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MEMORANDUM OF UNDERS
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UD FOSSILS FROM LAMETA FORMATION

)

CONTINENTAL TETRA

This MEMORANDUM OF UNDERSTANDING is made on this date between Geological

Survey of India, Kollcata (herein referred o ag GS1) and University of Michigan and
Museum of Palecntology, Ann Arbor, U.S.A. (herein referred to as UMMP) for the
tield work, preparation, and musetum research on continental tetrapod fossils.

Background Information

The Geological Survey of India has been pursuing research on Indian dinosaurs and
associated Late Cretaceous vertebrates jointly since 2001, in collaboration with Prof.
Jelfrey Wilson MMEF under MoU. As mentioned in the letter by Prof. Wilson,
addressed to the

cretary Ministry of Mines (15 July 2010), New Delhi. these
collaborative studies hav

produced excellent results having impact on the global
research on dinosaurs and snakes, The recently completed MoU between GSI, C.R. and
UMMP on "Study of Late Cretaceous Snake Fossils from the Lameta Formation of
Kheda District, Gujarat’ (initiated on 18 Junc 2004 at GSI, CR,, Nagpur) was very
successful. The uniqu € specimen that was the centrepiece of that Mol needed
advance techniques for its preparation, and it was removed (o UMMP for preparation by
skilled professional with special technigues. The [indings under this collaboration proved
to be of global significance, not only for the origin and evolution of snakes but also for
the unique evidence for predation by primitive snakes on sauropod dinosaur hatchlings
and eggs. A paper was published in the h -impact journal PLoS Biology

71%2 bio. 1000322).
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pay crence was realized in Mumbai on 12
S press conference, a life-sized reconstruction of the snake and

vy

hatchling dinosaur wa presented to the GSI: it now resides in the Museum at GS1{CR)

Prof. Wilson has also been studying the collection in the Indian
R, (Nagpur) and Indian Statistical Institute (IS1), Kolkata and
ers on the Indian Late Cretaceous dinosaurs, which is a
significant contribution to the Indian palaeontology and especially the Cretaceous

stratigraphy and palae

Museum, Kolkata, G¢
has published quality

ramework for continuing joint GSI-UMMP study of Late
i reptiles of India over the course of the next few vears by conducting a
(1) large scale ficld project that aims to bring to light new and important specimens and
toplace them in a precige chronological and phylogenetic framework and (2) extensive

{retaceous foss

seeks to frame new discoveries within the context of
: L are to improve our understanding of the origin and
hic reiationships of India's Cretaceous fauna by: (1) collecting and

stic | Cretaceous continental tetrapods from infratrappean and
a constrained chronostratigraphic framework and
depositional context: (2) establishis g the genus-level affinities of newly collected and




previously-collected taxa from India and Pakistan: (3) investigating the implications of
these relationships for Gondwanan palazobiogeography and KT biostratigraphy.

Nature and Type of Study

The Late Cretaceous was a pivotal time for continental tetrapods. Dinosaurs were
reaching their acme before their end-Cretaceous dumw and mammals were beginning an
cvolutionary radiation that would lead to their Cenozoic predominance (65 Ma to
present). Biogeographic pr“msws operated on various spatial scales to shape these and
other evolutionary historie d -Palistan is a key landmass in pal laeobiogeography
bemuse of its unique palacogeographic history - early in the Mesozoic it was inter] ocked

fith other Gondwunm land mas su but it later drifted 5,000 km northward to collide with
Asia sometime in th ca;“i Pertiary. Althoug h the timing and nature of its trajectory are
disputed, Indo-I ‘xkrs{ » predicted to have acted as a one-way dis persal vector that
transported both its i\«w and fossil biota hom southern Gondwana to Asia, an event that
may have profoundly affected the /\smn and Indian biota. Despite its importance. the
fossil record of Anda Pakistan during this period remains poorly sampled. As a
consequence, Indo-Pakistan acts as a "wild card" in pala acobiogeographical scenarios - it
is indiscriminate to co mpeting hypotheses explaining the pwwsws shaping the past and
present biota of Asia. Palacontological orospection by GSI specialists (e.g., Dr.
ey)
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Dhananjay Mohabe in some cases in collaboration with Prof. Wilson has noduwd
diagnostic continental rapod fossils that show the D tential of these horizons to shed
light on Indo-Pakistani valacol iogeography. Addmo nally, renewed debate regarding the
timing and causes of the Cretaceous-Pa leogene (KT) mass cxtinction event has refocused

