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ABSTRACT

Conglomerates are rocks of silicates (stones/pebbles/gravels/cobbles), etc. cemented together in a matrix, were observed on the
temples roof tops, near the lake periphery of Lonar Crater and the fragments of these rocks found surrounding the temple
periphery. To investigate how these rocks did came here, what was the purpose of these rocks being found on the temple roofs?
detailed study was under taken. The XRF analysis carried out showed that these fragmented rocks of conglomerate origin SiO₂
is found to be dominant i.e., between 53.40-99%, with other components such as Al₂O₃, MgO, SO₃, CaO, Fe₂O₃, ZnO and CuO
as minor compositions. From the studies carried out, the conclusion drawn showed that all the glassy nature of rock fragments
showing high percentage of SiO₂ found at Lonar Crater are components of conglomerate rock fragments, whether it be white
rusting, nonwhite rusting, white pebbles/silica pebbles etc., are all of conglomerate rock fragments. This paper reports a
detailed study about how did these rocks arrive here at Lonar Crater and placed on the roof tops of the temples? What was
their source and origin? Why were they brought here? What was the purpose of bringing here? This work being of preliminary
investigations, a small attempt has been made to search answers to the above questions.
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1. INTRODUCTION
Meteorite impact crater formed around 656 ka⁽¹⁾ at Lonar in the remote area of Buldhana District of Maharashtra, having coordinates 19⁰58'N and 76⁰30'E. It is highly saline and alkali lake having static nature of water body, having high corrosivity and
fishy smell, pH being 9.0 – 10.5, D.O. Nil, highly eutrophicated water body, but it has also land remarkable feature that of typical
archeological enriched temples having being built. The building material is nothing but basaltic stones and conglomerate stones.
Some historical monuments of typical temples found along the periphery of the lake, have no Kalas (local name i.e., rooftop),
suggestive of Hemadpanth type⁽²⁾. These temples were built in the 11th – 14th century⁽²⁾.
1.1 Some of the earlier works carried on Lonar Crater
The existence of the lake through the geological ages since the cretaceous period is explained by the fact that the rim holding the
lake has not been destroyed as there is no outlet⁽³⁾. The lake level within Lonar Crater appears is influenced by surface runoff that
is active during the rainy season and groundwater input effective during both the rainy and the dry seasons⁽⁴⁾. There is an irregular
zone of alluvial deposits all along the periphery of the lake water⁽⁵⁾. The impact breccias rocks and the target basalts from the
Lonar impact crater are distinctly different in trace element compositions⁽⁶⁾. The pH of Lonar Lake water varies from 9.20 to 10.5
and temperature 24⁰C to 27⁰C⁽⁷⁾. Likewise the chloride and salinity was increased in pre monsoon season while deceased in
monsoon and post monsoon season⁽⁸⁾. But the water sample is having high chlorides, hardness and salinity due to which the
alkalinity of the water is in higher range⁽⁹⁾. Considering the evidence available together with its field occurrence, it seems very
likely that terrestrial basalt rocks have been involved in the glass formation by way of probably melting and fusion⁽¹⁰⁾.
1.2 Scope of work
To search why these conglomerate/breccia rocks brought here or how did these rocks arrive here? What was the purpose of
bringing these rocks here? And how did these rocks fragmented or their small fragments found near the temples only and also on
the lake periphery and on the crater rim?
1.3 Brief history of Conglomerate/breccia rocks found at Lonar
The rock fragments under study are of conglomerate/breccia nature because, from their observations, they are found to be
cemented together in a matrix. The place where these rocks were seen and observed and their smaller fragments found, it came to
be known that the fragments are composed of glassy material with other unknown components, possibility of being white pebbles
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of silica nature being one of them. On some glassy objects cemented types of material were observed. This may possibly be
Calcium Oxide (CaO). On some fragments surface a white layer deposition is seen, possibly may be of CaO. The glassy material
was of different shapes and sizes i.e., of irregular nature. Hence from their observations and characteristic features, it came to be
known that these rock fragments must be of conglomerate/breccia nature of sedimentary origin.
Further studies carried out showed that since these rocks contain angular types of object of glassy nature of different shapes and
sizes, these fragmented rocks were known to be of clast breccias of sedimentary origin because clast breccias are of angular
nature⁽¹¹⁾. Also conglomerate of rounded objects known as pebbles, cobbles, gravels etc., are known to be of clast conglomerate⁽¹¹⁾
and it is possible that the origin of white pebbles of silica nature may be related to these type of rocks found at Lonar, since their
nature is found to be cemented (held together) by different components rounded (as pebbles), angular (as different shapes and
sizes of glassy nature), hence are found to be of clast conglomerate/clast breccias. As these rocks were first observed at Lonar
temple rooftops, they were termed as Lonar conglomerate, which represented clast conglomerate and clast breccias, both these
rocks fragments are found to be cemented together in a matrix. Original source of conglomerate rocks in nature is sedimentary sea
rocks, similar formation like coral island.
These conglomerate/breccias type of rocks were first observed by Jadhav and Mali on the temple roofs in 2018, and the
observation of it was first reported in their research paper⁽¹²⁾. Also white rusting of rocks/white coating of SiO₂ on rocks were first
observed by Jadhav and Mali at crater lake in 2016 and the observation of it was first reported in their research paper⁽¹³⁾, similarly
findings of white pebbles/silica pebbles at Lonar Crater was first observed at Crater Lake in 2016 and the observation of it was
first reported in their research paper⁽¹⁴⁾. Both these types of rocks i.e., white rusting/white coating of SiO₂ on rock surface and
silica pebbles are found to be related to conglomerate rocks. How are these rocks related to conglomerate rocks is discussed in
detail in this paper.

