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Miliolite limestone — a potential global heritage stone resource

The proposal for a ‘Global Heritage Stone
Resource’ (GHSR) was first made at the
33rd International Geological Congress in
Oslo, Norway, in August 2008. Since then,
GHSR has gained support from the Interna-
tional Union of Geological Sciences (IUGS).
The International Commission on Geoheri-
tage (ICG) of IUGS has a Heritage Stone
Sub-commission (HSS), which evaluates
the proposals of heritage stones from diffe-
rent parts of the world for designation as
GHSR. As of February 2019, 14 heritage
stones have been designated as ‘GHSR’s.
Makrana marble from Rajasthan, India is
Asia’s first GHSR™. It was confirmed by
IUGS in July 2019.

GHSR provides a means by which geo-
scientists, planners and the industry can
explain the importance of some types of
stones used to repair and maintain historic
structures, new buildings and objects such
as sculptures®.

The defining criteria for identifying
GHSR include:

(i)  Wide-ranging geographical use for a
significant period.

(if)  Utilization in significant industrial
projects.

(iii) Recognition as a cultural icon.

(iv) Continuing availability.

(v) Potential: cultural, scientific, environ-
mental and commercial benefits.

The miliolite limestone satisfies all the above
criteria, and is a suitable candidate to be
declared as GHSR.

The proposed natural stones of India for
inclusion under GHSR are from diverse
formations of different ages. Four potential
Global Heritage Stone Provinces, one each
from the North and North Western Province,
the Central and Western Peninsular Provi-
nce, the Southern Peninsular Province, and
the Eastern and North Eastern Province
have been identified in the country®. Stones
from these Provinces have been used in
heritage monuments. Makrana marble (a
metamorphic rock) of Rajasthan, basalt (an
igneous rock) of Maharashtra, red sand-
stone from the Vindhyan mountains and
Jaisalmer limestone of the Jurassic age are
some of the well-recognized Heritage stones
of India.

Among them, Makrana marble has been
used extensively as a dimension, ornamental
and sculptural stone for numerous iconic buil-
dings’, such as the Taj Mahal of India— one

of the Seven Wonders of the World and the
Moti Masjid, the 17th century religious
building located inside Lahore Fort, Paki-
stan. Red sandstone is extensively used to
construct iconic buildings in North India, in-
cluding the Red Fort of Delhi, Agra Fort
and surrounding buildings. Sourced from
the Vindhyan mountains of India, red sand-
stone has been proposed for GHSR status”.

Recently, attempts have been made to
declare the Alwar Quartzite of Rajasthan as
a GHSR®. It is being reasoned that the rock

has been extensively used in several stone-
built monuments in Delhi and other states
in North India. Several monuments of Delhi,
in particular, built during the ‘pre-Sultanate
period” (11th century or earlier) and the Bri-
tish Raj in the late 19th century, have ex-
tensively utilized the Alwar quartzite.

The Golden Jaisalmer limestone, a yellow
lime from Jaisalmer, Rajasthan, has been
used widely in heritage monuments in India.
The Jaisalmer Fort was built in AD 1156
using yellow Jaisalmer limestone. Other

Figure 1. A few polished Global Heritage Stone Resource of India. a, Jaisalmer limestone;

b, Charnokite; ¢, Khondalite.

Figure 2.

Photomicrographs of different varieties of carbonate aeolianite. a, Typical biopelsparite;

b, well-rounded clast of foraminifera; c, typical pelsparite; d, e, pelbiosparite; f, pelsparite®.
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monuments of great antiquity built using
Jaisalmer limestone include Patuon Ki
Haveli (1805), Salim Singh ki Haveli
(1815), Gadisar Lake Temple and Chhatris
(AD 1156), Amar Sagar Jain Temple (1871)
in Jaisalmer area (Figure 1 a).
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The tombstone of Job Charnock in the
vicinity of St John’s Church compound in
Kolkata, was made of a quartz—feldspar—
hypersthene-iron ore-bearing rock named
as charnockite by Thomas Holland®. This
world-famous rock incorporates orthopy-

—

Figure 3. Geological map of Saurashtra peninsula showing coastal miliolites in yellow brick pat-
tern, Gujarat, India (source: Merh, S. S., Geology of Gujarat, 1995; ISBN No: 81-85867-14-3).

