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Figure 1.1 Tectonic map of Gujarat region that showing major and minor 

structural lineaments, peri-cratonic rift basins, gravity anomaly and 

major faults (after Vanik et al., 2018). Box shows the location of the area 

of present study. Pink, green and maroon dotted lines: ST- Satpura 

Trend, AT- Aravalli Trend, and DT- Delhi Trend, respectively. Red line: 

major regional faults: IBF-Island Belt Fault, NPF- Nagar Parker Fault, 

KMF- Kutch Mainland Fault, WCF- West Coast Fault, WCBMF- 

Western Cambay Basin Margin Fault, ECBMF- Eastern Cambay Basin 

Margin Fault, NSF- Narmada Son fault, NSGF- Narmada Son 

Geofracture. JA- Jaisalmer Arch, SA- Saurashtra Arch, RBA-Radhanpur 

Barmer Arch, MR- Malwa Ridge are the tectonic regional arch and 

ridges surrounding Saurashtra peninsula. Blue star: Mw 5.1 earthquake 

on Oct 2011 near Talala (T). Pink line: inferred causative Girnar Fault 

(GF) based on deep seismic profiles and gravity studies. Map includes 

geological and seismotectonic data from Biswas (1987), Merh (1995), 

Dasgupta et al., (2000) and Rastogi et al., (2013). Several other 

lineaments with varying structural trends are mapped by Bhattacharya et 

al., (2004) in SW Saurashtra region. Geological map of Saurashtra region 

showing lithological data (after, Merh, 1995).  
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Figure 2.1 Tectonic map of Saurashtra and surrounding region showing major 

faults, peri-cratonic rifts, Precambrian trends, structural lineaments and 

Bouguer anomaly contours (compiled by Vanik et al., 2018). Data 

included from Biswas (1987), Merh (1995), Dasgupta et al., (2000), 

Rastogi et al., (2013) and Bhattacharya et al., (2004). 

11 

Figure 2.2 Geological map of the Saurashtra peninsula draped over DEM with 

replotted epicenters (red dots) of earthquakes since 1872 till 2020 (after 

Vanik et al., 2021). 

23 

Figure 3.1 Geological map of southwest Saurashtra region, Gujarat, western 

India showing geomorphic zones, major rivers, drainage basin and faults. 

Red circles are the earthquake epicenters (source-ISR). Yellow dashed 

boxes shows the two morphotectonic domains identified in the present 

study. 

27 

Figure 3.2 Geomorphic map of morphotectonic domain-II showing three 

significant geomorphic zone and three major river basins. Lines A-Aʹ, B-

Bʹ and C-Cʹ show the alignment of topographic sections in figure 4.1. 
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Figure 3.3 Field photographs showing geomorphic characters in different 

geomorphic zones in morphotectonic domain-I. a) Structurally 

controlled cuesta ridge developed over tilted trappean lava flows near 

Katar village. Note the prominent scarp face and the NE alignment of the 

ridge b) Prominent regional in the direction of tilted trappean lava flows 

near Dedan village. c) Pediment surface developed over fossiliferous 

Tertiary limestones (Gaj Formation) north of Pipavav. d) Close view of 

the fossiliferous limestone. e) ~10-15 m high coastal cliff, marine notch 

and sea caves in miliolites near Jafarabad. f) ~15 m high coastal cliff and 

two marine notches to the west of Jafarabad. 
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Figure 3.4 Geomorphic map of morphotectonic domain-II showing three 

distinct geomorphic zones. Note that the buried pediment surface covers 

vast area compared to domain-I. Topographic profile sections A-Aʹ to G-

Gʹ from east to west explained in figure 4.5. 
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Figure 3.5 Field photographs of morphotectonic domain-II. a) ~12 to 15 m 

knickpoint, at Jamjir waterfall, deeply incising trappean bed rock and 

miliolitic limestone near Ghontvad. b) ~2 m knickpoints incising 

miliolitic limestone near Vithalpur. c) Coastal cliff near MulDwarka and 

present day notch. d) ~10 m high miliolite cliff gently dipping landward 

showing prominent cross bedding near Dharabandar. 
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Figure 4.1 NW-SE Topographic profiles along three major rivers Dhantarvadi 

(section A-Aʹ), Raidi (section B-Bʹ) and Malan (section C-Cʹ) showing 

distinct geomorphic zones along with various geomorphic features. 

