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ABSTRACT '

Migration to zero offset, (MZO), a,lso ca,lle(1 dip moveout (DMO) or prcstack
partial miflration, t,ransl_,)rms prestack ofl:s(;tseismic data. into aI)t)roximat(_ zero-
offset data s() as to remove reflection t)oint smear and obtain quality stacked
reslllts over a range of reflector (tips. MZO has become an important step in
standard seismic data processi;lg, and a. variety of frequency-wavemlmb('r (f-k)
and iutegral MZO algorithms ha.re 1)cen used in pra.ctice to date.

Here, I present a finite-difference MZO algorithm applie(l t() normal-moveout
(NMO)-correcte(1, ('ommon-offset sections. This algorithm employs a tra(titional
post,stack 15-degree finite-difference migration algorithm and a Sl)e('ial velocity
function rather than the true migration velocity. This pat)er shows results of
implementation of t,his MZO algorithm when velocity varies with del)rh, am'l
discusses the possibility of applying this algorithm to cases where velocity varies
with botll (leptll and horizontal distaa(:e.

INTRODUCTION

When reflectors are dipping, common-midI)oint (CMP) gathers recor(led at the
Earth's surface are no longer common-reflection-point (CRP) records. The reflecti()ns
in a CMP gatlwr, iu fact, come ft'ore differc,nt reflection points, a 1)henomenon called
reflection point smear or dispersal. Although NMO correction can align the rcfle('ti()ns
that come from horizontal reflect,ors, it. la;Is t(,-correct those reflections that come ft'ore
reflectors with a range of dips. As a result, CMP stack after NMO correction will
attemmte non-aligned reflections. The reason for this failure, roughly si)caking, is
that NMO correction is a 1-D process, while refiection.-point smear is a 2-D 1)r()blem;
and 1-D processes canuot solve 2-D problems.
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Li Fi'nite-Diffcrence MZO

()no way to ensure, CRP stacking of scimnic data is the al)plication of full prostack

lnigration (l)r('feral)ly filll In'(,sta('l¢ depttt, lnigration) to offset data. In principle, this

is an ideal way b_,caus_, it can (lircctly position reflc('tions in oit_set data to their

original reflection 1)oillts. G('n('rally slwaking, however, filll ira,stack migration is

computationally rXlWnsivc.

A second aI)proacl_, wllich accolnplislws C[{P st acking in an indirect and approxi-

nlatc manner, consists Of four st(1)s: N._I() correction, migration to zero offset (MZO),

stacking, and l_ststac'k migration. Tlw result after the application of these four steps

is al)proxim_tc'ly _,(pfivah,nt lo lhat oi)rained l)y using full pr,,sta_'k lnigrati,m. This

al)I)roach, in gcn('ral, is much m(_rc practical than full pr(:stack migration.

_IZ(), also call('(l dip 'm.ovco'ut (D_I()) or prostate: partial 'mig'mtion, is a key ste I)

iii tlt(' sectmd al)l)roacll m(,ntiom,d al),v,'e. As its nam( r illll)li('s, this 2-D lm'stack

process transforms pr('stack offs(,t (lata so that they a l)Iwar lilw true z(,ro-offset data.

Many ImlWrs have lw(,n Iml)listwd _,n rh(' tw() inost c(mmiollly us_d MZ() al)-

: l)r()ach(,s: frcq'ucTu:y-wa, ve'n'u,m.bcr (f-k) _IZ() and int('gral _IZ() (Hal,', 1988). In

c(mtrasl, o_dy a f,,w lmlWrs o_ finit(,-,liff(,_,,nc(' I_IZ() hay(' l_('('n Iml)lish('(l s() ti:_r.

Fini(_'-(liit'_'r(,nc(' alg(withms play a_ inll)_n'tant role i_ conv('nlional n_igration n_etl_-

()(Is b(,caus_, th('y :'an readily hand!c v('locity variation. Si_w(' NIZ() is a forn_ of

_nigrati(m, tinitc-(lilti'rcuce algoritl_1_s sh(ml(l hay(' al)plicati(m tlwr(:,, as w('ll.

