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Four Ganga river terraces have been recognized in the
Chandidevi Temple Hill in the pilgrim town of Hardwar,
in the eastern part of the Dehradun Valley, Northwestern Himalaya, India. These terraces that are close
to the Himalayan Frontal Thrust have been formed
due to movements along this thrust. Dating of the
sediments underlying the upper three terraces gives
overall uplift, slip and convergence rates of 6.23 ±
1.29 mm/yr, 12.46 ± 2.58 mm/yr and 10.79 ± 2.23 mm/yr
respectively. These rates are similar to those reported
from the western part of the valley and are significantly less than those published from Eastern Nepal
Himalaya. Differences in results are considered to be
due to high rates of convergence and maintenance of
the highest relief in the Himalaya, resulting in high
sediment loads of rivers in the Nepal Himalaya and
high rates of subsidence and narrow width of the
adjoining Gangetic Plains. The reverse is true of the
NW Himalaya and these differences are considered to
be due to the segmented nature of the Himalaya and
the adjoining Gangetic Plains. Also, rates of uplift
caused by movements along a thrust in a particular
cycle of activity decrease with time.
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Figure 1. Digital elevation model (DEM) of northern India and the
adjoining regions. Three sub-basins, i.e. Upper, Middle and Lower
Gangetic Plains are shown. Note a decrease in width of the Middle
Gangetic Plain (150 km north of the Ganga river), compared to the
Upper Gangetic Plain (300 km).
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COLLISION between the Indian and Eurasian plates since
about 60 Ma has created the Himalayan arc. Recent
Global Positioning System (GPS) measurements indicate
that convergence between the Indian and Eurasian plates
is between 50 and 60 mm/year (refs 1–3). Generally it is
agreed that about 50% of the total convergence is being
taken up by thrust motions in the Himalayan arc4. The
rest of the convergence is explained by crustal extension,
thrust fault motion and strike-slip motion along faults in
the Eurasian plate further north5–7.
The Himalayan Frontal Thrust (HFT) has been the
most active fault during the Quaternary period8,9. Its
activity has been studied at a few places in Nepal10,11 and
the western part of the Dehradun Valley in the North*For correspondence. (e-mail: parkash1941@gmail.com)
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western Himalaya12. There is a need for detailed studies
covering the remaining areas, so that an exhaustive picture of its activity and dynamics of the collision of the
India and China plates are obtained, and their effects on
the Himalayan orogen and Indo-Gangetic foreland basin
can be evaluated. Keeping this in view, we have studied
terraces just north of HFT, near the pilgrim town of Hardwar in the eastern part of the Dehradun Valley, NW
Himalaya (Figures 1 and 2).
The Himalayan arc extending over a distance of about
2900 km consists of three distinct longitudinal zones
from north to south: Higher Himalaya (metamorphic and
crystalline rocks), Lesser Himalaya (Precambrian sequences) and Outer Himalaya (mainly Tertiary fluvial sediments
and minor shallow marine sequences). These zones are
bound along the southern sides by the Main Central
Thrust (MCT), Main Boundary Thrust (MBT) and HFT
respectively (Figure 3)13. HFT separates the Outer Hima-

Figure 2. DEM of the Dehradun Valley with superimposed structural
features. MBT, Main Boundary Thrust; HFT, Himalayan Frontal
Thrust; ST, Santurgarh Thrust; BT, Bhaowala Thrust; YTF, Yamuna
Tear Fault, and GTF, Ganga Tear Fault. Do, Dh, and Bh refer to
Donga, Dehradun and Bhogpur fans respectively.
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Figure 3. Generialized N–S geological section across the Himalaya showing major tectonic structures (after
Kumar et al.13).