2. METHODOLOGY AND EXPERIMENTS
Fragmented small pieces of conglomerate/breccia rocks of different shapes (clastic breccias) were collected to study its nature and
transferred to a polythene bags for further analysis. These rock samples were washed thoroughly first under tap water to remove
all the contaminants and attached soil, and after washing thoroughly, they were kept in the sun for drying. After drying, the
samples were sent for XRF analysis, their physical parameters were taken like, dimensions, weight and volume was taken in a
measuring cylinder of borosilicate make, and then density was calculated by using the formula D= m/v g/cc. their color, shape,
surface feature were also noted down.
2.1 Experimental Results
Physical parameters taken are given in table 1. XRF analysis carried out, the results are shown in table 2. The results by XRF
shows that SiO₂ being the major component is found to be between 53.40-99%, including other components like Al₂O₃ - between
0.507-7.65%, MgO – 0.065-3.21%, SO₃ - 0.096-0.617%, CaO – 0.094-64.9%, Fe₂O₃ - 0.04-13.9%, ZnO and CuO are also found
to be present (table 2).

3. RESULTS AND DISCUSSIONS
From the analysis of these rocks by XRF, showed SiO₂ to be the dominant component i.e., between 53.40-99%, with Al₂O₃, Fe₂O₃,
CaO, SO₃, ZnO and CuO in lesser percentage (table 2). Similar compositions has also been mentioned in clast conglomerate of
sedimentary nature¹⁵, usually same compositions have been known to be present in conglomerate/breccia rocks, suggesting that
the rock fragments under study are of conglomerate/breccia nature. These rocks were first observed on the temple rooftops
existing in the northern side of the crater i.e., Vedshala temple, Yadneshwar temple and the other one on the southern side of the
crater Mor Mahadev temple [peacock temple]. It is of the opinion that since these rocks are not found anywhere around Lonar
vicinity, and basalts being the original rocks of Lonar, hence findings of conglomerate rocks on roof temples suggest that these
types of rocks were transported or brought from unknown source to Lonar Crater used as building material for the decorative
purpose of the temples as these types of rocks are mostly used for decorative purpose⁽¹⁶⁾. Usually conglomerate refers to rocks
which are held together (cemented) in a matrix. The components usually are rounded pebbles, cobbles, gravels⁽¹¹⁾. Similar type of
rocks was observed on the temple roofs and it has also been postulated that silica pebbles are part of the conglomerate rocks and
hence they were termed as Lonar conglomerate rocks since they were observed at Lonar Crater.
The physical parameters carried out of Lonar conglomerates; they were found to be in good agreement as reported in⁽¹⁵⁾. From the
XRF analysis of these fragments, it is observed that the predominant oxide is SiO₂ - 53.40-99%, Al₂O₃ -0.507-7.65%, Fe₂O₃ 0.04-13.9%, CaO – 0.094-64.9%, SO₃ - 0.096-0.617%, etc. In conglomerate/breccia rocks SiO₂, CaO. Fe₂O₃ are mentioned,
whereas in this study, besides SiO₂, CaO, Fe₂O₃, other components are also present such as Al₂O₃, MgO, SO₃, ZnO and CuO. But
these components are all found to be in negligible amount, the dominant is SiO₂, which suggest that the rocks under study are of
conglomerate nature as conglomerate nature of rocks contain similar type of oxides, which are held together or cemented together
in a matrix and this feature is peculiar or prominent feature of conglomerate rocks which can also be said that it is a characteristic
feature of conglomerate rocks, which differentiate from other rocks. For comparison, another two-conglomerate nature of rocks
from unknown place were investigated (table 2, sample No. 15 and 16), of which XRF analysis carried out showed similar oxide
composition as that observed in Lonar conglomerates, except that the impurities in Lonar conglomerates are found to be less than
that found in other two unknown conglomerates. Hence all these confirm their true nature of rocks under study is of
conglomerate/breccia origin. From table 2, it is observed that sample No. 7 has high percentage of CaO as 64.90 and low
percentage of SiO₂ - 16.40, sample No. 8 has CaO as 38.40 and SiO₂ as 53.40, sample No. 9 has CaO as 43.10% and SiO₂ as
28.60% and sample No. 10 has CaO – 13.20 and SiO₂ - 83.00%, which infers that they are the original rocks of conglomerate
nature.
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The question arises, how did these rocks arrive at Lonar in such a large quantity? And for what purpose? It is possible that due to
their being used as decorative and architectural elements⁽¹⁶⁾, these rocks were transported from an unknown source to Lonar Crater
for decorative purpose on the temple roofs, which were to be built at Lake periphery. The conglomerate rocks are not the original
rocks of Lonar. How are the fragments of these rocks found around the temples? There are three possibilities [1] As these rocks of
conglomerate nature were of large size and may be in large quantities when brought to Lonar, due to their large size, these rocks
were cut to required size and shape, during the construction work, the fragmented material of these rocks were left as debris, or
remains, is what is observed near the temple area. [2] The temples were built in the 12th century⁽²⁾. Due to weathering or climatic
or environmental conditions existing at Crater Lake, during that period, these rocks must have disintegrated or undergone
degradation in due course and the fragmented material were may be washed from roof tops to the ground and further to the crater
lake by runoff through rains. [3] The civilization which existed during this period or which came into existence after the temples
were built, must have known that the fragmented material of glassy nature spread around the temples may be of pure silica and
hence heated it to make glass beads for their use and also to exchange for other goods. In this way, the availability of pure glassy
material (i.e., pure form of quartz) due to which making of glass beads industry flourished here. Hence these rock fragments since