Yilmaz a_M Cla('rl)(ml (198(I)l)r,_l)()sc(l two [inile-,litf_'r_'nc_, NIZ()alg()rith_s fi'(_

analysis ,)t' the (loul)l(, S(l_tar(,-r()()l ('q_ali(m. B()londi, _'! al. (1[)82) an(l Salva_l,w
a_(l Savrlli (1982)1)r('s('nl,'_l am._th,'r finil(,-diffi'r_qw(, !_IZ() alg()rilh_, l_as(,d on _1_'

c_)nC('l)t ()t' off.s'ct co'ntiH,'m_,tion. Th('s_' algori_ hms hav_, g('_wa'ally l_)w (,f|ici(,ncy an(l l()w

acc_racv f(w han(lling larg(,-offs(,l s(qs_nic ._(,clions an(l r(,flcct i,ms t'r(_l_ st (,_,1)rett(,cl(_rs.

(_fl_t s(,c,i_n_s. 'l),sIs sh(_w Ilw _,ff(,c¢i,,'_,m,ss(_f tl,is algori_h_._ f(_r h_lmlli_,g v('lcwity

DERIVATION OF MZO VELOCITY

(.r = (), to) i_ tlw sta('k('(1 s(,('tio_ I() tl_(' i_nl)_ls('-r('sl)()ns(' lraj('cl(_ry (i,'fi_w(l i)5'

.r:_'+ "":= (_,t,_/ 2)_, ( 1)

tlm nw(li_ v('l(_(,ity. E(l_lal, i(m (1) _l(,s('ril)(,s a ('ir('l:' with ra(li_s _*to/2 ()_ th(' .r-z

1)la_l(', th(' migrat_,(l-l)()siti_)Ii (l,)lnain. If w(:, l(,t 7- -_- 2:/_' (l,'i_,t(' v(,rti('al till_,, ,_r

t il_l(,-(,(p_ival(,llt (l(,l)t h, ('(lliat i()_ ( 1) 1)_'('()_n('s

,) ,)
3'- 7""

+ = (2)
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Li Finite.Difference MZO

This is an elliptic equation on the x-r plane, whose two axes are t,t0 and 2t0,

' respectively. That i,% the impulse response of conventional migr_ttion is a circle on

the a:-z plane, while it, is an ellip,w on the x..r plane.

Now, consider the behavior of MZ(). The MZO ellipse, after Nbi() (ml'"e'(tmn,' is

defined by

.r 2 l:_

/,-z+ :_ = 1, (a)
where t,, is the t.ime after NMO correction, and h, is half the source-receiver offset

(Hale, 1988). If we define a velocit.y b such that

h,-_t,,/2,

o1"

_,=2h/t,,, (4)
and define a depth quantity

-_= t"t,o/2,

then equat, ion (3) 1)ecc)llws

.,.-'+ .'::"= (g,t,,/2)". (5)

(lefining a rir¢'h' with radi,ls [,t,,/2. That is, the impulse r(,sl)onse of MZ() after NMO
('()rrection is an ellipse whose two axes at(. 2h and 2t,,, reslw_,tively, oll the :r-to plane,

while it. i,_ a circle on the .r-:.: plane.

Comparing equations (3) and (5) with equations (1) and (2), we find that if the

velocity _, is used instead of _,, then any conventional nligration algorithm ran tw

used to I)erl'ornl MZ() l)rocessillg; with this choic(,, the impulse rrsl)OIlSe of cot_v('n-

t,i()nal migl'athm is jllst th(' MZ() ellipse (lefined l)y e(luati()n (3). I call ii, (lefin('d

1)y (,(luation (4), the XlZ() velocity. Asi(l(' from use of a different velocity, the ()ther

(liff('r(qwe bet.v¢('('ll (:()nV('lltional llligration and MZO is that rh(, input to ('()llVenti()llal

ntigrafion is P(.r, t0) an(l t h(, OUllmt is P(.r,7-), whih' t h(' inl)Ut t() MZO is P(.r,t,,)

an(t tlm otttl)ut is P(.r, t0). H('I'(,_ P (l(.'n()t.es srisnti(' (lata.

