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Where are we looking for an example...

‘Ganganir Danga’ (Land of Fire due to ochre
hues) at 22°51’-22°52’N, 87°20’-
87°21’E), SW Bengal, c. 3 sq.km.

Avg. Temp. 35°C, Annual pptn: 1500mm -
Humid badland (Gallart et al., 2013).

Cut into the lateritic Sijua Formation 
with two distinct surfaces (~15m diff.)

Intense rilling & gullying causing 
sediment loss.

Inducted as a Geomophosite in Kale (ed.)
2017, Geomorphosites in India, making
apparent its intrinsic, geologic, landscape
and aesthetic value.



High resolution multispectral image (Worldview-2 4B 
multispectral bundle; spatial resolution: 1.84 metres; image 
date: 5 January 2011)

Very high resolution panchromatic image (Worldview-3 PAN; 
spatial resolution: 0.31 meters; image date: 12 November 
2014)



Typical Badland Features in Lateritic Terrain at Gangani





Basin relief is higher for the basins within the NBT than in the OBT.
Mean basin slope values for three NBT basins are all higher than five OBT basins. 
Indication of relatively longer evolution of OBT basins as these are larger.
Highest drainage density is reported by Basin N03, showing a presently more 
vigorous rill/stream network  therein.
HI values for NBT basins suggest late youth stage. OBT is in stages ranging from 
late youth through late maturity .







Gully channels exhibit a visually close 
relation to concave- up profiles (or 
straight- line plots) for parts of courses.

Marked variations seen in few parts/ 
entire gully (O01, O03, N01, N03). 

Changes brought about by variations in 
the local substrate and the differential 
hardness and thereby resistance to 
erosion of the ambient rock layers over 
which these gullies have incised (i.e. 
local differences in the resistance of the 
individual laterite, sandstone and 
compacted clay layers ). 

Fluctuations of the profiles about the 
expected straight (graded) path are seen 
to occur more markedly for the NBT 
basins than for the OBT basins.



Superimposed normalised profiles

Alignment of Monoclinic Surface with superimposed 
main and tributary long profiles in each gully basin
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Stream segment gradient indices for gully long profiles
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•All gully basin and channel parameters were extracted 
and used them in a hierarchical cluster analysis. 

•Dendrogram shows grouping of likely similar basins 
among those examined. 

•Apparent that the Basin O02 is an anomaly and stands 
out from the rest. 

•This occurs not only due to its excessively large size and 
much greater gully channel length, but also possibly 
because of its much older age and relatively more 
advanced geomorphic stage (evidenced by the profile 
concavities and basin hypsometry values).

The HI and GEI parameters are negatively correlated and this 
is quite obvious. 

A more denuded basin (i.e., having lower HI) will have gullies 
incising down relatively quicker along their course from the 
upper reaches towards the larger spatial coverage/ extents of 
the basin floor, and this greater profile concavity shall elicit a 
higher GEI value. 
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GULLY STRATIGRAPHY

Primarily compacted 
clays and sandstones  
in multiple alternating 
layers below lateritic 
caprock

Sections normalised from 
0-100 % length for comparison



Field

max-15.5

Min-11

Mean-

12.2

Hard black old alluvium

Max-21.5

Min-16

Mean-

18.11

Along path

Max-26.5

Min-19.5

Mean-

23.05

New gully extreme top 

most duricrust

Compacted duricrust bottom of 

stair case

Max-40

Min-16

Mean-

24.55

Max-14.5

Min-11

Mean-

12.55

Compacted Clay band

Max- 21.5

Min-11.5

Mean-14.38

Above undercut

Max-14

Min-10

Mean-

12.27

Topped down blocks on 

gully bed

Max-36.5

Min-19.5

Mean-

28.5

Topped down blocks near change of 

gully bed surface

Max-45

Min-34

Mean-

39.72

Hard protrusion gully bed

Max—72.5

Min-20

Mean-44.94



A Rill head on the upper surface
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The "Q"-value [=rebound V divided 
by inbound V] represents the 
physical rebound coefficient.

Comparable Q values for other 
materials obtained during 
calibration are as follows:
Sandstone block – 32.00
Haematite block – 58.57
Marble block – 72.32

Q values generally 
increase downstream 
along the rill from the 
friable upper surface 
towards the hardpan 
caprock over which the 
rill then plunges



Variations in hardness of the ambient layers control the long profile form and development, with steeper scarp

slopes in middle sections represent the plunge over the latertic hardpan caprock.

The upper course lies across low gradient but durable caprock or gravelly lateritic moram surface while the

lowermost portion creates puny cascades through erodible compact clay layers.



Uneven hardness in compacted sediment/rock layers 

creates -
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Sfm-based models of gully features

Piping along gully wall Earth pillars and caving on gully headwall

Rill cut into duricrust – changes in longittudinal profile before and after earth-filling Toe-slope erosion along gully channel

Rill in 2016 Rill in 2017 Change



What may be finally inferred...

Significant gully erosion has occurred at Gangani (Garhbeta), with this being
more significant in its western portion (NBT).

There is a notable variation in the substrate, with multiple layers present –
lateritic duricrust is the upper surface, then alternating compacted clay layers
and finally sandstone.

Rilling, piping and formation of earth pillars has occurred due to the lateritic
scarp presence. Each of these have then own typical morphometry.

The longitudinal forms of the gullies reflect the lateritic hardpan/durictust
nature of the landscape, and the high scarp that has formed locally. These are
reflected in the higher SL values in their middle portion.

Overhangs and caving has occurred at the scarp base which cannot always be
captured by satellite imaged DEMs. SfM provides a feasible way of
documenting these and tracking there evolution from repeat surveys.
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