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. I‘h("symposium has brought together evidences regarding climatic vicissitudes in
In(}la d“"”‘lg Gondwana times from different parameters presented in seven thoughtful
Ell’ll.Cle, The parameters involved have been Palacogeography (BHARADWAJ, 1976a),
Sedimentology (Laskar & MiTrA. 1976 and Durra. 1976). Mineralogy (Stvcm, 1976),
Palaecontology (SuaH, 1976) and Palacobotany (LerLe, 1976 and Kar, 1976).

A'Ccm’ding to BuarADWA], the pnlacoposi{ion of South pole as deduced from palaco-
magnetic studies changed during the gondwanic time interval resulting into shifts of South
latitude for India from 40 70 during Permo-Carboniferous and Permian, to 30 —60
during Triassic, to 30°--55 during Jurassic and to 10°—50" during Lower Cretaccous.
While the climate of India during Gondwana times is principally conditicned by the latitudes
she encompassed, BHARADWA] has also considered the interplay of surface relief and the
then continentality of the subcontinent, on the climate. He has concluded the climate
of India to have been mostly frigid cold and dry during Permo-Carboniferous, cold or
temperate with increased precipitaticn during Permian, cold and dry or warm temperate
and humid during the Triassic, cool or warm temperete and humid during Jurassic and
subtropical to warm temperate during Lower Cretaceous.

Sedimentological evidence has been adduced by Laskar aND MiTrA for the climate
during Lower Gondwana time and by Durta for Upper Gondwana time. During the
deposition of Talchir Formation the climate was cold as the sediments represent glacial
and periglacial conditions. The Karharbari sedimentation occurred in cold climatic
conditions and cool to temperate climate extended probably into the ecarly phase of
Barakai sedimentation. During the deposition of younger members of Barakar Forma-
tion the climate gradually became warmer humid and equable but not necessarily tropical.
During Karharbari and Barakar sedimentation the rich coal deposits indicate damp
conditions conducive to prolific vegetal growth. The sediments deposited during the
Barren Measures/Iron stone shale/Motur Formation indicate the climate to have been
warm humid with seasonal dryness. During the deposition of Raniganj Formation their
calcareous nature is deemed to be a product of warm humid climate. LaAskar AxDp MiTrA
also argue out that the red bed facies of thc-Motur Forma‘tlon are due to its region being
lower In palaeolatitude (after D1ETZ et al., 1970) than‘the (,(.)davan, Mahanadi or Damodar
basins where the strata corresponding to Motur I*ormatlons lacks red colouration.

Durra concluded the Mesozoic (Upper Gondwana) climate to have commenced with
a warm semi-arid one during which extensive r(-‘d l)od's were f.ormcd and the same continued
till the end of Trias. Then, there was a brca.k in sed'lmentauon an.d the climate changed to
warm humid, similar to the present day tropics, during the Jurassic and Lower Cretaceous.
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Sinen has synthesized the available mineralogical data from Gondwana strata to
conclude upon the climate through Gondwana era. His conclusions, though tentative,
but for the older part, indicate a progressive amelioration of the climate from the glacia]
one during Talchir, cold temperate with impeded drainage and temperate with moderate
drainage during older Barakar (=Karharbari Formation) and warm temperate to sub.-
tropical with moderate to good drainage and tropical humid with excellent drainage
during younger Barakar and the same thereafter through Barren Measures with moderate
to poor drainage, Raniganj with moderate drainage, Panchet and Mahadeva with seasona]
droughts while Rajmahal and Jabalpur with excellent drainage but Umia with good
drainage only. The glacial climate during Talchir has been confirmed by SEM studies of
quartz grains (SiNnGH, 1974).

SHAH has reasoned out with duc caution the indications of climate on the basis of
faunal evidence. During Talchir deposition the climate is concluded to have been cold to
cool. During Karharbari the invertebrate fauna contaiming small sized FEurydesma is
rcasoned to have lived in cool temperate climate. Faunistic evidence is inconclusive
regarding climate during Barakar sedimentation and it is presumed to have been similar to
that of Karharbari. The climate of Motur Formation and its equivalents is argued to
have been warm and moist and that of Raniganj Formation temperate. The climate
during Triassic based upon estheriids and vertebrates is concluded to have been warm
moist with seasonal variations. During Jurassic and Larly Cretaceous a warm and moist
climate has been inferred.

LELE has analysed in detail the megafloral records to conclude on the climatic
vicissitudes during Gondwana times. Accordingly the phase of Gangamopteroid foliage
with meagreness of pteridophytes during Talchir suggests a cold (glacial) to cool temperate
climate. The succeeding phase of Glossopteroid foliage with abundant pteridophytes
and gymnospermous woods with growth rings suggests a warm temperate and moist climate
with hotter trends later. Commencing at the Permian/Triassic transition, the Dicroidium
flora with its general poverty and scarcity as well as the presence of xerophytic characters
in some forms suggests adverse conditions involving widespread aridity, irregular rainfall
and scanty water resources during the Triassic. With the appearance of Ptilophyllum flora
in Jurassic comprising a rich vegetation of ferns, cycadophytes and conifers which, consi-
dering their present climatic needs, seem to reflect a moist temperate to hot climate with
marked seasons during Jurassic and Lower Cretaceous.

