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Abstract: Detalled analysrs of selsmrc slgnatures of the Godavan graben together with avadable geologrcal and geophysrcal 
~nformatrons suggests that the granrtlc crust, especially in the axla1 part of the graben, may be aitogether misslng There 
1s a poss~blllty that Gondwana sediments rest dilectly over the granulitic basement 
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In a global zectonlc context, the Jndian shleld 1s unique 
and d~ffers cons~derably fi om other stable areas of the earth 
(Rogers and Callahdn, 1987, Naqvi and Rogers, 1987, 
Pandey and Agrawal, 1999) I t  contarns a number of 
Archaean - edrly Proterozoic cratons composed of 
d~verslfred geoIoglcal unlts These cratonic blocks are 
separated by sutures, shears, mega lineaments and rlft 
valleys Godavar~ graben, situated rn southeastern part of 
the Indlan shleld 1s one such prominent feature sandwiched 
between Bastar craton In the north and Dharwar craton In 

the south (Frg 1) It 1s basically a narrow and long 
tntracraton~c basin, sl tuated between lat 17-20' N and long 
79-82" E It 1s roughly about 400 km In length and about 50 
krn ~n wldth, conta~nlng 3 to 4 km thlck Gondwana sediments 
of Permian-Cretaceous age Thls graben IS bifurcated by 
Bhadrachalam ridge into two major parts, r e Pranhita- 
Godavarl basin In the north and Chlntalpudl sub-basin In 
the south (Flg 1) 

To delineate the deep structure of thls graben, two Deep 
Se~srnlc Soundtng (DSS) profries (Kallur-Polavaram and 
Polancha-Narsapur) were shot durlng 1985-86, across the 
Chrntalpudl sub-basln sltuated in the southern part of the 
graben (Kalla et a1 1990) In this study, w~de angle selsn~lc 
method was used whlch provided vel y prec~se veloclty- 
depth inforrnatlon, as it utrl~sed refraction veloc~ties for 
constraining reflected bands in the seismogram, however it 
dld not attempt to establish compos~tlonal aspects of the 
basement in the graben One of the two prof~les, Kallur - 
Polavaram, whlch 1s about 100 krn in length (shown as K-P 
In Flg I )  runs across the Chrntalpudt sub-basin Two 
dlmenslonal veloclty rnodelllng of the upper crust In thls 

basln indicates presence of a major jnterface at shallow depth 
of about 3 5 km, where veloclty Increases f l  om 5 4- 5 5 kmls 
to 6 2-6 4 k d s  (KalIa et  al 1990) Thls Interface colnc~des 
wrth an up  warped domaf structure w h ~ c h  runs across 
Godavari graben 

To delineate more precisely the detalled shallow veloclty 
stlucture In Godavarl graben, In vlew of the granulltlc 
occurrences on both s ides  (Rajesham e t  a1 1993, 
Rarnakllshnan, 2003), an lnverslon apploach was also 
attempted to model velocity-depth function as velocltles 
obta~ned by forward modell~ng are often not unlque For 
thls, we used Tau-P mverslon method (Bessonova et a1 1974, 
Kennet, 1976) to reanalyze seismic refract~on data I ecorded 
along thls profile (Katla et a1 1990) Thls method uses the 
concept of delay tmes In this techn~que, the first arrival 
refract~on data 1s ~nverted ~ n t o  a velocity depth functlon, 
wh~ch  provide maxtmum allowable depth bounds for a 
partrcuIar ve loc~ty  In z-direction Detailed method of 
lnverslon procedure can be found in Rao (2002) The 
computed one-dimensional estimates of velocity-depth 
functlon to a depth of 10 km are shown rn Flg 2 for shot 
polnts a,b,c,d and e whrch are In good agreement wlth the 
2-D velocity model of the same reglon (Ka~la et al 1990) 
Composite selsrnic crustal sectlon up to the Moho depth IS 
also shown rn Fig 3 

As can be seen from Flg 1, shot pornts a and e lte outs~de 
the Godavdrl graben, slttlng respectively over Archean 
terratn and Khondalltes of Eastern Ghat Mobile belt 
(EGMB), while the other shot points are w~thln the graben 
From Flg 2, ~t would appear that beneath all the shot 
polnts, seismlc veloc~tres reach as hrgh as 6 0 km/s at 
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Fig.1. Geology around Pranhlta- Godavarl and Chlntalpudr sub-basln (adopted from Rajesham et a1 1993) 1- Recent 
cover, 2 - Deccan Traps, 3 - Gondwana Formatrons, 4 - Proterozoic supracrustal belts, 5 - Kai tmnagar Granulite Belt (KGB) and 
Bhopalpattanam Granul~te Belt (BGB ), 6 - Eastern Ghat Mobile Belt, 7 - Nellore supracrustal belt, 8 Unclassified Peninsular 
gnelsses, 9 - Kallur-Polavaram (K-P) DSS profile where a-e are the shot po~nts, 10 - Bhadrachalam Rldge 

I 

shallow depths Inferred veloclt~es are much higher rns~de 
the graben (shot polnts b,c and d) compared to outside region 
(a and e) In fact a broad domal upwarped region as revealed 
by Flg 3 consp~cuously cornc~des wlth a broad gravlty low 
(Mlshra et a1 1987) along the axls of the graben In this 
upwarped reglon, P-wave veIoclties are as hlgh as 6 3 k d s  
at the ~ntrabasement level of about 3 km only, whlch rlses 
consistently to 6 9 km/s at the base of the crust lylng at 41- 
4 3 h  In comparrson to this, the estimated upper crystalline 
(granit~c-gneissic) crustal velocity I S  only of the order of 
5 3-5 6 k d s  in the adjacent regron (Ka~la  et a1 1990) 

