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Introduction: An 11-km-diameter 
Paleoproterozoic impact structure has recently been 
discovered near Dhala, Bundelkhand craton, north-
central India. [1,2]. The Dhala structure was formed 
within Archean and early Proterozoic granitoids of 
the Bundelkhand Shield. There are extensive 
occurrences of monomict clastic and polymict melt 
breccia, with the latter containing granitoid clasts 
with a range of impact-diagnostic shock metamorphic 
and thermal alteration effects. The age of this newly 
discovered impact structure is so far only loosely 
constrained by stratigraphic information: 2-2.5 Ga 
ages for regionally occurring granitoids and mafic 
intrusive rocks of the impacted basement, and the 
>1.7 Ga age of the Vindhayan Supergroup 
sedimentary rocks that overlie the central part of this 
deeply eroded impact structure. Here we report the 
first SHRIMP U-Pb single zircon and argon 
chronological results for Dhala impact melt breccia. 

 Chronological background on Dhala: The 
oldest known  meta-supracrustal rocks (TTG) of the 
Bundelkhand craton are of 3.5 to 3.3 Ga age, based 
on Rb-Sr isochron work and 207Pb/206Pb single-crystal 
zircon dating, respectively. Geochronological data for 
various felsic intrusives constrain their emplacement 
between 2.2 and 2.5 Ga. Pb-Pb dating by ion 
microprobe of the gneissic rocks exposed in the 
Karera area (~15 km N of Dhala) and of a 
hornblende-granitoid from the Jakhaura area (~50 km 
SW of the Dhala structure) yielded ages of 2563 ± 6 
and 2516 ± 4 Ma, respectively. Mafic dike swarms in 
parts of the Bundelkhand craton were dated by 
40Ar/39Ar stepheating and revealed two episodes of 
magmatism at 2000 and 2150 Ma.[FJ1] The Archean 
and Paleoproterozoic basement is covered widely by 
strata of the Vindhyan Supergroup. The supergroup 
was deposited after the stabilization of the Aravalli-
Bundelkhand  craton around the time of completion 
of felsic magmatism at ~2.2 Ga. These sediments are 
unmetamorphosed and nearly undeformed. The age of 
the Lower Vindhyan rocks as determined by 
SHRIMP U-Pb zircon chronology is bracketed 
between >1700 Ma and 1601 ± 130 Ma [3]. The 
oldest age of a Vindhyan Supergroup component 
reported so far is 1721±90 Ma. Mafic dikes (2000-
2150 Ma) represent the oldest pre-impact rock type in 
the Dhala area and the age of the post-impact cover 

sediments is considered to be ~1700 Ma. Hence, the 
age of the Dhala impact event can be constrained 
between ~2100 and 1700 Ma. This would make Dhala 
one of the oldest impact structures known on Earth 
(chronology reviewed in detail by [2]). 

Impact melt chronology: Absolute dating of 
impact structures relies on radioisotopic dating of 
impact melt rocks; preferred methods have been 
single zircon U-Pb dating of zircon by TIMS or 
SIMS, as well as argon chronology. Applying the 
former technique it is required to obtain authigenic 
zircon crystals grown within the solidifying impact 
melt, and argon isotopic techniques require material 
that is as unaltered, unmetamorphosed, and clast-poor 
as possible in order to avoid post-impact 
thermal/hydrothermal overprint and reduce the effect 
of inheritance of pre-impact radiogeneic argon.   
A first SHRIMP U-Pb single zircon dating attempt 
for Dhala: As Dhala represents a rather old impact 
structure and the available impact melt breccias have 
been subject to quite extensive alteration, the first 
dating experiment made involved ion probe U-Pb 
isotope analysis of single zircon crystals. Zircon 
fractions of ~30-200 μm sized grains were separated 
from one specimen of Dhala impact melt breccia from 
the inner part of the structure by standard methods 
(Wilfley table, magnetic separation and handpicking). 
Some of these crystals appeared clear, unzoned, and 
were thought to possibly represent authigenic zircon 
grown within the crystallizing impact melt. SHRIMP 
U-Pb single zircon analysis of a number of grains 
correspond to the entire variety of crystals yielded  
~2.5 Ga ages (+ 1 3.2 ga age), believed to relate to the 
pre-impact granitoid and mafic intrusive lithologies of 
the target. 