contained highest percentage of silica (SiO₂) were broken into much smaller fragments and these materials were used for making
glass beads⁽¹⁴⁾. It is also true that from ancient time there has been a lot of interference of man. It is possible that the natural
resources existing here may have been exploited through human activities.
The temple on the northern side of the crater, where conglomerate rocks on rooftops has been observed, the same temple one
sided wall burnt rocks were observed which were may be subjected to high heat phenomena, some burnt rocks outcrop were also
seen near the same temple, suggesting that close to the side [where the burnt rocks have been observed], melting process of these
glassy material were in progress, which may have affected the wall of the temple due to high temperature created during the
melting of glassy material for making glass beads or may be due to unknown heat phenomena.
At present only two temples rooftops, where conglomerate/breccia nature of rocks are observed, which indicates that during the
construction of the temples, large quantities of these rocks must have been brought here at Lonar and today, only on two temple
rooftops, these conglomerate rocks are observed. The quantity of silica pebbles, glassy objects with and without white rusting of
SiO₂ on their surface found spread all over the crater is evidence that large quantities of these rocks were brought to Lonar Crater,
the debris in the form of silica sands or sandy soil is one of the proofs of it.
In 2005, when the second author visited Lonar Crater to study its formation, on the Lonar- Mantha road, opposite to Ganesh
Temple, Shiva temple exist, where large quantities of fragmented glassy objects with other components were observed. It was not
understood as to how and why these components in such large quantities found here. It is now known and understood that the
glassy objects with other components are of conglomerate/ breccia fragments, which indicates that large quantities of these types
of rocks were brought or transported to Lonar Crater. These fragmented types of rocks are largely found only near the temples
surroundings which exist at Lonar crater
3.1 White rusting of SiO₂ observed on basaltic rocks and also on glassy nature of conglomerate rocks
White rusting/white coating of SiO₂ has been observed on basaltic rocks, which may have been attained through volcanic
eruption⁽¹³⁾. The white coating of silica (SiO₂) on basaltic rocks is due to leachate of SiO₂ on the surface of the rock (i.e., white
layer deposition of SiO₂), also seen on the fragments of glassy nature, is not due to any process operating at Lonar crater, nor is it
due to any volcanic eruption as mentioned by Jadhav and Mali⁽¹³⁾. The glassy objects found at Crater Lake of white coating nature
are in fact the components of conglomerate rocks. The glassy material of conglomerate nature found near the temples and the
glassy material on whose surface white rusting is observed shows similar resemblance in oxide compositions. The same oxides are
found to be present in both the cases. The less oxide composition in white rusting fragments found at the crater lake may possibly
be due to leachate of those oxides other than SiO₂, as the rock fragments at the crater lake are constantly in contact with water
which contain certain species of corrosive nature, which can affect the rocks or alter their surface features by way of leachate of
SiO₂. As per Chemtob, amongst other factors responsible for white coating/silica coating, water is one of the factor⁽¹⁷⁾. As the
water of the crater lake has corrosive property, i.e., it has certain chemical species like NaCl (Sodium Chloride)⁽¹⁸⁾, F (flourides)⁽⁹⁾,
Br (bromine)⁽¹⁹⁾,CO₃ (carbonates), H₂CO₃ (Bicarbonates)⁽⁵⁾̛. ⁽³⁾, which are likely to alter the surface features of the rocks existing at
crater lake, white coating/white rusting is one of such feature observed on the rock surface, whether it be basaltic rock or
conglomerate rock of glassy nature, because both these type of rocks have SiO₂ in high percentage with respect to other oxides
present. From the analysis of conglomerate rock fragments by XRF (this study) and the analysis of white rusting rock fragments
by XRF⁽¹³⁾, it is observed that in both the cases, SiO₂ is found to be highest in percentage. The fragmented rocks of
conglomerate/breccia, when transported from temple vicinity to crater periphery, were subjected to white rusting feature on
surface i.e., comparing both these rock fragments, it is observed that both the fragments are of glassy nature i.e., physical
parameters in both the cases are similar and contains highest percentage of SiO₂, which is not observed in any type of rocks
existing at Lonar Crater.
The white rusting/white coating of SiO₂ on the rock surface – phenomena, is a process of leachate of SiO₂ on the surface of the
same rock and is observed as white rusting/white coating, the origin of which is related to conglomerate rocks. The
quality/property of water existing at Lonar Crater Lake may be the cause for the leachate. But when the fragments of
conglomerate rock fragments found near the temples were observed, on some rocks surface, white coating feature were also
observed, which points that water of the Crater Lake must have reached upto that place at certain period in remote past and
affected these fragments also, for which leachate of SiO₂ may have taken place, resulting in white rusting feature on the surface.
White coating on the rock’s surface is a natural process, which is due to leachate of SiO₂, though; it is also seen on basaltic rocks,
which is a common feature as per Dr. Karmarkar⁽²⁰⁾. Dr. Karmarkar states that white layer deposition (white layer coating) on
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basaltic rocks is a common feature on basaltic rock⁽²⁰⁾, but this feature was first observed at Lonar crater lake for the first time and
hence, it was reported by Jadhav and Mali through their paper⁽¹³⁾, but this feature was also observed largely on glassy material,
hence it was inferred that since on some rocks of basalts, white coating is observed, it may be conversion of basalt to silica which