Figure 4. a, Detailed geological map of the study area (modified after
Rao et al.20), showing location of sample taken for dating of terraces
T2–T4. b, Schematic cross-section along line A–B in (a), showing
fault-bend fold nature of the structure in the area.

layan sequences in the north from the Indo-Gangetic
Plains/sediments in the south. Also, the three thrusts
developed sequentially from north to south.
Generally, MCT is not known to disrupt the Quaternary
deposits. MBT has been considered to affect the Quaternary deposits at a few places14. However, our work in the
Dehradun Valley15 suggests that MBT has raised the
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Lesser Himalayan rocks by 2000–3000 m abruptly above
the Siwalik Formations to the south. It forms fault scarps
and has disrupted the Quaternary deposits/terraces over
large areas in the eastern and western parts of the valley
by 1000–1200 m. HFT exhibits extensive disruption of
the Siwalik and the Quaternary deposits throughout its
length, including the present area.
Seismological observations in the last five decades indicate that most of the moderate earthquakes in the Himalayan arc took place in the region between HFT and
MCT. These earthquakes are concentrated below MCT at
a depth of 10–20 km along a decollement (Main Himalayan
Thrust) that runs from MCT to HFT below the Higher
and Outer Himalayas. Though earthquakes are generated
close to MCT, slip due to these earthquakes is propagated
southward to HFT, which shows tilting, breaking of
terraces, fault scarps and even folding caused during the
Holocene11,16,17.
The Siwalik Formations between MBT and HFT are
folded into a number of anticlines and synclines, and synclinal valleys called ‘doons’ or ‘duns’. The Dehradun
Valley is one such dun18. Its southern limb is folded into
an anticline (Mohand anticline) due to movement on the
underlying HFT, forming a fault-bend fold19. The Dehradun
Valley also forms a piggyback basin, being bound by
MBT and HFT in the north and south respectively15. This
valley is cut by major tear faults called the Yamuna and
Ganga faults, striking along two rivers of the same
names.
The Siwalik Ranges northeast of HFT are underlain by
the Siwalik Formations (Mid Miocene to Pleistocene),
which show monotonous dips of 10°–30° due NE, and the
northern side of the range is marked by dip slopes of the
Siwalik Formations. Close to HFT, the Siwalik Formations dip up to 60°, forming the Mohand anticline over
most of the Dehradun Valley. This anticline merges into a
couple of folds just east of the Yamuna River. In the pre1427
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sent area also, three anticlines and synclines in the
Siwalik Formations have been mapped20.
Though the study area forms the easternmost part of
the Dehradun Valley, and it is ~ 38 km east of Mohand
(fault-bend fold region)19, the overall structural configuration is essentially a continuation of the one prevailing
in the Mohand region. Our cross-section of the region
confirms this, as we have a fault-bend fold in the hanging
wall of the blind HFT, buried below the alluvium (Figure
4 a and b). Structural data show that the fold is asymmetrical with steeply dipping formations (~ 60°) on the
southern limb and gentler dipping back (northern) limb
(~ 35°).
Four terraces have been identified on the Chandidevi
Temple Hill: T1–T4 (Figures 5 and 6 a). Fieldwork brings
out that terraces T3 and T4 slope 5–10° northward without any regard for structures of the underlying Siwalik
Formations. Terraces T2–T4 are fill terraces. Terraces T4
and T2 are underlain by 1–3 m of reddish sands with
weak soil development (Figure 6 b), which are underlain
by pebbles to boulders with sandy matrix, and gravels are
well organized in nature (Figure 6 c). Terrace T3 is
underlain mainly by gravels. In these cases the gravels
are rich in quartzite clasts, suggesting that they have been
deposited by the trunk river Ganga flowing nearby21.
Most of Himalayan terraces are of tectonic origin, as suggested by Starkel22. Also, as our study area is in the most
active tectonic zone8,9, these are considered to have formed
due to tectonic uplift. Terraces T2–T4 are underlain by
channel deposits and are devoid of floodplain sediments,
suggesting their sudden abandonment. Terrace T1, the
alluvial terrace, represents the highest level in the floodplain, overtopped only by extreme floods23. Also, heights
of the terrace surfaces and strath surfaces below the terraces
were obtained by autolevel traverse along the mule track.
Following Kumar et al.13, and Srivastava and Misra24, the
height of the strath surface of individual terraces (T4–T2)
above terrace T1 was taken as incision due to uplift and
was used for calculation of uplift, slip and convergence
rates.

