile X1-X2). 
A break-in-slope is seen at 360 m altitude, representing the 
HFT. The average surface gradient between points 420 m and 
360 m is moderately steep (800 cm/km). Southwest of point 
360 m, a tributary of Ghaggar River is seen at 318 m altitude, 
with incision of 3 m in the RUS. Another break-in-slope is 
located at 300 m altitude. The average gradient between points 
360 m and 300 m, representing Himalayan Piedmont Zone, is 
moderate (522 cm/km). In the immediate vicinity of point 300 
m, the area has ravines and is highly gullied.

Further southwest, Choa Nala is seen at an altitude of 
273.5 m. A break-in-slope is observed at 269 m altitude, 
marked by a bluff of 7 m, which goes down to the River Valley 
Terrace (T ) of Ghaggar River, located at 262 m altitude. The 1

average gradient of this segment, between 300 m and 269 m, 
representing Older Piedmont Zone, is moderately gentle (140 
cm/km).

Ghaggar valley is seen further southwest, having its River 
Valley Terrace (T ) at 255 m and Active Flood Plain (T ) at 252 1 0

m altitude. The RUS having an altitude of 270 m separates 
Ghaggar and Markanda valleys. Beyond the depression, 
which is occupied by Markanda River and Saraswati drains, an 
elevation is seen at an altitude of 240 m, followed by a break-
in-slope at 229 m altitude. The gradient in this segment, 
between 269 m and 229 m points, representing Zone of 
Terminal Fans, is gentle (43 cm/km).

A very gentle gradient follows beyond this point till a 
depression, having a low of 206 m is seen near Balsamand. 
This segment, representing Central Alluvial Plain, has an 
average surface gradient of 25 cm/km. Western Yamuna Canal 
is situated at 223 m altitude.

A reversal of slope takes place after 206 m depression. 
This surface is erosional and represents Southern Pediplain 
and Aravalli Piedmont and has an average gradient of about 90 
cm/km. This surface is punctuated by elevations and 
depressions; the former reaching to 233 m, 221 m, 218 m, 224 
m, 229 m and 236 m from east to west. Rocks of Delhi Super-
group are exposed at the last elevation of 236 m altitude. The 
depressions between these elevations touch lows of 200 m 
and 216 m.

Pulewala - Dhani profile (Y1-Y2)

This profile begins at a point Y1, an altitude of 353 m, 
northeast of Pulewala village (Fig. 8). The HFT is exposed at 
this point. The profile crosses Begna Nala at altitudes of 335 
m, 330 m and 315 m. Amri Choi stream is seen further 
southwest, at 308 m altitude. A break-in-slope is observed at 
298 m, marked by development of ravines in its southwestern 
vicinity. The average gradient in this segment, between 353 m 
and 298 m, representing Himalayan Piedmont Zone, is 
moderate (290 cm/km).

Beyond the area with ravines, Amri Nadi and Amali Choa 
are seen at 286 m and 280 m altitudes, respectively. Another 
break-in-slope is seen at 274 m altitude, just before Choa Nala. 
It is marked by a bluff of 3 m, reaching down to the River 
Valley Terrace (T ) of Choa  Nala. The average gradient of this 1

ground segment, between 298 and 274 m, representing Older 
Piedmont Zone, is 150 cm/km.

Further southwest, Choa Nala and a distributary of 
Dangri Nadi are seen at 271 and 267 m altitudes, respectively. 
Dangri Nadi is incised and has its Active Flood Plain (T ) 0

confined to 200 m on either side of the stream. Further 
southwest, Markanda valley is seen, beyond Gadri Nadi. The 

Fig. 7. Surface Profile X1-X2; dashed line indicates ancient erosional surface. Spot heights taken from SOI topographical maps.