K AR has discussed the climate during Gondwana era as reflected by the plant micro-
remains especially the spores and pollen grains dispersed in sedimentary strata. He has
inferred that during Talchir Formation the climate was cold followed by a warming up
in Lower Karharbari to turn again cold in the Upper Karharbari time., During Barakar
time the climate had turned congenial being warmer and more humid than before. How-
ever in the later Barakar time and during the deposition of Barren Measure and equi-
valent the dearth of pteridophytic spores suggests the climate to have been drier than
before. Raniganj Formation time must have had more cengenial climate again as pteri-
dophytic spores have been found occurring in good percentage in its sediments. The
palynological finds in the Lower Triassic suggest a warm humid climate soon followed by
a climate less humid than earlier. The palynoflora known from Lower Jurassic in coastal
region seems to indicate less humid climate. In the Upper Jurassic, humidity apparently
increased because of more pteridophytic spores having been found than in earlier Jurassic;
yet an extreme climate with marked seasonal variations seems to have prevailed.

During Lower Cretaceous the climate was congenial to the cryptogams to flourish
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as one of the most important components of the vegetation indicating thereby warmth with

good amount of rainfall. ' . iud
Table 1 sums up comparatively the diverse conclusions on climatic v1c1SSltuhcs

reached on the basis of various parameters as well as conclusions arrived at by the author

after a final discussion detailed below.

DISCUSSION
The climate of a region is primarily determined by its latitudin?l P(’Slt'on'd Du’:ﬁfi
Gondwana times India remained juxtaposed with eastern Central Afrlca. an.d Méfl- agasc
on the west and Antarctica on the South (BHARADWAJ, 1976a) till the begmnmg o J'UI‘ZS.SICi
However, during this period the South pole shifted variedly, thus, changing t.h-e latlftuI lz_a
position of India accordingly. Buarapwaj (1976b) has reconstructed the Posﬂmn of India
with reference to mean positions of the South pole during Permo-Carbor'nfc;rous,.Permlg'n,
Triassic and Jurassic times. As the pole shifted, the palacolatitudes w1fh1n V\fhlch In _1;:1
lay, also shifted. However, this shift was not very marked due to the orientation or drift
of the land mass or the direction of the polar shift compensating the change to some extcntn.
Thus, between Permo-Carboniferous to Permian and Permian to Triassic only 'abo'ut lOd
latitudinal shift each has been conjectured (BHARADWA]J, 1976b). 'Between- T.rlassxc an
Jurassic even this was mostly negativated because of the presumed drift .of India in the.salmc
direction as the migration of the pole. Obviously right upto Jurassic most of India lay
higher in the temperate belt. This position and her having form.ed part of a large con-
tinental mass extending West to East, cold to cool temperatures with distinct seasons seem
to have been normal. The extent of precipitation appears to 'have be.en changing an.d
causing significant difference in the vegetational cover over India. During l_a.tc lCar;bon.(;-
ferous to early Permian, the precipitation may not have been nr}uch but extensive low lands
filled with melted snow-water presumably subtendec% extensive cold temperfxte forests.
Middle Permian onwards the temperature must have risen to some e}.(tcnt causing replace-
ment of such vegetation as could thrive only in cold temperate regime, by t'he !ess. cold
loving one. The absence of cryptogams f:mm Motur/Barren Measure Form:dtlor} indicates
scanty but seasonal rainfall which al.ongwnh the .wtarmth could onl).l be posmblc‘xf betwelcor;
the Permo-Carboniferous and Permian p91€ .posmons, thfe }?ole might have r.mgrat-e(.i
southwards, almost to the position of Trlass.w pole. Thls is supp.orted by. sufulantlcs of
sedimentological conditions between the- Middle Permlan_ anq Middle Tua.ss.lc. Unfo'r-
tunately the palacomagnetic studies leading to the determination of pole Posnt.lon are.stlll
.xact and the pole positions used by BHAR:}DV\.’A] are onl}.r near approximations a-rrwed
ORI ing the mean position from those indicated by different constituent continents.
P Comp}Jtl;lg the positions of South pole based upon study of Indian rocks of Permo-
A‘S knov.vfn 5083;;1(1 Pefmian age lie much away from the normal polar wander curve and
C{arbom ir?:r such an anomaiy is still not clear (CREER, 1970). Moreover, CREER (1970)
or FC?I?O NNy (1973) have used the fit of Gondwana continents suggested by Smiti AND
(;; Me ;,LH(1197()) envisaging a much northly p.olsition‘ for .India th:}n Ill‘gll(‘fl out by
ALLA 1976a), for deciding the pole position vis-a-vis Antarctica. Obviously the
BHA-R[%D-WAJ[‘( - 1})1,ward shift of South pole during the Permian as compared to Permo-
E?Ssllbi:}zr:uj :(r)ll:l Permo-Triassic pole positions, should be likely. If so, the multi-
arbo ‘ :

rameter indications of similar climate in the Middle Permian and in the Middle Triassic
pa

justified. . . . .
WOU]dA}l)e} X h most of the parameters are stated to indicate subtropical to tropical climate
thoug : '

Triassic and Jurassic, the latitudinal position of India can at the most permit a cool
e Triassi .

for th
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to w . . . . ) . .
varm temperate, semi-arid to humid regime with marked seasonal fluctuations. For

the rer Cretace .
Lower Cretaccous most of the parameters are agreed about prevalence of generally

war . Yoy e . . . i
arm and all the year round humid chmate in India.
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