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In this study, sedimentary deposits around the confluence of the Narmada River and its tributary, Orsang
River, western India, were studied to understand the confluence dynamics. The results indicate that the
sediment sequences exposed at three sites represent the contribution from the Narmada River, the Orsang
River and the Heran River at various stages. During the Late Pleistocene, the sedimentation occurred as
channel beds and bars in the wider than present and bedload dominant Narmada River. The channel
aggradation, shifting and realignment, guided the Orsang River to change its course to flow through the
lower course of the Heran River and join the Narmada in response to the early Holocene tectonic activity.
High flood flows deposited fine sediments in the channel widening due to tributary confluence and within
backflooded Orsang (tributary) valley during mid-late Holocene. The lateral migration of Narmada due to
successive high flows during the mid-late Holocene probably led to the downstream movement of the
Narmada—Orsang confluence.
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1. Introduction downstream leaving behind sediment bars

(Hackney and Carling 2011).

River channel confluences are the geomorpho-
logical nodes that control the water and sedi-
ment movement downstream (Dixon et al.
2018). The junction angle and discharge of
confluent streams control the sediment deposi-
tion and geomorphic processes at confluences
(Mosley 1976; Best 1986). Shifting of channels
and also confluences, to an extent, are common
phenomenons in alluvial plains; however, the
rate and pattern vary regionally. With a
change in the hydrogeological conditions in the
region, these confluences migrate upstream or
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Mouth bar deposition at the confluence is
facilitated by a decrease of junction angle
which creates a zone of separation downstream
of the junction and suspension fall out of sedi-
ments (Best and Reid 1984; Roy and Sinha
2007). Tributary confluences also provide suit-
able sites for the accumulation and preserva-
tion of palaeoflood deposits that result from
large-scale flood events in the main-stem river
(Ely and Baker 1985). The slackwater flood
deposits along with the morphologic, strati-
graphic and sedimentological characteristics of
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the palaeobars deposited at tributary conflu-
ences provide clues to the past high-stage flood
discharges. Although important, studies on
confluence morphodynamics in the rivers of
India are few and on shorter timescale. Studies
on the confluence dynamics in the Ganga plains
over a hundred years have related the shifting
of river channels and confluences to local gra-
dient adjustment and hydrological fluctuations
including the flood magnitude and frequency
(Jain and Sinha 2003; Roy and Sinha
2005, 2007; Singh et al. 2019, 2020). The con-
fluence dynamics of the Sone River with the
Ganga River in response to the tilt-induced
avulsion and channel migration during Holo-
cene in the South Ganga Plains has been
studied by Sahu et al. (2015). The palaeoflood
sediments at a tributary junction in lower
Narmada Valley archiving the Little Ice Age
(LIA) have been studied to determine the
sources for the mainstem and the tributary
sediments (Sridhar et al. 2016). Recent studies in
rivers of the eastern Himalayan foothills such as
the Rangmati, Jaldhaka and Lower Chel rivers
have suggested the movement of confluence points
upstream as well as downstream at variable rates
over a temporal scale of seven decades in response
to channel avulsion and stream capture (Shit and
Maity 2013; Chakraborty and Mukhopadhyay
2014; Lama 2020). The inferences from these
studies on a short timescale may have implica-
tions on the significant movement of the conflu-
ence points on a longer time scale induced by
climatic and/or tectonic changes during the Late
Quaternary.

The rivers in the alluvial plains of western
India are not prone to channel shifting and
avulsions on a decadal timescale owing to the
highly incised river banks. However, instances of
stream capture and realignment of courses in the
alluvial plains in response to early Holocene
tectonic upheaval and climate change have been
noted (Maurya et al. 2000; Raj 2004; Juyal et al.
2006; Sridhar 2007a). The process of avulsion,
river capture and aggradation result in river
confluence migrations which generate interfinger-
ing deposits from the mainstream and tributary
channels. This study is based on the sedimentary
deposits around the confluence of the rivers
Narmada and Orsang in the alluvial plains of
Gujarat, and aims to understand the confluence
dynamics in terms of mainstream high-stage
flooding and tributary junction migration.
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2. Study area

The Narmada River (figure 1a) is the largest west-
flowing peninsular river in India having major
tributaries such as the Burhner, Banjar, Hiran,
Tawa, Chota-Tawa, Kundi, Orsang and Karjan.
The river flows along the ENE-WSW-trending
Narmada—Son Fault (NSF) (Biswas 1987) and
debouches into the Gulf of Cambay (figure 1b).
The lithology of the Narmada Basin comprises of
the Proterozoic metasediments of the Vindhyan
Supergroup, Precambrian granite-gneisses, the
Deccan Basalt and Cenozoic marine sedimentary
formations (figure 1b). The river has a narrow
course in the upper bedrock reach exhibiting
waterfalls, rapids, scablands and gorges (Rajaguru
et al. 1995) and a wide expansive course with
entrenched meanders in the Gujarat Alluvial
Plains (Chamyal et al. 2002). Located in the sub-
humid climatic zone and the heart of the Indian
monsoon region, the Narmada basin receives
monsoonal rain; mean annual rainfall varies
between 550 and 850 mm (figure 1a). The modern,
historical and palaeoflood data suggests that the
Narmada River is prone to large magnitude flood-
ing during summer and that extraordinary floods
occurred in the last few decades with peak dis-
charge close to 60,000 m* s (Kale et al. 1994, 1996;
Ely et al. 1996).