Figure 4. A few iconic structures made of miliolite limestone. a, PWD building, Mumbai, built in
1870, the facade of which features miliolite limestone. b, Iconic buildings of Victoria Terminus,
Mumbai built in 1877 using miliolite limestone. c, Iconic buildings of the High Court, Mumbai built
in 1862 using miliolite limestone. d, The 15th century Adi Chadi Vav (a step-well), Uparkot Fort,
Junagarh district, Gujarat, carved entirely in miliolite limestone.
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roxene-bearing, high-grade felsic-granulites
and granitoids®. The Mahabalipuram Temple
complex (UNESCO World Heritage Site),
Sri Padmanabha Temple, Vivekananda and
Thiruvalluvar memorials and Job Charnock’s
tombstone are just a few examples of mon-
uments made of charnockite/granite spread
out in various parts of India (Figure 1b).
Today Indian charnockite has a huge mar-
ket in countries like Japan, Germany, Italy,
the Netherlands, UK, USA, Africa and Aus-
tralia. The protracted history of the usage of
charnockite in architectural heritage in India
combined with its unique geological signi-
ficance, makes it an exemplary candidate
for recognition as a GHSR.

Yet another stone proposed to be designa-
ted as a GHSR from India is khondalite’
(Figure 1 c¢), which has been used for buil-
ding most ancient temples in Odisha, for
example, the Konark Sun Temple and the
Jagannath Temple of Puri.

Khondalite is dominantly found in the
Eastern Ghats between Vijayawada and
Cuttack. The term ‘Khondalite’ is also used
to describe other rocks of similar composi-
tion found elsewhere in India, as well as in
Burma, Sri Lanka and the Inner Mongolia
region of China.

Miliolite limestone, also known as Por-
bandar stone, is a carbonate rock found in
the Saurashtra and Kachchh regions of Gu-
jarat. The name was given by Carter® (1849)
as he found Miliola (Foraminifera, family
Miliolidae) in the thin section of Porbandar
stone. Later, Chapman® (1900) examined the
microfossil in detail. The Quaternary car-
bonate sequences of Saurashtra consist of
Miliolite Limestone Member and Chaya
Member™®. The Miliolite Member includes
petrographic types biopelsparite, pelsparite,
biosparite, biosparrudite, intrasparrudite
and micrite!! (Figure 2), while the Chaya
Formation includes mainly biosparrudite
and shell limestones'®'2%2,

From the stratigraphic relationship, pal-
aeontological studies and geomorphological
data, the age of the miliolite limestone is
considered as Late Pleistocene to Early
Holocene'**®,

As mentioned earlier, miliolite limestone
occurs along the Saurashtra coast of Guja-
rat’®’. In the interior highlands, it occurs
overlying the Deccan Traps, Mesozoic and
Tertiary sediments (Figure 3). In Kachchh,
it occurs as isolated, patchy outcrops in the
central plateau™. The aeolian obstacle dune
deposits of miliolites occur at an elevation
of 200 mamsl. Miliolite limestone also
occurs as thick aeolian deposits in Diu is-
land®®. The origin of miliolite limestone is
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controversial and has been discussed by
many workers!*1416-2*  According to one
theory, it is considered to be of marine
origin, while according to another it is of
aeolian origin.

Most miliolite rocks occur on hill slopes
and in valley depressions which are natural
barriers and serve as traps for the wind-
borne sediments. They also occur as barchan
fossil dunes®. These characteristics indicate
an aeolian origin for the miliolite rocks.