FINITE-DIFFERENCE MZO

Finite-difference MZO for constant velocity

In the !)revio_ls s('(,ti()n, we (t('finr(l _IZ() v(:qocity iii ("()nstant-vt,l()(,ity lne(lia and

sh()we(! that ('onventi()nal llligrati_)n algorithnls can I)e us(,(l t() l)(,rfi)rnl M Z(). Let

3
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Li Finitc-DiffcT'(m, cc MZO

us now con,_ider how MZO can 1)¢, inll)lenwnt(:(l with a traditional l)oststa('k, 15-
d(,gree finite-(liffer(,nce migratioll algorithm (Clacrl)out, 1985). Two reasons fl)r this

ch()ice are: (1) among all thtite-(liff(,r(,n(,(, lnigratioll schem(,s, lhi,_ on(, has tlte higlwst,

('¢)ml)utatic)nal effici('n('3', a.ud (2) ('Xa.llll)l(','-;an(l aml lysi_q in l;tt(:'l' se(,ti()ns show Ilia.t,

f'()r MZ(), this algoritllm ha,_ ,_IIii¢'i(_nt ac(:uracy and alfility t() handle large-()li_(,t
data where sul:)surfa('(, r(,ih'ctc)rs at(' st(,el). Howev(_r, wlwn usil)g a fiuit('-(liff(,r(,nc(,
alg()rith111 to I)('rform MZ(), w(, l_mst a(idr(,,,-;s a I)ractic'al I)r()l)h:m. Ac('or(ling t()the

(I('rivatit)n of MZ() v¢'I(x'it.y, wh(,1) w(, ('()ml)ut(' (,he r('sl)()ns(' ()f al) i',lll)uls¢' at the i>(>iHt

(x, t,, ), _, shouI(l l_(, a ('onstal)t fl'olll t.ll(, t,i))l(_0 to _,,. This I)robl('n_, wlli(,h ('xists with

fiILit(,-(liff(,ren('e N<IZ() apl)roacl).('s, ('all ])(' ('asily an(l exa('tly solv¢,(I il) n()1)-r(,('ursiv<,

iHt¢,gral algorithms, l)_( ('aH_()(. l)(, exa('tlv solved in Iinit.e-(lifl'('ren(,(, algorithms, whi('l_
/-_I'(' I'('(qII'Si\,'(' I)F()C('H,'-;(','-;,

CDP Number
1O0 200 300 400

0 ..... * .............. ' ........ _-...............

0,5-
"N::', ' " .." '" , .'/',, :i'. / ::: :::':. .

./
' : . ".: • - -ii i..i..2! :':'i..:2.' .. , . : . .. ,.. :.

E i:ili:__.:_:: ":::;i::::_::_.: :: ..:,:_:i_::: , i: .(. ::"

•, . /:_'
..... ..... . f,%..:. :

: •
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FIG. 1. h_t)uls_' l'eSl)()llS('s ()f fi_i(_'-_lifI'('r('_('( _N,IZ() with v(,h)(.i(v [,. IL_finis t(,s)tl_(,
ChIP intc'rval is i{1 _, al_(l ()fI_('l--2 l;l_.

Tlw i_I)_tls(' r('._l)(ms('s ()f"ti_il('-(lifl'(,r(,_('(, NIZ() in FiI_r(' l sh()w rh(, r(,s_It ()f

_,_i)_ tht, v('l()('ib' (h,fiH(,(I l)y ('(l_;t(i()_, (4). Th(, (li,_(a_('(, l_(,tw(,(,)_ (I_(' i)_(('rs('('li()ns ()f

a_ i))_l)_]s(, r(,sl)()n._(, with thf, s_rI'a('(' is gr('a(,'r (l._a_ 2h, in<li('a(in_._ tha( tl_(' v('h)('i(v

_._,.(I t() ()l)(,ai)_ (hi,_ fig_r(' is (()() lar_;('. Th(, l(',_t,_I l_ax'(' cit)u(, s_gg('._( float w(' ('a_

al)l)r¢)xi_at('ly ,_(:)Iv(,this l)r()])l(,_ ])>"r('pla('ing [,, a._ giv(,)_ al)()v(,, l)v

,= (G)
[' i,_ (he NIZ() v(,l()('i(y w(' _L_('i), fi_)i(('-(lifl'(,r(,_('(, N'J.Z() )_(I,'r tl)(, ('()n._taht-_)_(,(li_)_-

v(,h)('iLv a._,_u_l)ti()_. I find that wh('_) I ('h()()s_' ._'()'())t l_a_ ,l('('r('as('_ lin('arly fi'()_)_

the i)nl)ul._(' r(,,_l)())is(,,_are ,_(l_('('z('(l t() al)i)r()xinlal('ly ii)(, ('()rr(,('( _]_al)(,_. Will) tllis

.l
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Li Finite-Difference MZO

slight adjustment of velocity, the finite-difference MZO a lgorithln can tm readily im-

plemented by modifying existing 15-degree finit,e-diff('.rence nligration code.

