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Abstract: Imprints of multistructural events recorded within the rocks are visualised through satellite data. The events 

of superposed folding and shearing at Koba-Rustampura area belonging to Khandia Formation of Champaner group has 

been studied. Classification of such multiple events becomes simple with the help of their respective trends.  These 

structural events have been delineated by using visual image interpretation techniques to study the spatial pattern and 

textures on the Landsat image. By deciphering axial traces and directions of displacement, one can build the chronology 

of the structural events revealing the deformational history.  
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1. Introduction 

 

Applications of remote sensing in geosciences are well 

established and widely accepted for identifying and 

correlating structures, regionally. Identification of 

structures on regional scale have been a necessity to 

understand overall deformational pattern of any terrain. 

Such attempts includes mapping of large scale features, 

extracting lineament patterns, identifying regional fold 

trends, quantifying the fault directions, etc and its 

correlation up to plate dynamics (Nama, 2004; Kenea, 

1997; Heddi et al., 1999; Semere and Ghebread, 2006; 

Marghany et al., 2009; Maged and Mazlan, 2010; 

Stefouli and Osmaston, 1986; Shuichi, 2002; Stamouslis 

and Rogers, 2003; Yamaguchi and Naito, 2003; Rowan 

and Mars, 2003; Gomez et al., 2005; Harding and 

Berghoff, 2000; Misra et al., 2014; Joshi et al., 2014). 

  

In order to establish the correlation, in terms of regional 

structures, it is prerequisite to appreciate the continuity 

from meso to micro scale. The present work reports a 

study on the time relation of structural events in Koba-

Rustampura area which is situated 24 Km east of 

Vadodara district, Gujarat (falls under latitude and 

longitude 22o16’38.61” – 22o21’21.18” N and 

73o28’25.63” – 73o38’51.38” E respectively). The 

study area belongs to Khandia formation of Champaner 

group, Aravalli Supergroup having meso-proterozoic 

age. The region has experienced polyphase 

deformational history and are characterised by 

lithological entities such as phyllite, quartzite, meta-

conglomerate. Based on the Landsat image of 2016, 

acquired from the google earth portal,  

characterisation of rocks holding different structural 

trends have been attempted. The same have been 

delineated in a chronological order and supplemented by 

field as well as micro-structural studies. 
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2. Data used and methodology  

 
The true colour composite of Landsat image of 2016 
with 30m spatial resolution has been used to identify 
different structural events present within the study area. 
Deformational events from later to former have been 
interpreted by studying the spatial pattern on the image 
through visual image interpretation techniques. The 
information collected during ground truth carried out in 
2016, have been used to build the time relationship and 
to understand overall deformational history pertaining 
to the Koba-Rustampura area. 
 

3. Regional geological setup 

  

The Koba-Rustampura area belongs to a part of 
Champaner group, which is well known for its low-
grade meta-sedimentary sequence. The group consists 
of lithological entities such as quartzite, phyllite, meta-
conglomerate, schist, impure dolomitic limestone and 
intermixed variety of granites and gneisses (Gupta et al., 
1992, 1995; Joshi et al., 2014). Geographically 
Champaner group is surrounded on three sides (i.e. 
north, east and south) by younger plutonic intrusive 
(Godhra granite) and one side (i.e. west) by Deccan trap 
rocks. Geologically the Champaner group represent an 
example of inlier due to the presence of younger rocks 
neighbouring from all sides (Gupta et al., 1997). 
 
Structurally, rocks of Champaner group display two 
significant trends of axial traces. D1 phase of 
deformation has resulted F1 folds of E-W trend where as 
D2 phase of deformation has resulted F2 folds of N-S 
trend. The proximity of F2 folds decreases from eastern 
end to western end of Champaner group (Jambusariya 
and Merh, 1967; Gopinath et al., 1977; Merh, 1995; 
Shah et al., 1984).  
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Interpretation of satellite imagery reveals that the Koba-

Rustampura area manifests two major tonal and textural 

variations with a distinct elevation difference between 

them on the image (Fig. 1). The high land region 

consisting of quartzite and meta-conglomerate display 

light green tone with medium to rough texture, whereas 

the low lying areas consist softer rocks such as phyllites 

representing light brown tone and medium texture. The 

south-western part of the study area represents crescent 

shaped outcrop pattern whereas there has been 

development of broad sinuous curve over the linear 

ridge in the northern part. Furthermore, evidences of top 

to NW, top to NE and down to SE displacement can be 

appreciated, between the linear and crescent shaped 

ridge and within the ‘C’ shape outcrop pattern 

respectively. 

