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Abstract- The study of tectonic geomorphology and
morphometry is considered as a valuable tool in active tectonic
studies. The present study carry out geomorphologic analysis in
an area where a historic earthquake was reported. The study
area is a small river (Chick Tore) basin, broadly showing a
dendritic pattern, covering an area of 116 km? and having four
4™ order tributaries. The area is crisscrossed by NW-SE, N-S
and NE-SW trending lineaments. For morphometric analysis,
the area is demarcated into 43 sub basins. Two pockets of
anomalous basin asymmetry are observed southwest of the main
trunk of the river. Transverse topography factor indicates that
on either side of the NW-SE trending lineament, through which
the Chick Tore river is flowing, are deflected on opposite
directions. Valley floor width to valley height ratio along the
NW-SE and NE-SW trending drainage segments also shows
varying values (0.27 to 2.31) however, relatively higher values
are observed along the NW-SE trending main trunk close to the
junctions where N-S and NE-SW lineaments are crossing. The
study observed that the area falls in uniform lithology and
ongoing tectonic adjustments along the main NW-SE trending
lineament are reflecting as drainage anomalies.

1. INTRODUCTION

Bangalore city is the fastest growing city and fifth
biggest city in India. The city is vulnerable even to average
earthquakes, because the buildings of all kinds from mud
buildings to RCC (Reinforced Cement Concrete) framed
structures are constructed without proper building codes and
with increasing population [1]. However, the occurrence of
damaging earthquakes in various parts of similar intraplate
tectonic settings indicates reactivation of pre-existing
structural weaknesses/faults [2]. Indian plate is one of the
complexly deformed parts in the world which had also
become the source of various devastating earthquakes in the
past along the pre-existing zone of weakness. However, the
information on historic earthquakes are also lacking in such
terrain to determine the long-term activity of the faults. Over
the years, studies across the globe indicate that careful
geomorphologic analysis can identify potentially active faults
even from areas of moderate seismicity [3, 5, 6, 7, 8, 9, 10,
11, 12, 13]. Numerous geomorphic indices are formulated for
quantitative assessment of the tectonically active area [3, 4,
6, 14, 15]. The present study is based on the fact that the
geomorphology of a terrain indicates an amount of interaction

between surficial and tectonic processes and also the control
of climatic conditions over them [16]. Thus, the present study
deals with the quantitative evaluation of structures falling
with in the study area, using the elements of tectonic
geomorphology.

1L STUDY AREA

The study area forms NNE- SSW trending Chick Tore basin
of 5™ order lies in the west of Bangalore, Karnataka (Fig. 1).
This area is broadly falling under Seismic zone II of seismic
zonation map of India a Low Damage Risk Zone [17].
However, an average earthquake nearby can induce heavy
damage as mentioned above. The study area had already
experienced an earthquake of intensity V (Ms=5.0) in the year
1916 [17]. The NNE- SSW trending Arkawati River is the
major river draining in this area. The present study area is
limited to the catchment of NW-SE trending Chick Tore, one
of the tributaries of Arkawati River covering ~ 116 km?.

Fig.1 Study area shown as FCC of land sat image.

The general topography of the area shows the
elongated hills trending NE-SW in the south eastern part. The
area is mostly mid-range relief (1221m to 720 m), and most
of the drainages flow along a gentle gradient.

The area regionally exposes rocks belonging to the
peninsular Gneissic complex in which Clospet Granite
belongs to Lower Proterozoic age. These rock units are
intruded by basic dykes, acid dykes, and syenite and
carbonatite bodies of Dharmapuri alkali complex of upper
Proterozoic age.
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The Clospet Granite, pink and grey, is prominently
exposed as NNW-SSE trending body varying in width from
about 15 km forms the basic rock unit in the study area.

III.

The present study extracted of drainages of Chick
Tore from ASTER DEM using Hydrology tool of the spatial
analysist and further calculated stream orders. The same has
been validated with the georeferenced SOI toposheets. The
watershed subdivided into 43 sub basins of 2™ and 3™ order
streams using the snap pour point. The parameters like basin
area, mid line and elevations are calculated using Arc GIS
10.6. The Transverse topographic symmetry factor and
Valley floor width to valley height ratio are calculated from
the Aster DEM.

METHODOLOGY

Iv.