Cross-sections are shown in figure 3.2. 

37 

Figure 4.2. Slope map (left) and aspect map (right) of morphotectonic domain-

I. Slope map showing steep slopes in the upland zone on dyke swarm 

and cuesta ridges. Note the north to northwest facing escarpments and 

southeastward gentle slopes due to tilted lava flows. Aspect map showing 

the direction of gradient with majority of area is sloping towards 

southwest. 

40 

Figure 4.3 a) Lineament Map of the morphotectonic domain-I showing three 

river basin. Rose diagrams of lineaments observed in individual basin 

showing NE-SW as major trend. Note that the lineament trend near 

Malan River shows ENE-WSW trend. b) Rose diagram of lineaments of 

study area showing three dominant trend: NE-SW, ENE-WSW and 

NNE-SSW. c) Rosette of domain-II showing majority of lineaments 

trending NE-SW and few ENE-WSW following dyke swarm trend. 
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Figure 5.1 Geological map of morphotectonic domain-I superimposed over 

DEM. Note the dyke ridges that correspond to the swing of dyke swarm 
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in Deccan traps. Faults (F1 to F6) mapped during the present study, dyke 

ridges and drainage basins. Red circles showing earthquake epicenters. 

Figure 5.2 The E-W trending Katar fault exposed west of Rajula town. (a) Meso-

scale fault cuts the Katar Ridge. Yellow dotted line: fault plane. Height 

of the person is 175 cm as scale. The fault line continues further towards 

W, as in photo. (b) These fault planes show different types of striations: 

such as horizontal in photo. (c) Red cap as scale. The fault cutting the 

NW trending ridge shows such slickensides. 
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Figure 5.3 Katar Fault plane near Rajula town. Inset: stereo-plot: great circle- 

fault, red dot- lineation (Vanik et al., 2018). (a) Sub-vertical undulating 

fault plane (attitude: 93° strike, 62° dip, 3° dip direction) with horizontal 

striations. 14.3 cm long pen as scale. Fractures at high-angle to the fault. 

Inset: Fig. 1(FR) of Doblas et al. (1997). (b) Fault plane (attitude: 65° 

strike, 84° dip, 155° dip direction) with (sub) vertical striations. 

Damaged border and arrow-shaped micro-gouges define striation. Inset: 

Fig. 1 of Doblas et al. (1997). (c) Ridges and groove connoting oblique 

striations (rake 51°, trend 94°) on a fault plane (attitude: 93° strike, 90° 

dip, 3° dip direction). Slip sense indeterminate. 14.3 cm long pen as 

scale. (d) Very faint/poorly developed (sub)horizontal lineations on sub-

vertical fault plane (attitude: 75° strike, 54° dip and 165° dip direction). 

Inset: stereo-plot of faults with ENE trend. 14.3 cm long blue pen as 

scale. Un-interpreted (e) Interpreted (f) photograph: P- and Y- brittle 

shear planes trend NE on a horizontal plane on a basaltic rock. The 

sigmoid P-plane merging the Y-plane show sinistral slip. (g) P- and Y- 

brittle shear planes on a horizontal basaltic rock surface showing dextral 

slip. (h) A curvi-planar fault plane with two trends of oblique striations. 