 

 
 

Figure 1: Location map and Landsat data of the 

study area 

 

In order to appreciate the overall deformational pattern 

of the study area, chronologically, restoration of 

deformational events needs to be applied by unfolding 

the terrain sequentially. With the help of image 

interpretation, it can be seen that the latest event, which 

has occurred in the study area is shearing. Such idea can 

be profound due to its cross-cutting relationship 

embracing on later deformational patterns (i.e) folding. 

 

The former structural event occurred in the study area is 

folding, which is represented in the form of ‘C’ shaped 

outcrop and broad sinuous curve over the linear ridge. 

The major fold event occurred in the study area has E-

W trend whereas minor one suggest N-S trend of axial 

trace. Moreover, the N-S trending folds are developed 

on Km long limb of E-W trending fold. 

 

4. Ground truth verification and inferences 

 

The Koba-Rustampura area represents the part of 

Khandia Formation and located in the south-western 

part of Champaner group. The main rock type includes 

meta-conglomerates, quartzites, phyllite and breccia. 

The study area constitutes a mega scopic westerly 

plunging anticlinal fold. The northern limb is long in 

comparison to the southern limb and strikes E-W, 

having dip direction due north and due south 

respectively. Based on the attributes through 

stereographic projection the fold has its axial trace E-W 

with a plunge of 15o in the direction of N 270o. The axial 

plane is vertical, which strikes along the direction of fold 

axes (i.e. N270o). Apart from that there has been 

generation of open folds on the northern limb having 

direction of axial plane N-S. Based on the overall 

structural pattern suggested by folding it can be said that 

there are two sets of folds superposed on one another. 

The first phase (F1) having E-W axial trace has found to 

be superimposed by (F2) having N-S axial trace (Fig. 2). 

 

 
 

Figure 2:  Geological map of the study area 

  

With the same connection there are good evidences of 

shear present throughout the study area. The northern 

limb, which shows the displacement with the major fold 

present in the south-western part, shows the shear (i.e.) 

top to NW. Also, within the major fold morphology 

there has been generation of several shears resulting into 

intrafolial fold at the southernmost margin of the study 

area. The direction of these shear include top to NE 

shear and down to SE shear. The main litho-units 

affected by shears are meta-conglomerate and quartzite. 

The signatures include brittle fracturing and crushing of 

quartzite, elongation of clasts in meta-conglomerate, 

formation of breccia and dragging of quartzite ridge 

parallel to the shear plane. In addition to that 

microstructural analysis suggest dominant S-C fabric of 

oriented mica grains, quartz fish, group 2 mica fish and 

‘V’ pull apart mechanism with domino like 

microstructure in quartz clast of meta-conglomerate. In 

quartzite evidences of shearing are supported by 

oriented mica flakes having inclusions of quartz aliened 

in the direction of shearing. Furthermore, breccia 

consists of medium to coarse grain angular clasts of 

quartz cemented by fine grained quartz and Fe rich 

matrix. Sweeping undulose extinction is observed 

within the coarser angular quartz clasts (fig. 3). 

 

5. Discussion and conclusion 

 

On the basis of satellite data interpretation and field 

observation/ ground truth, similarity exists between the 

fold morphology and shearing events. As per satellite 

image and field evidences the superimposed pattern of 

one fold event over the other has been confirmed. The 

N-S trending open folds are found to be superimposed 

over E-W trending gentle fold. Considering regional 

structural setup, it can be observed that the two 

significant fold events, F1 and F2 are occurred 

throughout the group. Furthermore, the proximity of F2 

folds in the Champaner group increases from W-E. 