CDP Number CDPNumber
100 200 300 400 100 200 300 400
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i iii! i!i:il!ili!i!!!iii! i!iiiii!iii:i) !iil!!i;

0.5- ::: :: ii :::i:. !iI +)_-_::!_:ii.i )::: : ii;i?:!i!i!!/.:i :}::S_/:/i_?:>.<:'=:/i?i_i!:.:.i:._!!;ii:/:ii?
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(a) (bl

I I:i.-'IG.2. hnl)uls(' r('sponses of tinit.('-(liff('re]we MZO for consta, nt v('locity. In this t.(,st,
t.h(., CMP int(,rval is 1()m. (a.) ()ffs(,t-2 k]]}. (b) OfDs(,t=3 km.

Figur(, 2 sltows il_l)ulse re:sl)O_lSeSof tinite-diff('rence MZ() ()l)t.a.ined l)y using the
velocity d('fim,(l l)y equation (6) wit.h ()If:set of 2 km, i_l F'ig_re 2_, and 3 km, in

Figure 21}. lit 1)ot,h rh(, ca.ses, impulse respO]lses are half ellipses mid ha.rc a. tendency

to intersect the surface at the sl_()t, aral receiver points. We se_se fi'on_ this fig_r('
tha,t a ltho_gh a s(,_'alle(l 15-(legr('e apl)roxima, te algorit, h_)_is us('d, we haw: a.chiev(:d

('_l()_l_ a(,('_ra('y ti)r I)()t.h the large ()fSi('t.s and tlm la.rg(" (lips. These results suggest

thai when finit('-.diff('r(,n('(, algorithn_s at(' _s('(i t,() i_nl)l('nwnt co]_.v(,ntional migration

a]_(l MZ(), tl_(' ('()_C('l)t of (lil)-li_lited a('(:_H'a<:y(liff('l'S for conventional migration and
%IZ().

Finite-difference MZO for depth-variable velocity

MZ() for (let)th-varial)l(, veh)city is often called V(::) MZO..Althoug]_ velocity

variati()n is often ignor(,(l in MZO l)r()cessing, aim constant-velo('ity MZ() I)roc(.'ssing

is ()f't('n _s(,(I in ar('a.s wh('r(' v('l()cit,y is klloWll tO Vl'tl'y, llla.lly authors (('.g., Ha.h,

and Arth,y, 1991; Arth,y, 1991: Wilt(', 1.991)ha.w, r(,('()gniz(v.l the ne('(l to includ(,

v('l()city va.ria.ti()n i_). MZ() l)r()(:('ssing and hay(, att('_nl)t(_d t() i_l)r()v('d the accuracy

()f MZ() a l)l)r()a.('h,,s wl_(,n v(,h)('ily varies with (Icl)rh. H()wev(,r, g(:ne]'ally speaking,
il is r(,lativ(,ly ('()stly for MZ() t() han(ll(' velo('ity variati()ns (,xactly. By introdm'i]_g

I-|ah"s ")'(t,,) 5wt()r (Ilal(', 1988) iii the (h'finition ()f MZ() v(:h)city, w(, can ext.('n(l the

al_ov(, finit('-diff(,r('nc(, NIZ() alg()rith]_ _() that il. ca_ ai)proxin_at(,]y handle v('locity

variations with (l(,i>th. Hal(, (1988) l_as slmwn that, for d('_i>th-variabh, v(,h)cit, y, th(,

MZO (:llil>s(' (t(ffin('(t by ('(luat.io)_ (,3) sh(n_ld I:,(,_no(lified as

5
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Li Finite-Difference MZO

x 2 12

_ = l, (r)9,,(t,, )h,2
whoro,

3(t,,) = 3v44(t") t, dv2 1
2,,_(t,) "'2(t,,)U,t,, 2' (8)