A 14.3 cm long blue pen as scale. At “1”, fault plane attitude: 285° strike, 

70° dip, 15° dip direction. Striation plunge: 53°, trend: 315°. At “2”, fault 

plane attitude: 109° strike, 73° dip, 19° dip direction. Striation with 

plunge: 35°, trend: 95°. Note the overlapping of oblique striations at the 

bottom of the field photograph. 
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Figure 5.4 NE-SW trending fault exposed in E flowing Dhantarvadi River, west 

of Khambha village. a) River meandering near NNE trending shear zone 

(SZ). Note the knickpoints in the upstream direction d) Yellow arrow 

shows four knickpoints at every few meters. Note the gradient change 

from the farthest knickpoint up to shear zone. e) Opposite view of (d) 

showing fault plane with striations, slicken-fibers on quartz veins. 

Yellow arrow shows knickpoints. f) Close view of slicken-fibers 

developed on quartz veins showing oblique striations. g) 0.5 cm quartz 

vein offset on the fault plane within the joints showing dextral 

movement. 
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Figure 5.5 a) NE-SW trending fault (F2) near Pipalva village showing dyke 

intrusion along the fault in (sub) vertical joint planes in trappean lava 

flows. Note the extension of dyke ridge along the fault trend towards 

SW. b) (sub) vertical joint filled by recrystallized quartz and calcite veins 

along NE trending fault plane with fractured basalt (c) and compact 
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basalt (d) on either sides. Very faint striations showing dip slip 

component. e) Fault (F2) near Mota Samdhiyala village showing 

multiple fault planes with brittle shear planes and striations. f) Faintly 

developed horizontal striations showing strike slip component. g) Fault 

passing the river showing brittle basaltic rock, rapids and large potholes. 

Note the NNE-SSW trending dyke ridge. h) ~5 cm quartz vein offset on 

horizontal surface. Note the prominent bounding structure on displaced 

veins due to fractures along slip movement. 

Figure 5.6 Faults exposed on the NE-SW trending ridges between Malan and 

Raidi river basin. 14.3 cm long pen as scale. a) Vertical undulating fault 

plane (attitude: 265° strike, 74° dip, 355° dip direction) with oblique 

striations. b) Fault plane (attitude: 270° strike, 80° dip, 355° dip 

direction) with vertical striations. c) Sub vertical fault plane (attitude: 

262° strike, 77° dip, 353° dip direction) with oblique striations. d) 

Vertical fault plane (attitude: 275° strike, 60° dip direction) with 

horizontal direction. Fault near Mota Mansa village showing e) Faintly 

developed striations on vertical fault plane (attitude: 80° strike, 83° dip, 

350° dip direction) and f) Prominent oblique striations on vertical fault 

plane (attitude: 55° strike, 65° dip, 140° dip direction).ENE trending 

fault showing sub horizontal fault plane (attitude: 80° strike, 23° dip, 

345° dip direction) near Shana Vankiya with g) horizontal and h) vertical 

striations. 
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Figure 5.7 Results of fault-slip inversion analysis performed for heterogeneous 

fault-slip data using T-Tecto, WinTensor and FaultKin software (Vanik 

et al., 2018). (a) Stereo plot (lower hemisphere) - grey lines: fault planes 

with slip vectors marked by black dot with arrows. Red and blue dots: 

direction of P- (compressive) and T (extension) kinematic axes for the 

individual fault plane respectively. (b) Stereo plot of fault planes misfit 

in the resultant tensor. (c) & (d) Resultant stress tensors of Phase 1 and 

Phase 2 deformation, respectively, generated from T-Tecto software. 

Squares: directions of principal stress axes obtained by the Gauss 

weighted Right Dihedra Method. Yellow circles: directions of principal 

strain axes by Visualization of Gauss Function method. Biggest square 

and yellow circle: direction of σ1; Medium square and yellow circle: 

