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Abstract 

Lonar Crater in Buldhana district, Maharashtra, India, is one of the youngest and the only preserved impact craters in 

Deccan Trap basalts. It has attracted attention of several geoscientists and environmentologists not only from India, but all 

over the world. Quartz is a durable and resistant mineral; however, when subjected to a shock compression develops fractures 

and planar microstructures called planar deformational features or PDFs. Planar deformation features, or PDFs , especially 

in quartz grains are narrow planes of glassy material arranged in plane parallel sets having a specific orientation and are 

easily recognized under a petrological microscope or Scanning Electron Microscope. On these lines, it is observed that the 

microphotographs and the Scanning Electron Microscopic images of the cavity filled quartz grains now present in the Lonar 

ejecta exhibit both straight as well as bent planar deformation features (PDFs). Thus, the development of planar 

deformational features on the quartz grains can be utilized as a supplementary evidence for a meteorite impact at Lonar. 
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Introduction 

Lonar Crater in Buldhana district, Maharashtra, India, is one of 

the youngest
1
 and the only preserved impact craters in Deccan 

Trap basalts
1
. The location map of Lonar is shown in figure-1. It 

has attracted attention of several geoscientists and 

environmentologists not only from India, but all over the world. 

The crater is nearly circular, bowl-shaped, with 1.83 km 

diameter and is approximately 130m deep from crater rim to the 

water level at the center of the lake depression. Earlier 

researchers like Orlebar
2
, LaTouche

3
, Blanford

4
, Medlicott and 

Blandford
5
 and Nandy and Deo

6
 referred the crater site as of a 

volcanic origin. However, based on extensive field 

investigations, petrography and geochemistry, Beals et. al.
7
, 

Lafound and Diez
8
, Venkatesh

9
, Nayak

10
, Fredriksson et. al.

11
, 

Fundali, et. al.
12

, Nayak
13

, Sengupta et. al.
14

, Poornachandra Rao 

and Bhalla
15

, Haggerty and Newsom
16

, Ghosh
17

 and Maloof et. 

al.
1
 conferred it to be of a meteor impact origin. 

 

Planar deformation features, or PDFs, are narrow planes of 

glassy material arranged in plane parallel sets having a specific 

orientation and are easily recognized under a petrological 

microscope or Scanning Electron Microscope. According to 

Engelhardt and Bertsch
18

, planar deformation features (PDFs)
19

 

could be observed and classified into five different types: a) 

Decorated planar elements, b) non-decorated planar elements, c) 

Homogeneous lamellae, d) Filled lamellae, and e) planar 

features. 

 

In basalts secondary minerals like zeolites and quartz occur as 

cavity filling commonly in the amygdaloidal basalts, like the 

ones occurring at Lonar. These cavity filling minerals are 

formed post emplacement and cooling of the basalts. However 

the Lonar impact has been dated by 40Ar/39Ar isochron age to 

be 656 ± 81 ka in age
21

. This shows that the impact has occurred 

much later than the formation of these Quartz and other cavity 

filling minerals. 

 

Quartz is a durable and resistant mineral. However, when 

subjected to a shock compression develops fractures and planar 

microstructures
19-26

. Open, parallel fissures with a typical 

spacing of more than 15–20 µm apart are referred as planar 

fractures or as pf’s. In contrast, individual planar features of 

amorphous material which are less than 2 µm narrow individual 

planar features are termed as the planar deformational features 

or pdf’s 
24,27,28

. 

 

There have been studies by many workers on maskelynite from 

Lonar and other impact sites
29,30

. However even after extensive 

literature study by the authors, it was found that no work on 

pdf’s of such cavity minerals has been conducted. Hence the 

present work can form a new avenue of research in study of 

Lonar crater and its origin.  