Fig.  8. Surface Profile Y1-Y2; dashed lines indicate ancient erosional surfaces. Spot heights taken from relevant SOI topographical maps.
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Older Alluvial Plain (T ) of Markanda River is located at 254 m 2

altitude. The River Valley Terrace (T ) and its Active Flood Plain 1

(T ) are at 252 m and 249 m altitudes, respectively. Saraswati 0

Drain and Saraswati Nadi are seen at 242 m and 243 m altitudes, 
respectively, separated by an area with elevation of 244 m. The 
slope, west of Saraswati Nadi, continues till a depression is 
seen at 236 m, followed by another elevation at 237 m altitude 
with Kaithal town. Southeast of Kaithal, a break-in-slope is 
seen at 230 m altitude. The average gradient of this segment, 
between 274 m and 230 m, representing Zone of Terminal 
Fans, is gentle (49 cm/km). A zone of ponds is seen at the 
slope break with a number of small ponds showing linear 
NW-SE trend. The zone is unusually flat (at an altitude of 230 
m) and wide (11 km), and occupies the distal end of the 
terminal fan surface.

Further southwest, two depressions, having lows of 227 
m and 223 m are seen, separated by an elevation of 228 m 
altitude. These depressions are devoid of any drainage. 
Southwest of depression 223 m, an elevation is seen at 226 m 
altitude, representing a stabilized sand dune. Further, two 
depressions, having lows of 218 m and 213 m are seen, with 
an elevation in between of 219 m. A prominent depression is 
seen further southwest, touching a low of 209 m. This 
depression is devoid of any stream. The average gradient of 
the ground segment, between 230 m and 209 m altitude, 
representing Central Alluvial Plain, is very gentle (26 
cm/km).

Reversal of slope takes place beyond point 209 m. The 
erosional surface in this profile has an average gradient of 
about 100 cm/km and is also punctuated by elevations and 
depressions. Hissar town is located at 214 m altitude and 
Kakral town is situated at 252 m altitude. This segment 
represents the Southern Pediplain and Aravalli Piedmont 
Zone. The profile ends in the depression west of Kakral near 
Dhani village (Y2).

Bholiwala - Jhulli profile (Z1-Z2)

The profile begins at a point Z1, at 350 m altitude, near 
Bholiwala village (Fig. 9), where rocks of Siwalik Group are 
exposed. The HFT is seen at 342 m altitude, in tributary stream 
section of Fandi Rao. This segment, exposing Siwalik rocks, 
has a moderately steep gradient (800 cm/km). The master 
stream of Fandi Rao is seen at an altitude of 329 m. Further 
southwest, Sukar Rao valley is seen at an altitude of 305 m and 
a break-in-slope is seen at 300 m altitude. This segment, 
between 342 m and 300 m, representing Himalayan Piedmont 
Zone, has moderate gradient (300 cm/km).

A regular slope continues further southwest, which is 
drained by small streams. There is another break-in-slope at an 
altitude of 271 m, before Dhoa Nala, with a bluff of 2 m. The segment 
between 300 m and 271 m, representing Older Piedmont Zone, 
has a moderately gentle average gradient (130 cm/ km). 

Further southwest, a prominent valley is seen at an 
altitude of 354 m, occupied by Saraswati Nadi. It has a valley 
width of 2 km against its channel width of 50 m. The River 
Valley Terrace (T ) is located at 253 m and the Active Flood 1

Plain (T ) is at 251 m altitude. An elevation of 261 m altitude is 0

seen on the southwestern side of Saraswati Nadi, occupied by 
the twin townships of Thanesar and Kurukshetra. Kurukshetra 
Lake, located southwest of Thanesar, is presently modified by 
anthropogenic activity in to a rectangular shape. The lake is 
located at a lower elevation than Saraswati Nadi, touching a 
low of 249 m. A slightly elevated ground is seen southwest of 
Kurukshetra at an altitude of 251 m. Bhakra Canal passes 
through this elevation. A regular slope continues further 
southwest, with minor incisions of small streams, till Rajaud 
village, situated at an altitude of 233 m. A break-in-slope is 
seen at this point. This ground segment, between 271 m and 
233 m altitude, representing Zone of Terminal Fans, has a 
moderately gentle gradient (44 cm/km).