direction of σ2; smallest square and yellow circle: direction of σ3. Red 

inward- and blue outward arrows: direction of compressive- and tensile 

stress, respectively. Red and blue quadrants of the graph: compressive 

and extensive strain fields, respectively. (e) & (f) show resultant stress 

tensor of Phase 1 and Phase 2 deformation generated from fault-slip 

inversion analysis for homogeneous subset of fault-slip data using 

WinTensor. Black lines: fault planes with slip vectors marked by open 

circles with arrows. Black solid lines and open lines at the periphery of 

the stereo-plots: direction of SHmax and SHmin kinematic axes, 

respectively, for individual fault slip data. Stress symbol in the upper left 

corner. The orientation of the principal axes of the stress ellipsoid and 

the stress ratio (R) suggest the stress regime. The length and color of the 

horizontal stress axes (SHmax and SHmin) in the stress symbol: 

horizontal deviatoric stress magnitude (Delvaux, 1997). The vertical 
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stress (σv) is indicated by a blue (σ1) / green (σ2) / red (σ3) solid circle 

in the middle of the stress symbol suggesting the extensive/ strike-slip/ 

compressive stress regime. Stress tensors in the middle: blue inward 

arrows- compressional deviatoric stress (SHmax = σ1); red outward 

arrows: tensile deviatoric stress. Circle, triangle and square: direction of 

maximum principal stress (σ1), intermediate principal stress (σ2) and 

minimum principal stress (σ3), respectively. “n/nt”: ratio of fault slip 

data used relative to the total number of fault slip data entered (Delvaux, 

2003). The graph of counting deviation is shown at the lower left corner 

of the graph. (g) and (h) show fault-slip inversion analysis performed for 

homogeneous subset of fault-slip data using FaultKin. Stereo plots of 

resultant stress tensors of Phase 1 and Phase 2 deformation are shown 

respectively. Black lines- fault planes with slip vectors marked by a black 

dot with arrows. Red and blue dots: directions of P (compressive) 

kinematic axis and T (extension) kinematic axis for the individual faults, 

respectively. Red and blue contours: compressive and tensile strain 

fields, respectively. Green squares: the direction of the principal stresses. 

Figure 5.8 Resultant stress tensors obtained from fault-slip data using 

WinTensor software. Black lines: fault planes with slip vectors marked 

by open circles with arrows. Black solid lines and open lines at the 

periphery of the stereo-plots: direction of SHmax and SHmin kinematic 

axes, respectively, for individual fault slip data. Stress tensors: green 

inward arrow – compressional deviatoric stress (SHmax = σ1); red 

outward arrows – tensile deviatoric stress. Circle, triangle and square: 

direction of maximum principal stress (σ1), intermediate principal stress 

(σ2) and minimum principal stress (σ3), respectively. (a), (b) & (c) show 

resultant stress tensor from fault-slip data collected from exposed fault 

plane of Fault (2). (d) show resultant stress tensor from Fault (F3) near 

Mota Mansa village. 
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Figure 5.9 Tertiary joint sets data near Pipavav showing different types of joints 

on gently coastward dipping fossiliferous limestone. Scale: Hammer (30 

cm). a) Conjugate joint sets with dihedral angle- 42°. Tertiary 

fossiliferous limestone dipping southward (strike 85°, dip 11° and dip 

direction SSE). b) Close view of fossiliferous limestone. 13.2 cm long 

pen used as scale. c) Cross joint sets with open joints showing ~6cm 

displacement. d) Master joint with secondary cross joints and prominent 

conjugate joint sets. e) Open joint sets with ~4 cm displacement forming 

conjugate joint sets. f) Orthogonal joints showing perpendicular joint sets 

at few places. 
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Figure 5.10 Resultant stress tensors generated from T-Tecto software of Tertiary 

joint sets. Yellow circles: directions of principal strain axes. Yellow 

circle- bigger circle: direction of σ1; Medium circle: direction of σ2; 

smallest circle: direction of σ3. Red inward- and blue outward arrows: 

direction of compressive- and tensile stress, respectively. Red and blue 

quadrants of the graph: compressive and extensive strain fields, 
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respectively. a) NNE and NE trending joint planes showing SHmax 

N46°E. b) NW and NNW trending joint planes showing SHmax N134°E. 

