
SHORT COMM UN ICAT ION 97 

GRAVITY AND MAGNETIC STUDIES OVER TilE CIRCULAR GEOMORPHIC 
CRATER LOOKING STUUCTURES IN TIlE NARMADA TRAPS, 

CENTRAL INDIA 

R AV ] P RA"ASH SRIVASTAVA, SANDIP CHAITOPADHYAY, N IM ISHA VlDANTI and V P.D I1\1Rl t 

Fract31 ' in Geophysics Group. National Geophysical Research Institute. Uppal Road. I Iydcrahad - 500007 

tEmail: vpdimri@ngri. rcs. in 

Gravity and total field magnetic intensity data have 
been collected over three adjacent circular geomorphic 
featufes near Jabalpur, presently reported as volcanic 
vents in the Den'an volcanic province, Bouguer anomaly 
variation of the order of 1.2 to 2 mGal in a 1.5 km long 
profile, and total field magnetic anomaly of the order of 

·900 to 1400 nT have been observed. The gravity 
variation doc not give any reflection of underlying deep 
seated high density material; and there are no isolated 
or elliptical magnetic anomalies that can be attributed 
to the presence of deep seated anomalous source like a 
volcanic vent. The basement depth values as determined 

by Werner deconvolution technique corresponding to 
the three circular geomorphic features is 51.7,57.6 and 
75m. 

Introduction 

Several theo ri es have been proposed to understand the 
Deccan volcanic eruption. Some of th em believe that the 

major source of eru ption that occurred around 65± 1 Ma 
ago was situated in the wes t coast region and the lava flowed 
over the enti re Deccan Volcanic Provi nce (DVP). The other 
school of thought believes that espec iall y the compou nd 

lavas ca nnot now ove r long distances of 700 [0 900 km. 
Bilgrami (1999) bel ievcd tha t such erupt ions need to be 
sufficiently vo luminous in order to have trave lled for a 
distance of 700 km from the west coast of Ind ia. [Iowever, 
Wes t (1985) opi ned th at the lava of flood eruplions reached 
the surface through fissu res in the Earth's crust where the 

magma so lidified as dykes. It has been arg ued thaI in the 
Colum bia Rive r Provi nce (eRP) the individual /lows . or 

seq uences of flows have trave lled as much as 300 to 
500 km fro m their sources, hence the same might have been 

the case in the DVP also (Wes t, 1(85). Sri nivasa n ct al. 
(199 8) have reported the presence of three vo lcan ic vents 

in the eastern marg in of Deccan vo lcanic province in 
Indi a, nea r Jaba lpur. The ground gravity and magnetic 
surveys have been carried out 10 st ud y the reportcd circu lar 

features fro m the geophysica l poi nt of view. 

Gcological Setting of the Area 

The study area li es between 23.098 °- 23.10l oN and 
80.064° - 80.080oE (about 0. 60 x 1.80 km) at the foo thil ls 
of Bhonapahar (Hill No. 352, SOl topo 'heet No. 64N4). It 
is about 15 km SE ofJaba lpur, between Barela ami J unvani 
vi llages close to the Mandla road, (Fig. I ). The area fa ll s in 
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Fig.I. Location map of the study area (after Srinivasan cl al. 1998). 
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Fig.2. Location of circular morphological features shown as open circles X. Y, and Z. Gravi ty and magnetic profiles an: also silown. 

the eastern margin of the DVP and at the verge of the grea t 

Vindhyan formation . Basa lti c layer of average thickness of 
about 150-250 m rests over the grani tic basement in this 
area (Rao and Naya k, 1995). 

Presently the diameter of the circ ular rims reported by 
Srinivasan et al. ( 1998) range from 50.0 m to 60.0 m. These 

features ha ve a very low relie f of about 1.0 to 1.5 m above 

the ground level and are fi li ed up to the ground level by 
black cotton soil. Compac t basalt surrounds the circu lar 

feature and constitutes 10-12 m thick screens between them . 

Volcanic tuff is repol1ed underly ing - 1.0 m thick black cotton 

soi l within the circular features (Srinivasan et al. 1998). 

Data Acquisi tion 

Oround gravity and magnet ic surveys have been carried 
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out over the area in the proxim ity of the circu lar fea tures in 

a rectangular area of O.()O x 1.80 kill . Lacos te Rumberg 

gravimeter of sensitivity 0.01 mGaL and proton precession 
magnetometer of 1.0 nT sensi ti vity were used in gr;lvity anu 
magne ti c surveys respectively. The Bouguer anomaly ;d()n g 
two pm!)) '" is shown in I :ig. 3. The station interval in gravit y 

observations was about 10111 ncar the circLllar fc;llures, and 

it was slowly increased up to about 25 III at the rag enu ur 

the profi les. A few profiles ortota l field magnetic intensity 

have been recorded at the interval of amunu 10m (\.'i g.2) 

pass ing th rough the circular features and it s surrounding. 