The study area is located near the confluence of
the Narmada River and its tributary, i.e., the
Orsang, in the lower reach of the Narmada Basin
(figure 2). The Orsang River emerges from the
fringe of the Aravalli ranges comprising domi-
nantly granites and quartzites and flows through
the alluvial plain before meeting the Narmada
(figure 2). The slope deviatory course of the Orsang
River is influenced by E-W and NE-SW trending
subsurface lineaments (Maurya et al. 2000). The
area has been tectonically active during the late
Quaternary due to reactivation of the major East
Cambay Basin Margin Fault (ECBMF), the Nar-
amda—Son Fault (NSF) and the Orsang Fault (OF)
(figure 2) along with other minor lineaments
(Maurya et al. 2000; Juyal et al. 2004; Raj 2004).

The major geomorphic features developed in the
study are the ravines, terraces and entrenched
meanders (figure 3a). A cross-section of the area
(figure 3b) between the Narmada and its tributary,
the Orsang River shows uplifted terraces on the
northern bank and deeply incised ravine surfaces.
Chamyal et al. (2002) have attributed the presence
of incising rivers evidenced by 40-50-m high
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Figure 1. (a) Location of Narmada River and other west-flowing rivers in Gujarat along with the climatic zones. Inset is the map
of India showing the location of Gujarat. (b) Major geological formations in the Narmada Basin (after Gupta et al. 2011). The

square box marks the area of figure 2.
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Figure 2. Geological formations and major structures in the
catchment of the Orsang and Heran drainage basins, the two
tributaries of the Narmada in the study area (after GSI 1978;
Raj 2004).

alluvial cliffs and deeply entrenched meanders,
deep gullies, uplifted Holocene terraces, and
palaeobanks away from the present channel to
reactivation of the faults and lineaments during the
early Holocene. Several traces of palaeochannels
trending E-W direction in the form of cut-off
meanders, meander scar, ox-bows are observed to
the west of the Orsang River (Raj 2004). The
change in the course of the Orsang River and
capture of its tributary, the Heran River occurred
due to tectonic uplift along major faults in the
region (Maurya et al. 2000; Raj 2004).

3. Methods

Three sites were studied: (i) Chanod, at confluence,
on the northern bank of Narmada, (ii) Sanor, ~1.5
km upstream from the confluence along Orsang

and (iii) Karnali, at confluence, on the southern
bank of Orsang (figure 3a). The preliminary
interpretation and site selection was based on the
satellite data (Google Earth images) and the
topographical sheets on 1:50000 scale (46 F/8, G/5
and G/9) followed by field survey for the identifi-
cation of flood indicators. A recent excavation for
roadway construction exposed the sediment
sequences at Karnali (Site 3) providing an oppor-
tunity to assess the sediment character. The
stratigraphical and sedimentological attributes of
the exposed sediment sections were described using
sedimentary facies code and architectural elements
as summarised in table 1 (Miall 1996). Flood units
were demarcated and various depositional envi-
ronments such as channel widening, channel
expansions, back-flooded tributary mouths and
valleys were described (table 2) according to Ely
and Baker (1985) and Benito et al. (2003). The
sedimentary units of high-stage flood deposits are
considered to have been deposited by successive
flood events over periods of centuries to millennia,
building up a sedimentary sequence and the breaks
and contacts are indicative of individual flood
events. To demarcate individual flood units, the
criteria suggested by Baker and Kochel (1988),
Benito et al. (2003) and Shukla and Singh (2004)
were used. This includes (a) a distinct clay layer at
the top of a flood unit, representing the waning
stage of a flood, (b) deposition of inter-bedded
coarse tributary alluvium (couplets) or colluvial
sediments, (¢) change in the physical characteris-
tics of the flood units, such as sediment colour or
particle size, and (d) presence of palaeosols or mud
cracks indicating soil surface exposure.

Optically  stimulated luminescence (OSL)
chronology on one sample from Karnali (Site 3)
was obtained from the Institute of Seismological
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Figure 3. (a) Geomorphic features around the Narmada—Orsang confluence. A—A’ is the line of cross section. S1, S2 and S3 are
the sites where exposed sediment sequences were studied. (b) A profile showing various topographical features along the line
A—A’. Also given are the pictures of the terrace adjacent to the Orsang River on the right bank and the sediment sequence

exposed at Karnali (Site 3).

Research (ISR), Gandhinagar. The analysis was
carried out following standard protocol (Pri-
zomwala et al. 2018) and the measurement details
are given in table 3.