Figure 5.11 Resultant stress tensors from fault slip data and Tertiary joint sets 

data compared with Quaternary joints sets data of morphotectonic 

domain-I with field photos. The rose diagram shows NE-SW major 

trend. Quaternary neotectonic joint set data showing NE-SW SHmax 

trend (Bhonde and Bhatt, 2009). 
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Figure 6.1 Drainage map of morphotectonic domain-I showing faults in the 

upland zone, mudflats and aeolianite ridges in the coastal zone. Note the 

parallel drainage patterns over pediment surface flowing towards the 

southward regional slope. 
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Figure 6.2 Field photographs of river characteristics and bedrock lithology of 

river flowing in morphotectonic domain-I. a) Dhantarvadi River flowing 

eastward over trappean lava flows showing brittle fractures. Channel is 

~10m wide incising trappean basalt and forming several rapids. b) River 

flowing eastward along with the trend of dyke ridges forming rapids over 

trappean rocks. c) Cuesta ridges swinging in the middle course of 

Dhantarvadi River shows prominent NW dipping escarpment. d) 

Dhantarvadi River flowing over coastward gently sloping Tertiary 

limestone in pediment surface shows prominent orthogonal joint sets. e) 

Raidi River incising miliolitic deposits up to ~2m in the lower reaches of 

the channel forming ~150m wide valley. f) Mouth of Raidi River near 

Jafarabad coast. ~12 to 15m high coastal cliff showing prominent 

depositional phases with cross-bedding, trough cross-bedding and planar 

beds. g) Middle reaches of south flowing Malan River showing exposed 

Quaternary section with Alluvial deposits overlying trappean bedrock 

lithology. h) Malan River flows along dykes with protruding brittle shear 

planes and feebly developed striations. 
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Figure 6.3 Longitudinal profile of Dhantarvadi, Raidi and Malan River showing 

steeper gradient and concave-up wavelength in upper reaches and gentler 

slope in lower reaches. Note that the river covers maximum area 

consisting of dyke swarms, cuesta ridges and southward tilted trappean 

lava flows. 
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Figure 7.1 Stream ordering map of rivers flowing in morphotectonic domain-I. 

Note the enormity of Dhantarvadi drainage basin with 7th highest order 

while other rivers shows 5th highest order. 
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Figure 7.2 Graph showing correlation of calculated areal parameters for 

knowing the basin shape. Bs is inversely related to the Re and Rb is 

directly proportional to Dd.  Malan River is highly elongated basin and 

Raidi River is an elongated basin with high Bifurcation ratio and 

drainage density. 
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Figure 7.3 Stream length gradient index showing with longitudinal river profile 

showing sudden peaks at the sharp gradient change in channel bedrock. 

Note the SL peaks in Dhantarvadi river profile around dyke swarm area. 
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Figure 7.4 DEM showing drainage basin with south to southeast flowing 

channels. The black line is the cross-section locations of Vf ratio 

calculated showing channel valley shape. Cross-sections of Dhantarvadi 

River (a, b, c, d and e), Raidi River (k, l, m and n) and Malan river (p, q, 

r and s). Note the drainage divides unpaired near anomalous channel 

bends. Yellow arrow suggests the direction of the tectonic tilting of the 

basin. Note that W to SW tilting of Dhantarvadi and Malan River while 

Raidi River shows the opposite ground tilt. 
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Figure 7.5 Hypsometric curve plotted for Malan, Raidi and Dhantarvadi river 

basin. H is the Hypsometric integral value. Comparison of all three 

drainage basins shows Malan river basin is at youthful stage while Raidi 

and Dhantarvadi basin shows mature basin development stage. 

85 

Figure 8.1 N-S topographic profiles of morphotectonic domain-II showing three 

geomorphic zone. Cross section A-Aʹ to G-Gʹ shown in figure 3.4. Note 

the buried pediment zone widens towards western sections from G-Gʹ to 

A-Aʹ. The escarpments observed in the section along Machundri and 

Rawal River where Quaternary cover narrows. Coastal zone mainly 

shows mudflats and coastal cliffs at places. 

