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Introduction:  The young Lonar crater, Maharash-

tra, India [1-3], is a bowl-shaped, almost circular, sim-
ple impact crater [4] of relatively small diameter ~1.8 
km [5]. The uniqueness of this crater is that it is one of 
two known terrestrial impact craters excavated on ba-
saltic target rock. The target-rock of this crater is the 
sub-horizontal Deccan basalt flows (~67 M.y.) [6]. All 
around the circumference of the Lonar Crater, except 
for a small sector in NE, there is a raised rim sur-
rounded by a continuous wedge-shaped ejecta blanket, 
which extends outward to a distance of ~400 to 1600 
m [7] with a very gentle slope of 2-6o [5]. This ejecta 
blanket has a thickness of ~8 m to few cm [7] and con-
sists of angular blocks of basalt of variable sizes in a 
matrix of fine ejecta.  

The Lonar Crater has been suspected to be a mete-
orite impact crater for the last 40 years [8], but only 
recently has information on the geochemistry of differ-
ent impact products become available. Recently, Osae 
et al. [9] in their extensive geochemical analyses of 
major oxides and trace elements, including Ir and Au, 
showed that chemical fractionation between the Lonar 
target-rock basalt and impact-melts was minimal. They 
also found a low-level of meteoritic contamination in 
the Lonar impactites suggesting a non-chondritic or 
otherwise Ir-poor impactor for this crater. We report 
extensive geochemistry of fine Lonar ejecta to better 
determine (a) the extent of post-cratering erosion ex-
perienced by this crater, (b) the possibility of impact-
induced hydrothermal alteration, and (c) any further 
clue on the nature of the impactor.  

Analytical technique: Around thirty samples of 
fine ejecta of ≤ 250 μm size were collected from 
around the crater rim from a depth of ~40-50 cm or 
more. XRD analyses of samples were carried out at the 
Central Research Facility, IIT, Kharagpur, India, by a 
PW 1710 Philip machine with Cu target and Ni filter 
under a working voltage of 40 kv and 20 milliampere 
current and a scanning speed of 3o 2θ/minute. The 
major element analyses were done at WIHG, De-
hradun, India, in a SIEMENS SRS 3000 XRF machine 
with an overall accuracy better than ± 6 %. Trace ele-
ments were analysed at NGRI, Hyderabad, India, in a 
Perkin-Elmer SCIEX model ELAN® DRC II ICP-MS 
following the procedure of [10]. The precision and 
accuracy of analyses, as observed on JB-2 standard, 
were better than ± 7 % for all the trace elements. 

Analytical results: XRD analyses of (7) seven 
representative samples show that these fine ejecta 
mostly consist of labradorite and augite with some 
mica. The ejecta samples, however, show considerable 
variation in LOI upto 10 wt%.  

 
Fig. 1. Average major oxide composition of Lonar fine 
ejecta (n=30) normalized to average Lonar basalt (n=26), 
basalt data from [2, 9, 11, 12]. 
 

The major oxide spidergram (Fig. 1) shows that the 
fine ejecta has many differences in bulk composition 
from the average target-basalt. In general, the average 
ejecta has marginally higher SiO2 (~1.04 times in 
abundance); similar Al2O3 (0.99) and CaO (1.01), 
lower TiO2, Fe2O3, MnO and MgO (between 0.80 to 
0.90) and still lower Na2O (0.65), K2O and P2O5 (both 
~0.74) compared to average target-basalt. The K2O 
content of most of the ejecta samples is < 1wt%, three 
samples, however, show higher values between ~1-2.5 
wt%. Similarly, one sample shows higher P2O5 of ~0.9 
wt% though it is < 0.3 wt% for rest of the ejecta sam-
ples. Bulk compositional variation of ejecta, in gen-
eral, is maximum for SiO2 and CaO (~12 wt%), fol-
lowed by Fe2O3 (~9 wt%), Al2O3 (~6 wt%), MgO and 
Na2O (~3 wt%), TiO2 (~1.5 wt%), K2O (~0.6 wt%), 
and MnO and P2O5 (< 0.2 wt%) The target-basalt and 
fine ejecta though have similar average magnesium 
number of ~0.42, the latter shows more variation in 
#Mg values (0.31 to 0.54) compared to the former 
(0.36 to 0.49). 