showed high percentage of SiO₂, which being a polymorph of silica which was not the case.
White rusting feature is also observed on glassy material of conglomerate nature, which may possibly be due to high percentage of
SiO₂ and SiO₂ leachate on the rock surface. The leachate of SiO₂ on glassy objects surface, it is seen on larger surface area than
that seen on basaltic rock surface, though it is SiO₂ leachate, the percentage of SiO₂ spread on large area is may be due to high
percentage of silica and due to its glassy nature. The white rusting seen on glassy material and found near the lake periphery in
fact are the conglomerate rocks. Conversation with Dr. R. M. Badve a Geologist, Pune city stated that the white rusting/white
coating on rocks surface is the leachate of SiO₂⁽²¹⁾. Hence it can be inferred that whatever glassy material found at Crater Lake
periphery are derived from conglomerate/breccia rocks of sedimentary origin. They are not related to basaltic rocks as they
contain high percentage of SiO₂.
The crystalline nature of glassy material of SiO₂ is leachate or transformation of crystalline nature of SiO₂ to amorphous nature of
SiO₂ as white rusting or as white layer deposition, which is observed on the surface. The glassy nature of conglomerate is the
crystalline form of SiO₂, while the white coating feature is the amorphous one (also of SiO₂), which may be the polymorph of
Silica. In this process or during transformation, the content of SiO₂ remains constant or may vary negligibly; whereas on basaltic
rock only amorphous nature which is seen as white rusting/white coating of SiO₂ observed which may be possible due to low % of
SiO₂ i.e., 52%⁽¹²⁾. From this one thing is clear whatever the percentage of SiO₂ in rocks, the quality of water existing at Lonar
Crater may leachate the SiO₂ on its surface. This process has been observed for basaltic rocks and also for conglomerate rocks of
glassy nature.
Another feature observed is crystalline nature of glassy objects transforms to amorphous nature; a rare case indeed or probably
may be due to quality of water. One form transforms to another form, which is known as polymorphism, which takes place, may
be in the presence of water of Lonar Crater. Crystalline nature of SiO₂ is not found to take place on basaltic rocks, as it may
require a very high temperature and probably may require higher percentage of SiO₂. The white layer deposition on basaltic rock
is of amorphous nature while that on glassy nature of conglomerate rock fragments is of crystalline nature. It is postulated that
basaltic rocks cannot be transformed to full form of SiO₂, because it has less percentage of SiO₂, whereas conglomerate rocks of
glassy nature can be transformed to full form silica (amorphous nature) as it contains high percentage of silica. How this
mechanism works is not understood and it will be a new subject of research altogether as has been stated by Jadhav and Mali in
their previous paper⁽¹⁴⁾.
3.2 Silica pebbles/white pebbles.
Jadhav and Mali in their paper mentioned that the origin of silica pebbles, a polymorph of silica, can be attributed to the lake
water, further they also mentioned that it must be or it is emphasized that it must be formed by the process of polymorphism,
which is a unique and highly specific physiochemical process or rare process⁽¹⁴⁾. Silica pebbles were first observed at Crater Lake
and at crater rim in 2016 and was first reported by Jadhav and Mali through their paper⁽¹⁴⁾. From the analysis report by XRF of
Lonar conglomerate rocks, it is observed that the dominant component is SiO₂, which is found to be 98% (avg), with Al₂O₃, MgO,
SO₃, CaO, Fe₂O₃, ZnO and CuO in minor compositions. From the analysis report by XRF of silica pebbles, it is observed that the
dominant component is also SiO₂, which is 97.08% (avg), with CaO, Fe₂O₃, SO₃, Cr₂O₃ in minor compositions⁽¹⁴⁾, which shows
that the silica pebbles are related to conglomerate rocks. Conglomerate is sedimentary rocks made up of rounded pebbles and sand
that is usually held together (cemented) by silica, calcite or iron oxide⁽¹⁵⁾. It is possible then that the conglomerate rocks observed
at Lonar Crater temples may contain silica pebbles or silica pebbles found at Lonar Crater may be a part of conglomerate rocks
because conglomerates is a clast sedimentary rocks that contains large (greater than 2mm in diameter) rounded clasts. The space
between the clasts is generally filled with smaller particles and /or calcite or quartz cement that binds the rock together⁽²²⁾. From
the physical parameters of silica pebbles of Lonar Crater, are found to be rounded (clast) and are greater than 2mm i.e., (their size
is 1cm (10mm)⁽¹⁴⁾ which shows that Lonar pebbles of silica nature as per details mentioned for physical parameters⁽¹⁵⁾̛ ⁽²²⁾are found
to be similar and therefore there is every chance to suggest that the silica pebbles found at Lonar Crater are of clast conglomerate.
These silica pebbles are natural formations, which may be attributed to conglomerate rocks of sedimentary origin.
Karmarkar has suggested that the formation of silica pebbles at Lonar Crater is due to volcanic emanations⁽²⁰⁾. It is to be stated that
from earlier times around the world every year volcanic eruptions of different types takes place, which are reported and
documented. But in none of the reported or documented records of different types of volcanic eruptions, formation of silica
pebbles been reported, Shawn Wright has suggested that silica pebbles found at Lonar Crater are not formed in the lake, but they
were deposited elsewhere, before impact, and the impact (along with geologic time) just resulted in them falling downhill (due to
gravity)⁽²³⁾. The white pebbles/silica pebbles are not only found at Crater Lake but they are also found on the crater rim on a large
scale, which has also been mentioned by Vyas⁽²⁾. The impact by meteorite took place around 656 yrs⁽¹⁾, and the temples were built
in the 11-14th century⁽²⁾, for the building purpose conglomerate rocks were brought or transported to Lonar Crater, silica pebbles