 

Geology of the area: According to the District Resource Map 

of the Buldhana district
31

, the Deccan Trap basalts flows belongs 

to the Sahyadri Group which is further divided into Ajanta, 

Chikhli, and Buldhana Formations respectively. The Ajanta 

Formation is represented by two ‘aa’ and eight compound 

‘pahoehoe’ flows; Chikhli Formation by three Aa and three 
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‘pahoehoe’ flows, while three Aa and three compound 

‘pahoehoe lava flows represents the Buldhana Formation. Ghosh 

and Bhaduri
17

, have differentiated six flows at Lonar Crater of 

approximately 8 to 40m thick. According to their investigations, 

the lava flows are separated by the presence of thin paleosols, or 

the chilled margins. Geological map of the area is shown in 

figure-2.

 

 
Figure-1 

Location map of the Lonar crater, Buldhana district, Maharashtra, India. (After District Resource Map Series, 2000) 
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Figure-2 

Location of sample sites of the ejecta  matter at Lonar, 

Buldhana district, Maharashtra, India (Modified After: 

DRM, Buldhana district, Maharashtra, Geological Survey of 

India, 2000) 

Methodology 

In general, the basalt flows at Lonar Crater are found to be of 

compact, vesicular and amygdaloidal in nature. The amygdales 

are found to filled with a rich assemblage of secondary minerals 

especially quartz, calcite and zeolites. It is believed that, if the 

target rock and its ejecta matter provide evidences of a high 

velocity meteoritic impact, then the cavity filling minerals, 

especially quartz within the amygdales must have also been 

subjected to the high velocity meteorite impact, preserving the 

effects of stresses within them. Taking this into account an 

initial survey was carried out around the rim of the crater and 

sampling sites were identified. Eight ejecta sampling sites were 

identified all around the rim of the crater and samples were 

collected. The sampling sites are as shown in figure-2 above. 

The samples at the sites were found to be loose, dry and friable. 

At places, the development of calcretes within the ejecta matter 

has made these deposits slightly indurated and easy to collect. 

Figure 3 is a field photograph of the ejecta matter at Lonar. Thin 

sections were prepared for such indurated material to be 

observed under petrological microscope. 

 

 
Figure-3 

Exposure of the ejecta matter at Lonar crater. Note the non-

stratified material within which angular fragments can be 

observed 

Some of the friable matter was subjected to sieving through a 

coarse and medium sand size mesh. The sieved matter was 

cleaned with the help of dilute hydrochloric acid. The sample 

was washed several times, dried and the cavity filling quartz 

grains were picked and separated using a binocular microscope. 

About 20 secondary were subjected to Scanning Electron 

Microscope studies (SEM) at Physics Department, University of 

Pune using Joel Instrument JSM-6360 (SEM with energy 

dispersive spectrometer). Around 10 to 15 secondary quartz 

grains were also mounted on the glass slide using Canada 

balsam and were observed under petrological microscope.  

 

Thin section analysis: The calcretized ejecta when viewed 

under a petrological microscope exhibits a typical clay-rich 

micritic matter within which coarse to fine grained angular 

fragments of plagioclase feldspar, pyroxenes, secondary quartz, 

basalt rock fragments, serpentine, and yellowish to greenish 

glassy matter are observed as in figure- 4. Cementation of the 

earliest stage is represented by perpendicular arranged fibrous 

and isopachous cement spar around the fragments are readily 

observed. The fibrous cement spars are typically associated with 

hard ground surface and from this association it is inferred that 

prolonged exposure of sediments by the prevalent slow or non-

deposition. The next generation of cementation is expressed by 

the presence of pore-filling, fine equants of spar. At places 

straight and undulating veins of sparry calcite within the clay-

rich micrite is commonly observed. 

