
Quest Journals 

Journal of Research in Environmental and Earth Sciences 

Volume 10 ~ Issue 4 (2024) pp: 16-20 

ISSN(Online) :2348-2532 

www.questjournals.org  

 

 

 

*Corresponding Author:  Ankita Shrivastava                                                                                              16 | Page 

Research Paper 

Comparing relative strain in Precambrian rocks around 

Girar using Fry method 
 

Ankita Shrivastava*, A.K. Shandilya 
Department of Applied Geology, Dr. Harisingh Gour Vishwavidyalaya, Sagar (M. P.) – 470003 

*Corresponding Author 

 

ABSTRACT: The finite strain analysis of major rocks deposited at different times in the Bundelkhand craton, 

around Girar area is done in this work, in order to make a comparison about the strain acquired by them after 

their deformation. To accomplish the objective of work, Fry method is employed as this approach is 

procedurally simple and new to the area of study. The lithostratigraphic units on which strain estimation is done 

are the Fuchsite-bearing quartzite of Mehroni Group (Archean), the Paleoproterozoic Bijawar sandstone and 

Mesoproterozoic quartz-arenite of Lower Vindhyan in ascending order. The values of aspect ratio (R) of strain 

ellipse calculated from the Fry plots of Fuchsite quartzite ranges from 2.09-1.588 averaging 1.839. For the 

Bijawar sandstone, values of R vary between 1.88-1.437 with an average of 1.658 whereas for the Vindhyan 

rocks R values lies in the range of 1.483-1.192 with an average of 1.365. These values of aspect ratio (R) 

suggest that the older Mehroni sediments are more strained compared to the Bijawar sandstone while the 

Vindhyan quartz-arenites are showing least deformation. 
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I. Introduction 
Understanding the deformation such as intensity, orientation and amount of strain, experienced by the 

rocks in an area can easily be done by determining and evaluating the finite strain data. Various methods for 

determining the amount of strain exist such as Rf/ɸ method (Ramsay, 1967), Fry method (Fry, 1979; Erslev, 

1988), Panozzo method (Panozzo, 1983, 1984) and Feret diameters method (Lapique et al., 1988). These 

methods require various different parameters to characterize the shape or location of the strain markers. Here, in 

this work, Fry method is used for determining the finite strain accumulated overtime by focusing on three major 

rocks exposed in the area. This kind of study in the study area using center to center Fry method is new and the 

reason for adopting this method to determine finite strain developed on these rocks in response to the stresses 

that had worked on them from time to time is multifold. Firstly, there has been no recent study of finite strain on 

these lithostratigraphic units and secondly, this method is applicable to a wide range of situations (e.g., Lacassin 

and Van den Driessche, 1983; Ramsay and Huber, 1983; Seno, 1992; McNaught, 1994; Srivastava, 1995; 

McNaught, 2002; Gonzalez-Casado et al., 2003; Genier and Epard, 2007; Long et al., 2011). 

The study area is located around Girar village of Mehroni tehsil of Lalitpur district and falls under 

Survey of India Toposheet No. 54L/15. Strain analysis for three distinct lithounits observed in the area namely, 

the Archean Fuchsite-quartzite, the Paleoproterozoic Bijawar sandstones and the Mesoproterozoic Vindhyan 

siliciclastic sediments is done on the basis of strain data generated using Fry method and an attempt has been 

made to compare the strain/stress encountered by these chronologically different lithounits and how they 

behaved in response to those stresses.  

 

II. General geology 
The area of interest lies on the Southern fringe of the exposed part of Bundelkhand craton around Girar 

area covering the villages of Kurrat, Baraitha and Karrai. The major litho-stratigraphic units in this area includes 

the Bundelkhand granitic and gneissic complex with older crustal enclaves represented by Mehroni Group and 

associated metavolcanics of Archean age, the Paleoproterozoic rocks of Bijawar Group, the lower Vindhyan 

rocks of Mesoproterozoic age (Chatterjee et al., 1971; Crawford, 1970; Prakash et al., 1975). There are marked 

unconformities between these three different litho-units and also within them particularly in Bijawar and 
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Vindhyan rocks. When considered as a whole Bundelkhand craton has been intruded by more than six 

generations of granite in the form of batholiths within the rocks of Mehroni Group of Archean age. Structurally, 

the terrain of Bundelkhand craton was exposed to multiple deformational episodes and shows poly-metamorphic 

nature (Bhattacharya, 1985,1986; Roday et al., 1995). 