being one of the constituent of conglomerate rocks, it is possible that due to disintegration or due to weathering, the rocks
fragmented and the loosened material, knowing that they contain high percentage of silica were used by ancients for the making of
glass beads., which were found to spread on the crater rim and the lake periphery. It is true that they are not the original rocks of
Lonar, but were transported to Lonar as their formations were elsewhere. From this it is inferred that silica pebbles are not related
to meteorite impact either. It is of the opinion that the silica pebbles are part of the conglomerate rocks. This clearly indicates that
silica pebbles were formed elsewhere, transported to Lonar Crater, which are suggestive of being part of conglomerate rock
origin.
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These fragmented rocks also found to be cemented together in a matrix, which shows that these rocks of fragmented nature are of
conglomerate origin. If considered that silica pebbles are not components of conglomerate rocks then their source is unknown.
Jadhav and Mali through their paper polymorphs of silica pebbles tried every effort to search their origin⁽¹⁴⁾, but were unable to
find their origin. Hence it has to be considered that silica pebbles are derived from conglomerate rocks. Due to disintegration or
defragmentation of the larger pieces of rocks, the loosened components in due course were washed away from the temple
surroundings to the lake periphery by runoff through rains. For silica pebbles the source is unknown, but detailed study carried out
through this paper, it is now confirmed that they are components and part of conglomerate rocks of sedimentary nature, otherwise
there is no source for silica pebbles to be found at Lonar Crater other than conglomerate rocks. Hence it has to be considered that
silica pebbles found at Lonar crater were once upon a time part of conglomerate rocks, cemented together in a matrix, but now
found as loose components.
It is also to be stated that from the observation point, it has been observed that the temple rooftops existing at Lonar crater has no
structures on the roof or domes on the temples, or top part of the temples has been destroyed or devastated, this is a peculiar
feature of the temples existing at Lonar, except Kamalja Devi temple, which has a dome structure on the roof, why this is so? Is
unknown. Even the Daitya Sudan Mandir in Lonar village has no dome structure. Also another feature observed from the
photographs taken by Shree N.H. Chavan in his booklet “Lonar Crater (Guide), it is seen that white layer deposition of unknown
salts on the roof top of Ramgaya temple, this has also been mentioned by Jadhav and Mali in their paper⁽¹²⁾, white layer deposition
observed on lower part of Vishnu temple covered by white layer, on pillars and rocks of Amber Khana temple, on lower part of
the Munglya temple (Varuntirtha), half lower part of the temple is covered by white layer. Deshmukh Temple (Vayu Tirtha),
white layered rocks are found near the temples, Chopada temple (Som tirtha), white layered rocks are seen⁽²⁴⁾. From all these, it
suggests that white rusting phenomena is a prominent feature at Lonar Crater. The deposition of white layer seen on rocks and
temple walls, points to the possibility of water level of the Crater Lake reaching at the height in the remote past. During this
period, the water of the lake must have risen at its highest level. The temples existing near crater lake periphery, the markings of
the white layer on the temple walls, rocks with white coating found near the temples indicates that in remote past, the temples
were submerged under the waters of the crater lake upto the white layer markings for quite a long time period due to which, white
layer deposited on the temple walls or other salts of unknown nature. The white layer deposition on the temples and rocks also
proves that the glassy nature of rock fragments covered by white layer may be due to quality of lake water existing at Lonar crater
or leachate of salts present in rocks on their surface, which also means that the amount of salts deposition at that time period must
be more than what it is found to be today. As the water receded, it also transported the glassy material and silica pebbles to the
crater lake, which are observed today, clearly indicating that the glassy material of white layered nature and without white layered
nature, glassy material with CaO, silica pebbles all are the part of the conglomerate rocks. The white layer marking is seen at
certain level on the temple walls. It is impossible to postulate or suggest, that in remote past that the level of the lake water may
have risen to the white layer mark, seen on the temple walls. But the white coating mark suggest and is indicative of an unknown
event in the remote past, for which or due to which the water of the crater lake may have risen upto the white layer mark on the
temple walls. Findings of large size boulders at the crater lake, north side, observed and reported by Jadhav and Mali⁽¹²⁾,
suggesting of an unknown event, which may have raised the water of the crater lake. The boulders stand a witness to an unknown
event. This is the only inference which can be drawn as to the white layer deposition seen on the temple walls. Hence formation or
findings of silica pebbles at Lonar Crater is not due to any of the processes operating at Lonar Crater, but are a part of large
conglomerate rocks, which were held together (cemented) in a matrix in remote past.
The formation of pebbles of quartz nature is therefore not related to volcanic eruptions, but is a component of conglomerate rocks.
It can be inferred that volcanic eruption or meteorite impact may have occurred. This paper focuses on conglomerate rocks, their
source and origin, which are observed on the temple rooftops, these conglomerate rocks are not the output or product of these
events. The glassy nature components in which SiO₂ has been found to be around 98% can only be related to conglomerate rocks,