,,_(t,,)= [L ['" .,,_(.+)<t.q,/_
t,l ,so

a,n([

,,_(t,,)= lA f'" .,,'(._)<t.,.]'/".
t, ,SO

If wc define

_ = 2v/_h, lt,, (9)
a,lld

then we oi)ta,in

:.,:2+ ._2= (r,t,,/2)2 (lO)
ft'ore equa,tion (7). This is also the eqtmtion of a. circle. Now, we see that the
difference between the cases of constant and depth-variable velocity is only in the
diiferent definitions of MZO velocity. Moreover, since 7 is dependent on t,, only,
MZO velocity ft, defined by equation (9), is still a, function of t,,, just _s is/_ in the
constant-velocity case. So, finite-difference MZO for depth.-variable velocity can a,lso

be implemented in tlm same way as in the constant-velocity cause. As in equa,tion (6),
we _lso incorporate the s(to) factor into the definition of V(z) MZO velocity, equation
(9),

= 2v/_t,/[t.,,,s(to)J. (11)

Finite-difference MZO for (x,z)-variable velocity

V(x,z) MZ(), migration to zero onset for (x, z)-variable-velocity media, is a ll(;w
topic. Van der Schoot, et al. (1989), PopovM (1990), and Hslt (1991)have used
modeled traw',ltime calculation to address this topic. Although the MZO algorithms
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discussed above are not theoretically suitalfle to the la.tera.lly variable velocity case,

the finite-diiference algorithm we adopt provides a possible mmwrical was' for MZO

to al)I)roximately handle velocity variations in the lateral direction. As is known,

neither NMO correction be%re MZO nor time migration after MZO can exactly deal

with laterally variable velocity in theory. In practice, however, these processes handle

this issue through lateral in.terpolation of velocities defined at, a. number of CMPs iii a

seismic section and usually can produce a.ccel)table results. For M ZO in v(:r, z) media

with moderate lttteral velocity variation, we sinq)ly use the v(z) al)proach developed

a,bove with slowly changing velocity along a line, much as is done in conventional

NMO and time-migration processing. Since MZO is relatively insensitive to velocity

variation, errors in this kind of MZO processing are expected to be smaller than the

errors that arise when such a simple a,l)proach to lateral variation is taken in NMO

correction and time migration.

CDPNumber CDPNumber
100 200 300 400 100 200 300 400

!" 0.5-_ii_!_!_i_iii_:!i_{iii!iiiii_ii_iii_i_i3!i_i!_!_i_,_i_iiiii!ii_iii_i_!i_i_iii:_iii)!_!__'_'__'_'::'::"'_"_'_":_""_"':_'_':::"::"_''"

i -  iilii!i!i!ii!i !i
} il !ii !i !}i!ii!

_.o i_ , .' _:_.o- i!i _2', i!i!i!i!ii i!ii
(a) (b)

FIC. 3. hnImlse responses of finite-difference MZ() for (a) the V(z) case and (b) th.e
V(:r, z) ('ase. The C,MP interval is 10 m.

Figure 3a shows the impulse responses of V(z) MZO for otI_set= 2 km. In this

test, velocity linearly increases ft'(nn 3 km/s at 0.1 s to 4 km/s at, 1.4 s. Compa.ring

Figure 3a with Figure 2a, we see that velocity variation witll depth causes tlm iml)ulse

response to narrow sliglltly. This is consistent with what Hale and Artley (1991) have

described. Figure 3b shows the impulse responses of approximat.e V(:r,z) MZO. In

this test, I use t.lw. same parameters as in Figure 3a, as well a_s a 0.5 per kilometer

lilwa.r increase of velocity in the :r-direction. We, see only minor asymmetry between

the left and right branches of the impulse responses in this figure. This suggests tha.t

the influence of velocity variation iii the lateral direction nmy not be as significant iii

MZ() ,_s in com, entional migr;ttion.
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SYNTHETIC DATA EXAMPLES

Figure 4 sl lows a. geological model collt,aining nine horizontal reflector segments

a,n(1tive dipping reliector segments, with (lips r;mge from 30 to 90 degrees in 15-(tegree

increments. For the synthetic seismic data,, the velocity used increases lin.early with

depth z, according to v(z) = 1.5 + 0.Sz km/s, and the CMP h_t,erval is 5 m.