The complex composition of basal ti c rocks prouuces short 
wavelength errat ic variat ions in magneti c ohserv; lt iOIlS, 

which were minimized by keeping the instrument sensor ;It 

th e heig ht of 6.0 m from th e ground leve l. Ano th er 
magnetometer wi th the sensor alm()st at the same hei ght wa:-. 
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Fig.3. (a) Bouguer anomaly along E- W profile . ( I'» Bouguer anomaly along N-S profile . 
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Fig.4. The total fi eld magnctic anomaly ovcr the pro fi les shown in Fig .2. 
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Fig.S. Contou r ll1;Jp of the total field magnetic anomaly over the study ;Jrca. contour interva l 1)0.0 nT. 

deployed for diurnal variation, recording at the regular 

interval of 20 minutes. The area was too small to account 

for the change in ambient magnetic field hence , the IGRF 

co rrection was ignored. The Werner decon volut ion 

technique (Werner, 1953) has been appli'cd to obtain the 

basement depths in rhe region. 

DATA PROCESSING 

Crllvity Anomaly 

A gravity base station was established in the survey area 

taking Jabalpur railway station as the primary base station 

having absolute gravity 978729.01 mGal (Qureshy and 

Warsi , 1972). The data acquired at close spacing is reduced 

after app lying all the rouline corrections. In Bouguer 

correction the rock density was taken as 2.92 glec, which 

was eva lu ated llsing rock samp les from the area o f 

investigation. Since the variation in Bouguer an()maly (I :jg.l) 

was not of the order expected over vents, hence Il() flirt her 

interpretation uf Bouguer ;In()maly is givcn. !!owcvcr. 

relatively high gravi ty va lues are observed over these circular 

features. 

Magnetic Anomaly: \V{'rlll'l" l)t'convolutio/1 

We have taken three E-W prnfdes (vii .. 1\1\', BIr and 

CC') and two N-S profiles (viz. DI), and EF) in the ~urvey 

area shown in Pig.2 . We apply the Werner deconvolution 

technique (Werner, 1953), which is very useful and simple 

for preliminary interpretation urthe potential field dal;l. for 

isolated bodies . The technique is hased on the assllmpt ion 

that the source is vert ieLlI th in dyke; ho\\'c \er. it C~ln h~ 

applied for other types or hodies as well, asslIming th ~lt thc 

body is made up of several thin dykes. Userulness ()r th e 

method is expanded by the fact lhat the hori/.()nlal gradient 

Longitude 
Fig.6. Basement depth contour map of the study area, conlour intcrv;J1 5.0 Ill. 
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of the total field caused by the edge of a thIck mterface 

body IS eqUIvalent to the total f1eld from a thm dyke Also, 

thIS techmque does not reqUIre any initial model for the 

ll1terpretatlOn (Ku dnd Sharp, 1983, Jam, 1976, Hartman 

et al 1971) Seven pomt Werner deconvolutIOn operator 

has been used tor the analYSIS of the profIles shown m 

FIg 4 The seven pomt opel ator reduces the nOIse and 

othel mterference effects 

RESULTS AND DISCUSSION 

The order of vanatlOn In gravity anomaly does not 

support any slgmficant anomalous feature present 10 the area 

It IS notIced th,H the vallatlOn In gravity anomaly In close 

VICInIty of the] epO! ted vents ranges from 0 2 to 0 6 mGal 

There IS no slgnatUle of any Isolated hIgh gravity anomaly 

SOUl ce, which IS n01 mally expected over the volcanIC vents 

A steep gl adIent has been observed 10 the total fIeld 

magnetIc anomaly of sholt wavelength The order of the 

anomaly IS about-900 to 1400 nT, which IS pOSSIble In some 

hIghly magnetIzed telfam VIZ, basalts, klmberlltes etc 

Profiles pass10g through the clfcular features and theIr 

plOxlmlty exhibIt a SinUSOidal pattern of the magnetic 

anomalte~ (FIg 4) Contour map of the total fIeld magnetIc 

anomaly has been shown In Fig 5, which shows that there 

a1 e no Isolated 01 elllptJcal magnetic anomalies that can be 

attllbuted to the presence of deep seated magma or the so 

called volcamc vents The basement contoUl map has been 

prepared from the depth values obtamed by the Werner 

deconvolutwn techl1lque The basement depth contour map 

(FIg 6) depIcts the depth of the Interface between gram tIC 

basement and the overlymg basaltiC column, whIch vanes 

from 5 0 to 75 0 meters The basement depth v dlues obtained 

beneath the three CIrcular features marked as X, Y and Z 
(FIg 2) IS 51 7, 57 6 and 75 ill respecti vely These feature~ 