4. Results

4.1 Site at Chanod

The section at Chanod is about 20 m above the
river level and has a total thickness of 2.5 m
(figure 4a). Based on the texture, sedimentary
structure, colour and composition, the sequence
has been divided into six units. The basal unit-1 of
the section is about a meter thick and comprises
matrix-supported gravel (Gm) with faint lamina-
tions. The matrix comprises of poorly sorted coarse
to medium sand. The clasts vary in size with
intermediate axes between 2 and 5 cm and are
largely composed of basalt. The overlying unit-2 is
30 cm thick comprising pale-coloured massive silt
and medium to fine sand (Sm). The matrix-sup-
ported gravel (Gm) unit-3 is 20 cm in thickness
with predominantly basaltic clasts ranging in size
from 2 to 5 cm. The overlying unit-4 is 40 cm thick
comprising pedogenized silt (P) above which lies
the 20-cm thick massive sand (Sm) unit-5. The
top of the section is 20-cm thick unit-6, compris-
ing pedogenized silt (P) showing very faint
laminations.

The matrix-supported gravel facies suggest their
formation by process of cohesive clast-rich high-

strength non-channelised sediment flows (Blair and
McPherson 1994; Miall 1996). The massive fine
sand facies with occasional faint laminations sug-
gests rapid deposition from suspension and the silt
facies with weak laminations indicates accumula-
tion from suspension deposits and settling in
overbank areas during flood stage (Miall 1996).
The presence of pedogenic features such as blocky
nature, mottling and organic matter suggests break
in deposition and sub-aerial exposure.

4.2 Site at Sanor

The total thickness of the section exposed at Sanor,
along the Orsang River, is about 2.2 m (figure 4a,
b). The bottom-most unit 1 (50 cm) comprises of
gravel composed of basaltic clasts (Gc) and is
overlain by 30-cm thick silty sand (Sh) horizon,
which shows weak horizontal laminations (Unit 2).
The sequence repeats in the overlying units with 10
cm gravel and 15 cm silty sand (Unit 3 and 4). The
overlying unit comprises 15-cm thick black silty
sand (Sm) horizon and is overlain by 10-cm thick
weakly laminated silt (Sh) (Unit 5 and 6). This is
overlain by 5-cm thick fine sand horizon followed
by 40-cm thick laminated silt (Unit 7 and 8)
overlying which is 55-cm thick pedogenized silt
(P) (Unit 9).

The horizontally stratified silty sand facies sug-
gest transportation as bedload by persistent flows
in channels and deposition in upper flow regime
conditions (Collinson and Thompson 1982). The
faintly laminated fine silt indicates rapid
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Table 1. Summary of facies associations and architectural elements observed at study sites (after Miall 1996).

Architectural
element Litho facies Characteristics Inferred process Palaeoenvironment
Channels (CH) Gp-Sp, Gm-Sm Cross-bedded gravel and sand. Channel fills Accretionary deposit,
Comprising clasts of basalt, cutoff channel
including channel fill geometries,
maximum clast size ~7 cm
Sandy Sp, Sh, S1 Planar cross-bedded fine to coarse Channel fills and minor Meandering channel,
bedforms (SB) sand, also pebbly. Few horizontally bars, aggradational episodic flood
laminated units. Show light and dark deposition and
colour laminations fluctuating
precipitation
Lateral- Sp, Sh, Sl Planar cross-bedded fine sand, Accretionary Point-bars, middle
accretion horizontal laminations and low-angle channel bars
macro form cross-bedding
(LA)
Laminated Sh, Sl, Sp Horizontal laminations and low-angle Sheet or blanket of sand  Stacked sequences

sand sheet
(LS)

cross-bedding

by flash flood deposition  along channel banks
under upper flow-regime

conditions

Table 2. Facies sequences observed in various flood environments at the study sites (after Benito et al. 2003).

Site Flood environment

Facies observed

Chanod Channel widening

Massive silt-clay (pedogenised) (P)

Fine sand with cross-beds and occasional current ripples (Sp—Sr)

Coarse sand massive (Sm)

Fine sand with parallel laminations (Sh)

Crudely stratified gravels (Gm)

Tributary mouth
Sanor Tributary back flooding

Karnali Channel widening

Medium to fine sand and silt with parallel lamination
Alternating silt-sand and silt-clay
Fine sand with cross-beds and occasional current ripples (Sp—Sr)

Coarse sand massive (Sm)

Crudely stratified gravels (Gm)

Slack water bench

Massive silt-clay (pedogenised) (P)

Fine to very-fine sand parallel lamination

Fine sand with occasional pebbles

deposition by suspension in overbank channel
conditions during high flood stage (Miall 1996).
The fine gravel with faint laminations suggests
persistent stream flows in gravels transported as
bed load and deposited under waning flow. The
intercalation of light and dark-coloured silt and
sand horizons suggests contribution of sediments
from the Orsang and the Narmada rivers.

4.3 Site at Karnali

At Karnali, six lithostratigraphic units have been
demarcated in the 3.75 m section (figure 4c). A
75-cm  thick unit (Unit 1) of gravel (Gm)

comprising basaltic clasts is exposed at the base
and is overlain by a meter thick dark-coloured silty
sand (Sh), horizontally stratified (Unit 2). It is
overlain by about 30-cm thick unit of matrix sup-
ported, low angle planar cross-stratified gravel
(Gp) and is, in turn, overlain by 50-cm thick hor-
izontally stratified black sand deposits (Sh) (Unit 3
and 4). A 30-cm thick planar cross-stratified sand
(Sp) unit with basaltic gravels (~2 cm size) is seen
above (Unit 5). Overlying this unit is the 50-cm
thick gravely sand (Unit 6). It is characterised by
dominant amount of fine to medium black coloured
gravels. On top of the vertical sequence, 30 c¢m
brown-coloured pedogenized silty clay (P) is seen
(Unit 7).
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Table 3. Details of radioactivity, palacodose, dose rate and ages obtained using the single aliquot regeneration (SAR). The final ages are computed using central age model (CAM)

and minimum age model (MAM). Cosmic ray dose rate: 150 £ 30 (uGy/a), water content used: 10£2 (%).