altention on the role of Deccan voleanism and the need for r high-resolution KT vertebrate
biostratigraphy outside of North America.
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le India since the late
th century,

of JW ear ilcst d %oxcwd amosaur fossils (Sieeman 1844).
Dmpxte the la‘z : - of bones coliected, few associations between elements have
been docurn - joint COMcctiom work has sought to forge as many valid
,suuatrorm as possibic. and has resulted the first clear im ventory of fossil reptiles from
ihu latest Cretaceous of India. A logical 'mext step’ would be to formalize these
observations and interpr 1 nising existing collection of dinosaur fossils in
Indian Museum, Kolkata, as Wdl as fossi 1 remains housed in GSI Nagpur, Jaipur, and
Gandhinagar., These xpu'ﬂ\:ns which are of international importance, are in need of
curation - as an expert in Indian din Osa*m Prof. Wilson can put together long-lost
specimens, repair and restore damaged specimens, and update the fossil catalogue. On

COl

similar lines, tne preparation and a‘esc iption of the selected specimens from existing
collection in [ ' 0 need 1o be taken-up for the study. Needless to
retlerate, the ¢ 1‘«!1@1«11 significance. Importantly, a part of the
wvated in the early 20th Century (1930s) remains
cimens reside in collections outside India (British Museum,
n Natural History, New York). Inventory of such Indian
dinosaur fossils abroad is now available. The study of this collection is crucial for




understanding all aDOL“ the Indian dinosaurs and is supplementary to the study the
collection available in Indian Museum, Prof. Wilson has an edge over the other
contemporary researchers on dinosaurs in a way that he has access to the Indian

collection abroad anc 1 nas extensively studied it.

Although there is still work to be done with materials previously discovered by C.A.
Matley in 1933 (which is available in the Museum Collection of GSI at Kol kata), we arc
now nearing the end of this museum-related work. It 1s critical that we take the next step,
which is to begin new exeavations that will bring light to previously unknown or poorly
known continental tetrapods that will shed light on India's pre-I- limalayan connections 1o
other landmasses. Field reconnaissance by Wilson and GS] personnel in 2007 has
revealed "hot spots” in western and central India where additional globally significant
lossils are Jmcly 10 be found. These must be exploited in the near future before they are
damaged, eroded, or found by amateur collectors and removed i illegally. We have sought
funding from the Nationa! Science Foundation (US) to amport our project, which we
hope will receive a positive response (pending December 2011). Our proposal would
involve intensive prospection of field areas, collection of %oloamai :Ltmpies for
magnetostratigraphic and chemostrati graphic hcuaucwmon and excavation of relevant
lossil remains This latter point is an important one, because without excavating
fossil specin ns, we can oo very little new work. Thf* way forward for a better
ayan india requires that new specimens come to light. We

un deuundmg: of pre-Hin
hope to conduct cur hevu work in western India (Kheda District, Gujarat State) and in
Lumal India (u ila, pisdura, Dengargaon, Maharashtra State) under the auspices
ol the GSI Western Ré on and Central Region, respectively and also the Curatorial
Division, I\od\

Vertebrate fo ! r clalized development that includes (but is not limited to)
preparation, ing . and CT visualization

Preparation
as well as cer
I

: certain new fossils that we tumn up during proposed field work.
ossils discovered previously (e.g., from Matley collection) will
2, which will require pneumatic tools in the hands of trained
ich facility exists in India (see below). The University of
icontology has an excellent preparation staff that specializes in
\.}Up /mxw miemuolow Isa.umich.edu/Resources/ 'prepLab.
ough the University of Mic chigan
510 a spiral CT scanning machine.
f fossil specimens of the size and

need speciali
professionals.

