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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 sg.km. /

Avg. Temp. 35°C, Annual pptn:' 1500mm -
Humid badland (Gallart et al., 2013). /
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Typical Badland Features in Lateritic Terrain at Gangani
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TABLE 1 Select morphometric parameters of the studied gully basins

Perimeter Basinrelief  Meanslope  Drainage density Dissection Ruggedness Hypsometric
Gully basin Area (m?) (m) (m) ) (m/10,000 m?) index number integral
001 46,731.669 1,582.354 15.48 8.57 293.655 0.285 0.455 0.422
002 360,981.247 4.066.033 23.39 707 267416 0.374 0.625 0.571
003 97,693.6815 2,566.339 22.87 773 283.007 0.367 0.647 0.556
004 49,330.034 1,231.382 16.80 9.77 264.559 0.313 0.444 0.628
005 20,803.732 961.614 13.72 722 244963 0.268 0.336 0.633
NO1 24.476.632 1,031.081 25.27 12.18 281.415 0.420 0711 0.677
NO2 3,184.300 274161 18.68 16.98 184979 0.320 0.346 0.633

NO3 24,385.686 1,166.690 26.80 11.25 303.785 0.437 0.814 0.645
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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 .
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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 (001, 003, NO1, NO3).

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.



GPC for Gully NO1 . . GPC for Gully NO2

X i . £0.0 Upper Surface a3t B -
Superimposed normalised profiles | | //J il -
101 (a) (b) = [
= 1.0+ E® / Ee Y s
E = § 475 , A
= £ B 450, 343
5 s mﬁ 425 U a2
.‘é -‘% 200 Lower Surface 41 ,/,
@ gs —oo0L 5 73| : | -
g 002 E 0'5_ :Sﬂ‘%ﬁ I I | I 0 5 10 15 20 Dis _Z? _\M]-w\: ) 35 a5 0
g — 004 -'é’ — NO2 GPC for Gully Basin NO3 GPC for Gully Basin 001
g 5 e ‘ . . : ; ; : , . . GullyBasinOO1
—005 & 601 ; —— 2
Monoclinic Plane #1
0.0 . ; 0.0 . \ e
0.0 0.5 1.0 0.0 0.5 10 S|k e e 500 ﬁ
Standardized Distance (m) Standardized Distance (m) ol Ears o
g o Scarp wall ; 45.0
TABLE 2 Gully channel-wise channel segment gradient attributes 5 4c || Monoclinic Plane #2 and footslopes k:
Average rate of change of Average a0 4 .
Gully channel Mean SL index SL index Ideal SL index NSL 5] Lower Surface 17,5 ||Check Dam Reservoir Lol _ Ll _
0 25 50 75 100 125 150 175 Z'JIZ_‘P.“I K :\2?_:”‘3}'::’“32'3 350 375 400 425 450 475
001 5.730 -44.28 1.90 3.016 0 < 100 150 200 250 y 3]50 350 400 450 ’ v
Distance To Mouth (m
002 10.694 —61.51 712 1.502 _GPCforGullyBasin002 GPC for Gully Basin 003
003 12.239 -122.32 2.86 4.279 )
004 7.550 -178.53 1.86 4.059
005 6.605 -103.49 1.44 4.587 Monociinc Plane (1
NO1 10.755 ~64.20 3.10 3469 ¢ / i
NO2 4.411 -69.48 1.04 4241 o I s /o
NO3 12.311 -90.88 3.24 3.800 i i L
Stream segment gradient indices for gully long profiles = = e
0 100 200 300 400 500 D;Et‘aml—lﬁ ;f-ié-uw:(-,‘-:) 1,000 1,100 1,200 1,300 1,400
GPC for Gully Basin 004 ~ GPCfor Gully Basin 005
Alignment of Monoclinic Surface with superimposed -
main and tributary long profiles in each gully basin _
A 5
Hack, J. T. (1973). Stream-profile analysis and stream gradient index. Journal of Research of the i
US Geological Survey, 1, 421-429.

Li, J., Xiong, L., & Tang, G. (2019). Combined gully profiles for expressing surface morphology
and evolution of gully landforms. Frontiers of Earth Science, 13, 551-562.