A] Lineament and drainage network

The NW-SE lineaments are found to be regionally
the most persistent features within the study area. The NW-
SE trending Chick Tore is also following along one such
lineament (Fig.2). Though the main trunk of the river is of 5%
order, there are several first order streams joining from south
to the main trunk. Several closely spaced first order streams
are joining the main trunk from north in the south-eastern side
of the main trunk.
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Fig. 2 Drainage basins and lineaments. Cnetral drainages and earthquakes are
also shown.

Though most of the drainages joining from southern
side of the drainage at right angle (NE-SW) to the main
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drainage, there are obvious curves towards northwest for
many of them before its confluence with the main trunk. On
the other hand, drainages joining from north meets the main
trunk at an acute angle (N-S). It should be also noted that
there are three 4" order and three 3™ order streams joining to
the main trunk from south whereas only one fourth order and
three 3™ order streams joining from the north to the main
trunk. In the NE side of this river another parallel lineament
is observed. In addition to that there are some NE-SW and N-
S trending lineaments observed in the area appears to be
influenced the drainage system.

B] Morphometric studies

Asymmetry Factor (AF), Transverse Topography Symmetry
Factor (T) and Valley floor/Valley width ratio (Vy) are the
geomorphic indices used in this study to detect the anomalies
in the drainage system (Table 1).

Table 1: Formula used for calculating the various geomorphic indices

Indices Formula Remarks
Where, Ar = Right half
Asymmetry AF = 100x% of area of basin while
Factor (AF) (Ar/At) facing downstream, At =
Total area of the basin
[14]
where D, is the distance
Transverse from the stream chqnnel
Topography T=(Dy/Dy) t_o the mld'dle of its ]
Symmetry & ’ drainage basin and Dy is
FZC tor (T) the distance from the
midline to the basin
divide [6]
Where Vg, is the width
Vi= of valley floor, E,q and
V:slzliz}t/hfi(c))or 2Vi/[[Ew - E,q are the respective
valley height Ese] + [Era - e!evations of t.hjc left and
ratio Ex] right _valley d1V1d§s, and
E,., is the elevation of
the valley floor [3]

B.1] Asymmetry factor

It is originally derived to detect the tectonic tilt of
the basin areas [6, 18]. For a stream network flowing in a
stable setting and uniform lithology, the AF would be falling
close to 50. In all other cases there will be a change in value
deviating on either side of 50 depending on the direction of
drainage migration [6, 20].

The AF was calculated for all the 43 sub basins
demarcated for the morphometric analysis and the value AF
ranges from 22 to 78. If we consider a deviation of 10 for this
structurally controlled terrain as normal values of AF, then it
is observed that only 23 basins are falling in this range and 20
basins show anomalous AF (more than 10 from the perfect
value of 50). Out of these 6 basins deviate more than 20 from
the perfect value of 50. The highest anomaly basins
(deviations more than 20) are observed mostly south of the
main trunk of the river that is southern side of the study area.
This may indicate that the tectonic disturbance may be more
in the southern side of the NW-SE trending lineament.
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show converging nature of T factor in the highly asymmetric
- S — basins. In contrary the T factors in the basin nos. 30 and 31
' ' ' are diverging. Diverging pattern is also observed in the basins
located between two NW-SE trending lineaments. East or
north directed T factors are prominent in basins west of the
NS trending lineament.
B.3] Valley floor width valley height ratio
Valley floor width - valley height ratio (Vy) is another
geomorphic index developed by [3] for quantitative
assessment for tectonically influenced geomorphic feature
(e.g. SW USA [3, 22], Costa Rica [13], Oregon Coast Range,
USA [23], southeast Spain [12], North western Himalaya,
[24].
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In the present study Vr is calculated at 18 locations
across different reaches of the drainage system where the
drainages follow straight course or/and following lineaments
(table 2). The eight locations measured along the main trunk
of Chick Tore river varied between 0.43-2.31. It is interesting
to note that the highest value (2.31) of maturity of the river
valley is observed at the beginning of the 4" order segment.
In the downstream side of the main trunk, the valley appears
to be more erosional. The ratio measured along the N-S
trending 4™ order stream also shows a relatively high value in
the upstream side than that of one measured between two
NW-SE trending lineaments. In contrary the ratios are very
low along NE trending drainages flowing along the
lineaments in the southern side of the main trunk.
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Af=50232 Eld Erd | Esc Floor width
zone of Anomaly Loc. (m) (m) (m) A%
77"]-;‘"" E 77“":'""}. 71 IIQ'(I" K 1 800 8 10 700 123 -3 1 1 . 1 7
Fig. 3. Details of morphometric studies 2 870 830 720 162.03 1.25
. 3| 1226 861 720 139.41 0.43
B.2] Transverse topographic Symmetry factor (T)