88 

Figure 8.2 a) Slope map showing steep slopes in the upland zone, moderate to 

gentle slope on the buried pediment cover and coastal zone. Note the 

varying trend of linear ridges and dykes showing steep vertical 

escarpments. b) Aspect map showing direction of these slopes in color 

pixels. Majority of the area is sloping towards south and southwest. 
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Figure 8.3 Lineament map of morphotectonic domain-II. a) Domain-II shows 

seven seaward flowing major rivers. The rosette diagram is plotted basin 

wise from Hiran River in the west to Rawal River in the east. Note the 

variation in lineament trend near the Rawal River. Multiple lineament 

trends observed compared to domain-I. b) Dominant trends of overall 

study area showing, NE-SW, ENE-WSW and NNE-SSW. c) Overall 

domain-II shows NNE-SSW, NE-SW and E-W trend. 
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Figure 9.1 Geomorphological map of morphotectonic domain-II superimposed 

over DEM.  Note two trends of aeolianite ridges. 
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Figure 9.2 Slope map showing aeolianite ridges marked in black polygons over 

the buried pediment zone superimposed over DEM. Note coast parallel 

ridges around Hiran River and AR-1 to AR-6 E-W trending ridges. Note 

the coastal zone with alternate moderate and gentle slope. 
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Figure 9.3 Aspect map of the buried pediment zone of morphotectonic domain-

II showing direction of the slope. Note the linear ridges showing two 

slope trend. Note coast parallel ridges around Hiran River and AR-1 to 

AR-6 E-W trending aeolianite ridges. 
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Figure 9.4 Aeolianite ridge (AR-1) trending E-W from Ghontvad to Veraval 

coast. a) Singwada River incising the trappean bedrock underlying the 

miliolite beds showing cross bedding at Jamjir waterfall. b) Close view 

of the miliolite beds incised by Singwada River with prominent two joint 

sets. c) Downstream of Singwada River showing several rapids and 

exposed miliolite cliff with planar deposits. d) Cliff section of miliolite 

beds showing cross- bedding (upper unit) and planar beds (lower unit). 

e) Somat River incising the miliolitic limestone bed with planar 

stratifications. f) Close view of joint planes of miliolite rocks incised by 

Somat River. Note the knickpoints and rapid formation at the ridge zone. 
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Figure 9.5 Aeolianite ridge (AR-2) trending E-W showing distinct morphology 

extending up to Sutrapada coast. a) & b) Ridge surface exposed at a 

mining site showing cross-bedding and northward dipping beds. c) Close 

view of the cross-bedding at the exposed surface showing faintly visible 

trough cross bedding. d), e) &f) Locations near Vadnagar showing two 

slopes, northward dipping beds (30° to 35°) and southward dip (<25°). 

g) & h) Sutrapada coast showing extended aeolianite ridge forming ~2 

m coastal cliff with well bedded aeolian deposits. 

103 

Figure 9.6 a) Anomalous fish-hook meander near Chachhar village with large 

boulders of miliolite are exposed. The meander might have formed 

because of the response of Singwada river to E-W trending aeolianite 

ridge. Boulders are observed remarkably within this stretch formed due 

to local erosion of the ridge. b) 1.5 m knickpoint observed marking 

gradient change within small distance. Two joint sets in miliolites are 

observed. c) & d) Aeolianite ridge coastward extension showing 

northward dipping beds in ~2m high coastal cliff, present day marine 

notch and sea cave. 
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Figure 9.7 a) & b) aeolianite ridge eroded by Rupen River forming boulders 

near the meander due to local erosion of the ridge. Boulders are observed 

within this stretch only. c) & d) extension of ridge forming miliolite cliff 

with prominent landward dipping cross-bedding near Dhamlej coast. 
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Figure 9.8 NE-SW trending aeolianite ridge (AR-5) near MulDwarka coast 

showing southward dipping cross-bedding. Sea cave eroding headland 

observed from the horizontal surface. 
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Figure 9.9 Nayda limestone caves in Diu Island showing best exposure of 

aeolianite ridge (AR-6). Note the different depositional facies forming 

several foresets with distinct cross-bedding and planar laminations. 
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Figure 9.10 a) Aeolianite ridge observed near Umrethi Dam with prominent 

cross bedding, trough bedding and planar stratifications. Note the well 

preserved bedding structure. b) Interpreted section of the ridge showing 

cross-bedded aeolian sand deposits. Red line indicate change in facies. 