Figure 5. Diagrammatic representation of terraces of the Chandidevi
Temple Hill, giving their ages and showing the sediments underlying
them. Heights are taken from auto-level survey undertaken by us.
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HFT lies at the base of the Chandidevi Temple Hill on
its southern side. However, about 100 m north of the base
of the hill, another imbricate of HFT forms a vertical
scarp with a height of about 35 m and offsets a small
stream. The stream forms one major waterfall (Figure 6 d)
with a small pool at the base, with a height of about 25 m
and three small falls with heights of 1–3 m, above the
major fall and one small fall (2 m height) below the
major fall. The one below the major fall marks the earlier
position of the waterfall. The pool at the base of the
major fall is locally known as ‘Gori Kund’, meaning pool
of the Goddess Gori.
Luminescence dating of sediments provides the burial
period or age of the sediment. The sediments during
weathering and transport get exposed to the sun for at least
a few minutes, which is sufficient to zero the pre-deposited
signal. On burial, radiation energy due to ambient radioactivity starts building up and total stored energy depends
on the rate of radiation dose received and time since burial. On excavation, the signal developed over the burial
period, which is related to the absorbed paleodose (P) is
read from the luminescence emitted under infrared light
stimulation (IRSL). Division of the palaeodose by the
dose received per year or the annual radiation dose
(assumed to be constant with time) gives the age of the
sample. Details of the methodology are given by. Singhvi
and Krbetscek25, and Wintle26.
Samples were taken in iron tubes from a depth of about
70 cm from the top of the terraces for luminescence dating.
Paleodose was obtained using fine-grained multi aliquots
with IR stimulation on 4–11 μm grains, which were pretreated with 1 N hydrochloric acid, sodium peroxide
(6–30%) and 0.01 N sodium oxalate to remove carbonates, organic matter and to disperse individual grains respectively. The 4–11 μm grains were separated in acetone
medium using Stoke’s law and these were deposited on
aluminum discs. The whole procedure was carried out
under subdued red light. Measurements of luminescence
were carried out on Daybreak 1100 TL/OSL reader with
IR (880 ± 80 nm) stimulation and luminescence detection
was through 7 mm Schott BG-39 and Corning 7-59 filter
combination.
Paleodose estimation was carried out using additive
dose method27. The sample discs were normalized for
sample homogeneity by a 0.5 s exposure to IR illumination and detection of the resulting luminescence by a photomultiplier tube. The shine-down curve was taken by
exposing the samples to IR radiation for 99 s at room
temperature (Figure 7 a). For constructing the growth
curve, 4–6 natural aliquots and four sets of aliquots (each
containing at least four discs) were irradiated to increased
dose levels and their luminescence was measured. Additive dose linear curves were prepared and extrapolated
backward to get the equivalent dose/paleodose (Figure
7 b). A plot of equivalent dose versus shine-down time
(exposure energy) was prepared (Figure 7 c). The IRSL
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Figure 6. a, Photograph of the region just east of the River Ganga, looking NE, showing terraces T1 and T2. b, Sandy bed underling terrace T2,
exhibiting weak development of soil. c, Gravel bed, rich in quantize pebbles, underling terrace T4. d, Main waterfall along an imbricate of the HFT.

ages were determined from the plateau value within 5 s of
diode exposure. Results are given in Table 1.
The OSL ages for the Ganga river terraces T4–T2 were
15.19 ± 3.14, 12.86 ± 3.00 and 7.15±1.54 ka respectively.
Thus uplift rates for the periods between the formation of
terraces, i.e. 15.19–12.86, 12.86–7.15 and 7.15–0.0 ka
were 14.47 ± 5.85, 6.32 ± 2.23 and 3.48 ± 0.756 mm/yr
respectively. Overall uplift rate was 6.23 mm/yr. Thus
uplift rate decreases with time. Some error in calculation
of uplift rates could be caused due to rise in the river
level due to aggradation. However, the Dehradun Valley15 and the Ganga Plains28, south of the present area are
uplifted in nature. These regions are undergoing degradation and no large-scale aggradation is taking place in
them. Taking the published dip of HFT as 30° (refs 29–
31), the rates of slip along this thrust for the above periods are 28.94 ± 11.69, 12.63 ± 4.45 and 6.97 ± 1.50 mm/yr
respectively. The observed uplift rate give an overall
horizontal shortening and slip rates due to the movement
along HFT as 10.79 ± 2.23 and 12.46 ± 2.58 mm/yr respectively.
Our results of crustal shortening (10.79 ± 2.23 mm/yr)
due to movements along the HFT were similar to an earlier result (≥11.9 ± 3.1) from the western part of the
Dehradun Valley12. Also, uplift rate of 6.23 ± 1.29 mm/yr
is of the same order as reported earlier by Ray and
Srivastava32. Wesnousky et al.12 compared their results
with those from Nepal (21.5 ± 1.5 mm/yr)10 and postulated
that there is an east-west gradient in crustal shortening,
which decreases from east to west, as postulated earlier33.
Based on GPS studies and integration of levelling data
across the Nepal Himalaya, Bürgmann et al.34 suggested
CURRENT SCIENCE, VOL. 100, NO. 9, 10 MAY 2011