Geological Model
O,

:,,,,_.o°!

_ ..............

Midpoint (km)

FIG. 4. Geological model u:sed to genera, t(_ synthetic seismic data..

Four sections obtained _dt,er different 1)rocessings are shown in Figure 5. Figur(_ 5_t

is a zero-offset synthetic section. The goal of _l)plying MZO is to transform otI:sct

(l_t,a into this form of (lat;_. The dashed line in this figure marks the location of the

CNIP gather shown in Figure 6, _tnd the box shows the region dcta, ileal in Figures 51),

5c _md Sd. Figure 51) is a (tetatil of the sta.ckcd section obtttined by simply sta,cking t('.n

NMO-correeted common-offset sections, whose oft:sets range from 0.1 tu 1.9 km. We

see that the diI)ping reflections, especially the reflection ft'ore the 90-degree reflector,

have been attemmted, and some noise, due to out..of-pha.se sta.cking, apI)c_rs ;_Hlong

the dipping reflections.

A det_il of the st._cked result after NMO a.nd constant-velocity MZO corrections

is plotted in Figure 5('. Compared with Figure 5b, tlm stacking quality for dil)l)ing

reflections in this figure has been significantly improved, but the energy of the dipi)ing

reflections is still wea,ker. Figure 5d shows _ detail of the stacked result after NMO

_nd V(z) MZO corrections. In V(z) MZO processing, we used the known rms velocity

v,2(t,) for the model. We see ft'ore this figure tha.t the stacking quality for (lipping

reflections, especially the reflection from the 90-degree reflector, h_s been furth(_r

significantly improved, and ali reflections have _unplitu(tes close to those in tlm zero-

offset section shown in Figure 5a. For comparison, we have used the identical stacking

and plotting parameters to get four figures.
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MkJpoint (km) Midpoint (km)
-1 0 1 2 3 4 0 0.5 1.0 1.5 2,0 2.5

0- _- ; " t" 0.5 ................... ,, ....... , ................. l ............... J...............

0,5. °' .... ' :"

1.0-

1.0..! ' ,_1.5,

g g,,5.
2.0-

_= I-: ......

2.5

2.0

3.0-

•. i i ,i

3.5- 2.5.4.0

Zero-offset Section Stacked Section After NMO

(a) (b)

Midpoint (km) Midpoint (km)
0 0.5 1.0 1.5 2.0 2.5 0 0,5 1.0 1.5 2.0 2.5

0.5_i_ __h_;_!_i_,.:_,___,_ 0.5._: .-...-_:,._..,._....,.:o_,.....=......._=-,._..--..-.-.:._-,..-.._.-_..._z'. ' "$_... .. "

1.0 _ 1.0-

_.....'_;."'_"':' . ' ,..., ,.,._'_. :.:..,_ _ !, .....

"- 2.0- 2.0-

2.5-_ "" ,.! ............ ' " _ 2.5-_......... ............. ':.......

Stacked Section After MZO Stacked Section After V(z) MZO

(c) (d)=

: FIG. 5. (a.) Z('r_>-ofl's('ts3.'z._t.h(,ticsc('ti(>_ t'(_r t.lw g(,ol(>gical model shov,,'l_in Figuz'c 4.
Tlw (lashed lin,, _l_arks t.lw location of t:hc C,MP ga tlwr sl_ow_ in Figur(, 6. Tlw ])ox
shows tlw locat.i(m of (b), (c) an(l (d). (1)) D(!tail of st,a,clct,ds(,(:tio_ after NMO corr¢,c-

- tion. (c) Dct.ail (_fst.a<'k(,dst'orion at't('r NM() and (,onsta.nt-v¢docity MZO corrcctiol_S.
: ((1) Detail of st.a(q,:(,ds¢,ct.ion a.t't(,rNM()an(l l'(z MZO corrections.
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Offset(km) Offset(km) Offset(km)
0.5 1,1 1.7 0.5 1.1 1,7 3.0 0.5 1,1 1.7 3.0