 

 
Figure-4 

Thin section of the calcretized ejecta matter at Lonar. Note 

the shattered nature of the mineral fragments within a clay-

rich micritic material 

 
Planar deformational features of the secondary quartz: The 

shocked secondary quartz grains are found to be angular to sub-

angular in nature. Under petrological microscope, the planar 

deformational features in these cavity filling quartz grains are 

found to be continuous and/or discontinuous, parallel to sub-

parallel in nature and range 0.01µm to 0.02µm apart In between 

the planar deformational features minor cracks at right angles 

can be observed in figure-5a. Figure-5b exhibits development of 
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continuous to discontinuous planar deformational features which 

are found to be 0.01µm apart. Some fluid inclusions are easily 

recognizable. Development of closely spaced, discontinuous, 

parallel to sub parallel, bent planar deformational features are 

found to be spaced 0.01µm to 0.03 µm apart in figure 5c. In 

Figure 5d, two to three discontinuous planar deformational 

features can be seen. These larger planar deformational features 

are found to be cut across by numerous closely spaced fractures. 

 

In general, the Scanning Electron Microscope (SEM) images 

reveal continuous, parallel to sub-parallel as well as bent Planar 

deformational features as shown in figures 6a to 6d. Figure 6a is 

an angular cavity filling quartz grain with a moderate relief and 

exhibits closely spaced, parallel set of planar deformational 

features which are found to be cut by a second set of closely 

spaced bent deformation features as in figure-6b. In figure-6c, 

the quartz grain exhibits moderate relief and the development of 

continuous, parallel, closely spaced planar deformational 

features of amorphous silica material. Quartz grain with 

moderate relief with the development of both parallel and bent 

planar deformational features can be observed in figure-6d. 

 

Results and Discussion 

From the above research work it is observed that the 

microphotographs and the Scanning Electron Microscopic 

(SEM) images of the cavity filling quartz grains from Lonar 

ejecta exhibit both straight as well as bent planar deformation 

features (PDFs)
18

. Thus, the development of planar 

deformational features on the cavity filling quartz grains in the 

ejecta matter can be utilized as a supplementary evidence for a 

meteorite impact at Lonar. 

 

The record of terrestrial meteorite impacts is highly 

fragmentary
32

, as the vast majority of impact structures are 

removed by erosion or tectonic activity
32,33

. According to 

Cavosie et. al.
32

 and Erickson
33

, as a first step towards 

understanding the preservation of the shocked minerals, 

especially quartz, zircon and monazite in sedimentary systems, 

they analyzed modern sand from the Vaal River in South 

Africa
32

. Their results demonstrate the preservation potential of 

detrital shocked minerals for identifying the presence, timing 

and target rock age for ancient impact events that may be 

otherwise missing from the rock record.  

 

Roig et.al.
34 

demonstrated that detrital shocked minerals
33

 

eroded from large impact structures can be transported and 

preserved in siliciclastic sediments. The goal of their study was 

to evaluate if a detrital shocked mineral record is created during 

the erosion of a small impact structure. 

 

 

All the above research works point out to the importance of 

study of minerals especially detrital shocked minerals for 

understanding the terrestrial impact structures. In Lonar crater 

this is the first attempt made to utilize studies on cavity filled 

quartz from ejecta matter, by studying the different kinds of 

deformation features for understanding its impact origin.  

 

Conclusion 

The development of planar deformational features on the cavity 

filling quartz grains as observed from petrographic and SEM 

analysis can be utilized as a supplementary evidence for a 

meteorite impact at Lonar. However, in the present study 

indexing of the crystallographic orientation of the planar 

deformational features of the secondary quartz has not been 

carried out, and is the subject matter of ongoing research work. 

