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Stream profiles along five major streams from the
Nahan Salient in the Western Sub-Himalaya were
investigated with special emphasis on reactivation/
active tectonics of the Intra-Foreland Thrust (IFT).
Each of the stream profiles is observed to consist of
two to three segments of different stream gradients.
Each segment comprises a ‘stream reach’ and is marked
by a distinct stream-length (SL) gradient index. SL
index curves drawn for the five streams show anoma-
lous increase in its values at the contact of two stream
reaches. These distinct anomalies are found associated
with the surface exposure of IFT in the field. Likewise
low mountain front sinuosity (1.1 to 2.4) and low
valley width to height ratios (0.1 to 0.33) also reflect
active tectonic deformation along the IFT due to reac-
tivation. The present stream profile approach is sim-
pler, easier and faster to locate sites of fault related
reactivation.

Keywords: Intra-Foreland Thrust, Nahan Salient, reac-
tivation, stream long profiles, SL value.

THE Sub-Himalayan belt in the NW India is marked by
the sinuous trace of the Main Boundary Thrust (MBT)
giving rise to areas that are concave towards the foreland,
known as reentrants, and areas that are convex towards
the foreland, known as salients. The present study was
carried out in the largest salient of NW India, i.e. the
Nahan Salient (Figure 1). The Nahan Salient is located in
between the Kangra and the Dehradun reentrants lying in
its northwest and southeast respectively. The salient and
the reentrants are marked by thrusts running parallel to
sub-parallel to the Himalayan Frontal Thrust (HFT) in the
NW-SE direction.

It is commonly believed that the Himalayan front has
sequentially migrated southwards giving rise to new
thrusts' . It is also believed that the newly formed thrusts
are the focus of tectonic convergence as seen in the case
of HFT at a number of places, all along its strike*®. Con-
sequently, many or almost all of the thrusts/faults that lie
to the north of the HFT may have, at some time in the
geological past, ceased to absorb the convergence of the
Indian and Eurasian plates and were rendered inactive. In

*For correspondence. (e-mail: geotejpal@yahoo.co.in)
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such a scenario, any active tectonic deformation recorded
along a fault north of the HFT, seems to be the result of
its reactivation during the recent past. Here we focus on
the active tectonic deformation along an IFT, also referred
as the Nahan Thrust’, that lies between the MBT and
HFT within the Nahan Salient. The IFT brings the older
Lower Siwalik sandstone—claystone sequence over the
younger Upper Siwalik sequence which is coarsening
upward with sandy facies at the base and conglomeratic
facies towards the top'".

This type of tectonic deformation is usually manifested
by a change in drainage system which adjusts to the
change in topographic slope gradient by changing its
course™®. Singh and Virdi’ have brought to light some
key topographic manifestations of such active tectonic
deformation in the Nahan Salient just north of the HFT.
These manifestations are represented by a break in topo-
graphic slope, steep valley walls in the hanging wall
block, unstable slopes and low values of mountain front
sinuosity. A good spatial correlation between these
topographic features and the map trace of IFT has been
documented”’. The change in topographic slope brought
about by the reactivation of IFT has also affected the
stream pattern across the IFT®. However, no study has
been carried out to understand the effect of this change in
topographic slope on the behaviour and gradient of
streams.

The present study was carried out using the drainage
network from the Survey of India (SOI) topographic
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Figure 1. Tectonic sub-divisions of the NW Himalaya marked by the
presence of the Kangra and Dehradun reentrants and Nahan Salient.
The study area is located in the Sub-Himalayan belt of the Nahan Sali-
ent (see inset for geographical location).
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maps and satellite imagery (IRS-1D LISS-III, path-95
row-49 procured on 28 February 2003) of the Nahan
Salient. The two data set were georeferenced/rectified in
the same coordinate system (Projection: Geographic lat./
long., Spheroid: Everest and Datum: Everest) so that they
could be spatially interfaced. Interestingly, a good corre-
spondence between the drainage lines on the satellite
imagery and that on the topographic maps was found. A
total of five watersheds, enclosing the IFT were deline-
ated from the topographic map based on the contours.
The watershed boundaries correspond well with the topo-
graphic highs visible on the satellite imagery (Figure 2).
Further, the main streams of each of the watersheds were
digitized from the topographic map. Each of the digitized
streams was visually verified for their spatial correspon-
dence with those seen on the satellite imagery (Figure 2).
The longest stream from each of the five watersheds was
used to generate the stream profiles. Stream profiles are
usually characterized by variation in the gradient, i.e.
change in elevation (dH) per unit length (d) of the stream.
Such profiles have been extensively used for identifica-
tion of anomalous zones, manifested by a sharp change in
the stream gradient, along the stream course'"',