0 25 50 75 100 125 150 175 200 225 250 275 300 325 350
Distance To Mouth (m)



TABLE 3 Morphometric attributes of the studied gully channels

Gully channel

001
002
003
004
005
NO1
NO2
NO3

TABLE 4 Curve fitting on normalized gully profiles

Gully channel

001
002
003
004
005
NO1
NO2
NO3

Elevation at gully source

Elevation at gully mouth

(m) (m) Fall (m)
53.21 38.00 15.21
61.43 3911 22.32
61.55 39.48 22.07
5297 37.05 15.92
49,99 3710 12.89
58.90 35.12 23.78
48.40 39.66 8.74
60.20 35.21 2499
R? values for the different curve fits

Linear Exponential Logarithmic Power
879 .898 410 402
970 981 805 782
950 946 329 315
972 981 378 365
959 954 344 331
916 934 358 348
966 969 340 333
908 920 306 299

Gully length  Langbein (1964) concavity

(m) index (@)
744.55 0.460
1,498.12 0.224
1,215.87 0.453
590.37 0.126
37972 0.155
399.83 0.463
58.32 0.023
45972 0.320

Best-fit curve

Exponential
Exponential
Linear

Exponential
Linear

Exponential
Exponential

Exponential

Gully evolution index (Li
etal., 2019)

0.612
0.516
0.444
0.524
0.490
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N NO1
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Langbein, W. B. (1964). Profiles of rivers of uniform
discharge (Professional Paper 501B). Washington, DC:
U.S. Geological Survey.

Lee, C.-S., & Tsai, L.-L. (2010). Quantitative analysis for
geomorphic indices of longitudinal river profile: A case
study of the Choushui River, central Taiwan.
Environmental Earth Sciences, 59, 1549-1558.



TABLE 5 Derived correlation coefficients between the various derived gully basin and channel morphometric parameters

x, 94 100

35 .28 100

x, 34 32 -02 100

., 27 30 50 -50 100

X, =50 -67 21 -11 16 100

x, 76 8 46 38 02 -70 100

X, 97 89 47 36 18 -49 .84 100

x, 14 37 28 -45 40 -58 51 17 100

17 21 48 -6 99 19 -05 10 44 100

Xy 23 36 47 -59 93 -10 .18 18 71 94 100

., -23 -37 -30 -6 35 42 -72 -35 -30 42 18 100

Xs 54 69 38 -31 .83 -39 46 45 70 79 91 -01 100

X, 41 39 -10 94 -30 -04 27 36 -51 -44 -46 -46 -16 100

xs 36 51 38 -57 .84 -34 34 30 79 8 96 13 95 -45 100

. 85 98 19 34 25 -73 84 80 45 16 35 ~-46 J0O 40 51 1.00

Xy 01 27 39 -25 40 -36 43 03 .80 40 .62 -41 .63 -29 .66 .37 100

. 35 51 16 -50 .84 -34 21 23 67 .83 92 23 95 -32 9 52 .55 100

xe 18 11 77 20 19 18 31 30 -01 14 12 -33 07 .07 04 01 .30 -11 100

92 88 51 00 57 -4 68 8 35 51 .56 -05 75 09 65 78 19 61 27 100
X, 82 9 07 35 25 -72 75 74 39 15 .32 -39 69 45 48 99 .32 54 -08 -69 100
., —09 -14 61 -003 -25 06 38 14 23 -19 -12 -48 -23 -27 -12 -15 26 -4 48 -06 -30 100

Note: Xy gully basin area; Xy gully basin perimeter; Xg maximum basin elevation; Xy minimum basin elevation; Xss basin relief; Xz Mean basin slope; - basin longest dimension;
Xg, total stream length; x., drainage density; x_,, dissection index; x_,, ruggedness index; x,,, hypsometric integral; x,,, gully source elevation; x,,, gully mouth elevation; x, ., gully
channel fall; x, ., gully channel length; x ., Langbein's profile concavity index for the gully channel; x,,, mean SL index; x,,, average SL index change rate; x,,, ideal SLindex; x,,,

mean N5L; and x,,, gully evolution index.
4

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

A more denuded basin (i.e., having lower Hl) 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

*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 002 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).

Dendrogram using Average Linkage (Between Groups)
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GULLY STRATIGRAPHY
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A Rill head on the upper surface

The "Q"-value [=rebound V divided
_ by inbound V] represents the
12.55 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
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The 3-D model was prepared via the Structure-from-Motion technique using multiple photographs.

A number of minor geomorphic features can be distinguished, which have formed along the channel

wall of on of the main gullies in Gangani. Piping is evident, along with the development of a hollow

to the left of the figure. Weathered and broken down blocks that have detached from the main gully Sfm - b d m d | f I | f t

wall are seen towards the right. The altemate fine depositional layers are distinguishable by their a S e O e S O u e a u re S
differential colours and nodules of weather femicrete are visible on some of the minor slope segments.

Earth pillars and caving on gully headwall

Longitudinal Profile of Small Rill on Upper Surface
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Rill cut into duricrust — changes in longittudinal profile before and after earth-filling Toe-slope erosion along gully channel



What may be finally inferred...

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

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. /

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. /

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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