Hence, in order to establish a time relationship between 

fold events, E-W represent the first fold event, whereas 

second fold event is characterised by N-S axial trace. 
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Figure 3: Field Photograph showing: (a) Closely spaced factures in quartzites. Loc. Koba village; (b) Breccia 

containing angular fragments of quartz embedded in ferruginous matrix. Loc. Rustampura village; (c) Elongated 

clasts of quatz in meta-conglomerate, ball pen signifies the stretching direction. Loc. Koba village; (d) Group II 

mica fish in meta-conglomerate (10XCN); (e) Quartz fish in meta-conglomerate (10XCN); (f) Development of S-C 

fabric of mica grains in meta-conglomerate (4XCN); (g) Breccia containing medium to coarse grained angular 

quartz clasts in ferruginous matrix (4XCN); (h) ‘V’ pull apart microstructure with domino like arrangement of 

quartz clasts, arrows indicated shear direction (4XCN) 
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These fold events have undergone post deformational 

shearing along the weak planes. Directions of these 

shears includes top to NW, top to NE and down to SE 

displacement. Field evidences, such as brittle fracturing 

in quartzites and elongation of clasts in meta-

conglomerate, gives sustainable sense of shear. In 

addition to field evidences, supportive microstructural 

evidences are also envisaged. These include dominant 

S-C fabric of oriented mica grains, quartz fish, group 2 

mica fish and ‘V’ pull apart mechanism with ‘domino’ 

like microstructure.  

 

Based on the above facts the time relationship of 

deformational events is established. Chronologically it 

can be represented from older to younger as: 1. E-W 

trending folds; 2. N-S trending open folds on limbs of 

earlier folds; 3. Shearing.  

 

Acknowledgement  

 

The author is thankful to Prof. L.S. Chamyal, Head, 

Dept of Geology, M.S. University, Baroda for providing 

necessary facilities. The author is sincerely thankful to 

Mr. Aditya Joshi for academic discussion. Author is also 

grateful to the Forest Department of Vadodara and 

Panchmahal District, Gujarat for granting the 

permission to carry out fieldwork in the Sanctuary area. 

Author will never forget the help rendered by Mr. H.J. 

Bhatt during the fieldwork. 

 

References 

 

Gomez, C., C. Delacourt, P Allemand, P Ledru and R 

Wackerle (2005). Using ASTER remote sensing data set 

for geological mapping, in Namibia. Physics and 

Chemistry of the Earth, 30, pp. 97–108. 

 

Gopinath,K., A.D. Prasad Rao, Y.G.K. Murty and K.K. 

Krishnaunni (1977). Precambrian of Baroda and 

Panchmahals, Gujarat. Elucidation of stratigraphy and 

structure. Rec. Geol. Surv. India.108, pp. 60-68. 

 

Gupta, S.N., R.K. Mathur and Y.K.  Arora (1992). 

Lithostratigraphy of Proterozoic rocks of Rajasthan and 

Gujarat - A review: Records of Geological Survey of 

India, 115, pp. 367-379. 

 

Gupta, S.N., Y.K. Arora, R.K. Mathur, B.P. Iqbaluddin, 

T.N. Sahai and S.B. Sharma (1995). Geological map of 

the Precambrian of the Aravalli region, Southern 

Rajasthan and northeastern Gujarat, India. Geological 

Survey of India Publication, Hyderabad. 

 

Gupta, S.N., Y.K. Arora, R.K. Mathur, B.P. Iqbaluddin, 

T.N. Sahai and S.B. Sharma (1997). The Precambrian 

geology of the Aravalli region, Southern Rajasthan and 

NE Gujarat, India. Mem. Geological Survey of India 

123, pp. 262. 

 

Harding, D.J. and G.S. Berghoff (2000). Fault scarp 

detection beneath dense vegetation cover: airborne 

Lidar mapping of the Seattle fault zone, Bainbridge 

island, Washington state. Proceedings of the American 

Society of Photogrammetry and Remote Sensing, 

Annual Conference, Washington, DC, 9 pp. 

 

Heddi, M., D.J. Eastaff and J Petch (1999). 

Relationships between tectonic and geomorphological 

linear features in the Guadix-Basa basin, Southern 

Spain. Earth Surface Process and Land-forms, 24, 

pp.931-942. 

 

Jambusaria, B.B. and S.S. Merh (1967). Deformed 

greywacke conglomerates of Jaban near Sivrajpur, 

Panchmahals district, Gujarat. Ind. Minerals. 8, pp. 6-

10. 