CAM age MAM age

Dose rate

MAM De

CAM De

Depth
(m)

Sample

Lab

(ka)
1141

(ka)
11.6 £ 0.7

OD% (Gy/ka)
2.1 + 0.09

(Gy)
22.2 4+ 1.13

Th (ppm) K (%)

U (ppm)

no.

code

27

25+ 0.8

10.9 &+ 0.54 1.18 £ 0.02

1+ 0.05

NK

ISR 468
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The horizontally stratified silty sand (Sh) facies
suggests transportation as bedload by persistent
flows in channels and deposition in upper flow
regime conditions (Collinson and Thompson 1982;
Miall 1996). The matrix-supported cross-bedded
gravel and planar cross-stratified sand, however
may have been deposited as channel/transverse
bar under sustained flows (Miall 1996; Bridge
2003). The sandy gravel facies suggests vertical
accretion of progressively smaller clasts during the
waning flow with high sediment-discharge ratio in
shallow aggrading channels. However, viewing in
combination, the sequence comprises clast to
matrix-supported gravel units interstratified in
alternations with 10-35-cm thick, fine- to coarse-
grained, sometimes pebbly, generally laminated
sand. The horizontally laminated gravel-sand
couplets are understood to be the products of
alternating phases of transportation and deposition
of gravel and sand in sheet floods (Blair and
McPherson 1994). However, the presence of occa-
sional cross-bedded gravel and coarse sand hori-
zons within dominantly sandy facies and
interbedding of horizons showing contrast in grain
size provides evidence for recurring floods of vari-
able energy (Shukla and Singh 2004). The pedog-
enized horizon on top implies a stable surface
where slow or no deposition has occurred over a
long period of time.

5. Discussion

5.1 Indicators of high-stage flooding

The most common criterion for demarcating dis-
tinct flood events in the main stem river is the
presence of intermittent tributary load sediments
within the flood sediment sequence. The sediment
sequences at the Narmada—Orsang confluence
studied at Chanod, Karnali and Sanor provide
clues to palaeoflood events in the Narmada basin.
The catchment lithology for the Narmada and the
Orsang River are quite distinct. A major part of
the Narmada River catchment comprises the
Deccan Basalt and minor outcrops of Proterozoic
metasediments, granites, and tertiary marine sed-
imentary formations (Subramanian et al. 1985),
whereas the Orsang River emerges from the fringe
of the Aravalli ranges and flows through the
granite-gneisses but for the Heran River, its
tributary which has a Deccan Trap catchment
(figure 2). Therefore, the characteristics of the
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Figure 4. Lithologs of the sediment sequences exposed at Chanod, Sanor and Karnali. (a) View of the dark-coloured coarse sand
and gravel units separated by pedogenized silt layer at Chanod. (b) The exposed section at Sanor shows alternate layers of dark-
coloured coarse sand/gravel and fine silt. (¢) View of the horizontally stratified and cross-stratified coarse sand and silt units

exposed at Karnali.

sediments contributed by both the basins are also
very distinct.

The results of the present study indicate that the
sediment sequences exposed at three sites represent
the two depositional phases of the Narmada and
Orsang rivers. The gravel and sand (Units 1, 2, 3
and 4) exposed at the base comprise the lithofacies
assemblages Gmm, Sm under LA and LS archi-
tectural elements (table 1). The gravel comprises of
dominantly basalt clasts and is overlain by lami-
nated silt. The OSL chronology on the laminated
silt (Unit 4) at Karnali (Site 3) has provided an age
of 11.6 & 0.7 ka (figure 4). A distinct change in the
sediment size and character is seen in the upper
part of the sections, especially at Chanod and
Sanor (figure 3). The sand and pedogenized silt
units at Chanod represent the high flood deposits
in the widened Narmada channel (table 2) at the

Orsang confluence. The slackwater sedimentation
due to back flooding in the tributary, i.e., Orsang is
observed at Sanor. The two dark silt units
(figure 4b) possibly indicate the deposition during
the high magnitude flood in the Narmada creating
back flooding in the Orsang. These units are sep-
arated by light coloured laminated silt deposited as
overbank sediments during high flows in the
Orsang. Since these slackwater deposits overly the
coarse gravel and sand units dated to 11.6 & 0.7 ka,
we attribute these to palaeofloods in the Narmada
during mid-late Holocene.

