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Geohori zons i s published by the Soci ety of Petrol eum
Geophysi cists (PG, India. Geohorizons wel cones your contribution
andarticles onlatest researches andinvestigationsinthefieldof
pet rol eumgeophysi cs, rel ated geosci entifi c and engi neering di sci pli nes.
News i tens about the Soci ety, announcenents and ot her feat ures
contai ninginfornati onof interest tothe neners of the Society are
al so vel cone.

The stat enent of facts and opi nions giveninthe articles
pudlishedinthejournal arenade onthe sol eresponsibility of author(s)
al one and the Soci ety or the Eitor cannot be hel d responsi bl e for the
sane.
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Edtoria

Thisisthefirst issueafter neweditoria teamtook over theoffice. The Aril, Juy
and Qct ober i ssues ar e bei ng conti ned as t he newt eamt ook | onger ti ne t han expect ed
tosettle. Veshall put our sincereeffortstobringthe comngissuesintine.

Thefirst paper inthisissue “Sone significant contributi ons of Roy on depth
deterninati on fromobserved Potential data’ nakes use of deternination of spot-depth
fromgravity data. The nunerical |y effecti ve techni que devel oped by t he aut hor for
findi ng depth to causati ve nass by downward conti nuati on of observed potential data
along avertical passingthroughthe causative nass is di scussed.

The second paper “Srati graphi cinversionfor enhanci ng vertical resol ution'’ describes a conpl ete
net hodol ogy i ncorporating al | the steps of post stack i nversi on. To denostrat e the ef ficaci es, synthetics as
wel | asrea data exanpl es have beenill ustrated.

The third paper on “Sructural play and Hydrocarbon di stributionin Q pad-Dandi area, Canbay
basi n, I ndi a nakes use of fence diagramfor correlatinglogdata. Onthe sane | og dat a sesi nic i nversi on was

al so carried out whi ch corroborates the studi es of fence di agram

The fourt h paper on “Estination of frequency degradati on due to randomstatic errors in seismc
data” anal yse the contributionof staticerrorstofrequency degradati on duri ng stacki ng of sei snic dat a.

Gntributioninthe formof researcharticles, discussionnotes, andindi vi dual experiences aresalicited
fromt he nentoer s. Support provi ded by the advertisers is highly appreci ated w thout whi ch such endeavor

of know edge di sseninati on cannot sustain.

G Sarvesam

GEOHORI ZONS Cct. 2002 /2



Presi dent’ s Page

| takethis opportunity
toexpress ny sinceregratitude
toall the SPGrenbers for
gvingnetheresponsibility of
leadingthe Soci ety. | shall try
ny best infulfillingthe
cheri shed dreans of our
predecessors of taki ng SPGto
new hei ght s.

cenar i o when chances of naki ng
hydr ocar bon reserves or new
hydrocar bon provi nces are di m nishing,
devel opnent geophysics canplay anmajor rolein
augnent i ng t he hydr ocarbon resources i n the
al ready proven hydrocar bon provi nces.

Twovirtual reality centres, at Minbai in
ONGC, are going to gi ve geoscientists an
opportunity to expl ot the geophysi cal technol ogy
and their expertise. SPG has an onerous
responsi bility of propagati ng such newt echnol ogi es
anong t he geosci enti st s.

Newer paradi gns t hrough t he use of 3D
vi sual i sati on technol ogy need t o be devel oped and
its dissemnati on anong the fel | owgeosci entistsis
t he need of the hour. This requires frequent
interactionwththe geosci enti sts abroad wher e such
technol ogi es are used nore frequently. SPG s

conti nui ng educati on programe w || have to be
strengthenedinthisdirection.

To wi den t he reach of the SPG two new
Regi onal Sections, were i naugurated at Del hi and
Hyderabad t hi s year. Besi des, three new & udent
Sections at Andhra University, V@l tair, Indian
Institute of Technol ogy (I1T), Kharagpur and N,
Hyder abad were al so forned i n t he past 2- 3 nont hs.