 

 
Figure 1: Geological map of Girar area, Sonrai sub-basin, Madhya Pradesh (modified after Singh et al., 2011) 

 

The Mehroni group comprises of BIFs particularly banded hematite quartzite and banded hematite 

magnetite quartzite (Singh, 1999; Singh And Slabunov, 2013). Fuchsite quartzite and metabasites. The BIFs and 

Fuchsite bearing quartzite shows evidences of polyphase deformation (Prakash et al., 1975; Roday et al., 1995). 

Bijawar rocks in the area, represented by the sediments of Sonrai sub-basin which includes ferruginous 

sandstone, gritty sandstone, shales and carbonate facies along with subaqueous volcanism preserved in the form 

of Kurrat pillow lava (Prakash et al., 1975; Roy et al., 2004), also show some serious evidences of deformation. 

The other major litho-unit exposed in the study area is the Vindhyan supergroup particularly Lower Vindhyan 

sediments in the form of sandstone, shale and limestone. These predominantly siliciclastic sediments do not 

show any major deformational feature. 

 

Table 1: Lithostratigraphy of Girar area, Sonrai sub-basin (Modified after Prakash et al., 1975; Roy et al., 

2004) 
Age Litho-stratigraphic unit Lithology 

 

Mesoproterozoic 
 

 

Vindhyan Supergroup 

 

Sandstone, shale and limestone 

---------- Unconformity ----------  

 

Paleoproterozoic 
 

 

Bijawar Group 

 

Ferruginous shale, sandstone, carbonate and 
volcanics 

---------- Unconformity ----------  

 

Archean 

 

 

BGC 

 

Granite and genesis 

---------- Unconformity ----------  
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Archean (Supracrustal) 
 

 

Mehroni Group 

 

BIFs, fuchsite quartzite, metabasites 

 

III. Methodology 
For the estimation of deformation experienced by these lithounits, forty-eight North oriented 

representative samples are collected during the field phase of this study, out of which twenty-five samples are 

carefully selected for the preparation of oriented thin sections for microscopic studies. Five thin sections of 

Vindhyan quartz-arenite and ten each of Bijawar sandstone and Mehroni Fuchsite quartzite are thoroughly 

studied under the petrographic microscopic. The estimation of strain developed in these chronologically 

different lithologies is done using the Fry method (Fry, 1979). This method uses the relative movement of rigid 

grains with respect to each other to yield a central vacancy which reflects the finite strain ellipse. The center of 

grains is plotted with respect to each other to generate a central lacuna in order to analyze the strain developed 

by the rocks in response to the stresses applied during the deformational episodes. Fry method is then applied on 

the all thin sections of each of the lithounits studied for this work. Five thin sections of Vindhyan quartz-arenite 

along with ten sections each of Bijawar sandstone and Fuchsite rich quartzite of Mehroni group are studied 

using this method for finite strain analysis. Ten microphotographs are made from each thin section and their 

respective Fry plots are generated.  

A comparison is made about the relative amount of strain developed by these rocks on the basis of the 

central lacuna identified on each of the Fry diagrams. The major and minor axis lengths of the strain ellipse are 

measured and their aspect ratio (R) is calculated for the interpretation of the strain developed on them. The 

formula used to calculate the value of R is, 

Aspect ratio (R) = length of major axis/length of minor axis 

The values of R ratios are then averaged to generate a single R ratio for each of the three lithostratigraphic units 

to determine the eccentricity of their strain ellipsoid. The different R ratios are used for the interpretation of the 

stresses observed by these units and a clear comparison is made about their deformational history. 

 

Table 2: Values of aspect ratio (R) generated after Fry analysis 
S. No  

Litho-unit 

Thin Section 

No. 