which were transported or brought to Lonar before the construction of temples on the lake periphery.
Analysis of basaltic rocks of Lonar crater by different researchers have shown that SiO₂ is between 47.82 – 55% ⁽²⁵⁾̛ ⁽¹⁰⁾̛ .⁽²⁶⁾̛ ⁽¹²⁾.
Basalts are the predominant rocks in Lonar. Therefore findings of white pebble, white rusting of rocks of glassy nature in which
SiO₂ is 98%, in short all glassy objects found at Lonar Crater, where SiO₂ is found to be highest in percentage (almost in pure
form) cannot be attributed to basaltic rocks, but can only be attributed to conglomerate rocks, these rocks contain more glassy
material than any other components and they are transported rocks not original rocks of Lonar. Glassy nature of rock fragments
found at Lonar did not originate from basalts. They are poor in silica⁽²⁰⁾. The origin of glassy nature of rocks lies in conglomerate
rocks. If they were to originate from basalts then the percentage of silica would be higher than usual which is not found to be.
It is therefore of the opinion that all the glassy nature of rocks found at Lonar Crater where SiO₂ is above 95% may be derived
from conglomerate rocks rather than from basaltic rocks. If postulated that volcanic eruption had taken place, then more oxides
would be detected as impurities. In volcanic rocks, oxides of many elements are present, the rock of volcanic nature cannot be
formed of single oxide in major quantity, i.e., in almost pure form as that detected in glassy material of conglomerate rock
fragments. Hence rocks of glassy nature in which SiO₂ is 98% are not related to basaltic rocks.
Also, quartz conglomerate has been reported by Dai et al. from Tarkwa mines, few Km from Bosumtwi impact structure ⁽²⁷⁾.
Quartz pebbles conglomerates are of sedimentary nature. They are found to be unshocked ⁽²⁷⁾. Also the quartz pebbles of
conglomerate origin found at Tarkwa mines, the elemental composition shows SiO₂ as dominant i.e., T sample SiO₂ is 86.40, T-2,
SiO₂ is 85.43⁽²⁷⁾, which proves that silica pebbles of Lonar Crater are found to be similar to quartz pebbles conglomerate of
Tarkwa mines, suggesting that silica pebbles are also of conglomerate nature and hence belong to conglomerate rocks and not
formed from either meteorite impact which infers that Lonar pebbles of silica origin are not derived from basaltic rocks, but
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belong to clast sedimentary rocks. Pebbles are usually found near river banks and are found to be rounded in shapes due to the
mechanical force of running water.
For siliceous ecology to operate at Lonar crater, the source of SiO₂ was unknown⁽²⁸⁾. Now it is known and confirmed that the
origin of siliceous ecology existing at Lonar Crater lies in conglomerate nature of rocks of sedimentary origin, which are the
source of silica pebbles found at Lonar Crater containing high % of SiO₂, similarly, glassy nature of rocks showing high
percentage of SiO₂, glassy nature of rocks of white coating feature on their surface, showing high percentage of SiO₂ are all
derived from conglomerate rocks. Siliceous ecology came into existence through these conglomerate rocks found at Lonar Crater,
which are the source of silica pebbles, glassy nature of rocks, with and without white rusting feature are all related to
conglomerate rocks only. If conglomerate rocks were not transported to Lonar Crater, then findings of silica pebbles glassy
objects with and without white rusting etc. would never have been found and most important siliceous ecology would not exist at
Lonar Crater. It exists and survives till today, because of these conglomerate rocks which were transported or brought to Lonar
Crater. From this it is inferred that the fragmented rocks under study are of conglomerate nature of sedimentary origin, which also
proves that these conglomerate rocks were transported from unknown source to Lonar Crater. They are not original rocks of
Lonar, nor are they derived from basaltic rocks. There are two sources of SiO₂: 1) conglomerate rocks and 2) white rusting. As
long as conglomerate rocks exist, one will find crystal type of silica rock, and second thing is that of white rusting of basaltic rock,
which produces amorphous silica. This also goes as long as abundance of basaltic rock is available i.e. unlimited source of SiO₂.
Various types of silica mix with ecology of Lonar Crater⁽²⁸⁾.
If considered that these glassy material of conglomerate nature were derived from basaltic rocks due to meteorite impact, in none
of the meteorite impact taken place on earth and studied so far have shown high percentage of SiO₂, not even the stony meteorites
Chelyabinsk [stony meteorite]⁽²⁹⁾, nor volcanic eruption of any nature of rocks showing high percentage of SiO₂ (which is almost
in pure form).
3.3 Soil
When the soil samples of crater lake were examined under binocular microscope, to study its composition, observation under
binocular microscope revealed three types of components, which were found to be less than mm in size 1] black component, 2]
brown component and 3] glassy component. The glassy material was found to be in large quantities than the black and brown
components. The glassy nature of material may be of SiO₂ origin, derived may be from conglomerate rocks because very minute
fragments of crystalline nature and less than mm size were observed, from basaltic rocks crystalline nature of SiO₂ may not be
possible, but amorphous nature of SiO₂ is possible, which is seen as white layer deposition, and also sandy type of soil is
observed. The sandy type of soil may be due to conglomerate rocks, as the rock fragmented due to weathering conditions, the
cemented material was loosened and were later on washed to the Crater Lake by runoff due to rains. Basaltic rocks take a long
time to form soil but not sand. Conglomerate rocks also contain sands cemented together in a matrix⁽¹⁵⁾, which due to natural
calamity, loosened the material, and the loosed material in due course washed to the crater lake for which sands are observed,
which is an indication of presence of sedimentary rocks (i.e., conglomerate rock).