S udents Section of SPGare organi si ng
various educational and devel opnental
progranmes i nthei r respectivefie ds of activity. The
Student Section of Kurukshetra University
participatedin i ence Day exhi bition and di spl ayed
nodel s depi cting Pl ate Tect oni cs, earthquake
Hazards and Geost ati onary Satel |ite which were
hi ghly appreci ated. Their stal | has bagged t he second
prizeinthe conpetition.

To nake the geoscientist famliar wththe
subsur f ace geol ogi cal probl ens, Geol ogi cal
Excur si ons wer e al so or gani sed by SPGNort h- East
Chapt er al ong Shi | | ong- Jovai - Badar pur section. S°G
Dehradun i n t he sane vei n or gani sed a day | ong t our
to Saketi Fossil Park and Nahan- Renuka sect i on.
Such practical experiences arefelt noreworththan
years of cl assroomt eachi ng.

SGistryingto organi se nore educati onal
programmes i n ensui ng nonths and i s coomitted
toserveits nenters nore efficiently.

Khar ak Si ngh
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Sone S gnificant Gontributions of Roy on Depth
Determnation fromQpserved Potential Data: Areview

S K Laskar
Depart nent of Mat henatical Sci ences, Tezpur Lhiversity, Tezpur - 784 001, Assam

Aost r act

nh carrying out nodel ['ing of gravity data Skeel s (1947) concl uded t hat dept h det er mi nat i on f r omobser ved
potential fielddatais anbi guous. Thi s concl usi on adversel y af fect ed t he i nport ance of G avity-Mgnetic (G survey
inoil andniningindustries. To exanine the possibility of depth deternination fromsurvey data, Roy (1962) carried out
atheoretical anal ysis of gravity response of a subsurface nass and concl uded t hat a uni que depth to the causati ve nass
can be deternined i f the geonetry of the nassis knownandits density (contrast) is assuned constant. Thi s infornation
laidthe ground for Hanmer to put forward atechni que for deterninati on of spot-depth in a basin fromobserved
gravity data (Hanmer 1977). Deternination of spot-depthfromgravity datais still beingusedasaroutinejobinoil and
nminingindustriesall over theworld.

SQubsequently, to deternine depthto aburied nass, Roy concei ved that continuation of the observed potenti al
response woul d exhi bit w de osci |l ation on reaching the target (Roy 1966). For downward continuation of atwo
di nensi onal field, Foy (1966) derived a4-point fornul aand appliedit to observed el ectronagnetic fiel d, wthsel ective
spaci ng of data, and deternmined the depthto the causative nass. Though hi s nunerical approach di d not work well, his
concept that the continuedfieldw !l exhibit awld behavi our onreachingthetarget, stood as a beckoninglight to

researcherstodeliver areasonabl etechniquetoachieveit. Thiswasfinally achievedinthefirst part of nineties.

1. Works carried out by Roy : Ashort
sumary

1. 1 The back ground

I'nfornationabout depthtothe basenent isthe
first requirenent i nexpl oration of hydrocarbonsina
basin. The first attenpt on depth determnati on from
observed gravity datais due to Skeel s (1947). On
carrying out a nunerical nodel | ing of gravity data,
Skeel s concl uded t hat depth deternination from
observed gravity datais ani guous i n t he sense t hat
nany finite nasses, shal | ower than the causati ve nass,
appr oxi nat el y reproduce t he gi ven gravity response
at theground | evel .

1.2 Deternmination of spot-depth

The concl usi on of Skeel s (1947) adversely
affected i nportance of gravity nagnetic (GQV) surveys
inoil and m niygy nduser i(&s.y,To) rdx exari ne t he
si%or{’d’-@)ﬁ’% crrited out atheoretical anal ysis
of the gr[ \)élg)y+(y_b52e+szg]q,gse