Further southwest of Rajaud village, a major depression 
is seen touching a low of 226 m. This depression is devoid of 
any stream. The complementary elevation to the southwest is 
rather broad; reaching to an altitude of 233 m. The town of Jind 
is located on this topographic high, slightly east of the profile. 
Southwest of Jind elevation, the slope is regular, criss-crossed 
by number of irrigation canals of the area. An extensive flat 
surface is seen at altitudes between 219 m and 218 m, 
southwest of Pali village, extending for a distance of about 12 
km, up to the town of Hansi. Further southwest of Hansi, the 
profile shows minor elevations and depressions. Ratera 
village is situated on the last of the elevations, at 215 m 
altitude. Southwest of Ratera, the depression touches a low of 
212 m. The average gradient of this segment, between 233 m 
and 212 m altitude, representing the Central Alluvial Plain, is 
very gentle (12 cm/km).

The rocks of Aravalli-Delhi Massif are exposed 
southwest of point 212 m; although the ground is mostly 
covered by sand dunes. Bhiwani-Tosham-Hissar road, located 
southwest of point 212 m, virtually follows the limit of 
Aravalli-Delhi Massif front. This segment, marked by 
elevations and depressions, comprises the Southern Pediplain 
and Aravalli Piedmont Zone and has an average gradient of 
about 160 cm/km. 

DISCUSSION

The DEM analysis and surface profiles across the Himalayan 
strike, covering the entire width of the eastern part of Punjab-
Haryana Plain, has helped in identification of different 
geomorphic surfaces of the area. This plain represents the foreland 
basin, where Himalaya is the fold-thrust belt of Orogen, while 
Aravalli Hills are Peripheral Cratonic Bulge (Singh 1996, 1999). 

From the Himalayan orogen southwards are present 
Himalayan Piedmont Zone, Older Piedmont Zone and Zone of 

Terminal Fans, each with characteristic slope, nature of 
drainage and sediment deposit. The Zone of Terminal Fans 
was formed by coalescing fans when climate was very humid 
with large sediment supply from the Himalayas. Older 
Piedmont Zone formed with humid climate and large sediment 
supply. The Himalayan Piedmont Zone was formed with 
reduced rainfall and low sediment supply. The Central 
Alluvial Plain has low gradient, formed by sediments coming 
mostly from the Himalaya and some from the Aravalli Craton. 
In the south of the Central Alluvial Plain, Aravalli Piedmont 
Zone and Southern Pediplain are developed with northerly 
slope. They are narrow and poorly developed due to low 
sediment supply. So far no systematic dating of these 
geomorphic surfaces has been done.

The Ganga Plain exhibits similar geomorphic features. 
The regional geomorphic surfaces of the Ganga Plain have 
been dated using thermoluminescence technique (Srivastava 
et al. 2003 a,b). It has been argued that regional tectonic and 
climate events have been responsible for the formation of 
these geomorphic surfaces (Singh 1996). The same events 
produced regional surfaces both in the Ganga Plain and 
Punjab-Haryana Plain. We can extrapolate the chronology of 
the regional geomorphic surfaces of the Ganga Plain to the 

Punjab-Haryana Plain. We propose the following tentative 
ages for the geomorphic surfaces of Punjab-Haryana Plain. 
Zone of Terminal Fans formed in late Pleistocene, Older 
Piedmont Zone in early Holocene, and Himalayan Piedmont 
Zone in late Holocene.

The rivers of Punjab-Haryana Plain are ephemeral and 
diverging in nature, and receive their main discharge from 
ground water, supported by monsoon rains. They mostly 
originate in the Piedmont Zone; while Ghaggar and Markanda 
rivers originate in the Siwalik Hills. Thus the river system of 
Punjab-Haryana Plain receives no water from the snow melt 
and the glaciers of the Higher Himalaya. Moreover, these 
rivers do not converge to make any large river; they disappear 
at various distances within the alluvial plain. Only two 
streams, namely, Ghaggar River and Saraswati Nadi flow 
beyond the Zone of Terminal Fans. Saraswati Nadi joins 
Ghaggar River near Shatrana, which flows as ephemeral 
stream southwestward to Sirsa, and beyond. It may be 
emphasized that in the area of study there is no convergence of 
rivers to make a single large river.