 
40Ar/39Ar chronology: We selected small chips of 

4 impact melt rock samples and crushed them to 180 
to 250 µm size. The freshest melt rock fragments 
were selected but unfortunately even these still show 
signs of pervasive alteration. Orange-white 
recrystallized (K-feldspar?) grains were also selected. 
For each sample, half of the grains of the two 
populations were aggressively leached with diluted 
(7N) HF in an attempt to remove alteration. Step-
heating 40Ar/39Ar analyses were carried out at the 
Berkeley Geochronology Center using a CO2 laser 
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and a MAP215-50 mass spectrometer [4]. Of the 10 
grains analyzed, 9 yielded extremely perturbed bell-
shaped age spectra and failed to yield any plateau age. 
The dominant apparent age spectrum involves an 
increase of the apparent age (starting at ~600 Ma) 
from low to medium temperature followed by an age 
decrease toward high temperature (to 800 Ma). 
Integrated (total fusion) ages for these grains range 
from 777 ± 6 to 1053 ± 4 Ma (2σ). One sample 
defines a statistically valid, though geologically 
questionable, plateau age at 994 ± 22 Ma (MSWD = 
1.25; P = 0.25). No isochron can be calculated: all 
data cluster close to the radiogenic (40Ar*/39Ar) axis. 
There is no significant age difference between HF-
leached and non-leached samples. 

We interpret the 9 perturbed age spectra as a result 
from a combination of (1) partial loss of 40Ar* due to 
pervasive alteration, (2) age overprint of neo-
crystallized alteration minerals, and (3) 39Ar (and 
37Ar?) recoil redistribution. Metamorphic overprint is 
unlikely, as the post-impact sedimentary rocks are 
virtually unmetamorphosed [2]. Perhaps the oldest 
part of the bell-shaped age spectra is likely to provide 
a minimum alteration age, if we admit that it is not 
the result of 39Ar recoil redistribution. In this case, the 
40Ar/39Ar data would suggest an age >1-1.1 Ga - still 
younger than the minimum possible impact of ~1.7 
Ga. The low temperature steps seem to suggest that 
an important alteration event occurred at ~600, Ma, 
whereas the highest temperature steps at ~800 Ma 
could well be meaningless. Despite the strong 
alteration overprint, we obtained a statistically valid 
plateau age at 994 ± 22 Ma, but this age cannot 
represent the true age of the impact event bracketed 
between ca. 1.7 and 2 Ga.  

Alteration plateau ages have been observed in 
several  geologic cases (e.g. [5,6]) and can be strongly 
misleading if no constraints are given by stratigraphy. 
It is, however, never clear if they give the true age of 
the alteration event or an intermediate age between 
the emplacement age of the rock and the age of the 
alteration event (in the present case ~600 Ma?). We 
propose that the melt rock underwent two 
hydrothermal events at ~1 Ga and ~600 Ma, 
preventing any possibility to date the present samples 
by 40Ar/39Ar methodology. A future drilling campaign 
may provide fresher melt rock, that might be more 
suitable for 40Ar/39Ar geochronology..  

Conclusions: Our initial SHRIMP U-Pb 
single-zircon dating results merely provide further 
support for the 2.1-2.5 Ga age range for the impacted 
terrane. Also the 40Ar/39Ar data do not constrain the 
Dhala impact age. Rather, the low temperature step 
ages (~600 Ma), the  top of the bell-shaped spectra 
(~1.1 Ga) and the single available plateau age (~1 Ga) 
indicate that the Dhala impact melt rock has been 

affected by two significant hydrothermal events at 
and after 1 Ga ago. 

 
  

 
 
Fig. 1: Two Ar-Ar age spectra showing (1) the only 

plateau age obtained (D6/05-1) and (2)  a 
representative bell-shaped spectrum (D6/05-2) as 
obtained for 9 of the grains. 
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