@

of the subsurface nass and cane t o t he concl usi on t hat
a uni que depth to the causati ve nass can be det er nined
i f the geonetry of the boundi ng surface of the nassis
knomn andits density (contrast) istreatedas constant.
Subsequent |y, Hanmer (1977) cl assi fi ed t he basenent
featwesd interest toal industryinthreebroadcl asses:
a sphere, a horizontal cylinder and athinplate
approxi nationtoafault and determned their dept hs
fromt he observed gravity data. Fol | owi ng t he sane
concept, Qupta (1983) obtai ned the depth tothe

causat i ve nass as sol uti on of a non-1inear al gebrai c equati on
resul ting fromnini nizati on of the sumof squared di ff erences of
t he observed and t he cal cul at ed gravi ty response of an assuned nass
wthrespect todepthinleast squares sense.
1.3 Deterninati on of point to point depth

The vork of Foy (1962) paved the way for findingthe depth
tothe basenent at isol ated points in abasinwhere the observed
gravity dataindi cat ed exi st ence of a subsurface feat ure of known
geonetry. To determne point to point depthtothetop of a
causati ve nass W th a general boundi ng surface, Roy (1966) derived
a4-point formil afor dowward continuation of two-di nensi onal
potential datafromthe | evel of observation and showed, under a
sel ecti ve spacing of data, that the continued fieldexhibits a
di scontinuity onreachingthe target.

For dowward conti nuati on of atwo-di nensi onal potenti al
fieldHspecifiedover datumlevel S Roy (1966) used Tayl or' s series
ext rapol at i mqﬁn;a@p(@ch aJ@ ﬂ{g%e,sted by Peters (1949), and

derived the 4-point formil a j=t

@

tofindthe unknown Hat q, lyingat alevel S at depthhbelow S
for Hknown on and above S The points q, g, g,andq,in(2) lie
onacircleof radiush, g definingitscentre, q, q, g lyingover S
and g, and g, lyingonavertical throughg,; g,lyingabove Sand
q, bel owit. For Hgivenover S Ha), Hq), Haq) are
known, H(g,) can be obtai ned on upward continuation of H
speci fied over S(if not known ot herw se) and subsequently, Ha,)
isgivenby (2). OnfindingtheHva ues over § at equdi stant points
hapart, the Hval ues at the next deeper | evel S at depth 2h bel ow
Sare conput ed by use of formula (2) for Hval ues known on and
above §. Subsequently, the Hval ues at deeper levels S, S,..... S,
located at depths d_=nh, n¥ 3,4, ....mbel owSare conput ed.
The conputed Hq,) i's excepted to exhibit aw de di scontinuity
vhen the continuationpoint g, liesinthecausative nass. Thi s depth
of discontinuity definesthe depthtothe causative nass.
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2. Adi scussi on on Roy' s wor k
2.1 Choi ce of Boundary Sour ce

For apotential fieldHgivenonthelevel S Roy
(1962. p.90) states that “fol | ow ng extensi on of Geen's
t heor emof equi val ent | ayer, the fiel d can be exactly
repr oduced by each of infinite nunber of surface
distributions (or doubl e distributionsinnagnetic case)
shal | ower t han t he one whi ch orginal Iy produced t he
anonal y'. Inacartesianreference frane with z-axis
downwar d t he above st at enent can be expressed as
cartesianreference frane wth z-axi s donvard, the above
statenent cgn he exprigssed ap :h) dx dy
HER0Z2 Wik @t vy mrrEn D gy

For Hrepresenting the gravity fiel d over the
ground | evel Sdefined by z=0, s defining the sinpl el ayer

densiy oK TGt} ey Zef

F* F U (x- 92 Hy- B o2

}nox, 2ty ke ()

for Hdefini ng t he downward vertical conponent
nagnet ostatic fiel d over S mdefini ng t he doubl e | ayer
density of dowward doubl ets nornal to S and Ddefi ni ng
the depth to the shal | ownest poi nt of the causative nass
bel owS The choi ce of the boundary densities advised in
Ry (1962), particdarlyinthecasedf thegravinetricfie d,
was fol | oned i n geophysics till the end of the seventies
(Bhat t acharyya and Chan 1977).