O-

1.0-

2.5-

3.0

CDPGather AfterNMO AfterMZO
(a) (b) (c)

FIG. 6. (a) CMP gather for the model showed in Figure 4. (b) After NMO correction.
(c) After V(z) MZO.
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Li Finite-Difference MZO

Midpoint (km) Mldpolnt (km)
-1 0 1 2 3 4 -1 0 1 2 3 4

0_v,._ ...................................L...,.,..,,_._..,:,,.,....,.._.................:,,,.a........................_:,'_:_i::_',_ill!!_i,_'_!!!ii!i °_',i',i_i_i!i_ii!',',ii!';ai_}i'i i_,i........'i............iiiiiii_;iiiii_iii......
_i._.i_i_iii.i_i.ii_._i_J_i_;_:_i_i.iii._i_i.i_i_i_i_i!:_.!_i_!_i!i_.ii_i_!ii:i_!_.i_!.!_!.i!.i_ii_i_._i_.)_!_i_i_i_i_ii_i_ii__._;_i_!_i_i!_:_ii_!i_i_._._!_!_!!_:!_:!_i_!_._!_i_i_!!!!:_i:!_i_.:!i:_i_i!!!..!i_._!!!i!i!i_i_i_i:i_i_i_:_i_:_ii:i_i_!_!.._!_i!_ii!i_:_

_ _.o-i:,_;;i'_ii;!i!i',iiiii!_ilii:,!',i',i',i',_iiiiii':ili::ii!',i:,i::ili_,i!ii!!i',i',ii!i',!iii'_i'i!iiiii',i',_,iiiii!!',!',ii!:i'_!':!i!i',i:,_i!{'_i:i':!',_i_iiii!i!!!ii!iii_i_.i_:iiii_!ii"ii',!ii!',i':ii_i!

_= _= _!!_i!i}i!_1i_}1!iN!ii!ig!i_i_i_ii!ii_ig!!!?_ii!_!ii_iiNNi_i!_i?iiNi_i!N_}!._._"Niiiiiiiig_iiii'JgilgiliiiNli!Ni',NNNNi!iii!iii',ii

_._ _;i:,_ii':i!i_il)_!!_ _.,_-ii',__ii_iiiii_?_ii_i_iii_i_i_i1_i!iiiii_ii?ii!!!i!iii_!!_?!_i_!_!i_ii_i_i_i_{;iii_iiii_iiiii_ii?iii_i_

3.s-:iiiii:i'iliii!iii:.ii::iiiiiiiiiiiiilili::iiiil!ii!!iiiiiiiiili!ii:.iiiiiiii!iiii!':iiiiiiiiii::ii_iiii!iiii!ii:,iiii;i!i!iiiii

Before MZO (Offset=0.5 km) After MZ0(Offset=0.5 i<m)

. (a) (b)
\

Midpoint (km) Midpoint (km)
-1 0 1 2 3 4 -1 0 1 2 3 4

0.....................................J...................._....................I.........................J..................... 0 ...........................__!i_!!i_._i___!:!:_:_:!:;_!_!:_;_

iiiii!ii!i!i!ii ! i!ii!iiiiiiiii!iiiiiiiiiiiii!iiiiiiiiiiiiiiio.s. o.s_iiii_:U!i!ii_!iiii!_:!_!i

_.o. _.o._:!_i!i!_:ilili!!i!ii!i_i!ililiii_ii_ii::ii!_i_;_i_:i_i_ii_;_i_!i_!_iiiii_i;:!::_i_:_i!i_::i1_;_!_i_i_i::_:i_i_ii_i_:_ii_ii_iii_i_i_i!i_:i
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a.o. a.o ii!!i:_iiii_iiiiii!i;i:_i;_!i::

4.0 4 0

Before MZO (Offset=l.9 km) After MZO (Offset=l.9 km)

(c) (d)

FIG. 7. C,oml)al'ison among t.h_?common-()if:,_(,.t sect, i(_its l)_for(_ an(1 aft(;r MZO.
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Li Firite.Difference MZO

Figure 6 shows the reason why the stacked section after V(z) MZO correction is

better than the stacked sections after NM() and constant-velocity MZO corrections.

One of the CMP gathers frolli the model shown ill _ lgure 4 is plotted in _ lgur_. 6a.