Miliolite limestone has been used to
make buildings and other structures for a
long time. One of the unique structures
carved entirely out of miliolite limestone is
a 15th century 41 m deep, circular step-well
named as Adi Chadi Vav, in Uperkot Fort,
Junagarh district, Gujarat® (Figure 4). A
group of Junagarh Buddhist caves compri-
sing Khapra Kodiya Cave and Baba Pyara
Cave were excavated in miliolite limestone
during the 3rd-4th century BCE, during the
rule of Emperor Ashoka. The Khapra Kodiya

Buddhist Cave is the most beautiful archi-
tecturally. These Buddhist caves are situated
near the Uparkot Fort?’.

The miliolite limestone was shipped to
Mumbai, Kolkata, Chennai, Karachi and
even to Myanmar as it was highly valued by
sculptors and architects. The facade of the
Public Works Department Office in Mum-
bai was constructed in 1870 using miliolite
limestone. Many public buildings in Mum-
bai, including the Victoria Terminus, Bom-
bay High Court, Crawford Market and
Knesset Eliyahoo Synagogue have been
built using miliolite limestone?® (Figure 4).

Miliolite limestone is also used for indu-
strial purposes (cement, chemical, soda ash
industries).

Miliolite limestone is also found along
the southern Arabian Sea and Persian Gulf
coast (Figure 5). It belongs to three forma-
tions: the aeolian Ghayathi Formation, the
continental Aradah Formation and the ma-
rine Fuwayrit Formation. The Fuwayrit
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Figure 5.
Dofar to Farur (after Evans®).

Distribution of miliolite limestone along the Persian Gulf and Arabian Sea coast from

Figure 6.

Beach and dune deposits of Pleistocene—Holocene of Bermuda. In the foreground are the

ancient beach deposits formed when the sea level was higher than at present. In the background are
the dune deposits (aeolianites formed) when the sea level fell (after Rowe®®).
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Formation was deposited during the last
interglacial®®. At Dhofar (southwestern Sul-
tanate of Oman) on the shore of the Ara-
bian Sea, miliolite limestone is used in the
manufacture of cement. Several types of
limestone have been traditionally used for
building mosques, houses and sheds in the
Fuwairit archaeological site in NE Qatar.
They include limestone of Dammam For-
mation (middle Eocene) and oolitic lime-
stone. At Jebel, Fuwairit oolites are found
as fossil dunes®. In Bermuda, the equiva-
lent of miliolite limestone of India, Pakistan,
Arabian Sea and the Persian coast is aeo-
lianite (Figure 6). This is a testament to dune
activity during Pleistocene—Holocene.

Out of 22 sites that have been designated
as GHSR, five are limestone sites®, three
belong to the Jurassic, and one each to the
Cretaceous and Miocene. For example:

(1) Portland Stone of the Jurassic in Dor-
set, England.

(2) Podpeé Limestone of the Lower Juras-
sic, in southern and southwestern Slo-
venia®,

(3) Lioz limestone of the Cretaceous, in
Portugal and outcrops in Lisbon and
neighbouring countries®,

(4) Lower Coralline limestone of the Mio-
cene in the Maltese Islands.

(5) Bath Stone an oolitic limestone of the
Jurassic from Somerset, England.

Thus the miliolite limestone is suitable to
be declared as a GHSR.

1. Garg, S., Kaur, P., Pandit, M., Fareedud-
din, Kaur, G., Kamboj, A. and Thakur, S.
N., Geoheritage, Springer, Berlin, Germany,
2019, vol. 11, pp. 909-925; https://doi.org/
10.1007/s12371-018-00343-0

