ISOTOPIC AND ELEMENTAL STUDIES OF GONDWANA
CARBONATES AND THEIR IMPLICATIONS

A Thesis submitted to

DEVI AHILAYA VISHWA VIDHYALAYA
INDORE

For

THE DEGREE OF
DOCTOR OF PHILOSOPHY IN
PHYSICS

By

PROSENJIT GHOSH



Dedicated
To

My beloved parents



CERTIFICATE

I hereby declare that the work presented in this thesis is original and has not formed the

basis for the award of any degree or diploma by any university or Institution.

Author

q& %%cf

Thesis Supervisor

F (PROSENJIT GHOSH)

(Prof. S.K Bhattacharyu. )



7 am indebted to Prof. S. K. Bhattacharya, my cherished gune. for his guidance and encounagement
provided thioughout the investigalion and during The treparalion of this thesis. Many of the ideas incorporated
in this theais oniginaled from him. 7 alss express my deet sense of gratitude to him for leacking me the art of
dtable caotope mass spectrometry. 7 am beholden to many pesple, whode inspinalion, advice and precious lime
have helped me considenally in the oneation of this thesis, W R.A4. Jani and Dr. B. Ramesh of Stalle
iotope Laborarory, PRL prouided me all essential facilities and encouragement fon the analyses of samples. 7
am grateful ts Prof. Ruishnaswami, Prof. K. Gopatan, Prof. 9.H. Goowami, Dr. R.Ramesh Dr.
.M. Sarin, Prof. BLRK. Somayajulu, Prof. W.Bhandaré and Dr. G. Sninivacan for valuable
disenssions duning group seminars and annual review. Dv. A . Dagyal, Dr. §. R, Trivedi and Dn. ..
Sanin hetped me enonmously for analytical works. Many thanks ane due to them. BEE and Trace elemental
analyces of the samples fresented in the thesis. would have been impossille without the help of Prof. Ebhihara
of Tobyo metropolitan Univensity. 7 am thankful ts Prof. Ebhihana and Dn. Auindya Sarkar for timely
field work from Prof. Amitava Chaknabant of 777 Rharagpar. 7 gratefully acknowledge kis kel and
cooeralion duning vanieus stages of this work. His conlinious support and suggestion helhed me improuing the
guality of this work. My thanks ane due to Dr. ParthaSaratii Ghosk of 157 Cateutta forn his help in field
work and froviding me dome of the precious samples used duning invectigation.

7 bad a pleacune of working with many members of Eanth Seience griup, PRL, Drn. P.H. Subhta,
Dn, Ranchan Pandey, Dr. Suprniya (Chakrabante, Wtr. Havin Juyal, M. 9.7, Padia. M. Despande.
W, Baw Bhusan, Dr. Ahish Sarkar. Dr. Sund Singh, Dr. 0.5 . Ray. W W Yadava, .
D% Rao. Dr. D. Yadaw, WM. Rauchik Dutta. WM. Rajesh Agnihonti , W Subrata Chakrabarty,
Wo. A.D. Sukbta. and M. Taran Datai. My special thanks are due ts Dr. 0.5, Ray for guickly
analyping a few thin cection camples wiing (L faclity at Ottawa University. 7 am thankful to Prof.
. Gopatan and Dn. AWM. Dayal of . G.R.9. {for thern belp in analysing large number of camples for Sh
wotopes. Dn. Sudipta Sankar of GST. Gandhinagan helfred me in clay extraction work and taught me the
technigue. Dr. Simon Prosser of former Ewopa helped me n Tnter-laboratory callibration everoize ly
analysing a few G- Canavia and THINS laboratory standards i GEOZ0-20 mass spectrometer at Uthaka
Universiy, USH, v

7 wich to extend special thanks ts Dn. Supriya (Uhakrabortc and R. Ramesk (o reading the
manwocnipt and for theor valuable suggestion and eniticioms towands the improvement of manudcnipt.

9 learut many aspects of electronics and softwane wsage from M. V. G. Skak. M. Pandian, M.
Pranac, and V. Rakul Sharma. 7 am extremely thankiul to all these people. who had the patience to make
me wunderstand the subject. T have alwags enjoyed the favoun of M. Runup and M. Sivasankaran, for
vanious glass Wowing job. ) have learnt from them the inctial ant of glass Ulowing. 7 am extremely thankiul to
both of them for support aud encowagement. 7 am thankful to Wr. 0. 2. Bhavsar and WM. N.E. Vagheta (or
belt and acsistance.

7 appreciate the kelp and encowragement frovided by Prof. Amitabha (Chabnabarti. Prof. Pradit
Bose, Prof. V. Rajamani. Prof. K. Balakrishuan, Prof. D.M. Banerjee. Prof. S.Rumar, Prof.
S.%. Tandon, Dr. Bhibhuti Ray and Dr. Parnthosanathe Ghotk for petropaphical studico. Discussion with
Prof. S. Ruman and Prof. Pradip Bose wene hkelpful in explaining some of the experimental observations.