At Karnali, the upper units in the section
deposited after the early Holocene (~11 ka) grav-
els comprise reworked gravel and sand. These units
with planar cross and horizontal stratifications
suggest deposition as bars. At confluences, the
common morphological features include sediment
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Figure 5. (a) The palaeocourses of the Narmada, Orsang and Heran rivers prior to early Holocene and related tributary junction
migration (modified from Raj 2004). Red box marks the area of (b). (b) The black broken line represents the palacocourse of the
Heran River through which the present-day Orsang River (light blue line) flows and joins the Narmada. Point ‘a’ is the tributary
junction point of Narmada and Orsang at present. Point ‘b’ is the probable junction point of Heran/Orsang and the Narmada

Rivers prior to early Holocene.

deposition within the stagnation zone and forma-
tion of bars within possible flow separation zones or
mid-stream in down-stream channel (Szupiany
et al. 2009). Sheets of laminated sand (element LS
of Miall 1996) with minor cross-stratified sand have
been interpreted as the product of flash floods
depositing sand under fluctuating flood levels
(Miall 1977; Tunbridge 1984; Shukla and Singh
2004), whereas the horizontally laminated silt
facies indicate waning flow conditions at the end of
a flood event. Sand sheets gradationally capped by
Sp, St or Sr indicate waning flow at the end of the
flood (table 2).

Flood deposits located within tributary mouths
contain typical sequences of reworked floodplain
deposits (Benito et al. 2003). We, therefore, inter-
pret that the lower units comprising gravel and
sand, the top of which is dated to 11.6 + 0.7 ka, as
channel bed and channel bar deposits in the
mainstem Narmada River (when Narmada had a
wider channel or a bifurcated channel). The upper
units comprising sand with reworked gravel and
pedogenized silt were deposited during mid-late
Holocene high flood flows at the tributary conflu-
ence. The coarse load is the contribution from the
tributary and the fine silt units are slackwater
sediments deposited at channel expansion (as at
Karnali) and back flooded tributary (as at Sanor)
(table 2). In the absence of chronology, it is diffi-
cult to infer the time period for these high-stage
floods in the Narmada River. However, these may
be correlated with the multiple large magnitude
flood events recorded in the lower reaches of the
Narmada River (Sridhar et al 2015, 2016) and
other rivers of semi-arid western India (Sridhar
2007b; Sridhar et al. 2014, 2020) during the mid-
late Holocene.

5.2 Migration of tributary confluence

The occurrence of gravel composed of basalt at all
the three study sites (upstream of confluence, on
the northern and southern bank) is intriguing as
the catchment of Orsang River is predominantly
granite-gneissic rocks. The source of the basalt
clasts can only be from the Narmada itself or the
Heran River, a tributary of Orsang just upstream
of the Narmada—Orsang confluence. This provides
clues for the possible migration of the channel and
the tributary junction of the Orsang with the
Narmada River. The migration of the tributary
junction is a common phenomenon in alluvial
reaches of river systems and the confluence
mobility is often related to the lithological and
hydrological characteristics of the drainage basins
that determine sediment yield (Dixon et al. 2018).
The occurrence of sediment deposits now exposed
near the confluence of the Orsang with the Nar-
mada River, indicates a change in the planform
morphology of either or both rivers. The sediment
facies from these deposits near the confluence at
Karnali (Site 3) suggests that the sediments were
deposited under sand-bar environment. The con-
fluence later migrated downstream at its present
position with a probable decrease in the junction
angle between the Narmada and the Orsang
(figures 3a, 5). The deposition of bars at or near the
confluence commonly occurs as tributary mouth
bars and mid-channel bars in post-confluence
channel. The episodic bank erosion and changes in
bar formation at confluences can be in response to
large flood events (Ettema 2008). The tributary
mouth bars may also migrate in response to vari-
ation in discharge between the confluent channels
(Best and Roy 1991). The change in the confluence
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location and morphology may well be simply
caused by the tributaries that transport huge sed-
iment loads into the main channel (Zhang et al.
2015). The tributary junction angle also plays a
significant role in the migration of the confluence
point upstream or downstream (Roy and Sinha
2007; Hackney and Carling 2011). The migration of
the tributary junction may be caused by lateral
channel migration, deflection due to sand-bar
downstream and tectonic activity (Hackney and
Carling 2011).

Earlier studies based on the geomorphic param-
eters and stratigraphic attributes in the Orsang
and the adjacent Dhadhar River basins have sug-
gested that the course of Orsang formed an inde-
pendent river until Pleistocene (figure 5a) and was
subsequently changed to become a tributary of the
Narmada River (Juyal et al. 2004; Raj 2004). The
Orsang probably occupied the lower course of the
Heran River to join the Narmada River. The evi-
dence of this can be observed in the predominance
of basaltic gravel deposited as bedload along the
present-day lower Orsang River, which was earlier
the course of the Heran River. The Heran River is
now a tributary of the Orsang River (figure 5b). It
is interesting to note that the sedimentary sections
exposed along the middle and upper reaches of the
Orsang show gravel horizons at the base compris-
ing predominantly of quartzites, granites and cal-
cretes (Raj 2004) which is contrary to the basalt-
dominated clasts in the lower reaches. This pro-
vides further evidence for the role of Heran River in
the tributary confluence dynamics and related Late
Pleistocene lithostratigraphy of the lower Orsang
Basin. The disruption of the Orsang River has been
attributed to the reactivation along the East
Cambay Basin Margin Fault, Orsang Fault and the
Narmada—Son Fault during the early Holocene
(Maurya et al. 2000; Raj 2004).