The rivers of the Punjab-Haryana Plain exhibit broad 
incised valleys with terrace development. The broad river 
valleys were formed in the past, during wet climate when these 

Fig.  9. Surface Profile Z1-Z2; dashed lines indicate ancient erosional surfaces. Spot heights taken from relevant SOI topographical maps.
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Older Alluvial Plain (T ) of Markanda River is located at 254 m 2

altitude. The River Valley Terrace (T ) and its Active Flood Plain 1

(T ) are at 252 m and 249 m altitudes, respectively. Saraswati 0

Drain and Saraswati Nadi are seen at 242 m and 243 m altitudes, 
respectively, separated by an area with elevation of 244 m. The 
slope, west of Saraswati Nadi, continues till a depression is 
seen at 236 m, followed by another elevation at 237 m altitude 
with Kaithal town. Southeast of Kaithal, a break-in-slope is 
seen at 230 m altitude. The average gradient of this segment, 
between 274 m and 230 m, representing Zone of Terminal 
Fans, is gentle (49 cm/km). A zone of ponds is seen at the 
slope break with a number of small ponds showing linear 
NW-SE trend. The zone is unusually flat (at an altitude of 230 
m) and wide (11 km), and occupies the distal end of the 
terminal fan surface.

Further southwest, two depressions, having lows of 227 
m and 223 m are seen, separated by an elevation of 228 m 
altitude. These depressions are devoid of any drainage. 
Southwest of depression 223 m, an elevation is seen at 226 m 
altitude, representing a stabilized sand dune. Further, two 
depressions, having lows of 218 m and 213 m are seen, with 
an elevation in between of 219 m. A prominent depression is 
seen further southwest, touching a low of 209 m. This 
depression is devoid of any stream. The average gradient of 
the ground segment, between 230 m and 209 m altitude, 
representing Central Alluvial Plain, is very gentle (26 
cm/km).

Reversal of slope takes place beyond point 209 m. The 
erosional surface in this profile has an average gradient of 
about 100 cm/km and is also punctuated by elevations and 
depressions. Hissar town is located at 214 m altitude and 
Kakral town is situated at 252 m altitude. This segment 
represents the Southern Pediplain and Aravalli Piedmont 
Zone. The profile ends in the depression west of Kakral near 
Dhani village (Y2).

Bholiwala - Jhulli profile (Z1-Z2)

The profile begins at a point Z1, at 350 m altitude, near 
Bholiwala village (Fig. 9), where rocks of Siwalik Group are 
exposed. The HFT is seen at 342 m altitude, in tributary stream 
section of Fandi Rao. This segment, exposing Siwalik rocks, 
has a moderately steep gradient (800 cm/km). The master 
stream of Fandi Rao is seen at an altitude of 329 m. Further 
southwest, Sukar Rao valley is seen at an altitude of 305 m and 
a break-in-slope is seen at 300 m altitude. This segment, 
between 342 m and 300 m, representing Himalayan Piedmont 
Zone, has moderate gradient (300 cm/km).

A regular slope continues further southwest, which is 
drained by small streams. There is another break-in-slope at an 
altitude of 271 m, before Dhoa Nala, with a bluff of 2 m. The segment 
between 300 m and 271 m, representing Older Piedmont Zone, 
has a moderately gentle average gradient (130 cm/ km). 

Further southwest, a prominent valley is seen at an 
altitude of 354 m, occupied by Saraswati Nadi. It has a valley 
width of 2 km against its channel width of 50 m. The River 
Valley Terrace (T ) is located at 253 m and the Active Flood 1

Plain (T ) is at 251 m altitude. An elevation of 261 m altitude is 0

seen on the southwestern side of Saraswati Nadi, occupied by 
the twin townships of Thanesar and Kurukshetra. Kurukshetra 
Lake, located southwest of Thanesar, is presently modified by 
anthropogenic activity in to a rectangular shape. The lake is 
located at a lower elevation than Saraswati Nadi, touching a 
low of 249 m. A slightly elevated ground is seen southwest of 
Kurukshetra at an altitude of 251 m. Bhakra Canal passes 
through this elevation. A regular slope continues further 
southwest, with minor incisions of small streams, till Rajaud 
village, situated at an altitude of 233 m. A break-in-slope is 
seen at this point. This ground segment, between 271 m and 
233 m altitude, representing Zone of Terminal Fans, has a 
moderately gentle gradient (44 cm/km).