4. CONCLUSION
From the results obtained by XRF through analysis of glassy nature of rocks, their physical parameters taken, through
discussions, images etc., it is therefore confirmed and hence concluded that the fragmented rocks of glassy nature under study are
of conglomerate origin and the origin of these rocks may have been brought or transported from unknown source to Lonar Crater
to be used as decorative purpose on the temple roofs. The fragments of it or debris left which are found around the temples and
also around Lonar Crater as glassy material with or without white coating, with other components including silica pebbles etc., in
which XRF analysis showed high percentage of SiO₂, are all related and are parts of conglomerate rocks. The original rock of
Lonar is basalt and not conglomerate rock. This is the best explanation offered as to the origin of conglomerate rocks of which
silica pebbles, glassy nature of rocks with or without white rusting rocks etc. are all parts or components of conglomerate rocks.
Also white coating seen on the walls of temples, the temple stones covered by white layer for which the water of the crater lake
may be responsible, the level of the water may have rose upto the white layer markings seen on the temples walls, etc., the
observation of white layered big sized boulders of unknown nature all these suggest of an unknown event may have taken place in
remote past, which cannot be ignored and needs a detail study.
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APPENDIX

Fig 1: Arrow showing conglomerate type of rocks
found on the rooftop of the temple
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Fig. 2: Conglomerate/breccia fragmented rocks seen
near the temple. Different shapes of glassy material
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Fig. 3: Clast breccia seen spread near the temple
surroundings. Loose fragments. Most of them
being glassy nature