 

References 

1. Maloof A.C., Stewart S.T., Weiss B.P., Soule S.A., Karin 

S.H., Louzanda L., Ian G-B, and Poussart P.M.,  Geology 

of Lonar Crater, GSA Volume, 122, 109-126 (2010) 

2. Orlebar A., Account of the Lake Lonar : Transactions of 

the Bombay Geographical Society, 1, 9–43 (1839) 

3. LaTouche T., The geology of Lonar Lake: Records of the 

Geological Survey of India, 41, 266–275 (1912) 

4. Blanford W., Notes on route from Poona to Nagpur, via 

Ahmednuggur, Jalna, Loonar,  Yeotmahal, Mangali and 

Hingunghat : Records of the Geological Survey of India, 

1, 60–65 (1870) 

5. Medlicott H.B., and Blandford W.T., Geology of India, 

379 (1879) 

6. Nandy N.C. and Deo V.B., Origin of Lonar Lake and 

alkalinity, TISCO (Technical Journal of the Tata Iron and 

steel company Ltd. India), July, 1961, 144-155 (1961) 

7. Beals C., Innes M., and Rottenberg J., The search for 

fossil meteorite craters: Current  Science, 29, 205–245 

(1960) 

8. Lafound E.C. and Diez R.S., Lonar Crater, India, a 

meteorite crater? Meteoritics, 2(2), 111-116 (1964) 

9. Venkatesh V., The Lonar crater- some geochemical data, 

Jour. Geol.Soc. India, 8, 19-37 (1967) 

10. Nayak V.V., Glassy objects (impactite glasses?) A 

possible new evidence for meteoritic origin of the Lonar 

Crater, Maharashtra State, India : Earth and Planetary 

Science Letters, 14, 1–6 (1972) 

11. Fredriksson K, Dube W., Milton D.J. and Balasundaram 

M.S., Lonar Lake India : An impact crater in basalt. 

Science, 180, 862-864 (1973) 

12. Fundali R.R., Milton D.J., Fredriksoon K. and Dube, 

Morphology of Lonar Crater India : Comparisons and 

implications, The Moon and Planets, D. Riedel 

Publishing Co., Holland, 493-515 (1980) 

13. Nayak V.K., Maskelinite from the Indian impact crater at 

Lonar, Jour. Geol. Soc. India, 41, 307-312 (1993) 



International Research Journal of Earth Sciences____________________________________________________ ISSN 2321–2527 

Vol. 2(10), 1-7, November (2014)      Int. Res. J. Earth Sci. 

 International Science Congress Association             5 

 
5a 

 
5c 

 
5b 

 
5d 

Figures-5a to 5d 

Photomicrographs of the planar deformation features of the secondary quartz grains 
 

14. Sengupta D, Bhandari N. and Watanabe S, Formation age 

of Lonar Meteor Crater, India, Revista de Fisica 

Aplicadae Instrumentaçao, 12(1), 1-7 (1997) 

15. Poornachandra Rao G.V.S. and Bhalla M.S., On the 

separation of shock component at Lonar impact crater 

India- a study of multi-component NRM, Symposium : 

Fennoscandian Impact Structures, abstract volume, 28. 

(1999) 

16. Haggerty J.J. and Newsom H.E., New evidence for 

impact-induced hydrothermal alteration at the Lonar 

crater, India, Implications for the effect of small craters 

on the mineralogical and chemical composition of the 

Martian regolith, Lunar and Platenary Sci., abstract 

volume, No. 1131 (2001) 

17. Ghosh S. and Bhaduri S.K., Petrography and 

petrochemistry of impact melt from Lonar crater, 

Buldhana district, Maharashtra, India, Indian Min., 57, 1-

26 (2003) 

18. Engelhardt W.V. and Bertsch W., Shock indused planar 

deformation structures in quartz from the Ries Crater, 

Germany, Cont. Mineral. And Petrol., 20 , 203-234 

(1969) 

19. French B.M., Cordua W.S. and Plescia J.B., The Rock 

Elm meteorite impact structure, Wisconsin: Geology and 

shock-metamorphic effects in quartz, Geological Society 

of America Bulletin, 116(1-2), 200-218, (2004)



International Research Journal of Earth Sciences____________________________________________________ ISSN 2321–2527 

Vol. 2(10), 1-7, November (2014)      Int. Res. J. Earth Sci. 

 International Science Congress Association             6 

 
6a 

 
6c 

 

 
6b 

 

 
6d 

Figures-6a to 6d 
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