A cap (20cm) is used as scale. c) ~15 m miliolite incision by Hiran River 

at Umrethi dam site showing prominent cross bedding and Planar 

bedding. d) Interpreted river cliff section showing prominent cross 
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bedding in the upper unit and planar bedding in the lower unit. Note the 

comparison of the ridge morphology. 

Figure 9.11 Aeolianite ridge trending NW-SE exposed in the cliff sections and 

channel bedrock of Hiran River. a) river incising aeolianite ridge up to 

~10m. Note the aeolianite ridge observed at either side of the main 

channel. b) Close view of the cliff section showing terrace like structure 

formed due to the channel erosion. c) Channel upstream showing 

prominent northward dipping cross-bedded miliolite deposits. 
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Figure 9.12 Aeolianite ridge trending NW-SE incised by south flowing Hiran 

River. a) Southward dipping (7° to 10°) miliolite beds. b) Northward 

dipping (8° to 12°) dipping beds covered by alluvial deposits. c) Ridge 

crest showing very gentle southward tilt with planar laminations. d) 

Close view of the miliolite deposits over the horizontal surface. e) 

Miliolite deposits incised by Hiran River forming 15 to 20 m high 

waterfall retreating aeolianite ridge towards north. f) Northward dipping 

(11° to 15°) miliolitic limestone beds. Note the northward slope is steeper 

than the southward slope of the ridge. 
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Figure 10.1 Drainage map of morphotectonic domain-II showing enormous 

drainages in the upland zone, very few southward flowing parallel 

drainages in buried pediment zone and mudflats and beach dune 

complexes in the coastal zone. Trellis pattern at few places in the upland 

zone were extracted. Note the anomalous channel bends around 

aeolianite ridges. 
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Figure 10.2 Field photographs of rivers originating in trappean terrain. a) Main 

trunk channel of Rawal River forming broad valley incising Deccan trap 

overlain by sheet miliolites. b) Close view of sheet miliolites in Rawal 

river showing planar miliolite beds overlying the cross stratified 

miliolites. c) Rawal River downstream near fault (F2) forming small 

rapids and potholes over brittle nature of trappean rocks. d) Machundri 

River valley showing incised cliff of ~12 m with trappean bedrock 

covered by ~5m thick sheet miliolite deposit. 
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Figure 10.3 Field photographs of rivers originating in trappean terrain. a) 

Singwada River in upland zone forming ~20m knickpoints at Jamjir 

waterfall near Ghontvad incising trappean basalt and sheet miliolites. b) 

Singwada River widens towards downstream incising miliolite deposits 

overlying Deccan traps. c) Several small rapids observed further 

downstream of Singwada River incising sheet miliolites forming large 

potholes. d) South flowing straight channel incising miliolitic limestone. 

Note the channel widens towards downstream. e) Hiran River near Talala 

sharply bending westward incising trappean rocks. f) Near Umrethi 

Dam, Hiran River incising the coast parallel aeolianite ridge. g) Further 

downstream of Hiran channel incising miliolite forming ~15m high 

waterfall. Note the thickness of miliolite deposits increases towards 

downstream. h) Saraswati channel flows westward along the trend of 

aeolianite ridge (AR-1) forming ~2m knickpoint. 
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Figure 10.4 Field photographs showing river characteristics of channel flowing 