In the present study, channel elevation (/7) was plotted
against stream length (log L) (Figure 3). The semi-logari-
thmic plot of stream profile known as “Hack profile’, is
not a straight line in form, rather each of these profiles
consist of a number of straight line segments each
of which is referred as a ‘stream reach’. The number of
stream reaches for each of the profiles varies from two to
three (Figure 3). The stream reaches were identified by
statistically fitting straight lines to the stream profile
curves. Each of the stream reaches identified in this way
is characterized by a particular stream gradient (K). The
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Figure 2. Watersheds and drainage lines delineated from the SOI
topographic map correspond well with the ones seen on the satellite
imagery. The watersheds are referred as Basin I through Basin V, from
east to west. The HFT and IFT are marked by dotted lines for better
visibility.
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stream gradient (K) can be worked out for each of the
identified reaches in the five stream profiles as follows.
Hack'' gave the following relationship between elevation
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Figure 3. Stream profiles with different reaches and their respective

SL indices (stepped curve). The break in stream profiles is clearly
manifested by an increase in the SL index across the active thrust fault.
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(H) and distance from the source (L) of a particular
stream reach:

H=C-KInL, (H

where K is the slope of the straight line representing the
stream reach profile (Figure 3) and is also known as the
stream gradient index and C is a constant.

Likewise, the channel slope (S) for a particular channel
reach is obtained by differentiating / with respect to L.
Hence, differentiating eq. (1) with respect to L gives the
following relationships between S and K.

S =dH/L = - K(1/L), (2)
or K = - SL, (3)

where the negative symbol indicates the direction of
slope of the profile.

In other words, K value represents the product of slope
and length of a stream reach, also known as the stream
length gradient (SL) index''. In a hilly terrain like the one
under discussion, with appreciable slope and ephemeral
drainage, the stream power is mainly a function of topo-
graphic slope (S) and the upstream length (L) of the stream
reach. The SL index appropriately expresses stream
power by representing the stream discharge through its
length L. Hence, the SL index also characterizes stream
power for a reach or an entire stream profile' >,

All the five stream profiles from the Nahan Salient
show a clear break in the stream gradient marked by an
anomalous increase in the SL index (Figure 3). In the
field, the anomalous increase in the SZ index is observed
to correspond with fault zones along all the stream pro-
files. Such breaks in the stream gradient and anomalous
increase in the SL index are often marked by faults/fault
zones' . By analogy to the works'' ™", and the observa-
tions in the present study that are traceable laterally along
the strike of the exposed IFT, it is inferred that stream
profiles have been affected by tectonic reactivation along
the IFT.

Steepening of the topographic slope due to the reacti-
vation of the IFT increased the gradient of the streams
cutting across the IFT, thereby causing severe downcut-
ting in the hanging wall block, especially in the parts
where the stream channels have low valley width to height
ratios that range from 0.1 to 0.33 (ref. 9). Increased
downcutting flooded the downstream channels with excess
sediment load. Low load carrying competence of streams
in relatively low stream gradient in the footwall block led
to the debouching of sediments giving rise to braided
channels (Figure 4). At the same time, vertical incision in
the hanging wall block does not allow the retreat of the
topographic front produced by reactivation thereby main-
taining low values of the mountain front sinuosity that
range from 1.1 to 2.4 (ref. 9).
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Figure 4. Schematic model illustrating the topographic evolution as a
result of reactivation of the IFT. The red dashed line shows the topo-
graphic slope across the thrust. Jy, and V/, are valley width and valley
elevation respectively. a, The inactive thrust is marked by a uniform
topographic slope and relatively wide channels. b, Tectonic activity
(reactivation) along the thrust generates a prominent break in slope
along with reorganization of drainage from transverse to longitudinal.
¢, With time, the topographic slope begins to wane (shown by the gen-
tler break in slope of the red line). However, the signatures of tectonic
activity may be identified using the narrow valley profiles and sharp
break in longitudinal profiles of streams.

The important conclusions of this study are:

e Active tectonic deformation in the hilly terrain of the
Nahan Salient caused break in topographic slope,
thereby modified the channel slope and stream gradient.

e Active tectonic deformation along the IFT caused an
anomalous increase in the SL index at the thrust front.

o [n addition, the typical topographic attributes like break
in slope, steep valley walls and low values of mountain
front sinuosity at the I[FT, at a number of places laterally,
also corroborate the active tectonic deformation due to
the reactivation of IFT. The present approach of using
stream profiles appears to be much simpler, easier and
faster to locate sites of fault related reactivation. The
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interrelationship among the different topographic attri-
butes, thus worked out, is shown Figure 4.
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