that the Himalayan arc was segmented, different segments showing varied convergence processes. They postulated that the detachment fault in east and west Nepal
Himalayas are dipping at different angles (3–8°) and are
locked at different depths (15–25 km). The NW–SE flowing Rapti river forming the boundary between the Upper
and Middle Gangetic Plains also lies near the line dividing the Nepal Himalaya into two approximately equal
halves.
Our studies28,35 of the Quaternary sedimentation indicate that the Ganga Basin consists of a number of distinct
sub-basins, i.e. Upper, Middle and Lower, with distinctive tectonic, geomorphogic and sedimentation features
(Figure 1). The Upper Ganga sub-basin stretches from the
Yamuna river in the west to the Rapti river in the east.
The Middle Gangetic sub-basin continues from the Rapti
river to Farakka, where the Ganga river takes a southerly
turn and forms a delta in West Bengal, India and the
Bangladesh Plains.
The Upper Ganga sub-basin with a width of 310 km is
presently marked by large tracts that have acted as uplands for 10,000–17,000 years (refs 36 and 37), giving
rise to sandstone-poor, and mud/moderately to strongly
developed palaeosol-rich stratigraphic intervals. All the
major rivers (Ganga, Yamuna, Ghaghara) have incised
courses and the Ganga does not flow at the southern distal end over major part of the sub-basin. The southern
part of the sub-basin showing badland topography may
represent a foreland bulge. The sub-basin is marked by a
low rate of subsidence. The basement dips gently northward38. This set-up has been called Upland Depositional
System28. The NW Himalaya and western Nepal
1429
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Figure 7. Infrared light stimulation (IRSL) decay curves (a), growth curves (b) and equivalent dose
plateaus (c) for samples from the terraces T2 and T4.

Table 1. Radioactivity values, equivalent dose and absolute ages of sediments underlying the Ganga terraces. Ages are calculated
taking cosmic dose = 150 ± 30 Gy/a. ED, Paleodose (Gy), AD, Annual dose rate (Gy/a)
Sample no.
T4
T3
T2

Moisture (%)
1.2
4.19
1.44

U238 (ppm)
3.28 ± 1.81
1.29 ± 1.14
2.68 ± 1.64

Th232 (ppm)
15.8 ± 3.97
15.0 ± 3.87
11.5 ± 3.39

Himalaya to the north of this region generally have
maximum elevation of less than 7000 m. Crustal shortening due to movements along HFT is low (10.94–
11.9 mm/yr; this study)10.
The Middle Ganga sub-basin with a width of about
150 km is characterized by sedimentation on alluvial
megafans and interfan areas, which resulted in sand-rich
and mud-rich sequences with weakly developed soils.
The Ganga flows hugging the southern boundary of the
sub-basin, collecting discharges from large rivers forming
1430

K40 (%)
1.31 ± 0.07
1.33 ± 0.07
1.23 ± 0.06

ED (Gy)
74.91 ± 4.03
49.46 ± 7.40
28.78 ± 1.77

AD (Gy/a)

Age (ka)