Further southwest of Rajaud village, a major depression 
is seen touching a low of 226 m. This depression is devoid of 
any stream. The complementary elevation to the southwest is 
rather broad; reaching to an altitude of 233 m. The town of Jind 
is located on this topographic high, slightly east of the profile. 
Southwest of Jind elevation, the slope is regular, criss-crossed 
by number of irrigation canals of the area. An extensive flat 
surface is seen at altitudes between 219 m and 218 m, 
southwest of Pali village, extending for a distance of about 12 
km, up to the town of Hansi. Further southwest of Hansi, the 
profile shows minor elevations and depressions. Ratera 
village is situated on the last of the elevations, at 215 m 
altitude. Southwest of Ratera, the depression touches a low of 
212 m. The average gradient of this segment, between 233 m 
and 212 m altitude, representing the Central Alluvial Plain, is 
very gentle (12 cm/km).

The rocks of Aravalli-Delhi Massif are exposed 
southwest of point 212 m; although the ground is mostly 
covered by sand dunes. Bhiwani-Tosham-Hissar road, located 
southwest of point 212 m, virtually follows the limit of 
Aravalli-Delhi Massif front. This segment, marked by 
elevations and depressions, comprises the Southern Pediplain 
and Aravalli Piedmont Zone and has an average gradient of 
about 160 cm/km. 

DISCUSSION

The DEM analysis and surface profiles across the Himalayan 
strike, covering the entire width of the eastern part of Punjab-
Haryana Plain, has helped in identification of different 
geomorphic surfaces of the area. This plain represents the foreland 
basin, where Himalaya is the fold-thrust belt of Orogen, while 
Aravalli Hills are Peripheral Cratonic Bulge (Singh 1996, 1999). 

From the Himalayan orogen southwards are present 
Himalayan Piedmont Zone, Older Piedmont Zone and Zone of 

Terminal Fans, each with characteristic slope, nature of 
drainage and sediment deposit. The Zone of Terminal Fans 
was formed by coalescing fans when climate was very humid 
with large sediment supply from the Himalayas. Older 
Piedmont Zone formed with humid climate and large sediment 
supply. The Himalayan Piedmont Zone was formed with 
reduced rainfall and low sediment supply. The Central 
Alluvial Plain has low gradient, formed by sediments coming 
mostly from the Himalaya and some from the Aravalli Craton. 
In the south of the Central Alluvial Plain, Aravalli Piedmont 
Zone and Southern Pediplain are developed with northerly 
slope. They are narrow and poorly developed due to low 
sediment supply. So far no systematic dating of these 
geomorphic surfaces has been done.

The Ganga Plain exhibits similar geomorphic features. 
The regional geomorphic surfaces of the Ganga Plain have 
been dated using thermoluminescence technique (Srivastava 
et al. 2003 a,b). It has been argued that regional tectonic and 
climate events have been responsible for the formation of 
these geomorphic surfaces (Singh 1996). The same events 
produced regional surfaces both in the Ganga Plain and 
Punjab-Haryana Plain. We can extrapolate the chronology of 
the regional geomorphic surfaces of the Ganga Plain to the 

Punjab-Haryana Plain. We propose the following tentative 
ages for the geomorphic surfaces of Punjab-Haryana Plain. 
Zone of Terminal Fans formed in late Pleistocene, Older 
Piedmont Zone in early Holocene, and Himalayan Piedmont 
Zone in late Holocene.