It nay be noted herethat the Geen's formil a, a
harnoni ¢ function f=0(r™"), M1, rY¥ definedin the upper
hal f - space donai n B bounded bel owby a general hal f -
space boundary S(nay be hori zontal surface as aparticul ar
case), thef at any point P1 B, can be expressed as a
coni nat i on of si npl e and doubl e | ayer boundary densi ti es
belongingto S For ahorizontal S it has been shown by
Roy (1962) that f in B, canbe obtai nedas apotentia dueto
asinpl edansity s al ongQue)Sas

f(f(14;10) Y [x-al2+ (y-b)? +#¥] 2

éxdy, h? D

Ddefiningthe depthtothe shal | owest point of the
causat i ve nass.

Since Geen'sformulaisvalidfor af with
asynpt oti ¢ behaviour O(r™), 1, rB¥ the boundary density
S canreproduce a f inB wthasynptotic behavi our O(r?),
rBP¥. Thi s neans, the S can al so reproduce t he nagneti c
potential a f inB suchthat the nagnetostatic field DI can
al so be obt ai ned as derivative of sinplelayer potential
givenin (4). Hence, the statenent “or doubl e | ayer
distributionsinnagnetic case” appears as an unnecessary
restrictiononuse of sinplesourcedensityinreproduction
of gravity- nagnetic fiel ds by boundary sour ces.

22Natureof solutionanditsinterpretation

It hasbeenstatedin Ry (1962) thet if both positive
and negat i ve densi ti es are accept ed as sol uti on of the
equation (3a) for Oy prescribedover S, thenthereis no
endto the depth of the causative nass (Foy 1962, p. 90).

(i) That the sal ution nay be a confi nati on of both
posi tive and negati ve densitiesis neither di scussed nor a
referenceon, it iscitedinhisvork. Further, (ii) Ry (1962
probabl y t ook t he cue fromSkeel s (1947) tointerpret every
dept h of Scontai ninganequival ent |ayer of S at depthas
adepthtothe causative nass. The question arises, canwe
define these dept hs of Sas depthtothe causative nass ?

V¢ know, for a subsurface nass mpl aced at a
dept h Dbel owt he datumpl ane S, the gravity response
Dgispositiveall over S. If thisDyis reproduced by a
sinpl el ayer density S belongingtoahorizontal surface S
placed at adepthdbel owS. thenfor hEDQ S () 20, qiS
andthisS isunique. For >0 this S oscillates about zero
over Sindicatingthat Slieswhollyor partially bel owthe
causat i ve nass m(Laskar 1980, 1994, 2000). Hence, we find
that theintuitionabout the nature of thesol utionisright
though a fornal proof was not suppliedor referredtoa

past work i n his paper.
2.3CGuse of oscillationof solutionat target

On depth determi nation by downward
continuationof potentia data, Roy (1966) statesthat the
fiel dondowward continuationexhibitsawldoscillation
onreachingthetarget (Foy 1966, p. 168)

The cause of the oscillation of the sol ution on
reachingthetarget isneither stated nor explainedinhis
paper. 1t nay be bacause of thesingul arity of thefieldlying
at the causative nass or it nay be for sone ot her reasons
invol vedinformul ationof the problem It nay not be out
of point tonentionthat the gravity response of asphereis
defined every vhere, includingitsinterior. Assuch, if
singaitydf thefiedisthecaused oscillationinsd ution,
the depthtothe sphereis expectedto renai nuntracedin
dowward continuationof thegravity responseof it. Thisis
not true. Gscillationinthe continuedfieldnust occur on
reaching the target irrespective of the fiel d having a
singul arity at the causative nass (Laskar 2000).

2.4 Acritical study of 4-point fornul a

Roy (1966) has derived a 4-point formla for
downwar d conti nuati on of two-di nensi onal potential
fiel ds. The weakness of the fornul a does not reveal itself
clearlyinitsderivation, except the doubt i n convergence
of the extrapd ated series andthe derivationof theforml a
on use of atruncated series. The weakness of the fornul a
however becones evidently clear whenit is derivedfrom
the Arithnetic Mean Val ue Theoremof potential theory
(Kellogg 1929, P. 223).

For a two-di nensi onal har noni ¢ function f
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