The palaeo-bar deposits at Karnali suggest that
the avulsion of the mainstem Narmada channel
in response to Late Pleistocene—early Holocene
aggradation also played a significant role in the
confluence migration. Large magnitude floods are
recognised to be triggers for avulsions of river
channels causing movement of the confluence
points (Roy and Sinha 2007). A wider than present
channel of the Narmada River has been proposed
by the earlier workers based on the geomorphic
analysis, sediment characteristics and discharge
estimates (Chamyal et al. 2002; Raj 2004; Bhandari
et al. 2005; Sridhar and Chamyal 2010). The gravel
deposits at the base of the sediment sequence at
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Karnali, may then be understood as the contribu-
tion from the wider mainstem Narmada River as
channel bar deposits (figure 5a). The bifurcated
channel on the northern side was later on aban-
doned in response to the tributary confluence
changes during the early Holocene. The formation
of a mid-channel bar in the post-confluence channel
(Mosley 1976; Best 1988) can occur through con-
vergence of sediment transport pathways (Best
1988; Best and Rhoads 2008) and declining flow
velocities and turbulence intensities downstream of
the zone of maximum flow acceleration (Best 1988;
Rhoads and Sukhodolov 2004). Such bar formation
can promote bank erosion and channel widening
(Mosley 1976), potentially driving changes in con-
fluence morphology over time.

The migration of the confluence between the
Narmada and Orsang can be therefore attributed
to the avulsion of main stream and capture of the
Heran River (tributary) by the Orsang River,
which has moved the confluence point downstream.
Since the chronological constraint on the sedi-
mentation events is very limited at present, we do
not emphasis here on the timing of these events.

6. Conclusions

Based on the present study on the fluvial sequences
around the tributary confluence in the Narmada
River, the following conclusions can be made:

(1) Two phases of sediment deposition at the
Narmada—Orsang confluence in the lower Nar-
mada Basin during the Late Pleistocene and
Holocene.

(2) The first phase of deposition is related to the
bedload dominant Narmada channel as well as
the Heran River channel. Sediments were
deposited as channel bars by flows with higher
sediment-to-discharge ratio during the Late
Pleistocene, which ceased around 11 ka.

(3) The early Holocene tectonic activity and
enhanced monsoon resulted into channel aggra-
dation, shifting and realignment, whereby the
Orsang River changed its course to flow
through the lower course of the Heran River
and join Narmada.

(4) The Narmada-Orsang confluence migrated
downstream due to avulsion of main stream
and river capture by the tributary during the
early Holocene.

(5) The upper sedimentary sequences represent
the slackwater deposits in the back-flooded
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Orsang River and at channel widening at the
Narmada—Orsang confluence resulting from
the more prevalent large magnitude flood
events in the Narmada during the mid to late
Holocene.

(6) The study suggests that in tectonically active
and monsoon-dominated regions such as the
Narmada Basin, understanding confluence
dynamics on a longer time scale may provide
insight into the river behaviour and drainage
realignment.

Acknowledgements

This study was part of the Department of Science
and Technology sponsored project SR/DST/WOS-
A/EA-1017/2015 and EA-22/2019 to Alpa Sridhar
and the funding is thankfully acknowledged. The
authors thank Dr S Prizomwala, ISR Gandhinagar,
for providing OSL chronology on the sample. The
grant to the authors under 36th International
Geological Congress No. 36th IGC Sectt./Field
Trips/2018/20.42 is also thankfully acknowledged.

Author statement

AS: Conceptualisation of work, field survey and
documentation, data synthesis and interpretation,
writing original manuscript. DMM: Data synthesis
and interpretation, review and editing of manu-
script. LSC: Field survey, interpretation of results,
editing of manuscript.

References

Baker V R and Kochel R C 1988 Flood sedimentation in
bedrock fluvial systems; In: Flood geomorphology (eds)
Baker V R, Kochel R C and Patton P C, Wiley, USA,
pp- 123-137.

Benito G, Sanchez-Moya Y and Sopefia A 2003 Sedimentology
of high-stage flood deposits of the Tagus river Central
Spain; Sedim. Geol. 157 107-132.

Best J L and Reid I 1984 Separation zone at open channel
junctions; J. Hydraul. Eng. 110 1588-1594.

Best J L 1986 The morphology of river channel confluences;
Progr. Phys. Geogr. 10 157-174.

Best J L 1988 Sediment transport and bed morphology at river
confluences; Sedimentology 35 481-498.

Best J L and Roy A G 1991 Mixing-layer distortion at the
confluence of channels of different Depth; Nature 350
411-413.

J. Earth Syst. Sci. (2022)131 219

Best J L and Rhoads B 2008 Sediment transport bed
morphology and the sedimentology of river channel conflu-
ences; In: River confluences tributaries and the fluvial
network (eds) Rice S P, Roy A G and Rhoads B, John Wiley
& Sons, Chichester, pp. 45-72.