No. of Fry 

plots 

Average R value of 

each thin section 

Average value of R 

for each Litho-unit 

1 Vindhyan Quartz-arenite 14 a 10 1.385  

 

1.365 
2 Vindhyan Quartz-arenite 14 b 10 1.334 

3 Vindhyan Quartz-arenite 14 c 10 1.315 

4 Vindhyan Quartz-arenite 14 d 10 1.409 

5 Vindhyan Quartz-arenite 14e 10 1.382 

6 Bijawar Sandstone 4 a 10 1.648  

 
 

 

 

1.658 

7 Bijawar Sandstone 4 b 10 1.585 

8 Bijawar Sandstone 4 c 10 1.560 

9 Bijawar Sandstone 4 d 10 1.727 

10 Bijawar Sandstone 4 e 10 1.496 

11 Bijawar Sandstone 5 a 10 1.636 

12 Bijawar Sandstone 5 b 10 1.642 

13 Bijawar Sandstone 5 c 10 1.6.57 

14 Bijawar Sandstone 5 d 10 1.785 

15 Bijawar Sandstone 5 e 10 1.844 

16 Fuchsite Quartzite 8 a 10 1.764  

 

 
 

 

1.839 

17 Fuchsite Quartzite 8 b 10 1.846 

18 Fuchsite Quartzite 8 c 10 1.826 

19 Fuchsite Quartzite 8 d 10 2.090 

20 Fuchsite Quartzite 8 e 10 2.000 

21 Fuchsite Quartzite 9 a 10 1.714 

22 Fuchsite Quartzite 9 b 10 1.809 

23 Fuchsite Quartzite 9 c 10 1.823 

24 Fuchsite Quartzite 9 d 10 1.727 

25 Fuchsite Quartzite 9 e 10 1.788 

 

IV. Result and Discussion 
The Precambrian rocks around Girar can be generally classified in to three distinct domains namely the 

Bundelkhand granite with older supracrustal enclaves of Mehroni, Bijawar Group and Vindhyan Supergroup of 

Archean, Paleoproterozoic and Mesoproterozoic respectively. The present work is mainly focused on the general 

estimation of strain in these rocks through Fry plot method. Fuchsite quartzite from Mehroni, ferruginous 

sandstones of Bijawar Group and quartz-arenites of Vindhyan Supergroup has been considered for the strain 

estimation.  
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The Fry plot analysis of Vindhyan rocks reveal a range of the aspect ratio (R) ranging from 1.483-1.192 

with an average of 1.365. For the Bijawar sandstone the R values vary between 1.88-1.437 averaging 1.658. 

Fuchsite quartzite show a variation of R from 2.09-1.588 with an average of 1.839. If the aspect ratio is 

considered as a tool for strain intensity, then it is clear from the aforementioned estimates that the rocks can be 

compared in terms of the extent of deformation. The oldest rocks (Archean) of Mehroni represented by the 

Fuchsite quartzite shows the highest average aspect ratio of 1.839 whereas the youngest rocks 

(Mesoproterozoic) of Vindhyan has the least average aspect ratio of 1.365. The Bijawar sandstones of 

intermediate age show similar average aspect ratio of 1.658 which is lesser than Mehroni and greater than 

Vindhyan.   

The present work therefore provides the quantitative estimation of strain from Girar area for the first 

time. More work however, is required in future to enhance our understanding of deformation of these rocks.   

 

 

 

 
Figure 2: (a), (b) and (c) show photomicrographs of Bijawar sandstone, Fuchsite quartzite and Vindhyan 

quartz-arenite, respectively whereas (d), (e) and (f) show their respective Fry plots ( Fry, 1979) with strain 

ellipse represented by a central vacancy. 

 

V. Conclusion 
The findings of strain analysis of these chronologically distinct litho-units using Fry method are in 

concurrence with the general understanding about the deformational history of various stratigraphic units within 

the Bundelkhand craton. The oldest unit represented by Fuchsite quartzite of Mehroni supracrustals (Archean) is 

most deformed unit out of all the three studied in this work. The Paleoproterozoic Bijawar sandstones are 

relatively less deformed than the Fuchsite-bearing Archean quartzite but still shows clear evidences of 

multiphase deformation whereas the youngest litho-unit of Vindhyan quartz-arenites are more or less 

undeformed. A correlation between ages of rocks and degree of deformation in the area of study, can be further 

strengthened on the basis of the findings of this work. It can be suggested that most of the large-scale 

deformational episodes within the craton in general and study area in particular were over before the onset of 

Vindhyan sedimentation.  
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