Trace element spidergrams normalized to average 
target-basalt (Fig. 2) show that the average fine ejecta 
has higher Rb (~1.6 times) and Cs (~1.9), marginally 
lower Sc, Cr, Ga, Sr, Zr and Hf (~0.9), still lower Y, 
Nb and REE (~0.8-0.9), and the lowest Co, Cu (~0.6) 
and Ni (~0.44) compared to average target-basalt. The 
concentrations of V, Zn, Ba, Th and U in fine ejecta, 
however, are similar to average target basalt. 
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Fig. 2. Trace element spidergrams of average Lonar fine 
ejecta normalized to average target-basalt (n=3, [11]). 
 

Discussion: The geochemical data provide infor-
mation on the role of aqueous and hydrothermal proc-
esses in the crater. Hydrothermal alteration has been 
observed in samples from below the crater floor by 
Hagerty and Newsom [10]. However, there is little 
evidence for hydrothermal alteration of the ejecta, al-
though the geochemical data suggest that some aque-
ous alteration may have occurred. One factor that 
needs further study is the role of pre-impact alteration 
of some of the target basalt layers.  

Fudali et al. [5] on the basis of field observations 
suggested that post-cratering erosion of Lonar Crater 
was minimal. Osae et al. [9] also suggested that little 
weathering of the Lonar impactites has occurred, based 
on the limited enrichment of As, Zn, Sb and Br in im-
pactites over target-basalt and the absence of a Ce 
anomaly in the impactites. The similar concentrations 
of Zn, U and Ce in the fine ejecta and the target-basalt, 
therefore, also suggest little post-cratering alteration of 
the Lonar ejecta during the last ~50 kyr.  

Possible evidence of aqueous alteration is the de-
pletion of the average fine ejecta in some mobile major 
oxides MgO, Na2O and K2O (Fig. 1), and the enrich-
ments in the more mobile trace elements like Rb and 
Cs (Fig. 2a). If the post-cratering erosion and alteration 
was active, the fine ejecta should show a depleted pat-
tern for the alkali trace elements. However, the en-
richment of alkali trace elements, could indicate some 
aqueous or hydrothermal transport. The source of the 
fluids might be the inter-trappean water within the pre-

impact basalt flows. Additionally, the absence of any 
high-temperature alteration of Lonar impactites and 
shocked- basalts [9, 12], further suggests that any im-
pact-related hydrothermal alteration was limited in 
scale and restricted only within the ejecta. 

Another geochemical characteristic of the ejecta is 
the depletion of TiO2, Fe2O3 and MnO in the fine 
ejecta collected from near the top-most portion of the 
ejecta blanket compared to target-basalt (Fig. 1). As 
the first two oxides are the major constituents of ul-
vospinel of the target-basalt [13], it can be concluded 
that the fine ejecta, at least in the top-most part of 
ejecta-blanket, is depleted in this mineral. A possible 
explanation is that during the deposition of fine ejecta 
from the atmosphere, the ulvospinel-rich finer part was 
first deposited on the impact-induced deformed target-
basalt around the crater’s rim due to its higher specific 
gravity. It was followed upward by deposition of the 
depleted silicate-rich fine ejecta. 

The siderophile trace element chemistry (Cr, Co, 
Ni) of the impactites can be used for identification of 
the impactor meteorite composition [14]. Though this 
idea has already been examined for Lonar impactites 
[9, 12], it is perhaps difficult for the fine ejecta be-
cause Cr, Co and Ni in its average composition is 
comparatively low (~≤ 0.9) than the target-basalt (Fig. 
2a). Marginal enrichment of Cr of fine ejecta, how-
ever, needs explanation. In the target-basalt (n=3) Cr 
varies between ~54 and 64 ppm [12]. Though one 
sample of fine ejecta shows relatively high Cr of ~85 
ppm, rest of the samples (n=11) have Cr between ~40 
and 70 ppm. Therefore, only marginal enrichment of 
Cr in one sample of fine ejecta cannot be considered as 
an indication of the possible impactor component. 
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