Thls wouId mean that In all likelrhood, granltlc crust in 
the Chlntalpudr sub-basin is altogether mrssing In the 
central part of the graben c o ~ n c i d ~ n g  w ~ t h  the domal 
upwarp where the Gondwana sediments appear to lie 
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drrectly over the granul~te facies of rocks, as measured 
intrabasement velocity of 6 3 kmls cannot correspond to 
elther sedimentdry section or  a granltlc-gnelsslc crust 
A deta~led DSS work In the Southern Granul~te Terra~n 
(SGT) of southernmost India (Reddy et al 2003) has 
revealed that P-wave velocity In the upper crustal granulites 
are of the order of 6 1 to 6 3 km/s only Our conjecture 
would be well supported when we plot P-wave crustal 
velocity, as observed In Godavarl giaben, against to that 
obtalned In SGT (Fig 4) A close look at t h ~ s  figure would 
reveal unamb~guously that startlng from the ~ntrabasement 
depth to about 30 km depth, measured velocltles in the 
Chlntalpud~ sub-basin of the Godavarl graben are hlgher 
than observed In the Southern Granulit~c Terrain (SGT) It 
can thus be mferred that the upper and mlddle crustal rocks 
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Fig.2. Veloclty -depth models wlth upper and lower bounds of depth for any part~cular veloc~ty for the shot polnts a, b,c,d, and e of 
Kallur-Polavaram profile H~gh  velocities at shallower depths are seen in the graben part (b,c and d) as compared to outs~de 
reglon of the graben (a and e) 
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Fig.3. Crustal structure along Kallur-Polavaram (K-P) DSS profile P- wave veloclt~es are in kmfs The selsmic boundaries are drawn 
from 2-D modelllng of reflection data in which shallow sectlon is largely derived from refraction data The large dots on 
lntracrustal boundary are derlved from 2-d rnodell~ng of reflect~on data + + + denotes crystalline basement (afier Karla et al 
1990) 
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FigA. Comparison of Vcloc~ty-DepLlz relat~onshlp between 
Godavan graben (Kallaet a1 1990) and Southern Granul~te 
Terrain (Reddy et a1 2003) 

the Ch~ntalpudl sub-basln For example, an ~nlrer of g~ an~te- 
gnelss IS reported (Lakshm~nal dyana and Murti, 1990) at 
the contact between the lower and upper Gondwana 
format~on In the area no1 theast of Sattupally (close to 
Shot polnt b, Fig 1) whlch 1s s~tuated over the frlnge of 
graben 

Qulte likely, the gran~tlc crust may possrbly be almost 
rn~sslng from the entire Godavarl graben, specrally In the 
axlal part, as reg~onai grav~ty pattern would suggest It is a 
well-known fact that all d o n g  the bas~nal part of the 
Godavart graben (~ncludl ng Ch~ntalpudr sub-bas~n), gravlty 
IS prom~nently low which I S  bounded on a ther  s ~ d e  by 
gravlty hlghs (Mlshra et at 1987) Such grav~ty highs 
could very well correspond mld-Proterozoic Purana 
sed~ments and recently discovered m ~ d  to early PI oterozolc 
Kar~rnnagar (KGB) and Bhopalpatnam (BGB) granulltlc belt 
(Rajesham et al 1993, Ramakrlshnan, 2003), wh~ch bound 
the Pranhlta-Godavari bastn on both the sides (Fig 1) Both 
the granuiltlc belts are about 20-40 km In w~dth  and 
150-300 km In length (Santosh et a1 2004) It 1s then, but 
natural, to expect that such granul ttlc belt would also fol rn 
the basement rn the Pranh~ta-Goddvar~ basin Since the 
Godavarl graben IS a known extens~ona! featule, exhumatton 
of granulit~c crust to shallow depths 1s understandable 
(Grbson and Ireland, 1995 and 1 eferences therein) 

Above ~nference is not surpilsing as granitic crust 
has become qu~te  thin (less than a km to -8 km thlck ) ~n 
many segments of Eastern Dharwar craton due to several 
tectonothermal eprsodes and consequent upllft dnd eroslon 
(Pandey et a1 2002, Agl awal and Pandey, 2004, Catherine 
and Pandey, 2005, Reddy et a1 2004, S~ngh et dl 2004 etc ) 
Slrnllar srtuat~on preva~ls elsewhe1 e In the I17d1an crust also 
as lnd~cated by the current geolog~cal and geophysical 
knowledge Does t h ~ s  means that a mdjor part of the 
Indian crust 1s granul~tlc at shallow depth7The answer may 
posslbly be yes, however, mole detarled geolog~cal and 
geophysical studtes are st111 needed to confirm t h ~ s  

In thts part of the graben are more mafic than the granuirtrc Ack~towledgemeuts The authors dre extremely thankful 
rocks exposed tn SGT, but there could st111 be a thin to the anonymous tevlewer for hls constl uctlve suggestions 

crystall~ne basement left at some places In the glaben and to the Director, NGRI for permrttlng to publish t h ~ s  
However, they are certainly rnlsslng as a basement rock in work 
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