4932 ± 985
2845 ± 687
4024 ± 154

15.19 ± 3.14
12.86 ± 3.00
7.15 ± 1.54

megafans. South of the Ganga, an alluvial plain (average
width = 50 km) has a few inselbergs of the peninsular
rocks in the eastern half of the plain, indicating that this
plain is probably a pediment covered by a thin cover of
sediments. The major39,40 and small rivers41 in the area
show large shifting in their courses over short periods.
The basement of the Gangetic Plains slopes steeply northward and its southern boundary with the Indian Peninsula
is marked by a normal fault with a downthrow of about
1000 m. This set-up has been named Lowland DeposiCURRENT SCIENCE, VOL. 100, NO. 9, 10 MAY 2011
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tional System29. The Himalayan ranges north of the
sub-basin (eastern Nepal Himalaya and further eastern
regions) are marked by the highest topographic elevations, including Mount Everest (8850 m), Kachenjunga
(8586 m), Lhotse (8516 m) and Makalu (8463 m). Probably such high elevations in drainage basins are mainly
responsible for high sediment loads of rivers in this
region42. Crustal shortening due to movement along the
HFT is significantly high (21.5 ± 1.5 mm/yr)8.
The lower Ganga sub-basin is marked by the Tista
megafan in the north, and the southern plains form the
largest delta with a significant effect of tides in a N–S
trending graben.
Both the Gangetic Plains and the Himalaya are marked
by abrupt changes across the north-south flowing Rapti
river and the region north of it respectively, instead of a
gradual change from east to west as postulated by Wesnousky et al.12. The Himalaya north of the Middle
Gangetic Plains (Eastern Nepal Himalaya) is characterized by a high rate of convergence, which sustains the
highest mountains in the world. These lofty mountains
cause significant crustal loading and high subsidence in
the foreland basin and also shed large sediment loads,
carried by the rivers to the plains to form megafans. In
the NW and Western Himalayas, the rate of crustal shortening due to movements along HFT is low, thus able to
support lower heights of the Himalayan ranges. These
ranges shed small amounts of sediments, which are
carried by streams to the plains. The adjoining foreland is
subsiding at a low rate, and the plains are at a higher
level than the rivers, which are incised; this leads to moderate to strong development of soils on the upland plains.
These situations indicate the prevalence of separate
steady states between the Upper and Middle Gangetic
plains and the Himalaya just north of them.
In our study area, uplift rate was found to decrease
with time. Similar results were obtained in the northern
parts of the Dehradun Valley, where uplift was caused by
activity along different imbricates of MBT, forming terraces15. It seems that in a particular cycle of activity
along a fault, the activity seems to decrease with time as
indicated by uplift/slip rate and convergence rate.
Our studies of terraces T1–T4 of the Ganga river along
the western side of the Chandidevi Temple Hill, indicate
that the rates of uplift, slip and convergence due to movements along HFT are similar to those observed earlier in
the western part of the valley. However, these are significantly less than those observed in the Eastern Nepal.
These differences are explained in terms of the segmented nature of the Himalayan arc and Gangetic Foreland Basin. Two major segments in the Himalayan arc
have been recognized: Eastern Nepal with a high convergence rate and Western Nepal and the region extending
further west at least to the present area with a low convergence rate. Similarly, the adjoining Gangetic Basin is