The rivers of Punjab-Haryana Plain are ephemeral and 
diverging in nature, and receive their main discharge from 
ground water, supported by monsoon rains. They mostly 
originate in the Piedmont Zone; while Ghaggar and Markanda 
rivers originate in the Siwalik Hills. Thus the river system of 
Punjab-Haryana Plain receives no water from the snow melt 
and the glaciers of the Higher Himalaya. Moreover, these 
rivers do not converge to make any large river; they disappear 
at various distances within the alluvial plain. Only two 
streams, namely, Ghaggar River and Saraswati Nadi flow 
beyond the Zone of Terminal Fans. Saraswati Nadi joins 
Ghaggar River near Shatrana, which flows as ephemeral 
stream southwestward to Sirsa, and beyond. It may be 
emphasized that in the area of study there is no convergence of 
rivers to make a single large river.

The rivers of the Punjab-Haryana Plain exhibit broad 
incised valleys with terrace development. The broad river 
valleys were formed in the past, during wet climate when these 

Fig.  9. Surface Profile Z1-Z2; dashed lines indicate ancient erosional surfaces. Spot heights taken from relevant SOI topographical maps.
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rivers carried much higher water discharge. It is significant to 
note that several Harappan archaeological sites are located on 
the River Valley Terrace surfaces (T ) of the streams. It 1

suggests that formation of broad river valleys and their 
terraces took place before Harappan time (ca. 5000 yrs BP). 
We postulate that the broad river valleys were formed during 
late Pleistocene - early Holocene with higher rainfall than at 
present. The incision of rivers and formation of terraces is a 
result of tectonic and climate activity.

In response to the northward movement of the Indian 
plate, the Himalayas are still rising and causing extensive 
neotectonic activity in the foreland basin (Agarwal et al. 
2002). There are two important neotectonic features in the 
Punjab-Haryana Plain which are of regional significance, 
namely, trace of a blind thrust (future HFT) and movement 
along Gula-Ladwa high.

The Himalayan Frontal Thrust (HFT) has overthrusted the 
Siwalik rocks on the Alluvium of the foreland basin. The 
interface of the Older Piedmont Zone with the Zone of Terminal 
Fans is marked by a prominent bluff of 2 to 7 m. The bluff may 
represent the trace of a blind thrust in the subsurface, south of 
the HFT. This may develop into a new frontal thrust in future.

The distal end of the Zone of Terminal Fans is marked by 
the presence of a number of water bodies in form of ponds, 
cutoff meanders and blocked channels (Fig. 4). This is 
probably a result of uplift along E-W trending Gula-Ladwa 
high (Thussu 2006). Bhupinder sagar is a good example of the 
case, as it is formed by the uplift along Gula-Ladwa high, 
which blocked Choa Nala creating a natural lake. This uplift is 
also responsible for disruption and anastomozing pattern of 
Saraswati Nadi in Thaneswar-Pehowa- Shatrana area at the 
distal end of the Zone of Terminal Fans (Fig. 4).

CONCLUSIONS

The Punjab-Haryana Plain occupies a unique position 
between Ganga Plain in the east and Indus plain in the west. 
The drainage of this plain forms an independent system which 
does not contribute to either of the two river basins, namely, 
Ganga river basin and Indus river basin. The drainage of this 
Plain is characterized by diverging ephemeral streams.

The Punjab-Haryana Plain exhibits distinct geomorphic 
surfaces in the north, formed by sediments brought from the 
Himalaya, viz. Himalayan Piedmont Zone, Older Piedmont 
Zone and Zone of Terminal Fans. In the south, the geomorphic 
surfaces have been formed by contribution of sediments from 
Aravalli hills, viz. Aravalli Piedmont Zone and Southern 
Pediplain. In the middle, a broad Central Alluvial Plain is 
developed with contribution mostly from the Himalaya and 
some from the Aravalli Craton.

The drainage of this plain is characterized by diverging 
ephemeral streams. There is no evidence of converging river 

system or a trace of a large river in the Haryana Plains. The 
rivers show rather large valleys and are confined and incised in 
their own valleys, and at present make a narrow underfit type 
stream system.

The Punjab-Haryana Plain shows mainly fluvial 
landforms, viz. terrace surfaces, river valleys and river 
channels. Some aeolian landforms, mainly bhur ridges and 
stabilized dunes are common. Certain areas show water 
bodies, namely ponds, cutoff meanders and lakes.