f)&pdli(ﬁuﬂ of ,\Ziui(‘:
the spiral CT scanner

i
X
preservation es the Dholi Dungri snake

Advanced Vertehy

ation facility in 'inua. UL\ is a need of the hour. The
under the aegis of GSITI ¢ r RTI, and it can be extended
pertise and techniques in D;cpmmg fossils 1o both the GSI
L students from otler organisations and academic instify ites.
I'he Advanced Vﬂn cbrate Preparation Lab. can be established involving expertise of

Prol. Wilson and his tezm members and their expertise can also be utilized as and when

ticility can be establ
mcluding cf»“\w‘r*'w';m‘;c

personnel and resea
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necessary for imparting fraining to the Indian scientists and students. Prof. Wilson is
committed to helping with the fund-raising, if need be, but funds must come from India.
l'ederal funds trom US (e.g., National Science Foundation} are not only scarce, they are
preferentially used to build US infrastructure.
Time-Frame: The Project will commence in the month of January, 2011 with a
ibbatical visit of Prof. Wilson (for a period of three months) to GSI, Nagpur, Kolkata,
Gandhinagar, and Jaipur “"wr%ng this wvisit, Prof. Wilson and GSl pemonnei having
lcading expertise inch embark on field pxmpw ion of fossil hot-spots in central
md western India 0f previous Jmm trips as well as trips by GSI alone.
calities inciude the Jal r site in Madhya Pradesh, Pisdura, Dongargaon, and Nand
focalities in Maharashtra, as the Rahioli and Dholi Dungri loealities in (JUj{:x‘alt. As
lar as possible, the efforts woul d be made 1o prepare the fossil specimens generated at
Palacontology Laboratory, Naapm and only ICI&,\’(N]L selected fossils that may nced
‘ I n with Wilson to the UMMP for development at the end of
'i"ms umc an opportunity can be created through GSITI for
< " Wilson in establishing the Advance Vertebrate Preparation
Facility at \@g ur or her center as may be identified. A visit for one expert
ollaborator from GS! period of about one month) to the UMMP is planned to
begin as soon as the preparation, imaging, technical iilustrations, and molding/ casting of
l§ > dinosaur specimens as ly finished, We tentatively schedule this visit for August
012, with t‘oe thaz timino nmv >hm depandmg on how quickly
cvelopment proceeds

availing the expertt

papers and GSE personnei w& lf“ namm in preparation tcchnqms (M helswmcl will
return with the developed fossil specimens to India.

Personnel

[his collaborative
Prol. LA, Wilsen.

been centrat to

y the GSI end the UMMP, as represented by
cludes Encz.;a‘% leading expert on Mesozoic reptiles and has
liscoveries in central and western India, including the (irst
notice of fossii dinosaur eggs (Dwivedi et ul 982; Mohabey 1984), the first notice of
dinosaur cgas and bones (Mo ‘hﬁ“/(,\' 987), and the tirst notice of giant snakes in India
AL Wilson has spmi Lhe pasl decade studying the
tal., 2001, 2003, 2009, 2010, in press).

Mohabey et al. ;”

Tossil reptiles of I
Proposed visits

Fhiee visils are ")z/\nf\im WO foz‘ \fv"“f(‘;n to visit the GSI Nagpur and one for GSI

" ' Wilson's visit is essential for the proposed
Is to the University of Michigan. The GSI
collaboratve study, lamiliarization with preparation
technigues, and transport of the fossil and casts back to GSI, Nagpur. Additional visits
will he planned as necessary
bt year of Co

reseateh and n

of Michigan.
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\in’;ll J\‘\L‘l}fl%“ and