Regional measurements of transverse topographic 4] 940 | 870 | 740 148.26 0.90
asymmetry are useful for recognition of several geological 5| o940 | 870 | 740 273.75 1.66
process of landscape evolution [19]. Similar studies carried

. . S . . 6 940 860 750 76.80 0.51
out in the southern Peninsular India identified active faults
[20, 21]. 7| 1126 920 780 109.90 0.45

. In the present study “T” factor is calculated for the s | 880 | 900! 760 132.68 1.02
main trunks of all the 43 basins at different reaches. The
direction of the arrows indicates the migration direction of the 91 801 942 | 780 6551 0.56
drainage from its original path. Higher the value of ratio, 10| 977 | 850 | 780 97.39 0.73
b1gger will be the? length of.the arrow, .whlch may indicate 1l o9s0 | 920 | 820 117.88 107
tilting of the terrain or conspicuous shifting of drainage from
its original path. 12 880 860 800 76.79 1.10
The present analysis indicates that the drainage 13 | 1003 | 953 | 800 292.84 1.65
deﬂectlons are low in magnitude close to thg main trunk of 14 | 1126 | 960 | 820 122,52 0.55
Chick Tore river though they show a consistent direction
towards northwest in the southwestern side. It also indicates 15 | 970 | 925 | 740 95.73 0.46
thay on either s@de of the NW—SE trendi.ng lineament, through 161 9701 925 | 740 55.94 0.27
which the Chick Tore river is flowing, are deflected on 171 9ss | ssa | 820 147,86 141
opposite directions. The highly asymmetrical basins (Af) - -
observed in the southern corner of the study area show a 18] 912 | 979 | 820 290.08 231

converging nature of T factor. The basins north of Magadi too
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Chick Tore is a 5" order river having four 4" order tributaries
flowing through uniform lithology (closepet granite). The
main trunk of the river is flowing along a NW-SE trending
lineament. Though this drainage broadly shows dendritic
pattern several first order streams joining to the main trunk.
The topographic asymmetries are inferred as selective
preferred drainage migration. Morpometric studies identified
anomalous values at three zones close to the NW-SE trending
lineament as marked in figure 3. The spatial relationship of
seismicity and the river valley raises the suspicion that the
NW-SE trending valley is fault controlled and that the
preferred drainage deflections are the result of local tectonic
adjustments. The present study observed that the ongoing
tectonic adjustments along the main NW-SE trending
lineament are reflecting as drainage anomalies.

CONCLUSION

Acknowledgement
The ASTER data is down loaded from earth explorer USGS.
The authors are thankful to the Director, National Institute of
Rock Mechanics for his encouragement and support.

REFERENCE

Sitharam, T.G. and Anbazhagan, P. (2006), ‘Seismic Hazard Analyasis
for the Bangalore Region’. Natural Hazards (2007) 40:261-278.

Sykes, L.R. (1978), ‘Intraplate seismicity, reactivation of preexisting
zones of weakness, alkaline magmatism, and other tectonism postdating
continental fragmentation’, Review of Geophysics, 16, 621-688.

Bull, W. B. and McFadden, L. D. (1977), ‘Tectonic geomorphology
north and south of the Garlock fault, California. In: D.O. Doehring (Ed.),
Geomorphology in arid regions’, Publications in Geomorphology, State
University of New York and Binghamton, pp 115-138.
Burbank, D. W. and Anderson, R. S. (2001),
Geomorphology’, Blackwell Science Publications.
Champel, B., Van der, B. P., Mugnier, J. L. and Leturmy, P. (2002),
‘Growth and lateral propagation of fault-related folds in the Siwaliks of
western Nepal: Rates, mechanisms, and geomorphic signature’, Journal
of Geophysical Research 107 (2111), 2-1-2-18.

Keller, E. A. and Pinter, N. (1996), ‘Active Tectonics’, Prentice Hall
International (UK) Ltd, London. (6)

Malik, J. N., Sohoni, P. S., Merh, S. S. and Karanth, R.V. (2001), ‘Active
tectonic control on alluvial fan architecture along the Kachchh Mainland
Hill Range, Western India’, Zeithschrift fiir Geomorphologie 45 (1), 81—
100.