divided into Upper and Middle Gangetic Plains, with
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distinctive sedimentation patterns, geomorphology and
pedology.
1. DeMets, C., Gordon, D. F., Argus, D. F. and Stein, S., Effect of
recent revision to geomagnetic reversal time scale on estimates of
current motion motions. Geophys. Res. Lett., 1994, 21, 2191–
2194.
2. Freymueller, J., Bilham, R., Bürgmann, R., Larson, K. M. and
Gaur, V. K., Global Positioning System measurements of Indian
plate motion and convergence across the Lesser Himalaya. Geophys. Res. Lett., 1996, 23, 3107–3110.
3. Larson, K., Bürgmann, R., Bilham, R. and Freymueller, J. T.,
Kinematics of the India-Eurasia collision zone from GPS measurements. J. Geophys. Res., 1999, 104, 1077–1093.
4. Banerjee, P. and Bürgmann, R., Convergence across the northwest
Himalaya from GPS measurements. Geophys. Res. Lett., 2002, 29,
30-1–30-4.
5. Avouac, J. P. and Tapponnier, P., Kinematic model of active deformation in Asia. Geophys. Res. Lett., 1993, 20, 895–898.
6. Molnar, P., Inversion of profiles of uplift rate for the geometry of
dip-slip faults at depth, with examples from the Alps and Himalaya. Ann. Geophys., 1987, 5, 663–670.
7. England, P. C. and Molnar, P., Active deformation of Asia from
kinematics to dynamics. Science, 1997, 278, 643–662.
8. Nakata, T., Geomorphic history and crustal movements of the
foothills of the Himalayas. In Scientific Report Tohuku University, 7th Ser., 1972, vol. 22, pp. 39–177.
9. Yeats, R. and Lillie, R. J., Contemporary tectonics of the Himalayan frontal fault system. Folds, blind thrust and the 1905 Kangra
earthquake. J. Struc. Geol., 1991, 13, 215–225.
10. Avouac, J. P., Lave, R., Catin, M. R., Pande and Tandulkar, M. R.,
Active mountain building in the Himalayas of Nepal. EOS Trans.,
AGU, 1998, 79, F204.
11. Lave, J. and Avouac, J. P., Active mountain building in the Himalayas of Nepal. J. Geophys. Res., 2000, 105, 5735–5770.
12. Wesnousky, S. G., Kumar, S., Mohindra, R. and Thakur, V. C.,
Uplift and convergence along the Himalayan Frontal Thrust. Tectonics, 1999, 18, 967–976.
13. Kumar, S., Wesnousky, S. G., Rockwell, T. H., Ragona, D., Thakur, V. C. and Seitz, G. G., Earthquake recurrence and rupture dynamics of the Himalayan Frontal Thrust, India. Science, 2001,
294, 2328–2331.
14. Nossin, J. J., Outline of the geomorphology of the Doon Valley,
northern UP, India. Z. Geomorphol., 1971, 12, 18–50.
15. Singh, A. K., Parkash, B., Mohindra, R., Thomas, J. V. and
Singhvi, A. K., Quaternary alluvial fan sedimentation in the
Dehradun Valley Piggyback Basin, NW Himalaya: tectonic and
palaeoclimatic implications. Basin Res., 2001, 13, 449–471.
16. Pandey, M. R., Tandulakar, M. R., Avouac, A. J., Lave, J. and
Massot, J. P., Interseismic strain accumulation on the Himalayan
crustal ramp (Nepal). Geophys. Res. Lett., 1995, 22, 751–755.
17. Cattin, R. and Avouac, J. R., Modeling mountain building and
seismic cycle in Himalaya of Nepal. J. Geohys. Res., 2000, 105,
3389–13407.
18. Medlicott, H. B., On the geological structure and relations of the
southern portion of the Himalayan ranges between the Ganges and
Ravee. Mem. Geol. Survey India, 1864, 3, 1–86.
19. Mukhopadhyay, D. K. and Mishra, P., The Main Frontal Thrust
(MFT), Northwestern Himalayas: Thrust trajectory and hanging
wall fold geometry from balanced cross sections. J. Geol. Soc. India, 2004, 64, 739–746.
20. Rao, Y. S., Rahman, A. A. and Rao, D. P., On the structure of the
Siwalik range between the rivers Yamuna and Ganga. Himalayan
Geol., 1974, 4, 137–150.
21. Raiverman, V., Misra, V. N. and Awasthi, A. K., Beas valley
gravels: a study towards reconstruction of a physical model of
1431

