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Introduction:  The Dhala impact crater in Madhya 

Prasesh, India, located at north-western part of the 

Bundelkhand Gneissic Complex (BGC), is overlain by 

a mesa-like structure formed by the Vindhyan Super-

group of rocks, with an annular zone of granitoid brec-

cias. The Dhala crater represents an eroded remnant of 

a Palaeoproterozoic impact structure where the brecci-

ated country rocks exposed at the present day erosion 

level [1, 3]. The presence of granitoid breccias and 

pseudotachylite/cataclasite melt veins with diagnostic 

shock metamorphic features and rhyolite-like felsic 

melt breccia derived by the impact melting of the 

basement granitoids were reported upon by earlier 

workers [1, 2, 4 and 5]. The present study describes the 

shock metamorphic features, collected through high 

resolution SEM and CL imaging techniques of three 

types of zircon crystals (insitu grains from thin-

polished sections) from granite breccias, cataclasite 

veins, melt breccias and pre-impact unshocked granit-

oids. These studied zircon grains (30 nos.) are relative-

ly small and show a size variation from 20 to 100 μm. 

Methodology: Scaning Electron Microscope 

(SEM) studies were carried out at the Palaeontology 

Division, Geological Survey of India (GSI), Kolkata 

and Hyderabad by using Carl-Zeiss Oxford Instruments 

(Model No. EVO - 40) and TESCAN VEGA3 coupled 

with Bruker Energy Dispersive Spectra (EDS) device, 

having SEM HV (Heat Voltage) ~ 20 kV, beam inten-

sity ~ 15 – 20 nA (nanoamperes) and beam spot size ~ 

0.3 – 1 μm. Cathodolumineascence (CL) study was 

carried at the Palaeontology Division, GSI, Hyderabad 

by using TESCAN VEGA3 CL device attached with 

SEM having HV ~ 30 kV, beam intensity ~ 20 nA with 

beam spot size ~ 1 μm and beam emission of 78 - 100 

μA. Back Scattered Electron (BSE) images were ac-

quired on a CAMECA SX-100 electron microprobe at 

the EPMA Laboratory, GSI Kolkata. An accelerating 

voltage of 15 kV and a beam current of 12 nA with a ~ 

1 µm beam size were used in all cases. 

Results: The Dhala impact crater is characterized 

by a near circular breccia zone which dominantly con-

tains angular to sub-angular, rectangular and rarely 

subrounded clasts/fragments of K-feldspar rich coarse 

grained granite, granite gneiss, fine grained pink gran-

ite (likely to be part of BGC), with subordinate mafic 

rock and vein quartz. Adjacent country rocks (part of 

BGC) also contain euhedral zircons which don’t show 

any evidences of impact. These zircons show homoge-

neous domains with the original growth zones possibly 

representing magmatic melting and recrystallization 

and show no evidence of brecciation (Figure 1). 

Figure 1: BSE image of euhedral zircon (feebly zoned 

along rim; Type-I) in granite gneiss (part of BGC). 

The granitoid and melt breccias are essentially 

composed of  K-feldspar + quartz + plagioclase (Kfs > 

Qtz > Pl) + biotite + amphibole + chlorite + magnetite 

with zircon ± monazite ± allanite ± apatite ± Fe-

oxides/hydroxides as accessory phases. Rock frag-

ments/clast s (e.g. perthite fragment) are also observed 

within very fine grained cataclasite matrix. Zircon 

grains from cataclasite veins and  granitoid breccias 

(Figure 2 and 3) are colorless, transparent to translu-

cent. Their shapes range from euhedral to subhedral, 

and some grains have prismatic to stumpy morphology 

(both in SEM and CL images).  

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Fractured and altered zircon from cataclasite 

vein (SEM-colored CL image; Type-II). 
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Many zircon grains show oscillatory zoning where-

as some show sector zoning. At places core of zircon 

grains are granulated/brecciated but rims remained 

relatively unaffected (Figure 3). Zircons from the melt 

breccia (Figure 4a and b) are euhedral to subhedral 

with abundant radiating cracks (spacing between adja-

cent cracks ~ 5 μm) indicating the effects of an impact. 

Most of them are prismatic in shape, but a few show 

irregular to anhedral shapes. These grains generally 

exhibit oscillatory or patchy zoning. Moreover, in these 

zircons radial fractures are mostly restricted along their 

rims, core remains relatively less fractured. 

 
Figure 3: SEM-Pacchromatic CL image of euhedral 

ziron with fractured core reported from cataclasite vein 

showing intense brecciation and granulation.   

 
Figure 4a and b: Euhedral-subhedral zoned zircons 

with radial fractures mostly restricted along their rims 

(Type-III). In Fig. 4a the core is unaltered but in Fig. 

4b the core seems to be altered (BSE images).  

Most of the zoned zircon grains from Dhala im-

pactmelt breccia display irregular fracturing. In addi-

tion, some euhedral, highly fractured zircon grains 

show multiple zoning (Figure 4a). Zircon grains show 

lowered birefringence (1st order grey interference col-

or) possibly due to impact / shock deformation. 

 

 
 

Conclusions: In the present study, the presence of 

reidite couldn’t be confirmed by Laser Raman Spec-

troscopy (LRS) though the morphology of shocked 

zircon grains are well deciphered. Pre-impact magmat-

ic zoned zircon grains are unshocked (Type-I). 

Shocked zircon grains with fragmented core are report-

ed from cataclasite veins and  granitoid breccias (Type-

II). In melt breccia most of the zircon grains are radial-

ly cracked all along their rims but cores remain less 

brecciated (Type-III) as compared to zircon of Type-II.      

References:  

[1] Pati J. K. et al. (2008) MAPS, 43, Nr 8, 1383–1398. 

[2] Pati J. K. et al. (2019) MAPS, 54, Nr 10, 2312–

2333. [3] Dutta and Bhattacharya (2017) LPSC XLVIII, 

Abstract #1843. [4] Li S. S. et al. (2018) Gondwana 

Research, 54, 81–101. [5] Roy M. et al. (2017) J. 

Earth Syst. Sci., 126:110. 

 

 

 

 

a 

b 

1907.pdf51st Lunar and Planetary Science Conference (2020)


