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Introduction: The Dhala crater in Shivpuri district, 

Madhya Pradesh represents the eroded remnant of an 

impact structure of Archaean age. This mesa-shaped 

structure located in north-western part of the Bundel-

khand Gneissic Complex (BGC) occurs as an outlier 

amidst of Vindhyan Supergroup, surrounded by granit-

oid-melt breccias and basement rocks of BGC. The pre-

sent study is mostly based on sub-surface samples (drill 

cores) provided by Atomic Minerals Directorate for Ex-

ploration and Research (AMDER). Petrographic studies 

with high resolution BSE imaging aided by EPMA and 

geochemical data of impact breccia substantiate valua-

ble information on impact mechanism and post-impact 

alteration process. 

Analytical Setup: Quantitative in-situ trace element 

composition data were obtained using a Cetac-Teledyne 

213nm laser-ablation system coupled to an Agilent 

7700x – Quadrupole-Inductively Coupled Plasma Mass 

Spectrometer (LA-Q-ICPMS) at GSI, Faridabad. The 

ICPMS was operated at 1350 W plasma power, analysis 

was performed in pure Helium (He) atmosphere (550 

ml/min) mixed before entering the ICP part with a flow 

of Argon (880 ml/min). Laser beam diameter was set at 

30-50 µm, with a repetition rate of 10 Hz and laser en-

ergy used is 2.5 mJ. Total acquisition time for each anal-

ysis was 120-140 seconds. In the present study in-situ 

trace elements and REE analysis was carried out from 

feldspathic groundmass (melt mosaic) and K-feldspar 

clasts / fragments  (both line and point scan) using NIST 

614 and NIST 612 glasses as external standards [1]. Ma-

jor oxides and trace elements (Ba, Co, Cr, Cu, Ga, Nb, 

Ni, Pb, Rb, Sc, Sr, Th, V, Y, Zr and Zn) contents were 

measured by XRF methodology and the concentrations 

of other trace elements (Sn, Hf, Ta, Mo, W, Ge, Be and 

U) and REEs were determined by ICP-MS facilities 

available at the Central Chemical Laboratories, GSI, 

Kolkata particularly for fractured granite, cataclasite 

veins, granite and melt breccia.  
 

Results: Petrographic, EPMA and geochemical studies 

have been carried out from borehole no. MCB-33,  

MCB-38 and MCB-40 at various depths (119-261m) 

particularly for fractured granite, granite and melt brec-

cia samples. Flow structures / banding with several rip- 

 
 

off clasts of K-feldspar (± plagioclase) and quartz, ocea-

sionally zoned fractured zircon, PF and PDF bearing 

quartz and K-feldspar, toasted K-feldspar etc. are ob-

served from melt breccia. Flow banding with angular to 

sub-angular rip off clasts of K-feldspar and quartz, melt-

rock interaction having flowage texture are evident of 

impact induced melting [2, 3] (Figure 1).  
 

 
 

Figure 1: Flow banding with angular to sub-angular rip 

off clasts in melt breccia (BSE image, MCB-38/147m) 
 

Such flowage texture is mostly identified in the drill-

cores at various depths and also as isolated pockets 

within the granite breccia at surface. Moreover, mineral 

chemical data of K-feldspar (Ab1.2-35.7 An0-2.2 Or63.5-98.8) 

and plagioclase (Ab32.6-97.2 An0.1-2.2 Or2.4-67.2) were 

mostly obtained from clasts, melt mosaic (brown col-

ored) and toasted K-feldspar grains in melt breccia 

which broadly lies within albite-anorthoclase-sanidine 

(orthoclase) solid-solution series. These mineral phase 

chemistry have been utilized during in-situ trace ele-

ments and REE analysis by LA-ICPMS (Quadrupole). 

The concentrations of Cr (100 ppm), Co (20 ppm), V 

(71 ppm) and Ni (114 ppm) are comparable with the up-

per crustal averages [4] detected from Dhala impactites 

(borehole samples). The abundances of these trace ele-

ments are highly variable as reported by [2] mostly from 

cataclasite veins and melt breccia samples. Relatively 

higher values for Cr (121, 130, 152, 165, 167, 213 ppm), 

Co (31, 37, 42, 45, 51, 55 ppm), V (100, 186, 201 ppm) 

and Ni (144 ppm) were obtained by XRF analysis from 

Qtz 

1833.pdf53rd Lunar and Planetary Science Conference (2022)



several surface samples [2]. Higher Cr, Ni and Co con-

centrations may indicate the probable admixture of an 

extra-terrestrial component (commonly <1% by mass) 

to the impact melt breccia. Distinctly higher concentra-

tion of siderophile elements in impact melts, compared 

to target rock abundances, may indicate the presence of 

bolide or impactor component [5]. The chondrite-nor-

malized REEs abundance distribution indicates that the 

granitoid and melt breccias (11 nos. samples from dif-

ferent boreholes) show nearly similar patterns with rel-

atively enriched light rare earth elements (LREE) com-

pared to heavy rare earth elements (HREE) with charac-

teristic (-ve) Eu anomaly (Figure 2). The negative Eu 

anomaly (Eu/Eu*) varies from 0.145-0.244 and 

(La/Yb)N varies in between 16.93-78.48 suggesting dif-

ferential REE fractionation. Higher values (60.58-

294.75) of (La/Lu)N may indicate strong crustal source 

influence. Moreover, in-situ trace elements analysis of 

K-feldspar clasts and melt fractions from selective bore-

holes (MCB-38 and MCB-40 of varying depths) by LA-

Q-ICPMS (both point and line scan analysis) suggest 

strong negative (-ve) anomaly for Ba, Nb, Sr and Ti 

while Th (±U), Gd, La, Nd show slightly (+ve) anomaly 

in the chondrite normalised spidergrams (Figure 3a and 

b).  

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Chondrite-normalized REEs distribution pat-

tern in granitoid and melt breccia samples (11 nos. from 

various depths) [6] 
  

Interpretation: The REE distribution pattern with a 

strong negative Eu anomaly may be correlatable with 

the Bundelkhand granitoids as a whole as reported by 

[7], and in the present study. Moreover, the abnormally 

high concentration of K2O in these impactites (up to 

11.14 wt%), is also consistent with metasomatic or hy-

drothermal alteration [8] associated with the impact 

event. [7, 8] also suggest this epigenetic hydrothermal 

fluids are responsible for selective leaching of U-Th 

complexes. In these melt breccia samples, trace ele-

ments, REEs and major oxides concentration and distri-

bution patterns support differential fractionation mostly 

caused by impact melting and its related geochemical 

processes including post-impact hydrothermal altera-

tion and/or metasomatism. Ba and Sr are strongly frac-

tionated into K-feldspar and its melt portion, other ele-

ments like Ti, Nb, Th (±U), Nd and Gd are partitioned 

into different melt/ mineral phases due to impact in-

duced melting. 
 

 

 
Figure 3a and b: Chondrite normalised REEs and TEs 

spidergrams of melt breccia samples (MCB-38/178m 

and MCB-40/126.8m respectively) obtained from K-

feldspar clasts, flowage texture and melt fraction includ-

ing point and line analysis by LA-Q-ICPMS [9].  
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