2. Marker, B., Geol. Soc. London, Spec. Publ.,
2014, 407(1); doi:10.1144/SP407.3.

3. Sharma, V. K., Geol. Soc. London, Spec.
Publ., 2019, 486, 325-341.

4. Kaur, G., Agarwal, P., Garg, S. and Kaur,
P., Geoheritage, 2021, 13(3); doi:10.1007/
$12371-021-00574-8.

5. Kaur, G, et al., The European Association
of Conservation of the Geological Herit-
age, 2020.

6. Sreejith, C., Lama, E. A. D. and Kaur, G.,
Episodes, 2021, 4, 19-29.

7. Bisoyi, S. K., Times of India, 4 December
2019; https://toi.in/611Zkb/a23gk

8. Carter, H. J., J. R. Asiatic Soc. Bombay,
1849, 3, 158-173.

9. Chapman, F., Q. J. Geol. Soc. London,
1900, 56, 584-589.

10. Mathur, U. B., Verma, K. K. and Mehra,
S., Geol. Surv. India, Spl. Publ., 1988,
11(11), 333-345.

151


https://doi.org/10.1007/s12371-018-00343-0
https://doi.org/10.1007/s12371-018-00343-0
https://toi.in/61IZkb/a23gk

SCIENTIFIC CORRESPONDENCE

11. Shrivastava, P. K., J. Geol. Soc. India,
1968, 9, 88-96.

12. Bhatt, N., J. Geol. Soc. India, 2000, 55,
139-148.

13. Bhatt, N., Proc. Indian Natl. Sci. Acad.,
2003, 69(2), 137-150.

14. Biswas, S. K., Sed. Geol., 1971, 5, 147-
164.

15. Sharma, K., Bhatt, N., Shukla, A. K.,
Cheong, Dae-Kyo and Singhvi, A. K,
Published online by Cambridge University
Press, 2017.

16. Mathur, U. B. and Verma, K. K., Geol.
Surv. India, Spec. Publ., 1979, 45, 255-
262.

17. Patel, M. P. and Bhatt, N., In Proc. Recent
Res. Geol. W. India (eds Desai, N. and Ga-
napathi), MSU, Baroda, 1995, pp. 117-
124.

18. Goudie, A. S. and Sperling, C. H. B., J.
Sed. Petrol., 1977, 47, 630-633.

19. Prizomwala, S. P., Yadav, G., Bhatt, N.
and Sharma, K., Curr. Sci., 2018, 115(12),
2297-2300.

20. Sperling, C. and Gaudie, A. S., Sed. Geol.,
1975.

21. Merh, S. S., Presidential Address (Geology
and Geography Section), 1980, 67, 16-42.

22. Briickner, H., Montaggioni, L. and Rescher,
K., Berl. Geogr. Stud., 1987, 24, 343-361.

23. Patel, M. P. and Bhatt, N., J. M. S. Univ.
Baroda, 1994, 41, 85-101.

24. Patel, M. P. and Bhatt, N., J. Geol. Soc.
India, 1995, 45(2), 191-200.

25. Mathur, U. B., Rec. Geol. Surv. India, 1987,
113, 79-84.

26. https://junagadh.nic.in, tourist-place, adi-
kadi-vav

27. Wikipedia https://en.wikipedia.org, wiki,
Junagadh Buddhist Cave Group

28. https://en.wikipedia.org/wiki/Porbandar_
stone

29. Williams, A. H. and Walkden, G. M., Geol.
Soc. London, Spec. Publ., 2002, 195, 371~
386.

30. Freire-Lista, D. M., Sousa, L., Carter, R.
and Al-Naimi, F., Episodes, 2021, 44(1),
43-58;  https://doi.org/10.18814/epiiugs/
2020/0200s12.

31. Pereira, D., Episodes, 2021, 44(1), 75-80.

32. Kramar, S. et al., Geol. Soc., London,
Spec. Publ., 2014, 407, 219-231; https://
doi.org/10.1144/SP407.2.

33. Silva, Z. C. G., Geoheritage, 2019, 11,
165-175; https://doi.org/10.1007/s12371-
017-0267-7.

34. Dasgupta, P. and Bandyopadhyay, S., Sedi-
mentology, 2008, 55(5), 1361-1374.

35. Evans, W., Q. J. Geol. Soc. London, 1900,
56, 559-583.

36. Rowe, M. P., An explanation of the Geo-
logy of Bermuda, Bermuda Government,
1998.

ACKNOWLEDGEMENTS. | am indebted to
Dr Neera Mathur, retired Professor of Zoology,
University of Rajasthan and Dr Anil K. Mathur,
retired Director, Geological Survey of India for
valuable feedback and edits.