Bhandari S, Maurya D M and Chamyal L S 2005 Late
Pleistocene alluvial plain sedimentation in Lower Narmada
valley western India: Palaeoenvironmental implications; J.
Asian Earth Sci. 24 433-444.

Biswas S K 1987 Regional tectonic framework structure and
evolution of western marginal basins of India; Tectonophys.
135 307-327.

Blair T C and Mcpherson J G 1994 Alluvial fan processes and
forms; In: Geomorphology of desert environments (eds)
Abrahms A D and Parsons A J ; Chapman & Hall, London,
pp. 354-366.

Bridge J S 2003 Rivers and floodplains: Forms processes and
sedimentary record; Blackwell Publishers, Oxford, UK.
Chakraborty S and Mukhopadhyay S 2014 A comparative
study on the nature of channel confluence dynamics in the
lower Jaldhaka River System West Bengal India; Int.

J. Geol. Earth Env. Sci. 4 87-97.

Chamyal L S, Maurya D M, Bhandari S and Raj R 2002 Late
quaternary geomorphic evolution of the lower Narmada
valley Western India: Implications for neotectonics activity
along the Narmada-Son Fault; Geomorphology 46 177-202.

Collinson J D and Thompson D B 1982 Sedimentary
structures; George Allen and Unwin, London, United
Kingdom, ISBN 10:0045520186.

Dixon S J, Sambrook Smith G H, Best J L, Nicholas A P, Bull
J M, Vardy M E, Sarker M H and Goodbred S 2018 The
planform mobility of river channel confluences: Insights
from analysis of remotely sensed imagery; Earth Sci. Rev.
176 1-18.

Ely L L and Baker V R 1985 Reconstructing paleoflood
hydrology with slackwater deposits — Verde River Arizona;
Phys. Geogr. 6 103-126.

Ely L L, Enzel Y, Baker V R, Kale V S and Mishra S 1996
Changes in the magnitude and frequency of Holocene
monsoon floods on the Narmada River Central India; Geol.
Soc. Am. Bull. 108 1134-1148.

Ettema R 2008 Management of confluences; In: River Conflu-
ences, Tributaries and the Fluvial Network (eds) Rice S P,
Roy A G and Rhoads B L, John Wiley and Sons,
Chichester, pp. 93-118.

Geological Survey of India 1978 Geological and mineralogical
atlas of India Sheet No. 24.

Gupta H, Chakrapani G J, Selvaraj K and Kao S J 2011 The
fluvial geochemistry, contributions of silicate, carbonate
and saline—alkaline components to chemical weathering flux
and controlling parameters: Narmada River (Deccan
Traps), India; Geochim. Cosmochim. Acta 75 800-824,
https://doi.org/10.1016/j.gca.2010.11.010.

Hackney C R and Carling P A 2011 The occurrence of obtuse
junction angles and changes in channel width below
tributaries along the Mekong River, south-east Asia; Farth
Surf. Process. Landf. 36(12) 1563-1576.

Jain V and Sinha R 2003 Hyperavulsive-anabranching Bagh-
mati river system north Bihar plains eastern India; Z.
Geomorphol. 47(1) 101-116.

Juyal N, Chamyal L S, Bhandari S, Maurya D M and Singhvi
A K 2004 Environmental changes during Late Pleistocene


https://doi.org/10.1016/j.gca.2010.11.010

J. Earth Syst. Sci. (2022)131 219

in the Orsang River basin western India; J. Geol. Soc. India
64 471-479.

Juyal N, Chamyal L. S, Bhandari S, Bhushan R and Singhvi A
K 2006 Continental record of the southwest monsoon
during the last 130 ka: Evidence from the southern margin
of the Thar Desert, India; Quat. Sci. Rev. 25 2632-2650.

Kale VS, Ely L A, Enzel Y and Baker V R 1994 Geomorphic and
hydrologic aspects of monsoon floods on the Narmada and
Tapi rivers in central India; Geomorphology 10 157-168.

Kale V S, Ely L L, Enzel Y and Baker V R 1996 Palaeo and
historical flood hydrology Indian Peninsula; In: Global
continental changes: The context of palaeohydrology (eds)
Branson J, Brown A G and Gregory K J, Geol. Soc. London,
Spl. Publ. 115 155-163.

Lama S 2020 Channel confluence dynamics in the lower Chel
River System eastern sub-Himalayan West Bengal India;
Indian J. Pow. Riv. Val. Dev. 70 93-102.

Maurya D M, Raj R and Chamyal L S 2000 History of tectonic
evolution of Gujarat alluvial plains western India during
Quaternary: A review; J. Geol. Soc. India 55 343-366.

Miall A D 1977 A review of the braided-river depositional
environment; Farth Sci. Rev. 13 1-62.

Miall A D 1996 The geology of fluvial deposits; Springer-
Verlag, Berlin, pp. 75-98.

Mosley M P 1976 An experimental study of channel conflu-
ences; J. Geol. 84 535-562.

Prizomwala S P, Gandhi D, Bhatt N, Winkler W, Ravi Kumar
M, Makwana N and Bhatt N 2018 Geological evidence for
AD 1008 tsunami along the Kachchh coast Western India:
Implications for hazard along the Makran Subduction Zone;
Sci. Rep. 8(1) 1-8.