are conSIdered here as shallow because none of these mdlcate 

great depth, as expected m case of volcanIC vents Also, the 

absences of an Isolated or ellJptlca] mdgnetIc dnomaly over 

these morphological features defy the presence of deep 

seated magnetic sources Hence gravIty and magnetic study 

does not support the occurrence of volcamc vents 10 the 

study area GeologIcally these bodIes could be f ISSUI es In 

the tholelltlc flows, dyke swarms or feeder dykes 

(Mahadevan and Subbarao, 1999, Subbarao and Hoopet 

1988) along the deep-seated fault passmg through JabaJpUl 
(Kalla et al 1989) and pOSSIbly would have, acted as a 

pathway for fIssure eruptIon 

Acknowipdgements Authors ate thankful to DST 
New Deihl for fInanCIal assistance to canyout gravlly 
and mdgnetIC surveys We extend OUI SIncere th.mks to 
Prof K V Subbarao (lIT Bombay) for hIS construcl1ve comments 
and suggestIOns on the fitst draft of this manuscnpt We ale thanktul 
to Mr J B SelvaraJ for vanous dISCUSSIOns m thIS course of WOl k 
Authors (RPS and NV) acknowledge CSIR, IndIa for the gIant of 
senIOr research fcllow~hlp 

References 

BILGRAMI, S Z (1999) A Ieconnatssance geologIcal map of the 
easteIn parL of tIl(' deccan LIaPS (Bldar-Nagpur) Mem Geol 
Soc India, No 43, pp 219 232 

HARTMAN, R R , TESKY, 0 J and FRICDBERG, J L (197)) A lOystem 
tor rapid digital aelOmagnetlc mtel pletatlOn GeophYSICS, v 36, 
pp 891-918 

JAIN, S (1976) An automatIc method of dIrect mtelprctatlOn of 
magnetic models GeophysICS, v 41, p '531-541 

KAlLA, K L , MUR rJ-IY, P R K and MALL, D M (1989) The 
evalualIOn of vIndhyan baSIn VlS a VlS the Narmada-Son 
lineament, central IndIa, from deep seIsmIC soundmg 
TectonophysIcs, v ) 62, pp 277-289 

Ku, CHAO, C and SHARP, JOHN A (J 983) Werner deconvolution 
f01 automated magnetIc mterpletatlOn and Its refinement USIng 
Marquardt's mverse modelIng GeophysICS, v 48, pp 754-774 

MAHADEVAN, T M and SUBBARAO, K V (1999) SeIsmIcIty of the 
Deccan volcamc provInce - an evaluatIon of some endogenous 
factors Mem Geo! Soc IndIa, No 43, pp 453-484 

QURESHY, M Nand WARSI, WE K (1972) GravIty Bases 

established 10 IndIa by NGRI- P,lI t II GeophYSical Research 
Bull 10, pp 141-152 

RAG. VENKAT and NAYAK, PN (199'5) GeophYSical studies In central 
]ndla In Geo')clentlflc studIes of the Son-Narmada-ldptl 
lIneament zone (Ploject CRUMANSONATA) Geol SUlV 
IndIa Spec Pub] no 10, pp 155 212 

SRINIVASAN, R , JArFRI, S H , RAO, G V and REDDY G K (1998) 
PhI eatomagmatlc emptlve center fl om the deccan trap province, 
JabalpUJ, central India CUlT SCI, V 74 (9), pp 787 790 

SUBBARAO, K V and HOOPeR, P R (1988) Reconnatssance map of 
the Deccan basalt glOup In the western ghats, IndIa In 
K V Subbarao (Ed) , Deccan flood basalts Mem Geol Soc 
India, No 10, Supphment 

WERNeR, S (1953) InteIprctatlOn of magnetic anomalies at sheet 
lIke bodIeS Svenges Geol Undelsok, Ser C Alsbok 43 
(1949), no 6 

WEST, W 0 (1985) The deccan tlap and other flood emptlons a 
comparative study PIOC IndIan Natl Su Acad Pm t A, 51 A, 
pp 465-495 

(Recetved 8 December 2003, Revlsedform accepted J'i January 2004) 

JOUR GEOL SOC lNDIA, VOL 64, JULY 2004 