Fig. 4: Conglomerate/breccia rock seen on the roof
Tops of the temple

Fig. 5: Conglomerate rocks seen on the temple roof
tops

Fig. 6: Burnt rocks seen near the temple on the
Northern side of the crater

Fig. 7: Conglomerate rock cemented together in a
matrix. Fragments are seen spread on the side of
the rock

Fig. 8: Arrow showing conglomerate rocks on the
temple roof tops
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Fig. 9: Outcrop of burnt rock seen near the temple
on the northern side of the crater

Fig. 10: Large size boulder seen on the northern side of
the crater never seen before

Fig. 11: Large size boulder seen on the northern
side
of the crater

Fig. 12: Conglomerate rocks seen on the temple roof
tops

Fig. 13: Conglomerate/breccias rock seen on the southern side of the crater, near Mor Mahadev Mandir
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Fig. 14: White layer deposition of unknown salts on the temple rooftops of Ramgaya Mandir

Fig. 15: White layered rocks observed at Lonar Crater with respect to temple on the background. White
layered rocks seen at the lower part of the temple

Fig. 16: Fragments of conglomerate/breccia rocks
Table 1: Physical Parameters of Conglomerate rock fragments from Lonar Crater
S. No. Description↓/Parameters→ Weight in gm Dimensions in (cm)
Shape
Lustre
1
Sample No. 1
5.5851
2.5 x 1.3 x 1.0
rectangular
glassy
2
Sample No. 2
9.4681
2.4 x 2.1 x 1.5
irregular
glassy
3
Sample No. 3
12.3152
3.2 x 1.6 x 1.6
irregular
glassy-cum-earthy
4
Sample No. 4
10.0672
2.8 x 2.2 x 1.4
irregular
glassy-cum-earthy
5
Sample No. 5
4.214
2.5 x 1.6 x 0.9
irregular
glassy
6
Sample No. 6
11.7982
4.4 x 1.5 x 1.5
elongated
glassy
7
Sample No. 7
20.7441
3.1 x 2.7 x 2.2
irregular
earthy
8
Sample No. 8
15.6796
3.2 x 2.5 x 1.1
irregular
glassy-cum-earthy
9
Sample No. 9
8.8035
3.2 x 1.6 x 1.1
elongated
glassy-cum-earthy
10
Sample No. 10
8.5963
2.5 x 1.8 x 1.1
irregular
glassy-cum-earthy
11
Sample No. 11
4.595
2.0 x 1.6 x 0.8
irregular
glassy
12
Sample No. 12
5.3269
1.8 x 1.7 x 1.1
irregular
glassy
13
Sample No. 13
2.2894
1.9 x 1.5 x 0.5
irregular
glassy
14
Sample No. 14
6.3512
2.2 x 2.4 x 0.8
irregular
glassy
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Density g/cc
2.79
2.37
2.46
2.52
2.11
2.36
2.07
2.61
2.93
2.87
2.3
2.66
2.29
2.12
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Table 2: Analysis of Conglomerate rock fragments from Lonar Crater by XRF in %
Sr. Oxides↓/
1
2
3
4
5
6
7
8
9
10
11
12
No. Legend→
1
SiO₂
99.00 98.60 98.50 97.90 98.90 98.70 16.40 53.40 28.60 83.00 94.20 98.60
2
Al₂O₃
0.51
0.60
0.90
1.32
0.81
1.01
6.04
3.32
7.65
1.48
2.98
0.74
3
MgO
0.21
0.54
0.28
0.21
0.07
2.83
2.18
3.21
1.45
1.00
4
SO₃
0.13
0.12
0.14
0.12
0.11
0.10
0.38
0.44
0.62
0.45
0.12
0.12
5
CaO
0.09
0.14
0.13
0.23
0.10
0.11 64.90 38.40 43.10 13.20 0.30
0.28
6
Fe₂O₃
0.04
0.04
0.06
0.07
0.05
0.06
7.12
1.25 13.90 0.36
0.41
0.04
7
ZnO
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.00
8
CuO
0.00
0.00
0.00
0.00
0.00
0.01
0.01
0.02
0.00
0.00
0.00
9
NiO
0.00
0.00
0.00
0.00
0.00
0.00
10
ZrO₂
0.00
0.01
0.00
11
K₂O
0.20
0.17
0.19
12
BaO
0.00
0.01
13
TiO₂
0.01
1.48
0.34
1.69
0.07
0.45
14
P₂O₅
0.66
0.65
0.81
0.31
0.25
15
MnO
0.15
0.02
0.14
0.01
16
Cr₂O₃
0.04
0.01
0.00
17
SrO
0.02
18
V₂O₅
0.09
19
Cl
Total
99.98
100
100
100
99.98
100
100
100
100
100
99.96
100
Legend:
1. Conglomerate rock fragment 8. Conglomerate rock fragment 15. Conglomerate rock (unknown)
2. Conglomerate rock fragment 9. Conglomerate rock fragment 16. Conglomerate rock (unknown)
3. Conglomerate rock fragment 10. Conglomerate rock fragment
4. Conglomerate rock fragment 11. Conglomerate rock fragment
5. Conglomerate rock fragment 12. Conglomerate rock fragment
6 Conglomerate rock fragment 13. Conglomerate rock fragment
7. Conglomerate rock fragment 14. Conglomerate rock fragment
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13

14

15

16

98.90
0.75

98.90
0.69

91.00
6.80

0.10

0.13

0.04

0.05

0.00
0.00

0.00

56.40
1.14
2.38
0.24
36.50
2.33
0.01
0.01
0.01
0.00

0.00

0.25

0.24

0.50
0.53

0.02

0.42
0.21
0.00
0.01
0.21
0.00
0.78
0.29
0.11

0.00

100

100

0.04
100
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0.11
99.95