porsonnel's visit is esse

orle (Phase-f): the first year of work will include both field
This inciudes (1) assessing and making inventory of the
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fossils in the Indian Mu , Kolkata and selecting specimens for their restoration and
revised taxonomic and i Iﬂ & nic description and organizing the specimens for display
in the Museum; (2) mm; uf spec mens in the collection of GSI, Nagpur. The fossils to be
removed for preparation to UT\ MP. This would be necessary until the facility is made
available in GSI as part of the ¢ >lhborat1ve project; () excavation in the original fossil
locality at Jabalpur and ca‘i]c ion of new specimens. Study of the specimens as
prioritized; (3) working out modalities for establishing Vertebrate Preparation Facility in
GSI; (4) visiting fos lmal T\ of Gujarat and working out plans for development of
Dinosaur Fossil Park in consultation with CGM. Gujarat who are maintaining the site in
consultation with GSI; (5) visit of GSI personnel o UMMP for learning special
techniques in preparation and to other museums for study of classic and crucial dinosaur
skeletons collected from all over the world and s specially from the Gondwanan countries
including Madagascar South America and Africa. Such visit are necessary for exposing
Indian scientists to the inter ;zﬂiona collection for rescarch and comparative study and for
developing expertise on dinosaurs. The expenses for the visit of GSI scientist can be
with local guest facility to be provided by UMMP.
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borne by GSI

lInd Year of Collabor
both field research an
Museum, Kol
back to GSI
neeessary
Preparation
imparting trai
and molding t
Preparation Lab.
and Phase

such facility to be born

year of work will also include
(1) continued study in Indian
! s visit, the specimens prepa ed at UMMP can be restored
on available; (2) excavation in fossil Iocall*y in Gujarat. The
fossils to ve done in the newly established Vertebrate
”;5., but sorme lossils may be removed for preparation at UMMEP: (3)
fossil preparation techniques includi g scientific casting
. scientists and trainees from other organisation in the Vertebrate
12 facility 1o be established d during the i mtervening period of Phase |
he ve Ai«{):)cuil@n of UMMP. The financial cost for establishing
£ (4) visit to important Indian Late Cretaceous dinosaur
for review and for additional information

he sccond
ch, ihl% includes
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associated Tossit loes

Mrd year (Fi ; ¢ last and final phase of the collaboration focus will be on
the inal touches to the studies co mpleted on the collection of Indian Museum, description
! include (1) write-up of description, illustrations of the studies
(”) imparting specialized training in the Vertebrate
Report and publicatiéns. Visits may occur as needed

and catalogui
completed o
reparation |

llunding

or more of the following funding
Gcowraphic Society, and The
National Science Foundation and would be arraﬂgcdi Profl J.A. Wilson.

I'xpenses for this res

\()HFL,L,Z.\. The Univs

( m»inw ical Sm vy of iadi of India will bear costs for the travel eXpenses
o p
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Institutional Obligations

The UMMP agrees to the following terms:

The UMMP wil] prepare, CAT scan, and produce high-quality casts of the vertebrate
fossil specimens. This will require an institutional loan for specimens; upon completion
ol this process, the UMMP will return casts and loaned specimens to the GSJ Nagpur.
The UMMP will keep a set of casts for their collections,

Dr. Jeffrey A, Wilson will provide expertise in the study of Mesozoic reptiles.

Dr. Jeffrey A. Wilson and U AMP will help train GS] scientists in fossil preparation.

The GSI agrees to the following terms;

The GSI will loan the fossi] specimens from its Central Region, Nagpur to the UMMP for
preparation, CAT scanning, and cast making.

The GSI will provide logistic support for field. maps and geological sections and other
information for study and publication,

GSI personnel will provide field expertise and other geological and locality information
on the fossil continental vertebrates (incl uding snakes and dinosaurs).

The UMMP and the GS3 Nagpur jeintly agree to the following terms:

Collaborators from both institutions will Jointly study the materia]

Collaborators from both mstitutions will Jointly write and publish scientific results from
these studies.

Collaborators from both institutions will Jointly pursue additional fieldwork for study of
Late Cretaceous continental vertebrates in Gujarat, Maharashtra, and Madhya Pradesh.

Security of the Specimens: Considering the importance of fossi] specimen, the safe
custody and security of the specimen would be ensured during the transportation of the
specimen from India and back by both the collaborators,
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hnture 1\}';) o L;,Lw,w,f';;; Signature®
) K% 8. o v Date 13 g
lmtyinra Place L e
A Sunduarnmoorthy Jeffrey A. Wilson
Dlrector General Associate Curator,
ologieal Survey of India Museum of Paleontology &
lawaharlal Nehru Road Associate Professor,
wolkinti 700 016 India Department of Geological Sciences

University of Michi gan
1109 Geddes Avenue
Aun Arbor M| 48109-1079 USA