This gather contains six events ft'ore horizontal reflectors, five events from dipping

reflection segments, and several weak diffraction events from the structural corners.

The result of NMO correction applied to the C,MP gather of Figure 6a is plotted

in Fignre 6b. Although the events corresponding to the horizontal reflectors in this

gather have been well aligned, some problems appear: (1) the reflections from the

dipping reflectors have been over-corrected; (2) the diffractions have also been over-

corrected; and (3) anon ialously, t l,e event at, about 0.6 s corresl)onding to the 30-

degree (lipping reflector has amplitude incre_sing with offset. Obviously, if this NMO-
). rcorrected CMP gather is stackod, the Imo x13 aligned events from the dipping reflectors

and the diffraction e,amt.,:; will be _ttrmiated.

,- ,)_IZC atten_pts to solve ali these problexlls. Figure 6c shows the result of the

finite-difference _'(z) MZ() correction of Figure 61). Ali events that had been over-

corrected by Nbi() ill Figure 61) have been aligned lmck to their "correct"' positions

with only 'dightly visible errors, even for the trace with olivet of 3 km..As a result,

st_wking this C_IP gather nmst enhaxw(: ali events. Furthermore, amplitude values of

the event froin the 30-d('gree dipping rofl(,ctor now decrease with offset, as do those

from tlw ot her reflectors. In this test, I took rho funct ion s(t0) = 1.11 tit the rnininHlm

processing llnl('. Hero, I liave not showxi the constant-velocity MZO-corrected CMP

gather. Tho c,mstam-velocity _IZ()cli_l not align ali tlw over-corrected events as well

as (licl tlw t'(.:) XIZ() (Hale an(l Artley, 1991). So, the stackil_g quality after the

constant-velocity _IZ() ton'ect ion is not a.s good as that after I,'(z) M Z() COl'recti(m.

Figure 7 offiws a cOn llmriso)l among conmmll-of12%et sections 1)eft)re and after MZ().

I lh,: figuro donmnstratrs two points: (1) MZO mm'rs dipl)ing reiioctions ollly a small

atllOllllt ill both t lw h(.q'iz()lltal and tire \'(,rtical (lirections: al td (2) althotlg}t a 15-degree

apl)roxin).at(' alI2;()rithtll is _)s(,d. unlike ,'onventional n)igra(ion, finit(,-differ(,nce MZO

does no( g(,nerat(, disl)ersi()n ¢)I" ()l]l('I" artifacts even for the r(,flcc_:ion corresponding

to the 90-(h,groe r('fle('t()r. Th(,s(, facts again illustrate that the ('(mCel)t of limitation

of ¢lips diIf(.,rs for c()nv(,nti¢)nal migration a)i¢l MZ().

CONCLUSION

From tlw similar kin_,tnati('s (if c(mv('ntir)nal tnigratiml arid NIZ(), I haro shown

that convent i(mal t inw l)ligratiot.t algorit hnls. with an apl)roximat(, choice of ._,IZ() ve-

locity, can be us,'(I t,) iml_lem('nt .klZ() pr()cessing. Finite-differ(,n('(' MZO algorithn_s

for constant-v(,locitv and depth.-variabI(' v(,_o,'itv have i)('en l)rop(.)sed ill this pal.icr,

with a suggestion for ('xt('ndixlg tll('ir aI:)l)licalion to ,'(.v, .:) media.

The imlmls(' resl)()nse 't(,sts show the correct)less ,:if the finite-difference MZO al-

gorithms. Successful application of finite-differ(race ,XIZO to synthetic seismic data
for a geological model containing sleep r(.flector*_, rtp to 90-degree dip, d('xnonstrates

I 1"2



Li Finite-Difference MZO

tile effectiveness of finite'difference MZO in handling steep events, large offsets and
depth-variable velocity.

. Obviously, the finite-difference MZO discussed in this paper is only an approxi-
mate method. There are still unsolved problems. For example, finite-difference MZO
cannot take into account the tw() distinct branches of V(z) MZO impulse responses
(Artley, 1991). Tile computational cost of finite-difference MZO is comparable to
that of poststack finite-difference migration, but its efficiency is lower than that of
f-k MZO.
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