John, B (2018), ‘Importance of Geological Studies in Earthquake
Hazard Assessment’. In Integrating Disaster Science and
Management: Global Case Studies in Mitigation and Recovery.
Elsevier Book Chapter 2, pp. 27-40.

Riquelmea, R., Martinod, J., Herail, G., Darrozesa, J. and Charrierb, R.
(2003), A geomorphological approach to determining the Neogene to
Recent tectonic deformation in the Coastal Cordillera of northern Chile
(Atacama)’, Tectonophysics, 361, 255-275.

Schumm, S.A., Dumont, J.F. and Holbrook, M.J. (2002), Active
Tectonics and Alluvial Rivers. Cambridge University Press, Cambridge,
pp. 276.

Seeber, L. and Gornitz, V. (1983), ‘River profiles along the Himalayan
arc as indicators of active tectonics’, Tectonophysics, 92, 335-367.
Silva, P. G., Goy, J. L., Zazo, C. and Bardaji, T. (2003), ‘Fault-generated
mountain fronts in southeast Spain: geomorphologic assessment of
tectonic and seismic activity’, Geomorphology, 50, 203-225.

Wells, S. G., Bullard, T. F., Menges, C. M., Drake, P. G., Karas, P. A.,
Kelson, K. L, Ritter, J. B. and Wesling, J. R. (1988), ‘Regional variations

(1]
(2]

(3]

‘Tectonic

(4]
(5]

(6]
(7]

(8]

(9]

[10]

(11]
[12]

[13]

131

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

[23]

(24]

Divyalakshmi and others

in tectonic geomorphology along a segmented convergent plate
boundary, Pacific coast of Costa Rica’, Geomorphology 1, 239-266.
Keller, E.A. and Pinter, N. (2002), ‘Active Tectonics: Earthquakes,
Uplift, and Landscape’. Prentice, Hall, New Jersey.

Peters, G. and Van Balen, R.T.,(2007), ‘Tectonic geomorphology of the
northern Upper Rhine Graben’, Germany. Glob. Planet. Chang, 58,
310-334

Bull, W.B., (1991), ‘Geomorphic responses to climatic change’. Oxford
University Press, New York, 326 pp.IS 1893 (Part 1) 2002.

GSI, (2000), Seismotectonic Atlas of India and its Environs. GSI Spec.
Publ. no. 72.

Hare, P. W. and Gardner, T. W. (1985), ‘Geomorphic indicators of
vertical neotectonism along converging plate margins, Nicoya
Peninsula, Costa Rica’; In Tectonic Geomorphology (eds) Morisawa M
and Hack J T (Boston: Allen and Unwin), pp. 75-104

Cox, R.T., Van Arsadle, R.B. and Harris, J.B. (2001), ‘Identification of
possible quaternary deformation in the north eastern Mississipi
embayment using quantitative geomorphic analysis of drainage basin
assymmnetry’, Geolo. Soc. Am. Bull., 113, 615-624. 160

John, B. and Rajendran, C. P. (2008), ‘Geomorphic indicators of
Neotectonism from the Precambrian terrain of peninsular India: A study
from the Bharathapuzha Basin, Kerala’, J. Geol. Soc. India, 71, 827—
840.

Singh, Y., John, B., Ganapathy G.P., George, A., Harisanth, S.,
Divyalakshmi, K.S. and Kesavan, S. (2016), ‘Geomorphic observations
from southwestern terminus of Palghat Gap, South India and their
tectonic implications’, Journal of Earth System Science 25 (4), 821-839.
Rockwell, T.K., Keller, E.A. and Johnson, D.L. (1984), ‘Tectonic
geomorphology of alluvial fans and mountain fronts near Ventura,
California’, In: Morisawa, M., Hack, T.J. (Eds.), Tectonic
Geomorphology. Publications in Geomorphology, State University of
New York, Binghamton, pp. 183—207.

Rhea,S.(1993), ‘Geomorphic observations of rivers in the Oregon Coast
Range From a regional reconnaissance perspective’, Geomorphology,
6(2), 135 -150.

Malik J. N. and C. Mohanty. (2007), ‘Active tectonic influence on the
evolution of drainage and landscape: Geomorphic signatures from
frontal and hinterland areas along the Northwestern Himalaya, India’.
Journal of Asian Earth Sciences, 29, 604—618.