Received 27 September 2021; revised accepted
1 December 2022

UMESH BEHARI MATHUR

Geological Survey of India,
644, Embassy Pristine, Iblur,
Bengaluru 560 162, India
e-mail: ubmathur@gmail.com

The Diyodar meteorite fall in India

A meteorite fall was witnessed by the villa-
gers of Rantila and Ravel, Diyodar taluka,
Banaskantha district, Gujarat, India, at
around 19:30 h (IST) on 17 August 2022.
Here we discuss the circumstances of the
fall and provide a brief description of the
meteorite in hand specimen and a few pre-
liminary examinations.

The meteorite fall was observed in two
nearby villages, i.e. Rantila and Ravel, about
10 km apart. Figure 1 shows the location
of the fall areas. The meteorite was obser-
ved to fall at Rantila village (24°14'26"N;
71°46'45"E) in a soft, clayey agricultural
land. One of the villagers mentioned that
he did not witness any trail, but a thunderous
sound was heard, like the passing of a jet
plane. During the fall, a large piece of the
meteorite hit a neem tree branch and broke
into several fragments due to the impact.
The tree branch also broke into several large
pieces (Figure 2). Several fragments of the
meteorite were found scattered in the field
(Figure 2). The villagers collected the large
pieces immediately after the fall. The mass
of the largest piece was around 200 g and
about 12 cm x 6 cm x 4 cm in size (Figure
3). The large pieces of the meteorite were
handed over to the local Tehsildar (Mam-
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latdar) office of Diyodar taluka. The next
day after the meteorite fall, both the villages
witnessed heavy rainfall and the strewn
field was almost submerged in water. A few
smaller pieces of the meteorite were reco-
vered beneath the soil cover after the flood-
like situation improved and the farmland
became relatively dry. At Ravel village
(24°09'55"N; 71°42'45"E), a fragment fell
close to a villager while she was cleaning her
porch (Figure 2). A loud sound was heard
by her and many residents of the village.
The fragment had damaged the floor tiles
of the porch, creating a small crater (~14 cm
diameter and ~4-5cm deep) (Figure 2).
According to the villagers, the meteorite
fragments yielded a strong, pungent smell
similar to the sulphur gas.

A group of Physical Research Laboratory
(PRL), Ahmedabad scientists visited the
fall areas and collected two large fragments
(about 200 and 20 g) from the Tehsildar
office at Diyodar on 23 August 2022 (Fig-
ure 3). They also did a thorough search in
the vicinity of the fall sites to look for more
meteorite fragments. After interviewing
several eyewitnesses and plotting the fall
locations on a map, the trajectory of the
meteorite was predicted from the south-

west to the northeast direction (Figure 1).
This direction of impact and the spread in-
dicate that there could be more fragments
in between and away from these villages
along the trajectory of the meteorite.

The hand specimen of the meteorite
fragments appeared as fragmental/regolith
breccia and were similar in both locations,
suggesting that they were likely part of a
single meteorite mass before breaking dur-
ing its passage through the Earth’s atmos-
phere, perhaps at low height in a low-angle
trajectory. The fragments were fragile, and
the inner material was brittle. A light brown
fusion crust (apparent thickness ~0.5 mm)
has been partly preserved over small areas
in both fragments (Figure 3), which indi-
cates that the fragments are part of a larger
meteorite chunk. The sample was a stony
achondrite breccia with predominantly
white pyroxene grains of various sizes and
shapes. Large pyroxene grains (up to 2.0 cm)
occurred as bright white translucent crys-
tals with two perfect sets of prismatic cleav-
ages (Figure 3). The pyroxenes appeared to
be predominantly enstatitic in the hand spe-
cimen.

The main fragment of the collected me-
teorite was examined for the presence of
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