over buried pediment zone in domain-II. a) Rupen river cliff exposing 

Quaternary alluvial deposits over Tertiary bedrock. Note the channel 

meanders towards west along aeolianite ridges. B) Rupen river meander 

incising aeolianite ridge forming narrow valley at channel bend towards 

west. c) Somat river bedrock showing boulders of Miliolite limestone 

rocks incised forming narrow valley in the upstream. d) Somat River 

showing prominent joint sets in miliolitic limestone river bed. ~0.5 to 2 

m knickpoints and ~5m miliolite cliff section are also observed. Note the 

southward straight narrow channel incising miliolites. 
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Figure 10.5 Longitudinal profiles of rivers originating in trappean terrain in 

morphotectonic domain-II. Note the irregular concave upward profile 

with sudden slope breaks. 
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Figure 10.6 Longitudinal profiles of river flowing mostly in miliolitic terrain in 

morphotectonic domain-II. Note the buried pediment zone covers the 

maximum area compared to other major rivers flowing in this domain. 
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Figure 11.1 Stream ordering map of river basins in morphotectonic domain-II. 

Note that most part of Hiran, Singwada, Machundri and Rawal river 

basins (category-I) fall in trappean uplands. Somat, Sangawadi and 

Rupen river basins (category-II) are located mostly over Late Quaternary 

miliolites. 
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Figure 11.2 Correlation of areal parameters – Circulatory ratio (Rc), elongation 

ratio (Re) and Form factor (Ff) with Bifurcation ratio (Rb) and Drainage 

density (Dd) for rivers originating in trappean terrain. Note the Hiran 

river is less elongated basin with low Dd and Bs value while high Rc 

value. 
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Figure 11.3 Correlation of areal parameters – Circulatory ratio (Rc), elongation 

ratio (Re) and Form factor (Ff) with Bifurcation ratio (Rb) and Drainage 

density (Dd) for rivers flowing mostly in miliolitic terrain. Note the Bs, 

Rb and Dd value is higher in Raidi river indicating strong structural and 

tectonic control on basin landscape. 
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Figure 11.4 Stream length gradient (SL) index profile (red dashed line) 

correlated with longitudinal river profiles (blue line) showing abrupt SL 

peaks at sudden slope variation observed in main trunk channel bedrock. 

Small yellow mounds in miliolitic terrain of Singwada River and Hiran 

River is presence of E-W trending aeolianite ridges obstructing the main 

channel. Three yellow mounds with black dashed lines in Hiran River 

are coast parallel ridges. 
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Figure 11.5 Stream length gradient (SL) index profile (red dashed line) 

correlated with longitudinal river profiles (blue line) for rivers flowing 

mostly in miliolitic terrain. Abrupt SL peaks indicates sudden slope 

change in channel bedrock. Small yellow mounds in miliolitic terrain are 

E-W trending aeolianite ridges hindering the main channel. Note the 
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highest peaks are observed at the aeolianite ridge obstruction with 

channel. 

Figure 11.6 Drainage map showing locations of Vf ratio calculated and 

direction of basin tilt showing drainage basin asymmetry. Pink star 

represents the location of cross-sections taken for Vf ratio. Yellow arrow 

suggests the direction of the tectonic tilt resulting in shifting of the main 

trunk stream towards the slope. Note the Singwada and Sangawadi River 

showing eastward basin slope while others are towards west. 
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Figure 11.7 Hypsometric curves of river arising in the trappean upland. Convex 

upward to almost sigmoidal shaped curves indicating youthful to 

moderate stage of basin development. Note the higher HI value of Rawal 

River inferring to very young erosional stage. 
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Figure 11.8 Hypsometric curves with hypsometric integral values of rivers 

flowing mostly in miliolitic terrain. Note the highest HI value of 

Sangawadi river and convex up curve indicating youthful basin 

development stage. 
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Figure 11.9 Hypsometric curve with hypsometric integral values. Rivers 

originating in trappean terrain shows s-shaped curves representing 

moderate erosional stage. Rivers flowing mainly in miliolitic deposits 

convex up curves signifies youthful basin topography. 
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