 

Joshi, Aditya and M.A. Limaye (2014). Evidence of 

syn-deformational granitoid emplacement within 

champaner group, Gujarat. Journal of, The Maharaja 

Sayajirao University of Baroda, 49(1), pp. 45-54. 

 

Joshi, Aditya, M.A. Limaye and B.S. Deota (2014). 

Structural footprints extraction from rocks of Lunavada 

region,Gujarat through IRS LISS III. Journal of, 

Geomatica, 8(2), pp. 170-173. 

 

Kenea, N.H. (1997). Improved geological mapping 

using Landsat TM data, Southern Red Sea Hills, Sudan: 

PC and his decorrelation stretching. International 

Journal of Remote Sensing, 18, pp. 1233-1244. 

 

Maged, M. and H. Mazlan (2010). Lineament mapping 

using multispectral remote sensing satellite data. 

Research Journal of Applied Sciences, 5(2), pp. 126-

130. 

 

Marghany, M., M. Hashim and S. Mansor (2009). 

Geologic mapping of United Arab Emirates using 

multispectral remotely sensed data. American Journal of 

Engineering and Applied Sciences, 2(2), pp. 476-480. 

 

Merh, S. (1995). Geology of Gujarat. Geol. Soc. India, 

Publ. Bangalore, p.244. 

 

Misra, A.A., G. Bhattacharya, S. Mukherjee and N. 

Bose (2014). Near N-S Paleo-Extension in the western 

Deccan region, India: Does it link strike-slip tectonics 

with India-Seychelles rifting?, 103,pp. 1645-1680.  

 

Nama, E.E. (2004). Lineament detection on Mount 

Cameroon during the 1999 volcanic eruptions using 

Landsat ETM. International Journal of Remote Sensing, 

25, pp. 501-510. 

 

Rowan, L.C. and J.C. Mars (2003). Lithologic mapping 

in the Mountain Pass, California, area using Advanced 

Spaceborne Emission and Reflection Radiometer 

(ASTER) data. Remote Sensing of Environment, 82, 

pp.350-366. 

 

Semere, S. and W. Ghebread (2006). Lineament 

characterization and their tectonic significance using 

Landsat TM data and field studies in the central 

27



Journal of Geomatics  Vol 10 No. 1 April 2016 

highlands of Eritrea. Journal of African Earth Sciences, 

46, pp. 371-378. 

 

Shah, A.M., R.V. Karanth and S.A. Barot (1984). 

Geology of the area around Khandia with special 

reference to the lead mineralization, Dist., Baroda, 

Gujarat, Proc. Ind. Geol. Congress., pp. 127-134. 

 

Shuichi, M. (2002). Regional lineament analysis and 

alteration mineral mapping for intrusive-related copper 

exploration in the Myanmar central volcanic belt. Asian 

Conference on Remote Sensing 2002 (Kathmandu, 

Nepal) 

 

Stamoulis, V. and P. Rogers (2003). Geological 

mapping for mineral exploration using ASTER data. 

MESA Journal, 30, pp. 16-19. 

 

Stefouli, M. and H. Osmaston (1986). The analysis of 

linear geologic features on Landsat images of Crete. 

Journal of the British Interplanetary Society, 39, pp. 

546-551. 

 

Yamaguchi, Y. and C. Naito (2003). Spectral indices for 

lithologic discrimination and mapping by using the 

ASTER SWIR bands. International Journal of Remote 

Sensing, 24(22), pp. 4311-4323. 

 

 

 

 

 

 

 

 

 

 

 

 

ISG Newsletter 

 
Indian Society of Geomatics (ISG) brings out a newsletter which is very popular because 

of its content on geomatics. The newsletter has featured special themes like desertification, 

mountain ecosystem, watershed development, climate change etc. 

 
The forth coming issue of ISG Newsletter will feature popular geomatics articles of current 

interest. 

 

ISG invites articles of general interest on current topics related to geomatics. The articles 

may be sent to: 

 

Shri R.P. Dubey, Editor, ISG Newsletter 

 

E-mail: rpdubey@hotmail.com 

Phone: 02717-235434 
 

28

mailto:rpdubey@hotmail.com

	Page i-iv.pdf
	JoGVol10No1.pdf
	001_Pap 316.pdf
	2. Study area and data used