RESEARCH COMMUNICATIONS

22.
23.

24.

25.

26.
27.
28.

29.

30.

31.

32.

33.

1432

deposition of Siwalik conglomerate. Proceedings of International
Sedimentological Congress, 1975, vol. 9(10), pp. 117–121.
Starkel, L., Climatically controlled terraces in uplifting mountain
areas. Quat. Sci. Rev., 2003, 22, 2189–2198.
Gohain, K. and Parkash, B., Morphology of the Kosi Mega-Fan. In
Morphology of the Kosi Mega–Fan (eds Church, M. and Rachocki,
A.), Wiley, UK, 1990, pp. 151–178.
Srivastava, P. and Misra, D. K., Morpho-sedimentary records of
active tectonics at the Kameng River exit, NE Himalaya. Geomorphology, 2003, 96, 187–198.
Singhvi, A. K. and Krbetscek, M. E., Luminescence dating: a review and a perspective for arid zone sediments. Ann. Arid Zone,
1995, 35(3), 279–289.
Wintle, A. G., Luminescence dating: laboratory procedures and
protocols. Radiat. Meas., 1997, 27(5/6), 769–817.
Aitken, M. J., Thermoluminescence Dating, Academic Press. London, 1985, p. 359.
Thomas, J. V., Parkash, B. and Mohindra, R., Lithofacies and palaeosol analysis of the Middle and Upper Siwalik Groups (PlioPleistocene), Haripur-Kolar Section, Himachal Pradesh, India.
Sediment. Geol., 2002, 150(3–4), 343–366.
Lyon-Caen, H. and Molnar, P., Gravity anomalies, flexure of the
Indian Plate and the structure, support and evolution of the Himalaya and Ganga Basin. Tectonics, 1985, 4, 513–538.
Raiverman, V., Srivastava, A. K. and Prasad, D. N., On the Foothill thrust of the northwestern Himalaya. Himalayan Geol., 1993,
4, 237–256.
Powers, P. M., Lillie, R. J. and Yeats, R. S., Structure and shortening of the Kangra and Dehra Dun Reentrants. Bull. Geol. Soc. Am.,
1998, 110, 1010–1027.
Ray, Y. and Srivastava, P., Widespread aggradation in the mountainous catchment of the Alaknanda-Ganga River System: timescales and implications to Hinterland-foreland relationships.
Quarternary Sci. Rev., 2010, 29, 2238–2260.
Petlzer, G. and Saucier, F., Present day kinematics of Asia derived
from geologic faults. J. Geohys. Res., 1996, 27, 943–956.

34. Bürgmann, R., Larson, K. M. and Bilham, R., Model inversion of
GPS and leveling measurements across the Himalaya: Implications of earthquake hazards and geodetic networks. Himalayan
Geol., 1999, 20, 59–72.
35. Srivastava, P., Parkash, B., Sehgal, J. L. and Kumar, S., Role of
neotectonics and climate in development of the Holocene geomorphology and soils of the Gangetic Plains between the Ramganga
and Rapti rivers. Sediment. Geol., 1994, 94, 129–151.
36. Singh, S., Parkash, B., Rao, M. S., Arora, M. and Bhosle, B.,
Geomorphology, pedology and sedimentology of the Deoha/
Ganga–Ghaghara Interfluve, Upper Gangetic Plains (Himalayan
Foreland Basin) – Extensional tectonic implications. Catena,
2006, 67, 183–203.
37. Bhosle, B., Parkash, B., Awasthi, A., Singh, S. and Khan, S. H.,
Himalayan Geol., 2008, 29(1), 1–24.
38. Raiverman, V., Foreland Sedimentation in Himalayan Tectonic
Regime – Relook at the Orogenic Process, Bishen Singh Mahendra Pal Singh, Dehradun, 2002, p. 378.
39. Singh, R. L. and Singh, K. N., Middle Gangetic plains. In India –
A Regional Geography (ed. Singh, R. L.), National Geographical
Society India, Varanasi, 1971, p. 992.
40. Mohindra, R., Parkash, B. and Prasad, J., Historical geomorphology and pedology of the Gandak megafan, Middle Gangetic
plains, India. Earth Surf. Process. Landforms, 1992, 17, 643–662.
41. Jain, V. and Sinha, R., Hyper-avulsive anabranching Baghmati
river system, north Bihar plains, eastern India. Z. Geomorphol.,
2003, 47(1), 101–116.
42. Latrubesse, E. M., Stevaux, J. C. and Sinha, R., Tropical rivers.
Geomorphology, 2005, 70(3-4), 187–206.

ACKNOWLEDGEMENTS. We thank Dr C. P. Rajendran, Indian
Institute of Science, Bangalore and an anonymous reviewer for useful
suggestions to improve the manuscript.
Received 4 May 2010; revised accepted 18 March 2011

CURRENT SCIENCE, VOL. 100, NO. 9, 10 MAY 2011