7 am vhankiul to Gouncil of Scientific and Tndustrial Research (CSTR). PRL and Commitree for
International comference on Geackronalyy and (Cosmactnonolyy (1C0G) for roviding me travel assiotance and
oppuntunity for partictpation in 1C0G-9. Beijing. 1998.

The ket and cosperalion extended by the authortics: PRL's cademic committee, dmistration
and Worshop. and Dewi Ahilaga Vichuwavidyalaya, Tndore in particaton Prof. K. P. Makeshwari &
gratefully acknowledged. 7 applaud the helt provided by PRL Library memberns. 7 am thankful to Mo,
Panna Thabbar, M. Rokiné Patidl, WMo HWisitha, M. Rewwr and Mrs. Giya for sutport and timely
kelp.

The Tnspiration and cheers given by my friende and admoner of my elegant stories, Th.

Ramackandran. Dr. Tarun Pant. Dr. Prachant Rawat, Dr. Siva Rumaran. Dr. Debasish Banerjee. Dr.
Debatrata Banerjee were of tremendous value duning the counse of thic work. Biannual field secoion and PRL
sports clube and mendbens bept my kealth in good condition Uinodgh continious involuements in uanious sfonts and
tounnaments.
Special thanks are due ts Wor. Diolakia and M. P.S. Shak of computen section for assistance. I
am seally agpreciating the enomous suppont prouided by all colleague and fellow mates duning concluding stage
of the theois. 7 evpness special gratitude to W, Awinban Das, W, Sutbrata (Chakrabarty M. Supriya
Chatnabarty . M. Roushik Dutta, M. A.D. Subbta, Mise Debjani, Wiss Leena, Miss Basu and Miss
Rawr .



Abstract
Section-A

Ubiquitous presence of carbonate nodules in glaciogene sediments of various Permo-
Carboniferous basins in peninsular India offers promise for delineating the climate and
environment of deposition at that time. Isotopic composition of carbon and oxygen have
been determined in carbonate nodules collected from the basal formation (Talchir) of
three Gondwana basins of East-Central India along with a few samples from
contemporaneous Dwyka tillite of South Africa. Petrographic, cathodoluminescence and
sedimentary evidences suggest that many of these nodules contain primary carbonate

precipitates and therefore their geochemical signatures can be used for palaeoclimatic

18 13 '
inference. The mean & O, 6 C and 8751/%Sr values of the calcites in the nodules are 10.8

%o w.rt. SMOW, -9.7 %o w.rt. PDB and 0.730 respectively suggesting a freshwater
environment (probably lacustrine) for formation of these concretions. The mean oxygen
isotopic composition of meteoric water at that time (Early Permian) and location (70 °S
palaeolatitude) estimated from 3'%0 of calcite is -22.5 %o and is close to the expected
isotopic composition of precipitation (-21.0%0) at this latitude. This similarity suggests
that (i) assignment of palaeolatitude of this location is reasonably correct and (ii) the
global hydrological cycle in Early Permian was operating in a similar way as that of
today. There is a slight depletion in value, which can be interpreted either in terms of an
amount effect due to enhanced rainfall or an altitude effect if the precipitation occurred at
high altitude as expected for development of the Talchir glacier. Nodules arc analyzed
for Sr isotopic composition and results indicate that samples from Damodar valley region
(with Sr ratio ~0.730), received water draining from adjoining granitic terrain of
Chotanagpur region as suggested by isotopic ratio of 0.730 for its most weatherable
component i.e. plagioclase mineral. Similarly, nodules from Mahanadi valley have
87Sr/g(’S.r ratio of 0.720 similar to the ratio observed in mafic granulite of eastern ghat
suggesting this region to be water source for Talchir basin in Mahanadi valley. This
inference is supported by REE pattern and trace element concentration of carbonate phase

of bulk nodule samples.



Section-B
Satpura basin of Central India contains four well-developed soil horizons belonging to
Permian (Motur Foﬁnation), Triassic (Denwa Formation), Jurassic (Bagra Formation)
and Cretaceous (Lameta Formation) periods. These soils contain pedogenic carbonates in
the form of rhizocretion and nodules. The oxygen isotopic composition of these
carbonates is used for inferring the soil temperature during those periods. The carbon
isotopic compositions of the soil carbonate and coexisting soil organic matter are used to
infer the 8"°C of atmospheric CO; and its concentration using the model developed by
Cerling. It is seen that the atmospheric CO, level increased by a factor of 8 frem Permian
to Jurassic and declined again during Cretaceous. The nature of the change agrees with
the result of the CO, evolution model of Berner (GEOCARB II) but the magnitude of the
CO, increase in Middle Jurassic and Late Crctaceouvs was higher than the predicted value.
The rapid increase in CO, concentration is consistent with the observed increase in the
maturity of the soil profiles along the stratigraphic column. Degassing of Earth's interior
due to rapid break-up of the Gondwana landmass during ‘Triassic and Jurassic period

could have caused the rapid CO; evolution.
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