Raj R 2004 Fluvial response to late Quaternary tectonic
changes in the Dhadhar River basin Mainland Gujarat; J.
Geol. Soc. India 64 666—676.

Rajaguru S N, Gupta A, Kale V'S, Ganjoo R K, Ely L L, Enzel
Y and Baker V R 1995 Channel form and processes of the
flood-dominated Narmada River India; Earth Surf. Proc.
Landf. 20 407-421.

Rhoads B L and Sukhodolov A N 2004 Spatial and temporal
structure of shear layer turbulence at a stream confluence;
Water Resour. Res. 40 6.

Roy N and Sinha R 2005 Alluvial geomorphology and
confluence dynamics in the Gangetic plains, Far-
rukhabad-Kannauj area, Uttar Pradesh, India; Curr. Sci.
88(12) 2000-2006.

Roy N and Sinha R 2007 Understanding confluence dynamics
in the alluvial Ganga—Ramganga valley India: An inte-
grated approach using geomorphology and hydrology;
Geomorphology 92 182-197.

Sahu S, Saha D and Dayal S 2015 Sone megafan: A non-
Himalayan megafan of craton origin on the southern margin
of the middle Ganga Basin India; Geomorphology 250.
https://doi.org/10.1016/jgeomorph201509017.

Shit P K and Maity R 2013 Confluence dynamics in an
Ephemeral Gully Basin (A case study at Rangamati
Paschim Medinipur West Bengal India); Res. J. Appl.
Sci. Eng. Tech. 5 3895-3911.

Corresponding editor: GEORGE MATHEW

Page 11 of 11 219

Shukla U K and Singh I B 2004 Signatures of palaeofloods in
Sandbar-Levee Deposits Ganga Plain India; J. Geol. Soc.
Ind. 64(4) 455-460.

Singh S, Prakash K and Shukla U K 2019 Decadal scale
geomorphic changes and tributary confluences within the
Ganga River valley in Varanasi region Ganga Plain India;
Quat. Int. 507 124-133.

Singh S, Prakash K and Shukla U K 2020 Spatiotemporal
migration of the River Ganga in Middle Ganga Plane:
Application of remote sensing and GIS technique; J. Ind.
Soc. Remote Sens. 48(11) 1495-1507.

Sridhar A 2007a Discharge estimation from planform charac-
ters of the Shedhi River Gujarat alluvial plain: Present and
past; J. Earth Syst. Sci. 116 341-346.

Sridhar A 2007b A mid-late Holocene flood record from the
alluvial reach of the Mahi River Western India; Catena 70
330-339.

Sridhar A and Chamyal L S 2010 Sediment records as
archives of the Late Pleistocene-Holocene hydrological
change in the alluvial Narmada River Basin Western
India; Proc. Geol. Assoc. 121 195-202.

Sridhar A, Chamyal L S and Patel M 2014 Palaeoflood
record of high-magnitude events during historical time
in the Sabarmati River Gujarat; Curr. Sci. 107
675-679.

Sridhar A, Bhushan R, Balaji D, Band S and Chamyal L
S 2016 Geochemical and Sr-Nd isotopic variations in
palaeoflood deposits at mainstem — tributary junction
western India: Implications on late Holocene flood
events; Catena 139 32-43.

Sridhar A, Laskar A, Prasad V, Sharma A, Tripathi J K,
Balaji D, Maurya D M and Chamyal L S 2015 Late
Holocene flooding history of a tropical river in western India
in response to southwest monsoon fluctuations: A multi-
proxy study from lower Narmada valley; Quat. Int. 371
181-190.

Sridhar A, Thakur B, Basavaiah N, Seth P, Tiwari P and
Chamyal L S 2020 Lacustrine record of high magnitude
flood events and climate variability during mid to late

Holocene in the semiarid alluvial plains western
India; Palaeogeogr. Palaeoclimatol. Palaeoecol. 542
109581.

Subramanian V, Van’t Dack L and Van Grieken R 1985
Chemical composition of river sediments from the Indian
subcontinent; Chem. Geol. 48 271-279.

Szupiany R, Amsler M, Parsons D and Best J 2009 Morphol-
ogy flow structure and suspended bed sediment transport at
large braid-bar confluences; Water Resour. Res. 45
W05415.

Tunbridge I P 1984 Facies model for a sandy ephemeral
stream and clay playa complex: The Middle Devonian
Trentishoe Formation of North Devon UK; Sedimentology
31 697-716.

Zhang Y, Wang P, Wu B and Hou S 2015 An experimental
study of fluvial processes at asymmetrical river confluences
with hyperconcentrated tributary flows; Geomorphology
230 26-36.


https://doi.org/10.1016/jgeomorph201509017

	Indicators ofs &/s;Holocene high-stage flood events ands &/s;tributary confluence migration ins &/s;thes &/s;lower Narmada Basin, western India
	Abstract
	Introduction
	Study area
	Methods
	Results
	Site ats &/s;Chanod
	Site ats &/s;Sanor
	Site ats &/s;Karnali

	Discussion
	Indicators ofs &/s;high-stage flooding
	Migration ofs &/s;tributary confluence

	Conclusions
	Author statement
	References