The contact between the Older Peidmont Zone and the 
Zone of Terminal Fans is marked by a prominent bluff of 2-7 m 
and may represent trace of a blind thrust.

The distal end of the Zone of Terminal Fans is 
characterized by a number of water bodies, cutoff meanders 
and abandoned channels. This is in response to the uplift along 
the E-W trending Gula-Ladwa high.
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rivers carried much higher water discharge. It is significant to 
note that several Harappan archaeological sites are located on 
the River Valley Terrace surfaces (T ) of the streams. It 1

suggests that formation of broad river valleys and their 
terraces took place before Harappan time (ca. 5000 yrs BP). 
We postulate that the broad river valleys were formed during 
late Pleistocene - early Holocene with higher rainfall than at 
present. The incision of rivers and formation of terraces is a 
result of tectonic and climate activity.

In response to the northward movement of the Indian 
plate, the Himalayas are still rising and causing extensive 
neotectonic activity in the foreland basin (Agarwal et al. 
2002). There are two important neotectonic features in the 
Punjab-Haryana Plain which are of regional significance, 
namely, trace of a blind thrust (future HFT) and movement 
along Gula-Ladwa high.

The Himalayan Frontal Thrust (HFT) has overthrusted the 
Siwalik rocks on the Alluvium of the foreland basin. The 
interface of the Older Piedmont Zone with the Zone of Terminal 
Fans is marked by a prominent bluff of 2 to 7 m. The bluff may 
represent the trace of a blind thrust in the subsurface, south of 
the HFT. This may develop into a new frontal thrust in future.

The distal end of the Zone of Terminal Fans is marked by 
the presence of a number of water bodies in form of ponds, 
cutoff meanders and blocked channels (Fig. 4). This is 
probably a result of uplift along E-W trending Gula-Ladwa 
high (Thussu 2006). Bhupinder sagar is a good example of the 
case, as it is formed by the uplift along Gula-Ladwa high, 
which blocked Choa Nala creating a natural lake. This uplift is 
also responsible for disruption and anastomozing pattern of 
Saraswati Nadi in Thaneswar-Pehowa- Shatrana area at the 
distal end of the Zone of Terminal Fans (Fig. 4).

CONCLUSIONS

The Punjab-Haryana Plain occupies a unique position 
between Ganga Plain in the east and Indus plain in the west. 
The drainage of this plain forms an independent system which 
does not contribute to either of the two river basins, namely, 
Ganga river basin and Indus river basin. The drainage of this 
Plain is characterized by diverging ephemeral streams.

The Punjab-Haryana Plain exhibits distinct geomorphic 
surfaces in the north, formed by sediments brought from the 
Himalaya, viz. Himalayan Piedmont Zone, Older Piedmont 
Zone and Zone of Terminal Fans. In the south, the geomorphic 
surfaces have been formed by contribution of sediments from 
Aravalli hills, viz. Aravalli Piedmont Zone and Southern 
Pediplain. In the middle, a broad Central Alluvial Plain is 
developed with contribution mostly from the Himalaya and 
some from the Aravalli Craton.

The drainage of this plain is characterized by diverging 
ephemeral streams. There is no evidence of converging river 

system or a trace of a large river in the Haryana Plains. The 
rivers show rather large valleys and are confined and incised in 
their own valleys, and at present make a narrow underfit type 
stream system.

The Punjab-Haryana Plain shows mainly fluvial 
landforms, viz. terrace surfaces, river valleys and river 
channels. Some aeolian landforms, mainly bhur ridges and 
stabilized dunes are common. Certain areas show water 
bodies, namely ponds, cutoff meanders and lakes.

The contact between the Older Peidmont Zone and the 
Zone of Terminal Fans is marked by a prominent bluff of 2-7 m 
and may represent trace of a blind thrust.

The distal end of the Zone of Terminal Fans is 
characterized by a number of water bodies, cutoff meanders 
and abandoned channels. This is in response to the uplift along 
the E-W trending Gula-Ladwa high.
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